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MICROELECTRONICA PRODUCT INDEX 

CMDB 4000 BEAIEB 

TYPE 

MMC4000 
MMC 4001 
MMC4002 
MMC4007 
MMC 4011 
MMC 4012 
MMC 4013 
MMC 4014 

MMC 4015 
MMC 4016 
MMC 4017 
MMC 4018 
MMC 4019 
MMC 4020 
MMC 4021 

MMC 4022 
MMC 4023 
MMC 4024 
MMC 4025 
MMC 4027 
MMC 4028 
MMC 4029 
MMC 4030 
MMC 4031 
MMC 4035 

MMC 4040 
MMC 4041 
MMC 4042 
MMC 4043 
MMC 4044 

DESCRIPTION 

Dual 3-input NOR gate plus inverter ................................. . 
Guad 2-input NOR gate ............................................. . 
Dual 4-input NOR gate ............................................. . 
Dual complementary pair plus inverter ............................... . 
Guad 2-input NANO gate ........................................... . 
Dual 4-input NANO gate ............................................ . 
Dual "O" with set/reset capability ................................... . 
8-stage static shift register with synchronous parallel or serial 
input/serial output ................................................. . 
Dual 4-stage static shift register with serial input/parallel output ..... . 
Guad bilateral switch ............................................... . 
Decade counter with decoded outputs ............................... . 
Presettable divide-by-"N"-counter. fixed or programmable ............. . 
Guad ANO/OR select gate ......................................... . 
14-stage binary/ripple counter ...................................... . 
8-stage static shift register with asynchronous parallel input or 
synchronous serial input/serial output ............................... . 
Synchronous divide-by-8 counter/divider with 8 decimal outputs ...... . 
Triple 3-input NANO gate ........................................... . 
7-stage binary/ripple counter ....................................... . 
Triple 3-input NOR gate ............................................ . 
Dual "J-K"master-slave flip-flops with set/reset capability ............ . 
8CD-to-decimal decoder ............................................ . 
Synchronous presettable Up/Oown counter, binary or BCD-decade .... . 
Quad exclusive OR gate ............................................. . 
El4-stage static shift register ....................................... . 
4-stage static shift register parallel-in/parallel-out with "J-K" input 
and true/compl. outputs ............................................ . 
12-stage binarv/ripple counter . . . . . . . . . . . . . . . . . . . . . ............... . 
Quad true/complement bu"er ............•........................... 
Guad clocked "O" latch .................................•............ 
Quad NOR R/S 13-state outputsl latch .............................. . 
Quad NANO R/S 13-state outputsl latch ............................ . 
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TYPE 

MMC 4046 
MMC 4047 
MMC 4048 
MMC4049 
MMC4050 
MMC 4051 
MMC 4052 
MMC 4053 
MMC 4054 
MMC 4055 

MMC 4056 
MMC 4060 
MMC 4066 
MMC4067 
MMC 4068 
MMC4069 
MMC4070 
MMC 4071 
MMC 4072 
MMC 4073 
MMC 4075 
MMC 4076 
MMC4077 
MMC4078 
MMC 4081 
MMC4082 
MMC4093 
MMC 4095 
MMC 4096 
MMC 4097 
MMC4098 
MMC4099 
MMC4500 
MMC4503 
MMC 4508 
MMC 4510 
MMC 4511 
MMC 4512 
MMC 4516 
MMC 4518 
MMC 4520 
MMC 4543 
MMC 4599 
MMC 40104 
MMC 40107 
MMC 40160 
MMC 40161 
MMC 40162 
MMC 40163 
MMC 40181 
MMC 40192 
MMC 40193 
MMC 40243 
MMC 40943 
MMC 40906 
MMC 40907 

DESCRIPTION 

Micropower phase locked loop ....................................... . 
Monostable/astable multivibrator ................................... . 
Multifunction expandable 8-input gate I3-state outl ................... . 
Hex buffer/ converter linvertingl ..................................... . 
Hex buffer/ converter lnon-invertingl ................................. . 
Single 8-channel analog mutiplexer/demultiplexer ..................... . 
Differential 4-channel analog multiplexer/demultiplexer ............... . 
Triple 2-channel analog multiplexer/demultiplexer ..................... . 
4-segment LCD display driver ....................................... . 
BCD-to-7 segment LCD/decoder driver with "display-frequency" 
output ..................................................•........... 
BCD-to-7 segment LCD decoder/driver with strobed latch function .... . 
14-stage ripple-carry binary counter/divider and oscillator ............ -. 
Quad bilateral switch ............................................... . 
Single 16-channel multiplexer ..•.............................•....... 
8-input ANO/NAN□ gate ........................................... . 
Hex inverter · ....................................................... . 
Quad exclusive OR gate ............................................. . 
Quad 2 input OR gate .............................................. . 
Dual 4 input OR gate ..... , ......................................... . 
Triple 3 input AN□ gate ............................................. . 
Triple 3 input OR gates ............................................. . 
4-bit "O" flip-flops with 3-state outputs .............................. . 
Quad exclusive NOR gate ........................................... . 
8-input NOR/OR gate ...... · ........................................ . 
Quad 2-input AN□ gate ...................•.......................... 
Dual 4-input ANO gate ............................................. . 
Quad 2-input NAN□ Schmitt triggers ................................ . 
Gated "J-K" master-slave flip-flops !non invert.J ....................... . 
Gated "J-K" master-slave flip-flop linverting and non-invertingl ......... . 
Differential 8-ctiannel multiplexer .................................... . 
Dual monostable multivibrator .............•.......................... 
8-bit addressable latch .............•................................ 
One bit control industrial unit ...........................•............ 
Hex non-inverting 3-state buffer ...........•.......................... 
Dual 4-bit latch I3-state outputsl ................................... . 
Presettable 4-bit BCD up/down counter ............................. . 
BCD-to-7 segment latch-decoder/driver for LED display .............. . 
8-channel data selector I3-state outputsl .......•...••..............•. 
Presettable 4-bit binary up/down counter ........................... . 
Dual BCD up counter ..................................•............. 
Dual binary up counter .............................................. . 
BCO-to-7 segment latch/ decoder / driver ............................ . 
8-bit addressable latch ............................................. . 
4-bit bidirectional universal shift register ............................. . 
Dual 2-input NANO buffer/driver . . . . . . . . . . ..........•.............. 
Synchronous decade counter/asynchronous clear .................... . 
Synchronous binary counter/asyncronous clear ...................... . 
Synchronous decade counter/synchronous clear ..................... . 
Synchronous binary counter/synchronous clear ...................... . 
4-bit arithmetic logic unit ..................•......................... 
Synchronous presettable 4-bit BCO up/down counter ................ . 
Synchronous persettable 4-bit binary up/down counter ............... . 
Quad 3-state bus transceiver ....................................... . 
Quad 3-state bus transceiver TTL-CMOS levei shifter ................ . 
Hex N-channel open drain lnon-invertingl 
Hex P-channel open drain lnon-invertingl 
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SPECIAL CMOS 

TYPE 

MMC 130 
MMC 300 
MMC 333 
MMC 334 
MMC 351 
MMC 352 
MMC 353 
MMC 355 
MMC 356 

MMC 361 
MMC 362 
MMC 371 
MMC 381 
MMC 382 
MMC 383 
MMC 384 
MMC 391 
MMC: 760. 
MMC 807 
MMC 7106 
MMC 7107 
MMC 9151 
MMC 22925 
MMC 22926 
MMC 22927 
MMC 22!:J28 

MEMORIE■ 

MMN 2102 
MMN 2114 
MMN4027 
MMN 4116 
MMN 4164 
MMN 2616 
MMN 2716 

NMO■ IC■ 

TYPE 

MMN425 
MMN 806 

PMO■ IC■ 

MMP 106 
MMP 107 
MMP 190 
MMP708 
MMP710 
MMP 711 

DESCRIPTION 

43 digit A/D converter ••......•.•.•..•.....•......•••...•••..•..••.• 
Step-by-step motor drive cicuit ..................................... . 
Key caller system .............•......•..•.•.•...••••• : •....•...•...• 
Melody generator •........•....•...•••.•..•••••••.•.•.•.•.........•• 
Auto-clock ..•...•.........•........•...••.••••••••.•................ 
Wrist watch step motor driver ....................................... . 
LCD/LED Watch circuit .......•..................••.•••••.••..•..••• 
8x8 cross point switch with control memory [serial switch addressing) 
8x8 cross point switch with control memory Cparallel switch 
addressing) .•.•••..••..••.•••..•••.••...••••••....••...•......•.•••• 
Timer •••.•.•••.••••••...••.•.•.••.•..................•••••.•.• : ••••• 
Frequency divider .•...............................•..•••••••••..••••• 
TV camera sync generator ......•.•••••••••••••..••....•.•....•....•• 
Frequency synthesiser controller ...•••...•............••••.•.•••••••• 
Special decade divider for frequency synthesiser ....•....•.•..••.•..••• 
Special binary divider for frequency synthesiser ••.•.•.•••••.•.••.•..••• 
Sample and hold phase comparator .................................. . 
Exponential counter .................•.•.•••••.•••••.•.••........•.... 
Loop ~isconect dialler ................. , ................. ,.·• ........... . 
Remote or local transmittertencoder ••.••.••....••••••••••••••••••.• 
43 1 /2 Digit A/O converter [for LCDI .....••.•.•..••.•••••••.••••.••• 
43 1 /2 Digit A/O converter [for LED display) •••••.•••..••....•.•..•.• 
Loop disconect dialler .•.•..•••.••.•.•••••.•....•.••...••••••••••••••• 
4-digit counter with multiplexed 7-segment output drivers ••••.••..•••• 
4-digit counter with multiplexed 7-segment output drivers ••........••• 
4-digit counter with multiplexed 7-segment output drivers .•....•.••••• 
4-digit counter with multiplexed 7-segment ouţput drivers •••.......•••• 

1024x 1 bit static RAM •.••.•••••••••••••.•.•••••...•....•....•..•••• 
1024x4 bit static RAM ••...••...•.....•••.•.•..•••••••••••••••••.•• 
4096x1 · bit dynamic RAM .....•••••••••••••••••.•..•...••..••.•.••••• 
16384 bit dynamic RAM .••...•.•.••.•.•.••.••••••••.•••••.•..•...••• 
65536x 1 bit dynamic RAM •••••••••••.•.••••••.•.•.••••.....•••••••• 
2048x8 bit static PROM ..•...........•.•••.•••.••••••••••..••••.•.• 
2048x8 bit static EPROM .......•..•••••••••••••••••••••••.••....••. 
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MICRDELECTRDNICA 400D BERIEB 
INFDRMATIDN 

MICROELECTRONICA CMOS 4000 series meets the inciJstry standardized specifications. 
The specifications for static parameters are primarily applicable to gates, inv'erters, high current Cin
verting) drivers and devices with Medium Scale lntegration. 
MICROELECTRONICA 4000 types have the following Absolute Maximum Ratings: 

ABBDLUTE MAXIMUM RATINCJS 

Voo• Supply voltage: G and H types -0.5 to 20 V 
E and F types -0.5 to 18 V 

V, Input voltage -0.5 to V00+05 V 
I DC input current Cany one input) ±10 mA 
Ptat Total power dissipation [per packagel 200 mW 

Dissipation per output transistor 
for TA = tuli package-temperature range 100 mW 

.ÎA Operating 
temperature : G and H types -55 to 125 oe 

E and F types -40to 85 oe 
Tstg Storage temperature -65 to 150 oe 

• AH voltage values are referred to Vss pin voltage 

The Recommended Operating Cond1t1ons are specified as follows: 

Voo• Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage o to Voo V 

TA Operating 
temperature : G and H types -55 to 125 oe 

E and F types -40to 85 oe 
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MMC 40D0 SERIES FEATURES 

The principal features of the MMC 4000 series are as follows: 
- Operating range for G and H types 3-18 V; E and F types 3-15 V 
- Rationalised range of quiescent leakage current CILI specifications coresponding to gate, buffer, 

and flip-flop, and Medium Scale lntegration products. 
- Maximum input leakage current 11 11.+ 11LJ of ±1 µA at V00 = 18 V for G and H types, 15 V for E and F 

types with V, = O to 18 V for G and H types, O to 15 V for E and F types. over the tuli temperature 
range. 

- Input and output logic levels completely independent of temperature. 
- Input voltage levels which define a very high DC noise immunity 1450/o V00 typicall. 
- Noise margin of 1 V min at 5 V V 00 • 

2 V min at 1 O V Voo 
2,5 V min at 15 V V 00 

- Low 1400 ohm typica0 and constant output impedance in both logical states givng fixed and equal 
output transition times. 

- Output current capable of driving 
al two low power TTL loads 
bl one low power Schottky TTL load 
el two HLL loads 
over the rated temperaturerange. 

- Output current and input threshold independent of the number of inputs paralleled together. 
- Square transfer voltage characteristics. 

GENERAL CMOS CHARACTERISTICS 

The main advantages offered by CMOS devices over corresponding bipolar devices IDTL, LPS, TTL, 
ECL, HLLJ are: 
- very low quiescent power dissipation ltypically 1 O nW I gate, 1 O µW /MSIJ 
- wide operating voltage range 13 to 18 V for G and H devices; 3-15 V for E and F devicesl 
- high input impedance ltypically 1012 ohmsl 
- high DC noise immunity ltypically 450/o of supply voltagel. 
This digital family however has slower switchinQ speeds than most bipolar families. For exemple the 
typical propagation times for CMOS and other logic families are: 

CMOS ECL LPS TTL DTL HLL 
Prop. delay timeslnsl 35 2 5 1 O 30 11 O 
Moreover, due to the high input impedance of the MOS gate, C.OS devices require greater care in handling. 
Overvoltage protection networks are therefore used for the inputs of CMOS device. 
The level of protection for MMC 4000 products has been raised to 4 kV. 
The following figure show the input protection network for a basic inverter. 

ln CMOS as in Linear lntegrated Circuits a .latch-up" phenomenon may appear. This is caused by an 
electrica! puise which, acting on an SCR structure of parasitic bipolar transistoris inside CMOS devi
ces, produces a low resistance path between supply voltage and ground that remains aker the puise 
has ceased leading rapidly to device destruction. 
This phenomenon will occur either when V00 is more then the maximum rating and approaches the 
breakdown, voltage of the SCR structure or when the following conditions are verified: 
al the product of the two parasitic transistors is greater than or equal to unity; 
bJ the basi!-emitter junction of bith transistors is forward biased; 
el supply voltage and input circuits are able to deliver a current equal to the holding current of the SCR 
ln particular, condition lbl may be caused by: 
11 voltages induced through the oxide by based metallization; 
'21 lateral voltage drops between substrate and P-well due to photo current generated by radiation. 

These drops can forward bias the gate-cathode junction of the parasitic SCR. 
This effect is particularly significant in buffers w1ch are devices most subject to latch-up due to the 
combination of large geometry and low silicon resistivity. 
For these reasons voltage transiensts or large output current surges occuring during operation near 
the maximum rating should be avoided. 
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MMC 4000 series dynamic switching parameters 

The dynamic electrica! characteristics are specified at T amb = 25°C under the following conditions: 

- load capacitance ICLI of 50 pF and load resistance !ALI of 2000 kohm 

- input puise amplitude equal to supply voltage N 0 el; 

- input rise and fall time of 20 ns; 

- propagation delay times measured from 500/o the point of the input voltage to the 500/o point of the 

output voltage; 

- transition times measured from 1 (JO/o to 900/o of the supply voltage Noel 

ln some device other parameters are also specified: 

al Set up time 

bi Hold time 

ci Removal time 

dl Tri-state disable delay times. 

The figures below show the meaning of these parameters: 

Fig.O 
IN 

Fig.E 

OUTPUT Voo Fig.G 
DISABLE 

Vss 

OUTP\JT LOW Voo 
CLOCK 

Tll OFF INPUT 
Val 

V01 OUTPUT IIGH DATA 
TO OFF INPUT Vss 

OUTPUTS --+a::rw -+ OUTPUTS 
COIMCT!D COIMCTlD 

OUTPUT 

SET RlHT 
OR PRlHT 

OTH!R 
OUTPUT Q a111A v00 far IPLZ and tPZL 

• ILHI Oli IHLI IPTIIINAL 
IPIPVTS IC Wl'TH 

! STATf Vss far tPH:? and tPZH 

I'l OUTPUT 50pF 
DISABL! 
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GENERAL DPEAATINCI AND HANDLINCI 
INSTAUCTIDNS 
Power source ruin 

11 Refering to standard input network protection of fig., when separate power supplyies are used for 
V00 and for the device inputs the V00 supply should always be turned an before the input signal 
source and the input signal should be turned oft before the V00 supply is turned oft. 
This rule will prevent the O 1 input protection diode from overdissi sipation and possible damage 
when the device power supply is grounded 
When the device power supply is an oppen circuit, violation of this rule can resuit in undesiredcircuit 
operation although device damage may nat resuit; AC inputs can be rectified by 01 input diode to act 
as a power supply. 

21 The steady power-supply operating voltage should be kept within the recommended operating 
conditions and always below the maximum ratinqs. 

31 The power-supply polarity for CMOS circuits should nat be reserved. The positive l\_lool terminal 
should never be more than 0,5 V negative with respect to the negative IV ssl terminal cv00 - Vss > 
-0.5VI 
Reversal of polaritie will forward-bias and short the structural and protection diode between V00 

41 i~~~~!=isource current capability should be limited to the mini~um value which will assure good logic 
oper ation. 

51 Large value of resistors in series with V00 or Vss should be avoided: transient turn-an of input 
protection diodes can resuit from drops across such resistors during switching. 

A good practice is to use Zener protection diode in parallel with the power bus as shown in fig. below. 
The Ze,,er value should be above the expectec maximum regulation excursion, but should nat exceed 
the maximum supply voltage. 
A current limiting resistor is included if the supply impedance is lower than the Zener power dis~ipation 
rating allow for a given zener voltage. 
The shunt capacitor value is chosen to supply required peak current switching transients. 

Input signal rules 

11 Signals should be appliedtp the inputs while the device power supply is oft unless the input current 
is limited to a steady-state value of less than 1 O mA. Input-signal interfaces that swing the 
allowable 0.5 V above V 0 0 or below V ss. should be current-limited to 1 O mA or less. 
Whenever the possibility of exceeding 1 O mA of input current exists, a resistor in series with the in
put must be used. The value of this resistor can be as high as lokohms without aftecting static elec
trica! characteristics. However, speed will be reduced because of added RC time constant. 
Particular attention should be giben to long input-signal lines where tiigh inductance can increase the 
likelihood of large-signal pickup in noisy environments. ln theses cases, series resistance with 
shunt capacitance at the IC input terminals is recommended. The shunt capacitance should be made 
as large as possible consistent with the system speed rewuirements. 

21 AII CMOS inputs should be terminated. When SMOS inputs are wired to adge card connectors with 
CMOS drive coming from another PC board, a shunt resistor should be connected to V0 o, 

31 When CMOS circuits are driven by TTL logic a pull-up resistor should be connected from the CMOS 
input to 5 V. 

41 Input signals should be maintained within the recommended input signal Swing range. 
51 Input r1se and fall times for clocked devices must nat exceed 15 µs in order to avoid high 

consumption, false triggering, etc. With slower inputs a Schmitt trigger must be employed. 

Output ruin 

1 I The power dissipation in a CMOS package should nat exceed the rated valuefor the ambient 
temperature specified. The actual dissipation should be calculated when (al shorting outputs 
directly to V00 or Vss, !bi driving low-impedance loads, Ici directly driving the base of PNP or NPN 
bipolar transistor. 
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21 Output short circults o~en resuit from testing errors or improper board assembly. Shorts on 
buffer outputs on power supplies greater then 5 V can damage CMOS devices. 

31 CMOS, like active pull-up TTL. cannot be connected in the .wire-or" configuration because an "on" 
PMOS and an "on' NMOS transistor could be directly shorted across the power-supply rails. For 
applications with wire OR cofigurations it is necessary to use devices with tri-state logic outputs. 

41 Paralleling gates is recommended only when the gates are within the seme IC package. 
51 Outputs loads should return to a voltage within the supply-voltage range cv00 to V~. 
61 Large capacitive loads lgreater than 5000 pFI on CMOS BUFFERS or h1gh-current drivers act like 

short circuits and may over-dissipate output transistors. 
71 Output transistors may be over-dissipated by operating buffers as linear amplifiers or using these 
• types as one-shot or astable multivibrators. 
81 Shorting of output to Vss or V00 can cause the device power dissipation to exceed the safe value of 

500mW. 
This is possible with supply voltage higher than 5 V. 
For cases in which a short circuited load is driven directly lbase of PNP or NPN bipolar transistor) 
the requirements for gate operation must be terminated by consulting the published data. Note 
that a individual output transistor dissipation must be limited to 100 mW. 

Noi•• immunlty ■nd noi•• mergln 

□C N□ISE IMMUNITY 

The V1L and v,H characteristics define the maximum tol•ble noise voltages at an input terminal when 
input s1gnals are within 50 mV of supply lines 

N□ISE MARGIN 

The noise margin voltage is the maximum voltage that can be added at an input voltage V1 = VoL or YoH 
the preceding stage whithout upseting the logic or causing the output to exceed the output voltage v0 . 
ln practice, the noise immunity is· much more significant than noise margin because the CMOS outputs 
are normally within 5 omV of supply lines. Noise immunity increases if the inpuţ.,pulse width becomes 
less than the propagation delay of the circuit. ,~•:i•:· 
This condition is o~en described as AC noise immunity. ..t • · 

H■ndllng rul•• 

Since each user's manufacturing environment is different it is only possible to give some general 
notes for avoiding damage from electrostatic voltages: 
al handling equipment, trays, table tops and transport carts should be conductive; 
bi metal parts of fixttJres, tools, soldering irons and table tops should be grounded to a common point: 
ci operators should use grounded lmetla or conductivei plastic wrist straps with a 1 Mohm series 

resistor: 
dl packages should nat be removed from their conductive or antistatic carriers until required: this 

should only be dane by a grounded operator. Oevices removed should be placed in a conductive tray; 
el alt tests should be performed by a grounded operator and a~er completion of test, devices should 

be reinserted in a conductive carriers; 
fi the printed circuit& boards should have shorting bars installed prior to assembly lsolderingl. When 

oossible CMOS IC's should be the lest f:omponent installed on PC boards. 

11 



ORDERINCJ NUMBERB CMDB 4D0D SERIE& 

MMC 4XXX E - for dual in-line plastic package, int.ermediate temperature range 
MMC 4XXX F - for dual in-line ceramic package, frit seal, intermediate temperature range 
MMC 4XXX G - for dual in-line ceramic package, ext.ended temperature range 
MMC 4XXX H - for dual in-line ceramic package, frit seal, extended temperature range 

12 



MMC 4D0D MMC 40D"1 
MMC 4D02 MMC 4D25 

NOR GATES: 4000 DUAL 3 INPUT 
PLUS INVERTEA 
4001 GIUAD 2 INPUT 
4002 DUAL 4 INPUT 
4025 TRIPLE 3 INPUT 

GENERAL DEBCRIPTIDN FEATURES 
These NOR gates are monolithic complementary 
MOS !CMOS) integrated circuits. The N and P chan
nel enhancement mode transistors provide a symme
trical circuit with output swings essentially equal to 
the supply voltage. This results in high noise immu
nity over a wide supply voltage range. No DC power 
other than that caused by leakage current is consu
med during static conditions. AII inputs are protec
ted against static discharge and latching conditions. 
The MMe 4000, MMe 4001, MMC 4002 and 
MMe 4025E/F/G/H 

• Propagation delay time = 60 ns Ctypl at CL = 50 pF 
V00 = 10 V 

NOR gates provide the system designer with direct 
implementation of the NOR function. 
The MMe 4000, MMe 4001, MMe 4002 ancl 
MMe 4025E/F/G/H types are supplied in 14-lead her 
metic dual-in-line ceramic or plastic packages 

ABSOLUTE MAXIMUM AATINCIB 

Voo* 

V, 
I ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

• AII voltage va1ues are referred to Vss pin voltage 

• Buffered inputs and outputs 
• Standardized symmetrical output characteristics 
• 1 OOO/o tested for maximum quiescent current 
• 5 V, 1 O V and 15 V parametric ratings 
• High noise immunity: 0.45 V00 Ctypicall 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55to 
-40to 
-65 to 

125 oe li 85 oe 
150 oe 

AECDMMENDED DPERATINCI CDNDITIDNB 

Voo* Supply voltage: G and H types 3to 18 V 
E and F types 3 to 15 V 

V, Input voltage Oto Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CDNNECTIDN DIAGRAMB 

MMC4DDD MMC4DD1 MMC4DD2 MMC4D25 

NC A 'ttlo '00 1 Voo 
NC F B A K 2 G 

A E J B H o 3 H 
B K n ( 11 G E l 
( ( li o F F L 
H o NC E J 

Vss "$ ~s NC ( 

13 



MMC 4000 MMC 4001 MMC 400■ MMC 40■15 

STATIC ELECTAICAL C"ARACTEAIBTIC■ 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER V1 Va Pol Voo lt.ow 
NJ IVJ !µAl IVJ min. 

IL Quiescent I G,H O/ 5 5 
CUITE!nt types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 ~1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L · Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G.H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.6<1 
CUITent 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0:52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
CUITE!nt 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1Ho 1IL Input G,H 0/18 18 
leakage types Any 
CUITent input E. F 0/15 15 

types 

C1 Input 
capacitance Any input 

• T LOW = -55°C for G, H dev1ces; -40'C for E, F dev1ces. 
• THIGH = +125°C for G, H devices; +85°C for E. F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V mi'n. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

14 

max. 

0.25 
0.5 
1 
5 

1 
2 
4 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±03 

VALUES 

25°c îţ.lGH UNIT 
min. typ max. min. max. 

001 0.25 7.5 
0.01 0.5 15 
0.01 1 30 
0.02 5 150 µA 
001 1 7.5 
0.01 2 15 
001 4 30 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.38 
-1.3 -2.6 -09 
-3.4 -6.8 -2.4 

mA 
-1.36 -;-3.2 -1.1 
-044 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

051 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 



MMC 4000 MMC 4001 MMC 4002 MMC 4025 

DYNAMIC ELECTRICAL CHARACTERIBTICB 

IT A= 25°C, CL = 50 pF, RL = 200k, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise arid 
fall times = 20 ns) 

TEST CONDITIONS 
PARAM ETER 

V00 1Vl 

tPLH' Propagation delay time 5 
tPHL 10 

15 

tTHL' Trans1t1on time 5 
tTLH 10 

15 

SCHEMATIC AND LOGIC DIAGRAMB 

MMC4000 

4(131 

MMC4001 

Voo 
14 

voo 

I OF 4 GATES 7 
INLt1BERS 1N PARENlHESES I$ 
ARE TERMNAL Nt,MţERS 
FOR OTHER GATES) 

15 

VALUES 

min typ 

125 
60 
45 

100 
50 
40 

UNIT 
max 

250 
120 
90 

200 
100 
80 

L= G 

K=D+ETT 

ns 

ns 

a- C,.-aiDt---t.l>-,......--9 

(8,6,131 

J = A +-8 

K=C+D 

L=E+F 

M=G+H 

3 
(11,4,111 



MMC4DD2 

7 vss 

MMC402!5 

INVERTEA ANO I OF 3 GATES 7 
INUHBERS N FMENTHE~S ARE· Vss 

TERMINAI. NU.-eERS F<R SfCONll GATEI 

MMC 40D0 - MMC 4D01 - MMC 4D02 MMC 4025 

16 
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K· E+F+G+H 
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MMC4007 

DUAL CDMPLEMENTARV PAIR 

PLUS INVERTEA 

GENERAL DEBCRIPTIDN 

The MMC 4007 CG and H typesl and MMC 4007 IE 
and F typesl are monolithic integrated circuit, availa
ble in 14-lead dual in-line plastic or ceramic package. 
The MMC 4007 types are comprised of three 
n-channel and three p-channel enchancement-type 
MOS transistors. The transistor elements are ac
cessible through the package terminale to provide a 
conv·enient means for constructing the various typi
cal circuits as shown in typical applications. 
More complex functions are possible using multiple 
packages. Numbers shown in parantheses indicate 
terminals that are connected together to form the 
various configuration listed. 

ABSOLUTE MAXIMUM AATINGB 

Voo* Supply voltage: ·G and H types 
E and F types 

V; Input voltage 
I DC input current (any one input) 
Ptot Total power dissipation (per packagel 

Dissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

Tstg 
E and F types 

Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURE■ 

• Standardized symmetrical output characteristics 
• Medium speed operation tPHL, tPLH = 30 ns ltyp.l 

at 10 V 
• Gluiescent current specified to 20 V for G and H 

types 
• Input current of 100-nA at 1 8 V and 25° C for G 

and H types 
• 10011/o tested for quiescent current 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+a5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65to 150 oe 

RECDMMENDED DPEAATING CDNDITIDNB 

Voo* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage □ to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CONNECTIDN DIAGAAM 

02(1')5 Ydd,OlCl'lS 

02(1')0 OlCl'lD 

02CN•PJ; 03CN•PJn 

02CNJS 03Cl'lS 

02CNJD 03CN•PJ; 

OlCN•l'J; 03CNJS 

Vu.OlCNJS OICNJD 

17 



SCHEMATIC DIAGAAM 

I 
I 

I 

14 

L----- --

7 

Vss 

FUNCTl0NAL DIAGAAM 

6 

: .. .-----~ I 

I 
I 

011 
30-,,-+--C:::::::::JH-.--1 

I 
!.., ________ I 

14 2 

3 

4 

18 

2 • 

02 

li 

I 

-- - - - - -· 

11 

MMC4007 
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STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONOITIONS 

PARAMETEF3 V1 Va llol Voo ltow 
IVI IVI !µAl IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,f: O/ 5 5 
types 0/10 10 

P/15 15 

VOH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Val Output low 5 /O <1 5 
voltage 10/0 < 1 10 

15/0 <1 15 

V1H -Input high 0.5/4 .. 5 <1 5 4 
voltage 1/9 <1 10 8 

1.'5/13.5 <1 15 12 

V1L -Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

l □H -Output G,H O/ 5 2.5 5 >-2 
drive types O/ 5 4.6 5 ... 0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 ..... 1.53 
types O/ 5 4.6 5 >-0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

IOL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111·+ l1L Input G,H 0/18 18 
leakage types Any 
~ 01rrent input E, F 0/15 15 

types 

c, Input 
capacitance Any input 

• how = -55°C for G, H devices; -40°C for E, F devices. 
* THIGH = +125°C for G, H devices; +85°C tor E, F devices. 

The Noise Margin for both "1" and "O" levei is. 
1 V rn1!1. with V00 = 5 V 
2 V m1n. w1th V00 cc.· 10 V 

2.5 V min. with V00 = 15 V 

19 

max. 

0.25 
0.5 
1 
5 

1 
2 
4 

0.05 
0.05 
0.05 

1 
2 
2.5 

±0.1 

±0.3 

MMC4007 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.01 0.25 7.5 
0.01 0.5 15 
0.01 1 30 
0.02 5 150 

µA 
0.01 1 7.5 
0.01 2 15 
0.01 4 30 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

4 4 
8 8 V 

12 12 

1 1 
2 2 V 
2.5 2.5 

-1.6 -3.2 -1.15 
-0.51 -1 ..... 0.36 
-1.3 >-2.6 -0.9 
..... 3_4 -6.8 -2.4 

... 1.36 -3.2 
mA 

-1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 >--6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

1· 
mA 

0.44 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10 5 ±0.1 ±1 

µA 

±10 5 ±0.3 ±1 

5 7.5 pF 



MMC4007 

DVNAMIC ELECTRICAL CHARACTERIBTICB IT A = 25° C, CL = 50 pF, RL = 200 k, 
typical temperature coefficient for all V00 values is 0.3/°C, all input rise and fall times = 20 nsl 

PARAMETER TEST VALUES 
CONOITIONS Unit 

VoolVJ Min. Typ. Max. 

tPLH, Propagation delay time 5 55 11 O 

tPHL 10 30 60 ns 

15 25 50 

tTLH, Transition time 5 100 200 

trHL 10 50 100 ns 

15 40 80 

TVPICAL APPLICATIDN■ !sample CMOS logic circuit arrangements using type 40071 

Triple inverters. 114,2, 11 I: 18,131: 

~12 

3-input NANO gate 11,12,131: 12,14,111. 

14,81: 15,91: 

High sink-and source-curent driver. 16,3, 1 Ol: I 14,2, 1 H 

17.4.91: 113,8, 1,5, 121 

Dual bi-directional transmission gating. 11,5, 121: l,2,9J: 

111.41: 18, 13, 1 Ol: 16.31 

20 

3-input NOR gate 113,21: 11, 11 I: 112,5,81: 17,4,91; 

:~-2 
10~1 

High sink-current driver. 16,3, 1 Ol: 18,5, 121: I 11, 141: 
17.4.91; 

High source-curent driver. 16,3, 1 Ol: 113.1.121 

I 14,2, 11 I: 17,91: 

6 

CLOCK o-+-----1 

IN 1.,...---:::L_ 
IOOTJ 

200T1 
(IN1) 



MMC 4041 41 MMC 4041 2 MMC 4023 

NAND GATES: 4011 BUAD 2 INPUT 
401 2 DUAL 4 INPUT 
4023 TRIPLE 3 INPUT 

GENERAL DESCRIPTIDN FEATURES 

These NANO gates are monolithic complementary 
MOS ICMOSJ integrated circuits. The N and P chan
nel enhancement mode transistors provide a symme
trical circuit with output swings essentially equal to 
the supply voltage. This results in high noise immunity 
over a wide supply voltage range. No. DC power other 
than that caused by leakage current is consumed du
ring static conditions. Ali inputs are protected against 
static discharge and latching conditions. 

• A-opagation delay time = ED ns rtyp.J at CL = 50 pF, 

The MMC 4011, MMC 4012and MMC4023E/F/G/H 
NANO gates provide the system designer with di
rect implementation of the NANO function. Ali in
puts and outputs are buffered. 
The MMC 4011, MMC4012andMMC4023E/F/G/H 
types are supplied in 14-lead hermetic dual-in-line 
ceramic or plastic packages. 

ABSOLUTE MAXIMUM RATINGB 

Voo• 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany one input) 
Total power dissipation (per packageJ 
Dissipation per output transistor 
for Top= full package-temperature range 
Operating temperature : G and H types 

E and F types 
Storage temperature 

V00 = 10 V 
• Butfered inputs and outpuţs 
• 5 V, 1 O V and 15 V parametric ratings 
• 1 OOO/o tested quiescent current 
• High noise immunity 0.45 V00 Ctypicall 

APPLICATIDNB 

• Automotive 
• Data terminals 
• lnstrumentation 
• Medical electronics 
• Alarm system 
• Industrial controls 
• Remote metering 
• Computers 

-0.5 to 20 
-0.5 to 18 
-0.5 to V00+0.5 

±10 
200 

100 
-55 to 125 
-40to 85 
-65to 150 

• Ali voltages are referred to Vss pin voltage 

RECDMMENDED DPERATING CDNDITIDNB 

Supply voltage: G and H types 
E and F types 

Input voltage 

Operating 
temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAMS 

3 to 
3 to 
O to 

-55 to 
-40to 

18 
15 

Voo 

125 
85 

V 
V 
V 

mA 
mW 

mW 
oe 
oe 
oe 

V 
V 
V 

MMC 404141 MMC40412- MMC4023 

J=~ A \tx) 1 Voo 
B H J=A·B·C 2 G 

K ~ C · O G JccA•B·C·D o 3 H 

L=H K M K=E·F·G·H 
( L 

M=~ o F 

K=D·E·F E I 

L = G · H · I 
F 

K 

V$ E Vss 
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MMC 4D11 MMC 4D1 2 MMC 4D23 

SCHEMATIC AND LDGIC DIAGRAMS 

MMC4D11 

"~ • -----..-+-.------, 

(9,5,12) 

MMC4D12 

I~ 

Oli 

1101 

5 

"' 

MMC4D23 

14 

14 

Vro 

3 
o 

(10,4,11) 

7 

l'J 

14 

(131 



MMC 4011 MMC 401 Iii! MMC 4023 

STATIC ELECTRICAL CHARACTERIBTICB 

(over recommended operating conditionsl 

TEST CONOITIONS 

.PARAMETER v, Va fiai Voo ltow 
NI' CVI CµAI CVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

l □L Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 P.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1Llnput G,H 0/18 18 
leakage types Any 
current input E, F 0/15 15 

types 

c, Input 
capacitance Any input 

• TLOw = -55°C for G, H devices: -400C for E, F devices. 
• T HIGH = + 125° C for G, H devices: +85° C for E. F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

23 

max. 

0.25 
0.5 
1 
5 

1 
2 
4 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

VALUES 

25°C ~IGH UNI T 
min. typ max. min. max. 

0.01 0.25 7.5 
0.01 0.5 15 
0.□1 1 . 30 
0.02 5 150 µA 
0.01 1 7.5 
0.01 2 15 
0.□1 4 30 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.e -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 



MMC 4011 MMC 401 I! MMC 4023 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

CTA = 25°C, CL = 50 pF, RL = 2001<, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise and 
fall times = 20 ns) 

TEST COI\IJlllONS VALUES 
UNIT PARAMETER 

Voo CVl min typ max 

tPLH" Propagation delay time 5 125 250 
tPHL 10 60 120 ns 

15 45 90 

tTHL' Transition time 5 100 200 
trLH 10 50 100 ns 

15 40 80 

24 



I, 

MMC4013 

DUAL 11D 11 -- TVPE FLIP-FLDP 

GENERAL DESCRIPTIDN 

The MMC 4013 is a monolithic inte~rated circuit, 
available in 14-lead dual in-line plastic or ceramic 
package. 

I 

The MMP 4013 consists of two identica!, indepen
dent data-type flip-flops. Each flip-flop has indepen-

dent data, set, reset, and clock inputs and Q and Q 
outputs. These devices can be L!Âed for shift register 
applications, and, by connecting Q output to the data 
input, for counter and toggle applications. The logic 
levei present at the D input is transferred to the Q 
output during the positive-going transition of the 
clock puise. Setting or resetting is independent of 
the clock and is accomplished by a high levei on the 
set or reset line, respectively. 

ABSOLUTE MAXIMUM RATINCJB 

Vo□• 

V, 
I 
Ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one inputl 
Total power dissipation !per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 
Operating temperature: G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

FEATURES • 
• set-reset capability 
• static flip-flop operation - retains state indefini

tely with clock level either "high" or "low" 
• medium-speed operation - 16 MHz Ctyp.l clock 

toggle rate at 1 O V 
• quiescent current specified to 20 V 
• maximum input leakage of 1 µ.A at 1 8 V lfull pac

kage temperature rangel 
• standardized symmetrical output characteristics 
• 5 V, 1 O V, and 1 5 V parametric ratings 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+0.5 V 

±10 mA 
200 mW 

100 mW 
-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNS 

Voo• Supply voltage: G and H types 
E and F types 

lmput voltage 
Operating temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAM 

a, 
lTI 

CLOCK1 

RESET1 

D1 

SET1 

Vss 

25 

'bo 
a2 
Q2 

CLOCK2 

RESET2 
D2 

SET2 

3 to 
3 to 
o to 

-55to 
-40to 

18 
15 

y~g 
85 

V 
V 
V oe 

oe 



LOGIC DIAGRAM 
Cane of two identica! flip-flopsl 

DATA 

fL 

TG 

CL 
SET 
6(8) 

CL CL 

CL 
) 

NINJ = FF1 /FF2 TERMINAL 
ASSIGNEMENT 

TRUTHTABLE 

CL• D R 

_r o o 
_/"'" 1 o 
'- X o 

X X 1 
X X o 
X X 1 

LOGIC O= LOW 
LOGIC 1 = HIGH 

BUFFERED OUTPUTS 

s Q Q 

o o 1 
o 1 .Q 
o Q Q NO CHANGE 

o o 1 
1 1 o 
1 1 1 

e = LEVEL CHANGE 
X= DON'T CARE 

26 

MMC40'13 



STATIC ELECTRICAL CHARACTERIBTICB 
lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Va Io Voo lT.ow 
IVI IVI lµAI IVI min. 

IL Quiescent ' G,H O/ 5 5 
current types 0/10 10 

. 0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

I 0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E. F O/ 5 0.4 5 0.52 
types 0/10 o:5 10 1.3 

0/15 1.5 15 3.6 

,,H, l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• rLOw = -55°C for G, H dev1ces; -400C for E, F devIces. 
• T HIGH = + 125° C for G, H devices; +85° C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4013 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

·0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 µA 
0.02 4 30 
0.02 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V, 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

-1.36 -3.2 -1.1 •· mA 

-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 
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MMC4D13 

DVNAMIC ELECTAICAL CHAAACTERIBTICB 

IT A= 25°C, Ci = ţ:50 pF, & = 200 kohm, typical temperature coefficient for all V00 = 0.30/o/°C values, all 
input nse and tall tIme = 2U nsl 

VALUES 
PARAMETER TEST CONDITIONS 

VoolVJ min. typ. max. UNIT 

tPLH. _Eropagation delay time lciock to Q or 5 150 300 
tPHL Q outputsl 10 65 130 ns 

15 45 90 

tPLH. Propagation delay time !Set to Q or 5 150 300 
Reset to QJ 10 65 130 ns 

15 45 90 

tPHL. Propagation delay time !Set to Q or 5 200 400 

Reset to QJ 10 85 170 ns 
15 60 120 

trLH. Transition time 5 100 200 
tTHL 10 50 100 ns 

15 40 80 

fel• Maximum clock frequency 5 3.5 7 
10 8 16 MHz 
15 12 24 

tw Clock puise width 5 140 70 
10 60 30 ns 
15 40 20 

t,.. t1eeClock input rise or fall time 5 15 
4 

tw 

tsetup 

10 
15 1 

Set or reset puise width 5 180 90 
: 

10 80 40 
15 50 25 

Data setup time 5 40 20 
10 20 10 
15 15 7 

• Input tr, t, = 5 ns 
•• lf more than one unit is cascaded in a parallel clocked operation, tr should be made less than or 

equal to the sum of the fixed propagation delay time at 15 pF and the transition time of-the out
put driving stage for the estimated capacitive load. 

28 

µS 

ns 

ns 



MMC 4014 MMC 4021 

B-STAGE STATIC SHIFT REGISTERS: 
SVNCHRDNDUS PARALLEL DR SERIAL 
INPUT /SERIAL OUTPUT: MMC 401 4 
ASVNCHRDNDUS PARALLEL INPUT DR 
SVNCHRDNDUS SERIAL INPUT /SERIAL 
OUTPUT: MMC 4021 
GENERAL DEBCRIPTIDN 

The M MC 4014, MMC 4021 series types are 
8-stage parallel-or serial-input/serial-output regis
ters having common CLOCK and PARALLEL/SERIAL 
CONTROL inputs, a single SERIAL data input, and in
dividual parallel "JAM" inputs to each register 
stage. Each register stage is a O type, master-slave 
flipcflop; in addition to an output from stage 8, "Q'' 
outputs are alsa available from stage 6 and 7„ 
Parallel as well as serial entry îs made into the regis
ter synchronously with the positive clock line transi
tion in the MMC 4014. ln the MMC 4021 serial 
entry is synchronous with the clock but parallel 
entry is asynchronous. 
ln both types, entry is controlled by the PARALLEL/ 
SERIAL CONTROL input. 
When the PARALLEL/SERIAL CONTROL input îs low, 
data is serially shifted into the 8-stage register 
synchronously ·with the positive transition of the 
clock line. 

ABBDLUTE MAXIMUM RATINGS 

V□□* Supply voltage: G and H types 
E and F types 

V; Input voltage 
I DC input current lany one input] 
F\ac Total power dissipation (per packagel 

Dissipation per output transistor 
for TA = fţill package-temperature range 

TA Operating temperature : G and H types 
E and F types 

Tstg Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

When the PARALLEL/SERIAL .. CONTROL input is 
high, data is jammed into the 8-stage register via the 
parallel input lines and synchronous with the positive 
transition of the clock line. 
ln the MMC 4021, the CLOCK input of the internai 
stage îs "forced" when asynchronous parallel entry 
is made. 
Register expansion using multiple package is permit
ted. 
The MMC 4014, MMC 4021 series types are sup
plied in 1 6-lead dual-in-line plastic or ceramic ,pac
kage. 

FEATURES 

• Medium speed operation-12 MHz ltyp.l clock rate. 
at V00-Vss = 10 V 

• Fully static operation 
• 8 Master-Slave flip-flops plus output buffering and 

control gating 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 
-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

V□□* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V; Input voltage Oto y~g V 
TA Operating temperature : G and H types -55 to oe 

E and F types -40to 85 oe 

CDNNECTIDN DIAGRAM TRUTHTABLE For 4014 

Pl-8 Vro 
CL Serial input Parallel / serial P 1-1 Pl-n Q, 

Qn control linternall 
Q6. Pl-7 

08 Pl-6 

Pl-4 Pl-5 

..r X 1 o o o o 

.../ X 1 1 o 1 o _., X 1 o 1 o 1 
Pl-3 07 ../" X • 1 1 1 1 1 
Pl-2 SERIAL IN ../" o o X X o Qn-1 

PH (LO(K ../" 1 o X X 1 Qn-1 

~ 9 PARAI.LEU SERIAL '- X X X X Q, Qn NC 

(CJ-lTRCl. 

X = Don't care case NC = No chan~e 
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MMC 4D'1 4 MMC 4D2'1 

LOGIC DIAGRAMB AND TRUTH TABLE For MMC 4021 

CL Serial input Para li el/ serial P 1-1 P I-n Q1 Qn control linternall 

X X 1 o o o o 
X X 1 o 1 o 1 
X X 1 1 o 1 o 
X X 1 1 1 1 1 

_r o o X X o On-1 
1 o X X 1 Qn-1 

""""- X o X X Q, Qn NC 

X = Don't care case NC = No change 

MMC4D'14 ~ P2 P3 P4 PS P6 P7 P8 

p urt>7 u CL 
Q6 07 08 

[!I-
o 

PS 

MMC4D2'1 P1 P'Z PS P6 P7 P8 
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STATIC ELE!CTAICAL CHARACTEAIBTICB 
lover recommended operating conditionsl 

TEST CONOITIDNS 

PARAM ETER v, Va 1101 Voo Ttow 
IVI IVI lµAI IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E. F O/ 5 5 
types 0/10 10 

0/15 15 

VaH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output.low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input h1gh 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <~ 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IOH Output G.H O/ 5 2.5 , 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 --,1.3 
0/15 13.5 15 -3.6 

loL Output G, H O/ 5 0.4 5 0.64, 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E. F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input G,H 0/18 18 
leakage types Any 
current input E, F 0/15 15 

types 

c, Input 
capacitance Any input 

• TL□w = -55°C for G, H devices: -40°C for E, F devices. 
• T HIGH == +125°C fcir G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with Vpo = 10 V 

i: 5 V min. with V00 = 15 V 

31 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
005 
0.05 

1.5 
3 
4 

±01 

±0.3 

MMC 401 4 MMC 4021 

VALUES 

25°c ~IGH UNI T 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
004 40 300 
004 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5. pF 



MMC 4014 MMC 401ii!1 

0VNAMIC ELECTRICAL CHARACTERISTICB 

ITA= 25°C, CL = 50 pF, ~ = 200 kohm, typical temperature coefficient for all V00 = 0.30/o/°C values, all 
input rise and tall times= cO nsl 

TEST 
PARAMETER CONDITIONS VALUES 

V00 CVJ min. typ. max. 

C lacked aperatlan 

tpLH, Propagation delay time 5 160 320 
tPHL 10 80 160 

15 60 120 

tTHL, Transition time 5 100 200 
tnH 10 50 100 

15 40 80 

fel• Maximum clock input frequency 5 3 6 
10 6 12 
15 8.5 17 

tw Clock puise width 5 180 90 
10 80 40 
15 50 25 

tr, t1 Clock input rise or fall time 5 15 
10 15 
15 15 

tsetup Setup time, serial input (ref. to CLI 5 120 60 
10 80 40 
15 · 60 30 

tsetup Setup time, paralel inputs 140141 (ref. to CU 5 80 40 
10 50 25 
15 40 20 

tsetup Setup time, par~el inputs 14021 I 5 50 25 
10 30 15 
15 20 10 

tsetup Setup time, parallel/serial control 140141 5 180 90 
!ref. to CU 10 80 40 

15 60 30 

thold Hold time, serial in, parallel in, 5 o 
parallel/serial control 10 o 

15 o 
tWH P/S Puise width 140211 5 160 80 

10 80 40 
15 50 25 

trem P/S Removal, time 140211 (ref. to CU 5 280 140 
10 140 70 
15 100 50 

UNIT 

ns 

ns 

MHz 

ns 

µs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

• lf more then one t1nit is cascated trCL should be made I ess than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load . 

.. 
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MMC4D'1!5 

DUAL 4-STAGE STATIC SHIFT REGISTER 
WITH SERIAL INPUT /PARALLEL OUTPUT 

GENERAL DEBCRIPTIDN 

The MMC 4015 CG and H typesl and MMC 4015 CE 
and F typesl are monolithic integrated circuits, avai
lable in 16-lead dual în-line plastic or ceramic pac
kage. 
The MMC 4015 consists of two identica!, indepen
dent, 4-stage serial-input/parallel-output registers. 
Each register has independent CLOCK and RESET 
inputs as well as a single serial DATA input. "Q" out
puts are available from each of the faur stages on 
both registers. AII register stages are D-type, mas
ter-slave flip-flops. The logic levei presant at the 
DATA inputs is transferred into the first register 
stage and shifted over one stage at each positive
going clock transition. Resetting of all stages îs ac
complished by a high levei on the reset line. Register 
expansion to 8 stages using one MMC 4015 pac- · 
kage, or to more than 8 stages using additional 
MMC 4015's îs possible. 

ABSOLUTE MAXIMUM RATINGB 

V□□* 

V, 
I 
F\ot 

Tstg 

Supply voltage: G and H types 
· E and F types 

Input voltage· 
DC input current Cany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 
Operating 
temperatura : G and H types 

E and F types 
Storage temperatura 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Medium speed operation: 12 MHz (typ.l clock -rate 
at V00-Vss= 10 V. 

• Fully static operation. 
• 8 master-slave flip-flops plus input and output buf

fering 
• High noise immunity 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

V□□* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F tvpes 

CDNNECTIDN DIAGRAM 
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Voo 
DATAB 

RESETB 

01B 

02B 

03B 

04,\ 
CLOCK A 

3 to 
3 to 
o to 

-55 to 
-40to 

18 
15 

Voo 

125 
85 

V 
V 
V 



FUNCTIDNAL DIAGAAM 

TRUTHTABLE 

CL 

_r 
_r-
~ 

X 

LDGIC DIAGRAM. 

DATA B15 

CLOCK B 1 

RESET B14 

D 

o 
1 

X 

X 

DATA □-
15 o--po--.~,0--"1 

dlit 
1 "o--pi»-q11---,--1c L 

19! R 

R 

o 
o 
o 
1 

~--,__J._5 0.1A 

40.7A 
3 0.3' 

li°"" 
r----,._--..1-·13 o.,e 
sTk 12 0.2e 

fl0.35 
L---~-.--2 0.45 

Vss a 

0.1 0n 

o 0.n-1 

1 O.n-1 

0.1 O.n 

o o 
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STATIC ELECTRICAL CHARACTERIBTICB 
lover recommended operating cond1t1on~, 

TEST CONOITIONS 

PARAMETER v, Vo llol Voo ltow 
IV) IV) (µAl IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 . 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IOH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 --0.64 
current 0/10 9.5 1.0 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• T LOW = -55°C for G, H devices: -40'C for E, F devices. 
• T HIGH = + 125° C for G, H devices: +85° C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. witt1 V00 = 5 V 
2 V miri. with V00 = 10 V 

2.5 V min. with V00 ·°' 15 V 

35 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4015 

VALUES 

25°C r:i1GH UNI T 
min. typ max. min. max. 

0.04 5 150 
004 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 1-0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.'36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10·5 ±03 ±1 

5 7.5 pF 



MMC4D15 

DVNAMIC ELECTRICAL CHARACTERISTICB 
!Tr, 25 1_:_ C.1. = _50 pF, & = 200 kohm, typical temperature coefficient for all V00 values is 0.30/o/°C, all 
,npul •-1<;,~ and tall tImes= 2U ns] 

TEST CONDITIONS VALUES 
PARAMETER VooM min. j typ. j max. 

Clacked aperatlan 

tPLH• Propagation delay time CCarry 5 160 320 
tPHL Outor Oecoded aut Linesl 10 80 160 

15 60 120 

tTHL• Transition time 5 100 200 
trLH CCarry Out or Oecoded Out Linesl 10 50 100 

15 40 80 

fel Maximum clock input frequency 5 3 6 
10 6 12 
15 8.5 17 

tw, Clock puise width 5 180 90 
10 80 40 
15 50 25 

tr. tr~} Clock input rise or fall time 5 15 
10 15 
15 15 

tsetup Data setup time 5 70 35 
10 40 20 
15 30 15 

Raeet aparatlan 

tl-'Lli• Propagation delay time 5 200 400 
LPHL 10 100 200 

15 80 160 

tw, Reset puise width ' 5 200 100 
10 80 40 
15 60 30 

-:~ lf more than one unit is cascaded tr CL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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MMC4D1B 

G.UAD BILATERAL SWITCH 

GENERAL DESCRIPTIDN 

The MMC 4016 (intermediate or extended tempe
rature rangel are monolithic integrated circuit, avai
lable in 14-lead dual in-line plastic or ceramic pac
kage. 
The MMC 4016 types are quad bilateral 
switches intended for the transmission or multiple
xing of analog or digital signals. Each of the four inde
pendent bilateral switches has a single control signal 
input which simultaneously biases both the p and n 
device in a given switch DN or DFF. 

ABSOLUTE MAXIMUM RATINGIS 

Voo* Supply voltage: G and Htypes 
E and F types 

V; Input voltage 
I DC input current Cany one input! 
Pcot Total power dissipation (per packagel 

Dissipation per output transistor 
for TA= full package-temperature range 

TA Operatfng 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• 20 V digitaf or ± 1 O V peak-to-peak switching 
• 280 ohm typical DN resistance for 15 V operation 
• Switch on resistance matched to within 1 O ohm 

typ. over 1 5 V signal input range 
• Extremely high control input impedance (control 

circuit isolated from ..signal circuit 1012 ohm typ.l 
• Extremely low off switch leakage resulting in very 

low offset current and high effective off resis
tance: 11 O pA typ. VooV ss = 18 V, TA = 25°C 

• Matched control-input to signal-output capaci
tance: reduces output signal transients. 

• Frequency response switch on = 40 MHz Ctyp.l. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

± 10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATINGI CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Dperating 

temperature : G and H types 
E. and F types 

CDNNECTIDN DIAGRAM 

sm{IN \tD 
A 00T COOIU.4 

SIG {IN CIJolTROLD 
B OJT IN}slG 

C(JflR(l. B OUT D 

camD. C 

Vss 
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3 to 18 
3 to 15 
O to Voo 

-55 to 125 
-40 to 85 

SCHEMATIC DIAGIRAM 

."DO 

(t)ITROI. 

Vcc 

\ss 
IN/OUT 

V 
V 
V 

oe 
oe 



TVPICAL 110N11 REBIBTANCE CHARACTERIBTICB, 

TA= 25°C. 

MMC4016 

SUPPLY LOAD CONDITIONS 
CONOITIONS Al= 1 kn Al= 10 kfi CHAAACTEAISTIC* 

Voo Vss VALUE Vis VALUE V,s 
(VJ lVI (.Dl (VJ IA) (VJ 

AoN +15 o 200 +15 200 +15 
200 o 200 o 

AoN (max.I +15 o 300 +11 300 +9.3 

AoN +10 o 290 +10 250 +10 . 290 o 250 o 
AoN (max.I +10 o 500 +7.4 560 +5.6 

AoN +5 o 860 +5 470 +5 
600 o sao o 

AoN (max.I +5 o 1.7 k +4.2 7k +2.9 

AoN +2.5 -2.5 590 +2.5 450 +2.5 
720 -2.5 520 -2.5 

AoNlmax.l +2.5 -2.5 232 k ±0.25 300k ±0.25 

• Variation from a perfect switch, Aol\l = O !l 

STATIC ELECTRICAL CHARACTERIBTICB 

Cover recommended operating conditionsl 

TEST CONOITIONS 

PARAMETEA Vc= Vss Voo TLOW 
Voo (VI CVI min. max. min. 

ll Q.iiescent G,H 5 0.25 
device types 10 0.5 
current 15 1 
Call 20 5 

switches E, F 5 1 
ON or all types 10 2 
switches OFFI 15 4 

Switch 

Vis 
RoN ON Resistance H,G +7.5 360 

types -7.5 360 
Al= ±0.25 775 - +7.5 -7.5 

E, F 10 kfl +7.5 370 
types -7.5 370 

+0.25 790 

H,G +5 600 
types -5 600 

Al= ±a2s 1870 - +5 -5 
E, F 10 kn · +5 610 

types -5 610 
±0.25 1900 
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Al= 100 kfi 

VALUE Vis 
!al lVI 

180 +15 
200 o 

320 +8.2· 

240 +10 
300 o 
610 +5.5 

450 +5 
800 o 

33k +2.7 

490 +2.5 
520 -2.5 

870k ±0.25 

VALUES 

2s0 c ÎHIGH 
UNI T 

typ max. min. max. 

a01 0.25 7.5 
0.01 as 15 
0.01 1 30 
0.02 5 150 µA 
a01 1 7.5 
o.a, 2 1,5 
0.01 4 30 

200 '400 600 
200 400 600 
280 850 1230 n 
200 400 520 
200 400 520 
280 850 1080 

250 660 \ 960 
250 660 960 
580 2000 2600 n 
250 660 840 
250 660 840 
580 2000 ( 2380 



STATIC ELECTRICAL CHARACTERISTICS 

[over recommended operating conditionsl 

TEST CONOITIONS 

PAAAMETEA Vc= Vss Voo TLDw 
Voo !VI IVI 

min. max. 

G,H +15 360 
types +15 o +0.25 360 

AL= +9.3 775 -
E,F 10 kll• +15 370 

types +15 o +O.25 370 
+9.3 790 

G,H +10 600 
types +10 o +0.25 600 

AL= +5.6 1870 -
E,F 10 kll• +10 610 

types +10 o +0.25 610 
+5.6 1900 

.O.RaN Resistance 
AL= +7.5 -7.5 ±7.5 

lbetween any 10 kll• +5 -5 ±5 
2 of 4 switches) 

Input or output G,H Vaa Vc= 
leakage current types +18 Vss 
switch OFF o ±0.1 
leffective OFF -
resistancel E. F Voo Vc= 

types +15 Vss 
o ±0.3 

c, Input capacitance Vcc = Vss = --5 +5 
Co Output capacitance 
CI0 Feedthrough 

Contrai EV el 

VTHSwitch 5 1 
threshold 115 = 10 µA 10 2 
voltage 15 2 

1, Input G,H 
18 ±0.1 types - V1s:5 Vaa current E,F 

types 15 ±0.3 

CI ln put capacitance 
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MMC4D1B 

VALUES 

25"C THIGH 
UNI T 

min. typ max. min. max. 

200 400 600 
200 400 600 
300 850 1230 

n 
200 400 520 
200 400 520 
300 800 1080 

250 660 960 
250 660 960 
560 2000 2600 

n 
250 660 840 
250 660 840 
560 2000 2380 

10 
15 

n 

10·• ±0.1 1 
µA 

10' ±0.3 1 

4 
4 pF 

0.2 

1 2.25 1 
2 4.5 2 V 
2 6.75 2 

±10·• ±0.1 ±1 

µA . 
±10'' ±0.3 ±1 

5 7.5 pF 



DVNAMIC ELECTRICAL CHARACTERISTICS 

CT A = 25°C, CL = 50 pF all input square wave rise and fall time = 20 nsl. 

PARAMETER 

Swlt:ch 

tpd Propagation 
delay time 
!Signal input 
to output) 

Crosstalk between 
any 2 of 4 switches 

lf -50 dBJ 20 log Va 
= 

= -50 dB 
v, 

Frequency response 
switch "DN" (Sine wave 

input] at 20 I Va og-= 

= -3d8 
v, 

Feedthrough 
!Switch! 

DFFJ atv 
20 log __Q = -50 dB 

v, 

Sine wave distortion 

Cont:rol EV c> 

Propagation delay: 
[Turn DN control 
to output) 

Max. allowable 
control input 
repetion rate 

Crosstalk [Control 
input to signal output) 

161 Symetrical about DV 
1■1 Fir all test conditions. 

TEST CDNDITIDNS 
Vc IVJ 

RL f, v, vl_ss vi.op 
lknl IKHz.J IVJ VI V 

= Va□ 10 10 sq. GND 5 
Wave 10 

15 

Vc1A1 =Va□ = +5 1 V11A~ 
Vc1B1 = Vss = -5 =5pp 

= Va□ 
=+5 1 5p--p -5 

= Vss 

=-5 1 -5p-p 5 

= Va□ 10 1 5p--p -5 I 

=5 

v§8- Vs~ 1 V□□ 5 
I . wave or 10 

Vss 15 

1 O [Sq. wavel 1 Va□ GND 10 

1 ot,q. wavel 10 GND 10 
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MMC4a-.s 

VALUES 
UNIT 

typ. max. 

40 100 
20 50 ns 
15 40 

0.9 MHz 

40 MHz 

1.25 MHz 

0.4 O/o 

35 70 
\fo□-Vss 20 40 ns 
= 10 V 15 30 

10 MHz 

50 m'v 



MMc; 4D1 7, MMC 4D22 

COUNTER/DIVIDERS: 
4017' DECADE COUNTER 
WITH 1 O DECODED OUTPUT& 
4022 OCTAL COUNTER 
WITH B DECODED OUTPUT& 
GENERAL DESCRIPTIDN 

The MMC 401 7 and MMC 4022 are 5-stage and 
4 stage Johnson counters having 1 O and 8 decoded 
outputs respectively. 
The MMC 4017 and MMC 4022 are monolithic in
tegrated circuits, fabricated in standard Al-gate 
CMOS technology. Are available in 16-lead dual in
line- plastic package. 
Input~ include a CLOCK, a RESET and a CLOCK inhi
bit signal. Schmitt trigger in the CLOCK input circuit 
provides puise shaping that allows unlimited clock 
input puise rise and fall times. These counters are 
advanced one count at the positive clock signal tran
sition if the CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited when ·the 
CLOCK INHIBIT signal is high. A high RESET signal 
clears the counter to its zero count. Use of the 
Johnson decade-counter configuration permits high
speed operation. 2-input decimal-decade gating and 
sp1ke-free decoded outputs. Anti-lock gating is pro
vided, thus assuring proper counting sequente. The 

ABSOLUTE MAXIMUM RATINGS 

V□□• 

V, 

~tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

decoded outputs are normally low and go high only at 
their respective decoded time slot. Each decoded 
r Jutput rP111aI11'., 111\Jli Im· OllP tuli clok cyi:IP. A CARRY
f JUT SI\Jllal COI ll[llf'tPS 011P cyclP PVPl'Y ] 0 cine~ I11p11I 
,:y,:IPS 111 tlil' MMC 4017 or PVPl'V 8 1:lni:k I11put c:y1:1tu 
"' tliP MMC 4022 a11rl Is 11secl to npplt•-clrn:k t.liP s11I 
CP(lillll rll'VIC:I' III ,1 11111lt.1-rlPVICP crn111t11111 cl1c1111. 

FEATURES 

• Fully static operation 
• Medium speed operation -12 MHz ltypl at v00 = 

10 V 

APPLICATIDNS 

• Decade counter/decimal decade display 
• Binary counter/decoder 
• Frequency division 
• Counter control/timers 
• Divide - bv - N counting. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+O.5 V 

:± 10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

• AII voltage values are referred to V55 pin voltage 

RECDMMENDED DPERATINGI CDNDITIDNS 

Supply voltage: G and H types 
E and F types 

Input voltage 

Dperating 
. temperature : G and H types 

E and F types 
CDNNECTIDN DIAGRAMS 

MMC4D17 

1 16 Voo 
2 RESET 

3 CJ.OCK 
4 CJ.OCK INHIBIT 
5 12 CARRY OUT 
6 11 9 

7 

8 8 

41 

3 to 18 V 
3 to 15 V 
O to Voo V 

-55to 125 oe 
-40 to 85 oe 

MMC4D22 

1 Vro 
2 RESET 

3 CLOC.K 

4 CJ.O(K INHIBIT 

5 CARRY OUT 

NC 6 4 

7 

8_ N( 



MMC 401 7 1 MMC 4022 

LOGIC DIAGRAM 
9 

MMC4017 

D ~ ' D QS 

MMC4022 
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MMC 40„ 7 MMC 4022 

TIMING DIAGRAM 

MMC40„7 

CLOCK 

RESET 

Cl.OCK 
INHIBIT 

"o" 
"1" 

"2'' 

"3" 

"4" 

"5" 

"6" 

"7" 

"8" 

"9" 

CARRY 
OOTPUT 

===-------------=~n __ _ 
\ /o\ o 

__ .JfT\~-----------.J,==1 ~,--
---~rn.~=------------t2L ___ ---,1/T\ r 
------.JA~~-----------
_______ _,/s\~~---------
--------~A~~-------_________ __,J'7\~~-------
------------'/e\ .. ______ _ 
======------J/e\:::==== 

MMC4022 

CLOCK 

RESET 
Q.OCI( 

INHIBIT~~-------------' 
"O" °'~-----..Jfo\~ ________ r\_ 
.. ,.. _J1\ ri. r 
"2" ___ /2\ / 2 \._ _______ _ 

___ ___,./7\._ _________ ..,J/T\ _________ _ 
"4" /T\ (4\ ____ _ 
"3'' 

"5" -----....Jfs\ /s\ ___ _ 
... 6 .. ------~A /T\ __ _ 

"7" ======----R f7L_ CARRY 
OOTPUT \.__ ___ , \ / 
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STATIC ELECTRICAL CHARACTERIBTICB 
lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo !Io! V□□ l'tow 
IVI NI [µAl IVJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

.VOI. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 
voltage_ 9/1 <1 10 

13.5/1.5 <1 15 

lo-t Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E. F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1Ho l1L Input G,H 0/18 18 
leakage types Any 
current 

E,F input 
0/15 15 

types 

c, Input 
capacitance Any input 

• T LOW == -55°C for G, H devices: -40"C for E, F devices. 
• T HIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min: with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

5 
10 
20 

100 

20 
40 

,80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC 4D"1 7 MMC 4D22 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 

·-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
a.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 

±1ff5 ±0.3" ±1 

5 7.5 pF 



MMC 4D1 7 1 MMC 4022 

0VNAMIC ELECTRICAL CHARACTERIBTICB 

ITA= 25°G, GL = 50 pF, RL = 200 kohm, typical temperature coefficient for all V00 = 0.3D/o/0 G values, all input rise 
and fall times = 20 ns) 

TEST VALUES 
PARAMETER GONOITIONS 

min. I typ. I max. 
UNIT 

VorJ.VI 

Clocked operat:lon 

tPLH• Propagation delay time 5 325 650 
tPHL Decade aut 10 135 270 ns 

15 85 170 

Garry aut 5 300 600 
10 125 250 ns 
15 80 160 

trHL• Transition time 5 100 200 
trLH Garry Outor Oecoded 10 50 100 ns 

Out Line 15 40 80 

fel Maximum clock input frequency 5 2.5 5 5 
10 5 10 MHz 
15 5.5 11 

tw M în imum clock puise width 5 100 200 
10 45 90 ns 
15 30 60 

tr ti Glock input rise or fall time 5 
10 Unlimited µ.S 

15 

tsetup Data setup time 5 115 230 
Minimum clock inhibit 10 50 100 ns 

15 35 75 

Re■et: operat:lon 

tPLH• Propagation delay time 5 265 530 
tPHL Garry Out or Oecoded 10 115 230 ns 

Out Lines 15 85 170 

tlli Minimum reset puise width 5 130 260 
10 55 110 ns 
15 30 60 

trem Minimum reset removal time 5 200 400 
10 140 280 ns 
15 75 150 
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MMC 40171 MMC 401111 

TVPICAL APPLICATIDNB 

Divide by N counter IN ~ 1 Ol with N decoded outputs 

When the Nth decoded output is reached IN th clock puise! the R-S flip-flop lconstructed from two NOR 
gates of MMC 4001 I generates a reset puise which clears the MMC 4017 to its zero count. At this time, 
if the Nth decoded output is greater than or equal to 6, the Cour line goes high to clock the next MMC 
4017 counter section. The "O'' decoded output alsa goes high at this time. Coincidence of the clock low 
and decoded "O" output high resets the R-S flip-flop to enable the MMC 4017. lf the N th decoded output 
is less than 6, the Cour line will not go high and, therefore, cannot be used. ln this case "O" decoded output 
may be used to perform the clocking function for the next counter. 

HHC 4017 
HHC 1,1)22 

RESET 

~llol&51L.;IIIW::Ml.ile-JI.IAY~,l,'3,I~ ALTERNATE (O 
r - RR N=21010 
I f:Q.OCK/N 

I 
I 
I I 
L----------- _______ J 
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MMC4D1B 

PRESSETTABLE DIVIDE-BV-N CDUNTER 

GENERAL DEBCAIPTIDN 

The MMC 4018 CG and H typesl and MMC 4018 CE 
and F typesl are monolithic integrated circuits, avai
lable in 1 6-lead dual in-line plastic or ceramic pac
kage, ceramic flat package and plastic micropac
kage. 
The MMC 4018 typ~ consists of 5 Johnson-Coun
ter stages, buffered Q outputs from each stage, and 
counter preset control gating. CLOCK, RESET, 
DATA, PRESET ENABLE. and 5 individual JAM in
puts are provided. Divide by 1 O, 8, 6, 4, or 2 counter 
~nfi91Lra~nsJan be implemented by ·feeding the 
Q5, Q~. Q3, Q2, m- signals, respectively, back to the 
DATA input. Divide-by-9, 7, 5, or 3 counter configu
rations can be implemented by the use of a MMC 
4011 gate package to properly gate the feedbac~ 
connection to the DATA input. Divide-by-functions 
greater than 1 O can be achieved by use of multiple 

ABSOLUTE MAXIMUM RATINGB 

Voo• Supply voltage: G and H types 
E and F types 

Input voltage 
DC input currerit lany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage vallles are referred to Vss pin voltage 

MMC 4018 units. The counter .is advanced one count 
at the positive clock-signal transition. Sctrnitt-Trig
ger action on the clock line permits unlimited clock 
rise and fall times. A high RESET signal clears the 
counter to an all-zero condition. A high PRESET-ENA
BLE signal allows information on the JAM inputs to 
preset the counter. Anti-lock gating is provided to as
sure the proper counting seQuence. 

FEATURES 

• Medium speed operation 10 MHz Ctyp.l at Voo-Vss 
= 10V. 

• Fully static operation. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

::t10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo• Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, ln put voltage Oto Voo V 
TA Qperating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CDNNECTIDN DIAGRAM 

DATA Voo 
JAMl RESET 

JAM2 CLOCK 

d2 Q5 

01 JAMS 

Q3 04 

JAM3 PRESET ENABLE 

\ţs JAM4 
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LOGIC DIAGRAM 

OATA 

CLOCK 

14 

Detail for flip-flop 

CL ----t-f'>.-IT 
~CL 

TIMING DIAGRAM 

COata iriput tied to Q5 for decade counter configurationl 

CLOCK 

RESET 

mESET 

JAMl 

JAM2 

JAM3 

JAM4 

JAMS 

... r\. ~ --
01'1'1 

. 

r\. ~ '"\., '"\. ~ ""' 

care unt 'PR SEl" goes hgh 

I 

' 

"\.i ~ "'\. r\.i '"\. 

' .. 
. 

' 
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0.4 

PE 
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STATIC ELECTRICAL CHAAACTEAIBTIC■ 
lover recommended operating conaitionsl 

TEST CONDITIONS 

PARAMETER v, Va llol Voo l'tow 
IVI IVI (µAl IVI min. 

IL Quiescent G,H O/ 5 5 
rurrent types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage· 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Val Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low •4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.~ 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

IOL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111-t, l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, -Input 
capacitance Anyinput 

• TLow = -55°C for G, H devices: -40°C for E, F devices . 
• T HGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±01 

±0.3 

MMC4a„a 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
o.oa 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
1.4.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-051 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 

±10-5 ±0.3 ±1 

5 7.5 pF 



MMC4D1B 

DVNAMIC ELECTRICAL CHARACTERl■TICB 

IT A= 25°C, CL = 5Q pF, RL = 200 kohm, typical temperature coefficient for all V00 values is 0.30/o/°C, all input Jt 
rise and fall times= 20 nsl. 

TEST CONDITIONS VALUES 
PARAMETER V00 CVJ UNll 

min. typ. max. 

tpLH, Propagation delay time 5 200 400 
tPHL 10 90 180 

15 65 130 
ns 

tTHL• Transition time 5 100 200 
tTLH 10 50 100 

15 40 80 

fel Maximum clock input frequency 5 3 6 
10 7 14 MHz 
15 8.5 17 

tw, Clock puise width 5 160 80 
10 70 35 ns 
15 50 25 

tr. t, Clock input rise or fall time 5 
10 Unlimited µS 
15 

tsetup Data input Set-Up time 5 40 20 
10 12 6 ns 
15 6 3 

tH Data input Hold-time 5 140 70 
10 80 40 ns 
15 60 30 

Preeet:-0- or reeet: operet:lon 

tPLH• Propagation delay time !Preset or Reset to QJ 5 275 550 
tPHL 10 125 250 ns 

15 90 180 

tw Preset or reset puise width 5 160 80 
10 70 35 ns 
15 50 25 

trem Preset or reset removal cime 5 80 40 
10 30 15 ns 
15 20 10 

-lf- At PRESET ENABLE OR_JAM inputs. 
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MMC4D19 

QUAD AND/DR SELECT GATE 
GENERAL DEBCRIPTIDN 

,+,e MMe 4019 consists of faur ANO/OR select 
gate configurations, each consisting of two input 
ANO gates driving a single 2-input OR gate. Selec
tion Is accomphshed by control b1ts K and Kb. ln ad
dition to selection of either channel Â or channel 8 
information, the control bits can be applied simulta
neously to accomplish the logica! A + 8 function. 
The MMe 4019 E/F /G/H types are supplied in 16-lead 
hermetic dual-1n-line ceramic or plastic package. 

ABSOLUTE MAXIMUM RATINGB 

V□□• Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one input] 
Ptat fotal power diss1pation (per packagel 

Oissipation per output transistor 
for TA = full package-temperature range 

Ît, Operating 
temperature : G arid H types 

E and F types 
Îstg Storage tempernture 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Medium-speed operation tP.til ··. tp1 H 

at Yo□ = 1 O V, CL = 50 pf-
• 100"/o tested for quiescent current 

APPLICATIDNB 

• ANO-OR select gating 
• Shift-right/shift/left registers 
• True/complement selection 
• And-OR/exclusive-OR selector 

-0.5 to 20 
-0.5 to 18 
-0.5 to V00+0.5 

± 10 
200 

100 

-55 to 125 
-40 to 85 
-65 to 150 

RECDMMENDED DPERATING CDNDITIDNB 

Vo□• Supply voltage: G and H types 
E and F types 

V, ln put voltage 
TA Operating 

temperature : G and H types 
E and F types 

CONNECTIDN DIAGRAM 

B4 

A3 

B3 
A2 

B2 

Al 

BI 
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\bo 
A4 

Kb 

D4=A4Ka= B4Kb 

D 3=A3Ka=Bl<b 

D2=A2Ka=B21<b 

Ol=AIKa= BI Kb 

Ka 

3 to 
3 to 
O to 

-55 to 
-40 to 

18 
15 

Voo 

125 
85 

60 ns ITYP.l 

V 
V 
V 

mA 
mVv' 

m 

□ c 

□ e 

□ e 

V 
V 
V 

oe 
oe 



STATIC ■L■CTAICAL CHARACTEAIBTICB 
lover recommended operating conditionsl 

TEST CONOITIDNS 

PARAM ETER V1 Va jloj Voo l't.ow 
IVI IVI lµAI IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 .5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VDL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

l □H Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

l□L -Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111-io l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• TL□w = -55°C for G, H devices: -40°C for E, F devices. 
• T .,..,_-:;; = + 125°C for G. H devices: +85°C for E, F devices. 

The. No1se Margm for both "1" and "O" levei is: 
1 V mm. with V00 = 5 V 
2 V mm. w1th V00 "'" 10 V 

2.5 V m1n. w1th V00 '7 15 V 

52 

max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4D'19 

VALUES 

25°c ~IGH UNIT 

min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 

µA 
0.02 4 30 
0.02 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10·5 ±0.1 ±1 

µA 
±10·5 ±0.3 ±1 

5 7.5 pF 



MMC4D19 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

(TA= 25°C, Cl = 50 pF, Al= 200 k!l, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise 
and fall times = 20 nsl 

PARAMETER 

tPlH• Propagation delay time 
tPHl 

tTlH- Transition time 

tTLH 

TRUTHTABLE 

Ka Kb An 
1 o 1 
1 o o 
o 1 X 
o 1 X 
1 1 o 
1 1 o 
1 1 1 
1 1 1 

X = □on't Care 

TYPICAL APPLICATIDNB 

SHIFT-LEFT SHIFT-RIGHT REGISTER 

SHIFT 
LEFT 

OUTPUT 

Bn 

X 
X 
1 
o 
o 
1 
o 
1 

DN 

1 
o 
1 
o 
o 
1 
1 
1 

TEST VALUES 
CONOITIONS 

VnnlVJ min. typ. 

5 150 
10 60 
15 50 

5 100 
10 50 
15 40 

LOGIC DIAGRAM 

8 

53 

SHIFT 
RIGHT 
OUTPUT 

UNIT 
max. 

300 
120 ns 
100 

200 
100 ns 
80 



Afll-111 SELECTE□ GA TII(; 

lkal 
SELECT : 

.. ~'REGISTER: 
I 
I 
I 

OUTPUT 1 

TRUE C0K'LEHENT SELECTOR 

; 
I 
I 
I 

L---

OUTPUT1 

lli'TPUT 2 

OUTPUT2 

ClJTPU:3 

OUTPUT3 
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OUTPUT4 

lkbl 
I COMPLEMENT 
l SELECT 

' I 
I 
I 
I 
I 
I 
I 
I 

---- .J 

OUTRJT 4 

MMC4D19 



MMC 4020 MMC 4024 MMC 404D 

RIPPLE-CARRV BINARV CDUNTER/DIVIDERS: 

4020 - 14 STAGE 
4024 - 7 STAGE 
4040 -12 STAGE 

GENERAL DEBCRIPTIDN 

These dev1ces are monolith1c I.C's fabricated w1th sta,, 
dard AL-gate CMOS technology. Ali counter stagee. 
are master-slave flip-flops. 

FEATURES 

• Medium-speed operation 
• Fully static operation 
• Buffered inputs and outputs 
• Common RESET 
• Guiescent current specified to 20 V 

The state of a counter advances one count on the 
negative transition of each input puise. A high level 
on the RESET line resets the counter to its all zeros 
stage. Schmitt trigger action an the input-puise line 
permIts unhm1ted clock rIse and fall tImes. Ali Inputs 
and outputs are buffered. MMC 4020. MMC 4040 
are ava1lable In 16-lead dual-111-hne ceramic or plas
tic package and MMC 4024 Is avaliable 111 14-leacl 
dual-1n-hne plastic or ceramic package 

• Standardized symmetrical output characteristics 
• 5 V, 10 V, and 15 V parametric ratings 

ABSOLUTE MAXIMUM RATINGB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one input) 
Ptat Total power dissipat1on !per packagel 

Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating temperature : G and H types 

Îstg Storage temperature 
E and F types 

• Ali voltage values are referred to Vss pin voltage 

RECDMMENDED DPEAATING CDNDITIDNB 

Supply voltage: G and H types 
E and F types 

ln put voltage 
Operating temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAM 

MMC402D MMC4024 

55 

Voo 
NC 
Q1 

02 

NC 
Q3 

NC 

-0.5 to 
-0.5 to 
-0.5 to 

-55 to 
-40to 
-65 to 

3 to 
3 to 
O to 

-55to 
-40to 

20 
18 

V00+0.5 
:t10 
200 

100 
125 
85 

150 

18 
15 r~g 
85 

MMC404D 

V 
V 
V 

mA 
mW 

mW 
oe 
oe 
oe 

V 
V 
V oe 

oe 



MMC 4D2D MMC 4D24 MMC 4D4D 

LOGIC DIAGAAM 

MMC4D2D 

R O--t:►----l>o-~ 

0.1 04 O: 014 

MMC4D24 

MMC4D4D 
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MMC 4020, MMC 4024, MMC 4040 

STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONOITIONS 

PARAM ETER v, Va l1ol Voo Ttow 
IVI IVI lµAI IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111•+ l1L Input G,H 0/18 18 
leakage types Any 
current 

E,F input 
0/15 15 

types 

c, Input 
capacitance Any input 

• TLOw = -55°C for G, H devices: -4□°C for E, F devices. 
• T HIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

57 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

VALUES 

25°C Tţ.GH . UNll 
min. typ max. min. max. 

Q04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µ.A 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 ?.6 0.9 
3.0 6.8 2.4 

±10·5 ±0.1 ±1 

µ.A 
±10·5 ±0.3 ±1 

5 7.5 pF 



MMC 401!0 MMC 401!4 MMC 4040 

DYNAMIC ELECTRICAL CHARACTERISTICB 

[TA= 25°C, C.1. = 50 pF, RJ. = 200 kohm, typical temperature coefficient for all V00 = 0.30/o/°C values, all 
input rise and fall time = 20 ns] 

PARAMETER TEST CONDITIONS I1----~V_A_L_UE_S~----1 
Voo IVI I min. / typ. j max. 

UNIT 

Input: pul■a aperat:lan 

tPLH, Propagation delay time (<I> to Q1 Outl 5 180 360 
tPHL 10 80 160 ns 

15 65 130 

tPLH. Propagation delay time Qn to Qn+1 5 100 200 

tPHL 10 40 80 ns 
15 30 60 

tTLH. Transition time 5 100 200 
tTHL 10 50 100 ns 

15 40 80 

tw Minimum input puise width 5 70 140 
10 30 60 ns 
15 20 40 

tr, t1 Input rise and fall tIme 5 
10 Unlimited µS 
15 

fmax Maximum input clock frequency 5 3.5 7 
10 8 16 MHz 
15 12 24 

Raeet: aperat:lan 

tPHL Propagation delay time 5 140 280 
10 60 120 ns 
15 50 100 

tw Minimum reset puise width 5 100 200 
10 40 80 ns 
15 30 60 

trem Reset removal time 5 175 350 
10 75 150 ns 
15 50 100 

Detail of flip-flop stage 

MAS TER SECTIIJ.I SLAVE S ECTION 
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MMC401!7 

DUAL J-K MASTER BLA VE FLIP-FLDP 
GENERAL DESCAIPTIDN 

The MMC 4027 is a monolithic integrated circuit, 
available in 16-lead dual in-line plastic or ceramic 
package. 

The MMC 4027 is a singte monolithic chip integra
ted circuit containing two identica! complementary
simmetry J-K master-stave flip-flops. Each flip-flop 
has provisions for individual J, K, Set, Reset and 
Clock input signals. Buffered Q and Q signals are pro
vided as outputs. This input-output arrangement 
provides for compatible operation with the MMC 
4013 dual D-type flip-flop. 
The MMC 4027 is useful in performing control, re
gister, and toggle functions. Logic levels present at 
the J and K inputs along with internai self-steering 
control the state of each flip-flop; changes in the flip
flop state are synchronous with the positive-going 
transition of the clock puise. Set and reset functions 
are independent of the clock and are initiated when a 
high levei signal is present at either the Set or Reset 
input. 

ABSOLUTE MAXIMUM RATINGS 

Voo• 

V, 
11 
ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany □ne input] 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

FEATURES 

• Set-Reset capability 
• Static flip-flop operation-retains state indefinitely 

with clock levei either „high" or „low" 
• Medium speed operation-16 MHz (typ.l clock tog

gle rate at 1 O V 
• 1 OOO/o tested for quiescent current 

APPLICATIDNS 

• Reg1sters, counters, control circuits 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55to 125 cc 
-40to 85 cc 
-65 to 150 cc 

• Ali voltage values are referred to Vss pin voltage 

AECDMMENDED DPERATING CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

V, lmput voltage 
TA Operating 

temperature : G and H types 
E and F types 

CONNECTIDN DIAGRAM 

Q2 

Q2 
CLOCK 2 

RESET 2 

K2 

J2 
SET2 

Vss 
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Voo 
Q1 
Q1 

CLOCK 1 

RESET1 

K1 

J 1 

SET 1 

3 to 
3 to 
O to 

-55 to 
-40to 

18 V 
15 V 

Voo V 

125 oe 
85 cc 



FUNCTIDNAL DIAGRAM 

TRUTH TABLE 

PRESENT STATE 

INPI JTS OUTPUT 

J K s R 

1 X o o 
X o o o 
o X o o 
X 1 o o 
X X o o 
X X 1 o 
X X o 1 
X X 1 1 

• Levei change 
x Don't care 

Q 

o 
1 
o 
1 
X 
X 
X 
X 

LOGIC DIAGRAM 

CL• 

_r-
~ 
~ 
~ 
~ 

X 
X 
X 

MMC40i!7 

SET 1 

J1 O.I 
K1 

CLOCK 1 
RESET 1 

SET 2 
J 2 
K 2 

CLOCK 2 3 

RESET 2 

NEXT STATE 
OUTPUTS 

Q Q 

1 o 
1 o 
o 1 
o 1 

-NO CHANGE 
1 o 
o 1 
1 1 

"RESET 
4(12) ---11-----a-----...---------------, 

CI. o: 
,--------4-0o-li,....c--2(141 

o. 
l>--"""'9'-t-4~-DC>-~1151 

SET 
7(9) ----CIIID----------------.... 

CL 

CLDCK ~ Cfl 
3113) o,o--t:S:-OI0---""""110llill"-'-
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STATIC ELECTRICAL CHARACTERISTICS 

(over recommended operating conditionsl 

TEST CONDITIONS VALUES 

PARAMETER V1 Va I l lof I Voo l'tow 25°C 
I (µAli (VI IVI IVI min. 

IL Quiescent G,H O/ 5 ! 5 
current types 0/10 I 10 

0/15 I 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input h1gh 0.5/4.5 < 1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

.E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
clirrent 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 1.0 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input \ G, H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• TL□w = -55°C for G, H devices; -40°C for E, F devices. 
• THIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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I max. min. typ max. 

1 0.02 1 
2 0.02 2 
4 0.02 4 

20 0.04 20 

4 0.02 4 
8 0.02 8 

16 0.02 16 

4.95 
9.95 

14.95 

0.05 0.05 
0.05 0.05 
0.05 I 0.05 

3.5 
7 

11 

1.5 1.5 
3 3 
4 4 

-1.6 -3.2 
-0.51 -1 
-1.3 -2.6 
-3.4 -6.8 

-1.36 -3.2 
-0.44 -1 
-1.1 -2.6 
-3.0 -6.8 

0.51 1 
1.3 2.6 
3.4 6.8 

0.44 1 
1.1 2.6 
3.0 6.8 

±0.1 ±10"5 ±0.1 

±0.3 ±10"5 ±0.3 

5 7.5 

MMC4027 

~IGH UNI T 

min. max. 

30 
60 

120 
600 µA 
30 
60 

120 

4.951 
9.95! V 

14.95: 

I □.o5 
i 0.05 V 
0.05 

I ~-5 
I 

V 
i11 ! 

I I ~-5 V 
4 

-1.15 
i-0.36 
-0.9 
1-2.4 

!-1.1 
mA 

-0.36 
-0.9 
-2.4 

0.36 
0.9 
2.4 

mA 
0.36 
0.9 
2.4 

±1 

µA 

±1 

pF 



MMC 401!7 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

CT A= 25°C, CL = 50 pF, RL = 200 k!l. typical temperatura coefficient for all V00 values is 0.30/o/°C, all input rise 
and fall times = 20 nsl 

TEST VALUES 
PARAM ETER CONDITIONS 

VnnNI Min. Typ. Max. 
UNI T 

tPLH• Propagation delay time Clock to Q or Q 5 150 300 
tPHL outputs 10 65 130 ns 

15 45 190 

tPLH• Propagation delay time Set to Q or 5 150 300 
Reset to Q 10 65 130 

15 45 90 

tPHL Propagation delay time Set to Q or 5 200 400 ns 
Reset to Q 10 85 170 

15 60 120 

tTHL• Transition time 5 100 200 
tTLH 10 50 100 ns 

15 40 80 

tw Puise width Clock 5 140 70 
10 60 30 
15 40 20 

tw A.lise width Set or Reset 5 180 90 ns 
10 80 40 
15 50 25 

t,.. Clock input rise or fall time 5 15 
t, 10 4 ns 

15 1 

tsetup Setup time Data 5 2(J0 100 
10 7~, ~5 ns 
15 50 ~'5 

fmax Maximum clock input Toggle mode 5 3.5 1 
frequency~!- 10 R îl:i MHz 

1" ~) 12 j 24 
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MMC4D2B 

BCD-TD-DECIMAL DECDDER 

GENERAL DEBCRIPTIDN 

The MIVIC 4028 is a BCD-to-decimal or binary-to
octal decoder. This device is a monolithic IC fabrica
ted in standard Al-gate CMOS technology. MMC 
4028 is available in 16-lead dual in line ceramic and 
plastic package. The MMC 4028 consists of buffe
ring an all faur inputs decoding-logic gates, and 1 O 
output buffers. A BCO cade applied to the faur in
puts. A to O, results in a high levei at the selected 
□ne of ten decimal decoded outputs. High drive capa
bility is provided at all outputs to enhance de and 
dynamic performance in high fan-aut applications. 

ABSOLUTE MAXIMUM RATINCIS 

V□□* Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current (any one input) 
f\ot Total power dissipation (per packagel 

Oissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

FEATURES 

• High decoded output drive capability 
• Medium speed operation 
• .,Positive logic" inputs and outputs (decoded out

puts go high an selectionl 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNS 

Va□• Supply voltage: G and H types 
E and F types 

V, lmput voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIACIRAM 
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"m 
3 , 
B 

C 
D 

3 to 
3 to 
O to 

-55 to 
-40 to 

18 V 
15 V 

Voo V 

125 "C 
85 oe 



STATIC ELECTRICAL CHARACTEAIBTICB 
lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Va fiai Va□ l'tow 
IVJ NJ lµAl IVJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,_F O/ 5 5 
types 0/10 10 

0/15 15 

VDH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Va.. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

l□H Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

l□L Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• TL□w = -55°C for G, H devices: -4D°C for E, F devices . 
• THIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 ~ 15 V 

64 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC401i!B 

VALUES 

25°c „HGH 
UNIT 

min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
o.oa 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.'4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -.2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-s ±0.3 ±1 

5 7.5 pF 



MMC402B 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
(TA = 25°C. CL = 50 pF, RL = 200 K. typical temperature coefficient for all V00 va lues is 0.3 O/ol° C all input rise 
ana fa!' tImes= 20 ns) 

t PHL 
tpLH• 

t 
t 

THL• 
TLH 

PARAM ETER 

Propagation 
delay tIme 
(clock to outl 

Transition 
time 

LOGIC DIACIRAM 

TRUTHTABLE 

TEST CONDITIONS 
V00 (Vl 

5 
10 
15 

5 
10 
15 

o C 8 A o 1 2 3 

o o o o 1 o o o 
o o o 1 o 1 o o 
o o 1 o o o 1 o 
o o 1 1 o o o 1 
o 1 o o o o o o 
o 1 o 1 o o o o 
o 1 1 o o o o o 
o 1 1 1 o o o o 
1 o o o o o o o 
1 o o 1 o o o o 
1 o 1 o o o o o 
1 o 1 1 o o o o 
1 1 o o o o o o 
1 1 o 1 o o o o 
1 1 1 o o o o o 
1 1 1 1 o o o o 

·-NHERE 1 = HiGH LEVEL 
O= LOW LEVEL 
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4 

o 
o 
o 
o 
1 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

VALUES 
UM 

min. typ. max. 

175 350 
80 160 ns 
60 120 

100 200 
50 100 ns 
40 80 

5 6 7 8 9 

o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
1 o o o o 
o 1 o o o 
o o 1 o o 
o o o 1 o 
o o o o 1 
o o o C, a 
o o o o o 
o o o o o 
o o o o o 
o o o o o 
o o o o o 



TVPICAL APPLICATIDNS 

6 - bit binarv to 1 of 64 address decoder 

INP:JTS 

01UHU 

64 OUTPUTS 1511.ltTf.D OUTPUTS IS HIGH I 

Code conversion circuit 

A 

INPIITS 

B 

UJI 

01Z34~67 

Neon readout INixie TubeJ display application 

1(0 
INPIITS 

A 

D 

16 DIIIPUTS 

40ZI 

66 
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MMC4DIIB 

PREBETTABLE UP/DDWN CDUNTER 
BINARV DR BCD-DECADE 
GENERAL DE&CAIPTIDN 

The MMC 4029 îs a monolithic integrated circuit, 
available în 16-lead dual în-line plastic or ceramic 
package. 
The MMC 4029 consists of a faur-stage binarv or 
BCD-decade up/down counter with provisions for 
look-ahead carrv in both counting modes. The inputs 
consist of a single CLOCK, CARRY-IN ICLOCK 
ENABLEI, BINARY /DECADE, UP/DOWN, PRESET 
ENABLE signals. Q1, Q2, Q3, Q4 and a CARRY OUT 
signal are provided as outputs. A high PRESET ENA
BLE signal allows information on the JAM INPUTS to 
preset the counter to any state asynchronously 
with the clock. A low on each JAM line, when the 
PRESET-ENABLE signal is high, resets the counter 
to it's zero count. The counter îs advanced one 
count at the positive transition of the clock when the 
CARRY-IN or PRESET· ENABLE signals arehigh. 
Advancement is inhibited when the CARRY-IN or 
PRESET ENABLE signals are high. The CARRY
OUT signal is normally high and goes low when the 
counter reaches its maximum count în the UP mode 
or the minimum count in the DOWN mode provided 

ABSOLUTE MAXIMUM AATINGB 

V; 
I 
~tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

* AII voltage values are referred to V55 pin voltage 

the CARRY-IN signal is low. The CARRY-IN signal 
in the low state can thus be considered a CLOCK 
ENABLE. The CARRY-IN terminal must be conec
ted to Vss when nat in I1se. Binarv counting is ac
compllshed when the BINARY /DECADE input is h1gh. 
the counter counts in the decade mode when the 
BINARY /DECADE ino11t is low. 
Multiple packages can be conected in either a paral
lel-clocking or a ripple-clocking arrangement as 
shown in cascading counter packages. Parallel cloc
king provides synchronous control and hence faster 
response from all counting outputs. Ripple-clocking 
allows for longer clock input rise and fall times. 
FEATURES 
• Medium speed operation-8 MHz ltyp.l at CL = 

50 pF and V00-V55 = 10 V 
• Multi-package parallel clocking for synchronous 

high speed output response or ripple clocking for 
slow clock input rise and fall times 

• "PRESET ENABLE" and individual "JAM" inputs 
provided 

• Binary or decade up/down counting 
• BCD outputs in decade m~rl~ 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 cc 
-65 to 150 oe 

AECDMMENDED DPEAATINCI CDNDITIDNB 

V□□• Supply voltage: G and H types 
E and F types 

V, lmput voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 
PRESET ENABI.E 

Q4 

JAM4 

JAM 1 

C7IRR'i'7FI 
01 

CARRY WT 

Vss 

67 

\ba 
(LO(K 

03 

JAM 3 

JAM2 

02 

UP/OOWN 

3 to 
3 to 
O to 

-55 to 
-40 to 

BINARY /OECAOE 

18 
15 

Voo 

125 
85 

V 
V 
V 



BTATIC ELECTRICAL CHARACTERIBTICB 
lover recommended operating conditionsJ 

TEST CONDITIONS 

PARAMETER v, Va llol Voo "Ttow 
IV) IVI (µAl IVI min. 

IL Quiescent G.H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E. F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

Im Output G.H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
current 

E.F input 
0/15 15 

types 

c, Input 
capacitance Any input 

• TLow = -55°C for G. H devices; -4□°C for~. F devices . 
• T HIGH = + 125°C for G. H devices: +85°C for E. F devices. 

The No1se Margin for both "1" and "O" level 1s: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC40RB 

VALUES 

25°c ~IGH UNI T 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 
I 

3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 

· -1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±01 ±1 

µA 

±10-5 ±0.3 ±1 

5 7.5 pF 



MMC401i!!S 

0VNAMIC ELECTAICAL CHARACTERIBTICS 

(T11 = 25°C, CL = 50 pF, RL = 200 kO, typical temperature coefficient for all V00 = 0.3D/o/°C, all input rise and 
fall times= 20 nsl 

TEST CONDITIONS VALUES 
PARAMETER Voo CVl UNI 

min. I typ. I max. 
T 

Clock■d op■r■t:lon 

tPLH• Propagation delay time IQ outputsl 5 250 500 

tPHL 
10 120 240 
15 90 180 

ns 
tPLH• Propagation delay time ICarry Output) 5 280 560 
tPHL 10 130 260 

15 '95 1~0 

tTLH. Transition time IQ outputs, carry output] 5 100· 200 
tTHL 10 50 100 ns 

15 40 80 

tw, Minimum clock puise width 5 90 180 
10 45 90 ns 
15 30 60 

t,, tr,!- Clock rise and fall time 5 15 
10 15 µS 
15 15 

tsetup{!-•n•Minimum setup time ICarry input] 5 30 60 
10 10 20 
15 6 12 

ns 
tsetup Minimum setup time 18/D or U/Dl 5 170 340 

10 70 140 
15 50 100 

fmax Maximum clock input frequency 5 2 4 
10 4 8 MHz 
15 5.5 11 

Pr■■■t: ■n■bl■ 

tTHL• Propagation delay time IQ outputsl 5 235 470 
tTLH 10 100 200 

15 80 160 
ns 

tPHL• Propagation delay time ICarry Output] s 320 640 
tPLH 10 145 290 

15 105 210 

tw, Minimum Preset enable lpulse widthl 5 65 130 
10 35 70 ns 
15 25 50 

trem** Minimum preset enable lremoval t1mel 5 100 200 
10 55 110 ns 
15 40 80 

C■rry Input: 

tPHL• Propagation delay time ICarry output) 5 170 340 
tPLH 10 70 140 ns 

15 50 100 

tsetupiHH!-
Minimum setup time ICarry input] 5 25 50 

10 15 30 ns 

15 12 25 
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MMC4029 

TEST CONDITIONS VALUES 
PARAMETER V00 CVJ min. typ. max. 

thold~'"-{i"-:"" 
Minimum hold t1me CCarry input) 5 100 200 

10 35 70 
15 30 60 

-:l- lf more than one unit is cascaded in the parallel clocked application, tr should be made less than or 
equal to the sum of the fixed propagation delay at 15 pF and the transition time of the carry output 
driv1ng stage for the est1mated capacitive load. 

-:He From Up/Down, Binary/Decade, Carry ln preset Enable Control lnputs to Clock Edge. 
~HHl- From Carry ln to Clock Edoe. 

LOGIC DIAGRAM 

4 
Jl J2 3 

4 12 
Eltwl'I'/ 9 [Ir.AD[ 

PRESET 
ENABLE 1 

~ 7 

UNIT 

ns 

~,s 
Clf 

UP/OOWN 
10 

CLOCI( 15 

6 11 
01 

02 
14 2 

Q3 04 

TAUTH TABLEB 

CLOCK TE PE J Q Q 

X X o o o 1 
CONTROL INPUT LOGIC ACTION LEVEL 

7- o 1 X Q Q 
BIN/DEC 1 BINARY COUNT 

18/DJ o DECADE COUNT 
X X o 1 1 o 

L- 1 1 X Q Q NC 
• UP/DOWN 1 UPCOUNT 

IU/DJ o DOWN COUNT 
_r X 1 X Q Q NC ·-

PRESET ENABLE 1 JAM IN 
X -= don't care IPEI o NOJAM 

NO COUNTER ADVANCE 
CARRY IN !Cil 1 AT POSITIVE CLOCK 

ICLOCK ENABLEI TRANSITION COUNTER 
o ADVANCE AT POSITIVE 

CLOCK TRANSITION 

70 



~ DOOCKsGOG~G'ăiooocKsGj MMC403D 

BUAD EXCLUSIVE-DR GATE 
GENERAL DESCRIPTIDN 

The MMC 4030 is a monolithic integrated circuit, 
ava1lable in 14-lead dual in-line plastic or ceramic 
package. 
The MMC 4030 consists of faur independent Exclu
sive-OR gates integrated an a single monolithic sili
con chip. AII inputs and outputs are protected 
against electrostatic effects. 

ABSOLUTE MAXIMUM RATINGB 

Voo* 

V, 
I 
Pcot 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current (any one inputl 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 
Operating 
temperature : G and H types 

E and F types 
Storage temperature 

FEATURES 

• MEDIUM-SPEEO OPERATION-tpHL = tPLH = 65 ns 
CTYP.J AT CL = 50 pF and V00-Vss = 10 V 

· • LDW OUTPUT IMPEDANCE: 500 n CTYP.J AT 
V00-Vss = 1 O V 

APPLICATIDNB 

• E;.ven and odd-parity generators anti checkers 
• Logical comparators 
• Adders/substractors 
• General logic functions 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

* AII voltage values are referred to Vss pin voltage 

RECDMMENDED DPEAATING CDNDITIDNB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGAAM 

FUNCTIDNAL DIAGRAM 

B--"+--4'1:-"11,, 
A__.+-..._~ J------K---'-----
c-1.1-"""-'""""' 
D--'<r-.lJ 

~ 

J:i\5B 
K=C<ilD 

\to 
,--7'--..-:-'--H 
"--..1.'"-t".__G ..._ __ ...,__M 

---.....--L 
,---..-+''--F 
..,,,__,_..-r-·E 

L=E®f 
M=~I+ 

I 

2 

3 

4 
5 

D 

\bo 
H 
G 

M=G•H 

L=E•F 

F 

E 

TRUTHTABLE 

3 to 
3 to 
O to 

-55 to 
-40 to 

□ne of faur identica! gates 

A 8 

o o 
1 o 
o 1 
1 1 

Where „ 1" = High levei 
„O" = Low levei 
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MMC403D 

STATIC ELECTAICAL CHAAACTEAISTICS 
[over recommended operating conditionsl 

PARAMETER 

IL Quiescent 
current 

VaH Output high 
voltage 

VaL Output low 
voltage 

TEST CONDITIONS VALUES 

v, Va llol Voo ~aw 25°C ~,GH 
M CVI (µAl CVI l------'="-'--+----,----r---+---,,------1 

G, H O/ 5 
types 0/10 

0/15 
0/20 

E. F O/ 5 
types 0/10 

0/15 

O/ 5 
0/10 
0/15 

5 /O 
10/0 
15/0 

5 
10 
15 
20 

! 5 
' 10 
i 15 

<1 5 
< 1 10 
< 1 15 

< 1 I 5 
< 1 I 10 
< 1 I 15 

min. max. min. typ max. min. max. 

1 
2 
4 

: 20 

0.02 1 
0.02 2 
0.02 4 
0.04 20 

! 4 ,, 0.02 
8 0.02 

16 I ! 0.02 

4 ! 

8 
16 

4.95 4.95 I 
9.95 I 

14.95; 

1 4.951 
, 9.95 i 
,14.951 

I 9.95 
1495i 

30 
60 

120 
600 

30 
60 

120 

, 0.05 I i ' 0.05 , j 0.05 

UNIT 

µA 

V 

V : 0.05 I I li 0.05 1 1 0.05 
• 0.05 , 1 0.05 I j 0.05 -c--~-~-~----~-

3.5 I 
7 

i ~-5 I ! ~-5 ! v,H Input high 
voltage 

v,L Input low 
voltage 

loH Output 
drive 
current 

0-~~:·5 ~ ~ I 1~ 
1.5/13.5 < 1 I 1 5 11 11 11 

4.5/0.5 < 1 I 5 1.5 1.5 
9/1 < 1 1 o 143 3 

13.5/1.5 < 1 I 15 ; , 4 

G, H O/ 5 2.5 ! 5 ·-·2 , :-1.6 l-3.2 : -1.15 

0/10 9.5 I 10 -1.6 : 1-1.3 !-2.6 i i-0.9 

1.5 
3 
4 

V 

V 

types O/ 5 4.6 I j 5 -□.64! 1-0.511-1 : -0.36 

0/15 13.5 15 -4.2 1 /-3.4 J-6.8 i !-2.4 
t---t----t-----+--+--+----+---+----1------1---1-----r-----1 mA 

E, F O/ 5 2.5 5 -1.531 '-1.36 1-3.2 '. i-1.1 

loL -Output 
sink 
current 

types O/ 5 4.6 5 -0.52 -0.441-1 I j-0.36 
I, I I I 

0/10 9.5 10 -13 1 ,-1,1 1-2.6 I 1-0.9 
0115 13.5 15 -3:6 i l-3.o :-6.8 • 1-2.4 

G, H O/ 5 0.4 5 0.64 1 : 0.51 I 1 I 0.36 
types 011 o o.5 1 o 1.6 

1
, 1.3 I 2.6 

1
. o.9 

0/15 1.5 15 4.2 3.4 , 6.8 2.4 
+---+----+----11---+---+---+---------+---+--+---; mA 

E, F O/ 5 0.4 5 0.52 , 0.44! 1 i 0.36 
types 0/10 0.5 10 1.3 1 ' 1.1 ' 2.6 ' 0.9 

0/15 1.5 15 3.6 1 I 3.0 6.8 I 2.4 

111.i> 11L Input 
leakage 
current 

G, H 0/18 18 ! ±0.1 '. ±10-5 ±0.1 
types Any I 1 

E, F 0/15 input 15 I ±0.3, 
types i i 

Input 
capacitance Anyinput 

* T LOW = -55°C for G, H devices; -4Cl°C for E, F devices. 
• TH,GH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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±10-5 ±0.3 

! 5 
I I 

7.5 

±1 

µA 

±1 
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MMC4D3D 

DVNAMIC ELECTRICAL CHARACTERISTICS 

(TA = 25° C, CL = 50 pF, RL = 200 kohm, typical temperatu re coefficient for all V00 = 0.30/o/' C values, all input 
rise and fall t1me = 20 nsl. 

TEST CONOITIONS 
PARAMETER 

VooNl 

tPLH Propagat1on delay t1me 5 
tPHL 10 

15 

tTLH Trans1t1on time 5 
tTHL 10 

15 

TVPICAL APPLICATIDNS 

8 BIT 
WCRJ 

BBIT 
~ 

.. 

Even-par1ty-bit generator 

[1{3/4 x MMC 403□I 

Odd-par1ty-bit generator 

[2 x MMC 403□I 

73 

8 BIT 
WORD 

8 BIT 
~ 

min 

VALUES 

typ max 

140 280 
65 130 
50 100 

100 200 
50 100 
40 80 

Even-parity checker 

[2 x MMC 403□I 

EVEN RWTY BIT 

Odd-parity checker 

[2 x MMC 403□I 

00□ PARITY BIT 

UNIT 

ns 

ns 



8-bit comparator 

m Yl Y3 

r-
I 
I 
I 
I .. _ 

2=1 WHEN INPUT WRl x, __ X8:YI ...•• Y8 
Z=O WHEN .ltf'UT WORD x1 ..... xs DIA'E ~ 

FROH ltf'UT WORD y1 ..... Y8 IN AT 
LfAST <H POSITIDN 

TABLE 1 

Y5 'lf, 

1/4 Hl'C 
4011 

1/4 "'1C 
40n 

YI 

Two's complement numbers and their equivalent decimal values 

Xa X7 Xs Xs x4 X3 X2 x, Xa 

o o o o o .o o O= o 
o o o o .O o o 1 = 1 
o o o o o o 1 O= 2 
o o o o o o 1 1 = 3 

- --
o 1 1 1 O= 126 1 
o 1 I 1 1 = 127 1 

MMC4D3D 

8-b,t two's complement adder-substractor 

Yl 

/ll BI A1. BZ A3 B3 N.B4 
CI "'1C 4008 CO 
ICARRY IN) ICARRY WT) 

Y/ YB=SIGN 
BIT 

■ Sl S2 S3 S4 S5 S6 S7 SB• 
"O':ADD ■ :LEAST SDIIFICANT BIT 
"1"=9.BSIIOCT •=l{)ST SIGllflCANT BIT (SOI.BIT) 

X7 Xs Xs X4 X3 X2 x, 

1 1 1 1 1 1 1 = - 1 
1 1 1 1 1 1 O=- 2 
1 1 1 1 1 o 1 = - 3 
1 1 1 1 1 o o=- 4 

--- ---- - •-·- ---
o o o o o o 1 = -1c:7 
o o o o o o O = -128 

The two's complement adder-substractor can add or substract anv two of the numbers in TABLE 1. 

F~r example bl SIGN 

al 2 SIGN -2 BIT 

+ = BIT -=X 1 1 1 1 1 1 1 o -2 + 

-5 X o o o o o o 1 o 2+ 
-5 y 1 1 1 1 1 o 1 1 -5 

-:_y 1 1 1 1 1 o 1 1 -5+ 
-y o o o o o 1 o o + 

CI o CI 1 

1 1 1 1 o 1 =-3 o o o o o o 1 =3 
co 
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MMC4D31 

64-STAGE STATIC SHIFT REGISTER 
GENER~L DESCRIPTIDN 

The MMC 4031 is a static shift register that con
tains 64 D-type, master-slave flip-flop stages and 
one stage which is a D-type master flip-flop. 
The MMC 4031 is a monolithic integrated circuit, 
fabricated in standard Al-gate CMOS technology. lt is 
available in 16-lead dual in-line plastic and ceramic 
package. 
The logic levei present at the DATA input of MMC 
4031 is transferred into the first stage and shifted 
one stage at each positive-going clock transition. 
The MMC 4031 has a MODE CONTROL input that 
when in the htgh state, allows operation in the recir
culating mode. The MODE CONTROL input can alsa 
be used to select between two separate data sour
ces. A delayed clock output Cel.ol is provided that 
enables cascading register packages while allowing 
reduced clock drive fan-aut and transition-time re
quirements. A third cascading option makes use of 
the Q'output from the 1 /2 stage, which is available on 
the next negative-going transition of the clock after 
the Q output occurs.Thts delayed output Is used with 
clocks having slow rise and fall tImes. 

ABSOLUTE MAXIMUM RATINGS 

Voo* 

V, 
I 
Ptat 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

FEATURES 

• Fully static operation: de to 16 MHz, V0 ~V ss = 15 V 
• Standard TTL drive capability on Q output 
• Three cascading modes: 

-- direct clocking for high-speed operation 
-- delayed clocking for reduced clock drive requi-

rements 
-- additional 1 /2 stage for slow clocks 

• Recirculation capability 

-0.5 to 20 
-0.5 to 18 
-0.5 to V00+0.5 

±10 
200 

100 

-55 to 125 
-40 to 85 
-65to 150 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

RECDMMENDED DPEAATING CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F type!, 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

RECIRC\UTilJI 
1N 

NC 3 
NC 

a.' 
Q 

ii 
vss ----
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Voo 
DATA 1N 
MC 
NC 
NC 
NC 
l1<n CDNTIIII. 

CLOCK CELAYED 

3 to 
3 to 
O to 

-55 to 
-40to 

18 
15 

Voo 

125 
85 

V 
V 
V 



LDGIC DIAGRAM AND TRUTH TABLE& 

CLOC~L 

Clo 

re 

CL 

INPUT CDNTRDL 
CIRCUIT 

DATA RECIRC. MODE BIT INTO 
STAGE 1 

1 X o 

o X o 

X 1 1 

X o 1 

1 = HIGH LEVEL, O = LDW LEVEL, 
X= OON'T CARE 

OUTPUT FRDM ca• [PIN 5J 

1 

o 
1 

o 

MMC4D3:"1 

63 1dent1cal stages 

TVPICAL STAGE 

Data+ 64 CL Data+ 64.5 Data CL Data+ 1 

o \_ o o _/ o 
1 \_ 1 1 _r 1 

X _r NC X ~ NC 

1 = HIGH LEVEL, O = LOW LEVEL, 1 = HIGH LEVEL, O = LOW LEVEL, 
X = OON'T CARE. NC = NO CHANGE X = OON'T CARE. NC = NO CHANGE 
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STATIC ELECTRICAL CHARACTEAIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo llol Voo T'tow 
CVJ CVJ CµAJ CVJ min. max. 

IL Quiescent G,H O/ 5 5 5 
current types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E,F O/ 5 5 20 
types 0/10 ,10 40 

0/15 15 80 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 0.05 
voltage 10/0 <1 10 0.05 

15/0 <1 15 0.05 

VtH Input high 0.5/4.::> <1 ::i ;;i.::i 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

VIL !:iput low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

IOH Output G,H O/ 5 2.5 5 -2 
source types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 
Csourcel 0/15 13.5 15 -4.2 
Q.O.Q 
CL0 

E. F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

IOL Output sink G,H O/ 5 0.4 5 2.56 
current types 0/10 0.5 10 6.4 
Q 0/15 1.5 15 16.8 

E, F O/ 5 0.4 5 2.08 
types 0/10 0.5 10 5.01 

0/15 1.5 15 13.6 

loL Output smk G, H O/ 5 0.4 5 0.64 
current types 0/10 0.5 10 1.6 
Q,Q' 0/15 1.5 15 4.2 

Clo E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111.t, ltl Input G,H 0/18 18 ±0.1 
leakage types Any 
current input E,F 0/15 15 ±0.3 

types 
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MMC4D31 

VALUES 

25°C îţ.lGH 
UNIT 

min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 Q.05 V 
0.05 0.05 

a::i ;;i.::i 

7 7 V 
11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

2.04 4 1.44' 
5.2 10.4 3.6 

13.6 27.2 9.6 mA 
1.74 4 1.43 
4.42 10.4 3.74 

11.56 27.2 9.52 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-s ±0.1 ±1 

µA 
±10-s ±0.3 ±1 



TEST CONDITIONS 

PARAM ETER V1 Va I lol V□□ 
IVJ IVI lµAJ IVJ 

C1 Input 
capacitance Any input 

• T LCM/ = - 55° C for G, H devices; -40°C for E, F devices. 
• T HIGH = + 125°C for G, H devices: + 85° C for E, F devices. 

MMC4031 

VALUES 

Tt.ow 25°c ~IGH UNIT 
min. max. min. typ max. min. max. 

5 7.5 pF 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

DVNAMIC ELECTAICAL CHARACTERIBTICB 
2.5 V min. with V00 = 15 V 

IT A= 25°C, CL = 50 pF, AL = 200 k, typical temperature coefficient for all V00 values is 0.30/o/°C, all input 
rise and.fall times== 20 nsl 

TEST CONDITIONS VALUES 
PARAMETER Voo IVJ min. typ. max. 

tPHL• tPLH Propagat1.2n delay time: 5 250 500 
tPLH Clock to Q, 10 110 220 

Clock to Q 15 90 180 

tPHL• tPLH Propagation delay time: ,5 190 380 
tPHL Clock to Q' 10 80 160 

Clock to Q 15 65 130 

Clock to CL0 5 100 200 
10 50 100 
15 40 80 

tTHL• Transition time 5 100 200 
tTLH lany output, except Q trHLJ 10 50 100 

15 40 80 

tTHL Q 5 50 100 
10 25 50 
15 20 40 

tsetup Data setup time 5 30 60 
10 15 30 
15 10 20 -

thold• Data hold time 5 30 60 
10 15 30 
15 10 20 

tw, Clock puise width 5 120 240 
10 50 100 
15 40 80 

tmax Maximum clock input frequency•• 5 2 4 
10 5 10 
15 6 12 

tr. t,-U· Clock input rise or fall time 5 1000 
10 1000 
15 200 

• lf more than one unit is cascaded in the parallel clocked application, trCL should be made les_s than or 
equal to the sum of the propagation delay at 50 pF and the transition time of the output dr1v1ng stage. 

•• Maximum clock frequency for cascaded units; 
al Using delayed clock feature in recirculation mode: 

1 
bl Not using delayed clock: 

1 

UNIT 

ns -

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

µS 

fmax = 
ln-1 l CL0 prop. delay+Q prop. delay+set-up time propagation delay+set-up time 

where. n=number of packages. 
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MMC4D35 

4-STAGE PARALLEL IN/PARALLEL CUT SHIFT 
REGISTER 

GENERAL DESCRIPTIDN 

The MMC 4035 IG and H typesl and MMC 4035 IE 
and F typesl are monolithic integrated circuit, availa
ble in 16-lead dual in-line plastic or ceramic package 
The _ MMC 4035 integrated , circuit is a four
stage clocked signal serial register w1th provis1on for 
synchronous PARALLEL inputs to ea~h stage and 
SERIAL inputs to the first stage via JK logic. Regis
ter stages 2, 3, and 4 are coupled in a serial D flip
flop configuration when the register is in the serial 
mode IPARALLEL/SERIAL control lowl. Parallel entry 
into each register stage is permitted when the PA
RALLEL/SERIAL control is high. ln the parallel or se
rial mode information is transfered on positive clock 
transition. When the TALIE/COMPLEMENT control 
Is high, the true contents of the register are available 
at the output terminals. When the TALIE/COMPLE
MENT control is low, the outputs are the comple
ments of the data in the register. The TALIE/COM
PLEMENT control funct1ons asynchronously with 
respect to the CLOCK signal. JK input logic is provi-

ABSOLUTE MAXIMUM RATINGS 

Voo* Supply voltage: G and H types 
E and F types 

Input_ voltage 
DC input current lany one input) 
Total power dissipation !per packagel 
Dissipation per output transistor 
for TA= full package-temperature rangr 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

* Ali voltage values are referred to V55 pin voltage 

ded on the first stage SERIAL input to mIrnmIze 
logic requirements partIculary in counting and sequ
ence-generation applications. With JK inputs connec
ted together, the first stage becomes a D flip-flop. 
An asynchronous common RESET is alsa provided. 

FEATURES 

• 4-stage clocked shift operation 
• Synchronous parallel entry on all 4 stages 
• JK inputs on first stage 
e Asynchronous TALIE/COMPLEMENT control an all 

outputs 
• Static flip-flop operation: master-slave configura

tion 
• Buffered inputs and outputs 
e High speed 12 MHz ltyp.l at V00 = 1 O V. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+0.5 V 

:I: 10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNS 

Voo* Supply voltage: G and H types 

V, Input voltage 
E and F types 

TA Operating 
temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAM 

Q1/QÎ 

TRUEICOMP 

i< 

(l(XJ( 
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\to 
02/li2 
Q3/li3 
Q4/Q4 

Pl-4 

PI-3 
FM 

Pl-1 

3 to 
3 to 
Oto 

-55 to 
-40 to 

18 
15 

Voo 

125 
85 

V 
V 
V 



FUNCTIDNAL DIAGIRAM 

PARAU.a 1' -----------1 2 3 4 

0 11 11 12 4 ,..... ........... ___ __._ ____ ..._ ... 

SER[_:~ 
IN l K ~ 

Q.K 6 

PIS 7 

TIC 2 

RESET 5 

MMC 4035 

4-STAGE REGISTER 

~.,..~-~,-.~-
\\x) = 16 15 14 13 

Vss = 8 Q1/Dj 02/02 Q3/Q3 Olt /D.4 
T/C OUT 

LOGIC DIAGIRAM 

K 

P/S=D= SERIAL t«u: J5S 
TIC=1"TRIE 1J _ 

ll P 

A = PS 

a. D' 

FIRST STAGE 

CLOCK , .. , 
J 

.....r o 

.....r 1 

.....r X 

.....r 1 

_r- X 

""""\__ X 

X X 

80 

MMC4035 

TRUTHTABLE 

tn-1 IINPUTSl \,IOUTPUTSl 

K A On-1 0n 

X o o o 
X o o 1 

o o 1 o 
o o 0n-1 0n-1 T~~ 
1 o 1 1 

X o 0n-1 lln-1 

X 1 X o 



STATIC ELECTRICAL CHARACTERISTICS 

lover recommended operating ·conditionsl 

TEST CONOITIONS 

PARAMETER v, Va I lol Voo Ttow 
IVJ IV) CµAl CV! min. 

IL Quiescent G,H O/ 5 5 
current lt;ypes 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5?'0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6. . 0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 :rn 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
CUrTent 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1t-t, l1L Input G,H 0/18 18 
leakage types Any 
CUrTent 

E,F input 
0/15 15 

types 

c, Input 
capacitance Anyinput 

• TLDw= -5&C for G, H dev1ces: -40°C for E, F devices. 
' THIGH = +125°C for G, H devices: +8&C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V mm. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

81 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±01 

±0.3 

MMC4D3!5 

VALUES 

25°c Ţ"HIGH 
I • UNIT 

min. typ max.· mm. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
o.oa 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 1 

9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -09 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 

3.0 6A ::>4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±1□·5 ±0.3 ±1 

5 7.5 pF 



MMC4D35 

DVNAMIC ■LECTRICAL CHARACTERIBTICB 

CT A= 25°C, CL = 50 pF, RL = 200 kohm, typ1cal temperature coefficient for all V00 = 0.30/o/°C values, all input rise rise 
and fall time = 20 nsl 

TEST CONDITIONS VALUES 
PARAMETER 

Clacked aper■tlan 

tPI.H• Propagation delay time 
tPHL 

tTHL• Trans,tion time 
tTLH 

fel Maximum clock input frequency 

t.v Clock puise width 

-
~ I t: Clcck inrut r·,,re or fall time 

t. ~ ~ l .• ~Jc!Ld !'>eL,.,.:, , · 11, J 11<'. hnes 

t ... ,:: u.1c:-. ~i:'·tL,;:1 t,,ne P1-11 d!lel-~1-Lines 

-- -----· -- ----
Resec oparation 

'";:..t--! 

t::.,: 

tv_. 

r':· ;pagat:rJ1: r:p',1y trme 

:-!:__;;ct puise v,,.Jth 

TVPICAL APPLICATIDN■ 

Shift left/shift right register 

LEFT/RIGHT 
RIGHT SHIFT 

INPUT 
C LOCK-~.LllA 

TIU/COHPL-~ · 

Voo !Vl 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 . 
5 

10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

ijiSEl-~"'L--.i..+---:..,_-+-,._..+-,i~ 
LEFTSHIFT ___ ____, 

OUTPUT 
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min. I typ. I max. 

2 
6 
8 

LEFT 

RIGHT 
T 

ClJTPUT 

250 
100 
75 

100 
50 
40 

4 
12 
16 

100 
45 
30 

15 
15 
15 

11 O 
40 
30 

70 
25 
20 

230 
100 
80 

125 
55 
40 

500 
200 
150 

200 
100 
80 

200 
90 
60 

220 
80 
60 

140 
50 
40 

460 
200 
160 

250 
11 O 
40 

Unit 

ns 

ns 

ns 

MHz 

ns 

µs 

ns 

ns 

ns 

ns 



Binary - to - BCD converter 

BIDEC logic 

Ql Q2 Q3 4 

QI Q2 tB Q4 

115 1413 

P/S BCD lHlS 

l II DEC l.OOIC l 

P/S 

CARRY 
FORWARO 

PB 
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MMC4D35 

-------CARRY 
PIS BCD ltNS RJ&IARD TO NEXT 

l BIDEC LOGIC) 11:CADE 

10 TENS{ = 
REGISTER :,:ei::-4:::::_ 

Double sequence generator 

9 
Pl-1 PI-2 PI-3 

MMC 4035 
4-STAuE REGISTER 

Q1 Q2 Q3 

15 14 

1/2 4030 

PI-4 

04 
13 

1/2 
4002 

"E" 
CONTROL 

1/2 
4030 



MMC40315 

St'lte sequences 

Using a control line IE) two different state sequences can be generated. For exemple, suppose the follo-
wing two sequences are desired on command (control line). 

Control = E = O 

o, 02 03 o. o, 02 03 o. 
A 8 C o A 8 C o 

o o o o o 15 1 1 1 1 
1 1 o o o 14 o o 1 1 
2 o 1 o o 13 1 o 1 1 
5 1 o 1 o 10 o 1 o 1 

10 o 1 o 1 5 1 o 1 o 
4 o o 1 o 11 1 1 o 1 
9 1 o o 1 6 o 1 1 o 
3 1 1 o o 12 o o 1 1 
6 o 1 1 o 9 1 o o 1 

13 1 o 1 1 2 o 1 o o 
11 1 1 o 1 4 o o 1 o 
7 1 1 1 o 8 o o o 1 

14 o 1 1 1 1 1 o o o 
12 o o 1 1 3 1 1 09 o 
8 o o o 1 7 1 1 1 o 
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MMC4D41 

GlUAD TRUE/CDMPLEMENT BUFFER 

GENERAL DESCRIPTIDN 

The MMC 4041 is a monolitic integrated circuit pro
cessed in standard Al-gate CMOS technology. The 
MMC 4041 contains faur true/complement" buffers 
consisting of n- and p-channel units having low chan 
nel resistance and high current lsourcing and sin
kingl capability. The MMC 4041 is intended for use 
as a buffer, line driver, or CMOS-to-TTL driver. lt can 
be used as an ultra-low power resistor-network dri
ver for A/O and O/ A conversion, as a transm1ssion-line 
driver, and in other applications where high noise im
munity and low-power dissipation are primary design 
requirements. 

ABSOLUTE MAXIMUM RATINGS 

Voo* 

V, 
I 

F'tot 

Supply voltage: · G and H types 
E and F types 

Input voltage 
DC input current lany □ne input) 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

* Ali voltage values are referred to V55 pin voltage 

FEATURES 

• Balanced sink and source current; approx1mately 4 
times standard ,;B" drive 

• Equalized delay to true and complement outputs 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

E:A Voo 
F:A o 

A N='D 
G=B ~o 
H=B C 

B L=1'. 

Vss K= C 

85 

3 to 18 
3 to 15 
O to Voo 

-55 to 125 
-40 to 85 

FUNCTIDNAL DIAGRAM 

8~6 4G G:B 
H=B 5 

H 

C~BK K=C 
L=C 

L 

0~3 TIM M=D 
-N=D 

N 
· ~=7 "tx):14 

V 
V 
V 

oe 
oe 



STATIC ELECTRICAL CHARACTERISTICS 
lover recornrnended operating conditionsl 

TEST CONOITIONS 

PARAMETER V1 Va I lol Voo 
IVI IVI !µAl IVJ 

11 Ou1escent G,H O/ 5 5 
l'lirrent types 0/10 10 

0/15 15 
0/20 20 

E. F O/ 5 5 
types 0/10 10 

0/15 15 
-

V(lH 1 lutput lugh O/ 5 < 1 5 
1·ultage 0/10 < 1 10 

0/15 <1 15 

Vrn Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 < 1 15 

' V1H -Input high 0.5/4.5 <1 5 
voltage 1/9 <1 10 

1.5/13.5 <1 15 

V1L -Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

luH Output drive G, H O/ 5 2.5 5 
current types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

E,F O/ 5 2.5 5 
types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

Im Output sink G,H O/ 5 0.4 5 
current types 0/10 0.5 10 

0/15 1.5 15 

E, F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

l1H, l1L Input G, H 0/18 18 leakage 'types Any 
current 1 E, F input 

Jtypes 
0/15 15 

C1 Input 
capacitance Any input 

• TL□w = -55°C for G, H devices; -40°C for E. F devices. 
· T HtGH = + 125° C for G, H devices; +85° C for E, F dev1ces. 

The No1se Margin for both "1" and "O" levei is: 
1 V rnin. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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l'tow 
min. max. 

1 
2 

I 4 i 

I 20 
! 4 
I 8 
I 

16 

4.95. 
9.95 i 
14.95 

I o.o5 
I o.05 
i 0.05 

4 
8 

12 

1 
2 
2.5 

-8.4 
-2.1 
-Ei25 
-24 

-6.8 
-1.7 
-5.31 
-20.1 E 

2.1 
6.25 

24 

1.7 
5.31 

20.18 

±0.1 

±Q3 

MMC4D41 

VALUES 

25cc T1t1GH UNIT 

rnin. typ max. 1 mm. ! max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
Q04 20 600 µA 
0.02 4 30 

i 0.02 8 60 
0.02 16 120 

/ 4.95 4.95 
I 9.95 9.95 V 
"14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 I 0.05 

4 4 
8 8 V 

12 12 

1 1 
2 2 V 
2.5 2.5 

-6.4 -12.8 -4.6 
-1.6 -3.2 -1.2 
-5 -1 O -3.5 

-19 -38 -13 
rnA 

-5.44 -12.8 -4.08 
-1.36 -3.2 -1.02 
-4.25 -1 O -3.18 
16.1 ~ -38 -12.1 

1.6 3.2 1.2 
5 10 3.5 

19 38 13 
rnA 

1.36 3.2 1.02 
4.25 10 3.18 

16.15 38 12.11 

'3:10 5 ±0.1 I ±1 

I 
µA 

±10 5 ±0.3 ±1 

15 
I i ! 22.5 I pF 

I 



MMC4D41 

DVNAMIC ELECTRICAL CHAAACTERISTICS 

[TA= 25°C, CL = 50 pF, RL = 200 kotm, typical temperature coefficient for all V00 values is 0.30/o/°C, all input 
rIse and fall times = 20 nsl 

-PARAMETER 
TEST CONDITIONS VALUES 

tPLH' Propagation delay time 
tPHL 

tTHL Transition time 
tTHL 

SCHEMATIC DIAGAAM 

INPllT --+--1=1--+-....-~ 

87 

VDDCVJ min. 

5 
10 
15 

5 
10 
15 

JJ 
~}-:. 
\ 9~s 
_r d\00 
J iJ }-COMPLEMENT !Fu OUTPUT 

T 9 

typ. 

60 
35 
25 

40 
20 
15 

UNIT max. 

120 
70 ns 
50 

80 
40 ns 
30 



GIUAD CLDCKED 11D 11 LATCH 
GENERAL DEBCRIPTIDN 

The MMe 4042 is a monolithic integrated circuit, 
available in 16-lead dual in-line plastic package. The 
MMe4042 containstour latch circuits, eacti strobed 
by a common clock. Complementary buffered out
puts are available trom each circuit. 
Information presen1 at the data input is transferred 
to outputs Q and Q during the eL□eK levei wh1ch 1s 
programmed by the POLARITY input. For POLARITY 
= O the transfer occurs during the I eL□cK levei. 
The outputs follow the data input providing the 
eLOCK and POLARITY levels defined above are pre
sent. When a eL□eK transition occurs Cpositive for 
POLARITY = O and negative for POLARITY =11 the in
tormation present at the input during_ the eL□cK 
transition is retained at the outputs untll an oppos1te 
eL□eK transition occurs. 

ABSOLUTE MAXIMUM RATINGS 

V□□* Supply voltage: G and H types 

\I Input voltage 
E and F types 

I ptot oe input current lany one input) 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

* AII voltage values are reterred to Vss pin voltage 

FEATURES 

• Medium-speed operation 
• Fully static operation 
• Low power TTL compatible 
e eommon eL□eK 
• Buffered inputs and outputs 

-0.5 to 
-0.5 to 
-0.5 to 

-55 to 
-40 to 
-65 to 

RECDMMENDED DPERATING CDNDITIDNB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature: G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

AR 

'tx) 

04 
04 

03 
1n 

3 to 
3 to 
O to 

-55 to 
-40 to 

MMC4042 

20 V 
18 V 

V00+0.5 V 
±10 mA 
200 mW 

100 mW 

125 oe 
85 oe 

150 oe 

18 V 
15 V 

Voo V 

125 oe 

85 oe 



STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Va Ila t Voo Ttow 
IVJ Nl lµAl IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9· <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 
0/15 13.5 15 

lnL Output G,H O/ 5 0.4 5 
sink types 0/10 0.5 10 
current 0/15 1.5 15 

E, F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

IIH• l1L Input G,H 0/18 18 
leakage types Any 
current 

E,F input 
0/15 15 

types 

c, Input 
capacitance Any input 

• TLOw = -55°C for G, H devices: -40°C for E, F devices. 
• T HIGH = + 125° C for G, H devices: + 8S° C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = ·15 V ------------ 89 

-1.3 
-3.6 

0.64 
1.6 
4.2 

0.52 
1.3 
3.6 

max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4D42 

VALUES 

25°c ~IGH UNIT 

min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 

µA 
0.02 4 30 
0.02 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -09 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
e--0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-s ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 



MMC4D42 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
[TA= 25°C, C.1- = 50 pF, RL = 200 k, typical temperature coeficient for all V00 values is 0.30/o/°C,all input rise and 
fall times = 2U ns) 

t 
t 

t 

PLH• 
PHL 

THL• 
t,, LH 

t W• 

PARAMETER 

Propagation delay time Data ln to Q 

Data ln to Q 

Clock to Q 

Clock to Q 

Transition time 

ClrJck puise width 

t setu1„ Setup time 

t holu• Hold time 

t r• tt. Clod input rise and fall time 

LOGIC DIAGRAM 

(L M Of FOJR LATlHES , 

Ol 
lG 

4 

Il. 

TG 

(L 

TEST CONDITIONS VALUES 

V00CVJ 
UNIT 

Min. Typ. Max. 

5 110 220 
10 55 110 ns 
15 40 80 

5 150 300 
10 75 150 ns 
15 50 100 

5 225 450 
10 100 200 ns 
15 80 160 

5 250 500 
10 115 230 ns 
15 90 180 

5 100 200 
10 50 100 ns 
15 40 80 

5 200 100 
10 100 50 ns 
15 60 30 

5 50 o 
10 30 o ns 
15 25 o 
5 120 60 

10 60 30 ns 
15 50 25 

5 Not rise or fall time 
10 sensitive ns 
15 

TRUTHTABLE 

CLOCK POLARITY Q 

o o D 
01 

2 
_r- o LATCH 

1 1 D 
-, 

1 LATCH '-

3 

90 
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-------------------------------, 
CONTROL p 1 

I 
I 
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TG >ci ....... --t I 
5 

RlLARITY 
o 

6 

I 

p 
[L 

TG 

p 

I 
p I 

I '-------------------------------
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MMC 4043 MMC 4044 

BUAD 3-STATE R/S LATCHES: 
BUAD NOR R/S LATCH-MMC 4043 
BUAD NANO R/S LATCH-MMC 4044 

GENERAL DESCRIPTIDN 

The MMC 4043 types are .quad cross-coupled 
3-state COS/MOS NOR latches and MMC 4044 
types are quad cross-coupled 3-state COS/MOS 
NANO latches. Each latch has a separate Q output 
and individual SET and RESET inputs. The Q outputs 
are controlled by a common ENABLE input. A logic 
„ 1" or high an the ENABLE input connects the latch 
states to the Q outputs. A logic „O" or low an the 
ENABLE input disconnects the latch states from 
the Q outputs, resulting in an open circuit condition 
an the Q outputs. The open circuit feature allows 
common busing of the outputs. 
The MMC 4043 and MMC 4044 types are supplied 
,n 16 - lead hermetic dual - in - line ceramic or 
plastic packages. 

ABSOLUTE MAXIMUM RATINGS 

V□□* 

V, 
I 
ptot 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current (any one input) 
Total power diss1pation (per packagel 
Oissipation per output transistor 

for TA= tuli package-temperature range 

Operat1ng 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• 3-state outputs with common „ output ENABLE 
• Separate SET and RESET inputs for each latch 
• NOR and NANO configurations 

APPLICATIDNS 

• Holding register in multi-register system 
• Four-bits of independent storage with output enable 
• Strobed register 
• General digital logic 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Vo0+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED OPERATING CONDITIONS 

Voo* Supply voltage: G and H types 
E and F types 

lmput voltage 

Operating 
temperature : G and H types 

E and F types 

CONNECTION OIAGRAMS 

MMC4043 

QI, 

Ql R4 

Rl ~ 

<;1 4 NC 

ENABLE 5 S3 

52 6 

R2 03 

~ 

92 

Q4 

I'< 

51 

Rl 
ENABLE 

R2 

52 

'Js5 

3 to 18 V 
3 to 15 V 
O to Voo V 

-55 to 125 cc 
-40 to 85 cc 

MMC4044 



LOGIC DIAGRAMS 

MMC4043 

E 
EllUIVALENT NOR lATCH r , 
I 

I 
I 

L--------------•---
E 

FUNCTIDNAL DIAGRAMB 

For 4043 

\Im 16 

R1 ~L..Jr----, 

: =;][~====~ 

01 
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MMC4044 

E 

For 4044 

Voo 



STATIC ELECTAICAL CHAAACTEAl■TIC■ 

Cover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Va Io Voo Ttow 
CV) CV) [µA) CV) 

min .• max. 

IL Quiescent G,H O/ 5 5 1 
current types 0/10 10 2 

0/15 15 4 
0/20 20 20 

E, F O/ 5 5 4 
types 0/10 10 8 

0/15 15 16 

Vo-i -Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Va. Output low 5 /0 <1 5 0.05 
voltage 10/0 <1 10 U05 

15/0 <1 15 0.05 

V1H Input high 05/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

IOH Ouţput G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 

. types O/ 5 4.6 5 -0.52 
0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

la. Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 U52 
types 0/10 U5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 ±0.1 
leakage types Any 
C1,1rrent input E,F 0/15 15 ±U3 

types 

loH 3-state G,H 
0/18 0/18 18 ±0.4 output types 

E,F 0/15 0/15 15 ±1.0 types 

94 

MMC 4043 MMC 4044 

VALLES 

25°c „HGH UNI T 

min typ max. min. max. 

U02 1 30 
0.02 2 60 
0.02 4 120 
004 20 600 µA 
0.02 4 30 
0.02 8 60 
002 16 120 

4.95 4.95 
8.95 9.95 V 

14.95 14.95 

0.05 0.05 
005 0.05 V 
ao5 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.1!: 
-0.51 -1 -0.3E 
-1.3 -:--2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
~o.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

U51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 
µA 

±10-s ±0.3 ±1 

t10-4 ±0.4 ±12 
µA 

±10-4 ±1.0 ±7.5 
I 



TEST CON0ITIONS 

PARAMETER V1 Va Io Voo Ttow 
IVI IVI !µAl IVI min. I max. 

C1 Input 

IAnv input/ I capacitance 

• Tww = -55°C for G, H devices: -40°C for E, F devices. 
• T HIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

I 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

IT A= 25°C, input tr, tr = 20ns, el= 50 pf, AL= 200 kUI 

t 
t 

t 
t 

t 
t 

t 
t 

PLH 
PHL 

PHZ 
PZH 

PLZ 
PZL 

THL 
TLH 

PARAMETER 

Propagation delay time (SET or RESET to QI 

3-state propagation delay time IENABLE to QI 

3-state propagatIon delay time 

Transition time 

SET or RESET puise width 

... 

TEST CIRCUITS ENABLE propagation delay time and waveforms 

95 

I 
I 

i 

MMC 4043 MMC 4044 

VALUES 

25·,c r;.IGH 

min. I typ I max. 
UNIT 

min. max. 

i 
7.5 j 

I 
5 I pF 

I ' 

Voo VALUES 
UNITS 

!VI typ. max. 

5 150 300 
10 70 140 ns 
15 50 100 

5 115 230 
10 55 110 ns 
15 40 80 

5 90 180 
10 50 100 ns 
15 35 70 

5 100 200 
10 50 100 ns 
15 40 80 

5 80 160 
10 40 80 ns 
15 20 40 

TEST 1N IR A 

'F.a "oo 'ss 'ss 

IPLZ 'ss Voo Vro 

1PZH Vro 'ss 'ss 

lpZL V55 \ho Voo 

Z = Hl'.ii IK'EDANCE 



MMC 4043 MMC 4044 

\ho 
ENABLE 50% 

"5s 

R»ITA 
-2/3Voo 

UN=~ =113 V[XJ 

r.:s2/3Voo 
POtlT A 

-=IHV[XJ UN~'!r,.~l 

1PLz 
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MMC404& 

MICRDPDWER PHASE -LDCKED LDDP 
GENERAL DEBCRIPTIDN 

The MMC 4046 micropower phase-locked loop 
IPLLI consists of a low powere, linear, voltage-con
trolled oscillator IVCOJ, a source follower, a zener 
diode, and two stage comparators. The two phase 
comporators have a common signal input and a corn
man comparator input. The signal input can be di
rectly coupled for a large voltage signal, or capaciti
vely coupled to the self-biasing amplifier at the sig
nal input for a small voltage signal. 

APPLICATIDNB 

• FM demodulator and modulator 
• Frequency synthesis and multiplication 
• Frequency discrimination 
• Data synchronization and conditioning 
• Voltage-to-frequency conversion 
• Tone decoding 
• Motor speed control 

ABSDLUTE MAXIMUM AATINGB 

Voo* 

V; 
I 
~tot 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation !per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 
Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Wide supply voltage range -3V to 18V 
• Low dynamic power consumption - 70 µW ltypl at 

f0=10 kHz, VOo=5V 
• VCO frequency -1.3 MHz ltypl at VOO=1 OV 
• Low frequency drift with temperature -0.60/o/C 

at v00=10V 
• High VCO linearity -1 O/o ltypl 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to VOO+U5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

C0NNECTIDN DIACIRAM 

PHRSE PUL SES I 

PHRSE CONP. I. OUT 2 

COHPRRRTOR IN 3 

INHIBIT 

97 

Vdd 

ZENER 

SIGNAL IN 

3 to 
3 to 
o to 

-55 to 
-40to 

PHRSE COHP. I I. OUT 

OfHOOULATEO OUT 

18 
15 

Voo 

125 
85 

V 
V 
V 



MMC404B 

BLDCK DIAGRAM 

SIGNAL 'bo IN 
16 

PHASE 
COMPARATOR I 

COHPARAlOR 2 PHASE C01'F I 00T 
IN3 

r-- --

' 13 

8 PHASE 
COMPARATOR 1 

vco II 
OUT R3 

l---- 4 

6 

C1 
7 LOW 9VCO 1N vco PASS 

R1 11 
Fit.TEA 

Vss DEMODULATOR Ţcz 
R2 SOlRCE ,oOUT 

Vss 12 FOUOWER 
., 

f•s Vss 
INHBrr 

I 
f 

8 15 Vss 

Vss ZEtER 

FUNCTIDNAL DEBCRIPTIDN 

VCO SECTION 

The VCO requires one externai capacitor C1 and one or two externai resistors IR 1 or R, and R~. Resistor 
R1 and capacitor C, determine the frequency range of the VCO and resistor R~ enables the VCO to have a 
frequency offset if required. The high input impedance 11012 Ol of the VCO s1mplifiers the design of low
pass filters oy permitting the designer a wide choice of resistor-to-capacitor ratios in order nat to load 
the low pass filter, a source-follower output of the VCO input voltage is provided at terminal 1 O 
IDEMOOULATEO OUTPUTI. lf this terminal is used, a load resistor IRsl of 10K or more should be connec
ted from this terminal to Vss- lf unused this terminal should be le~ open. The VCO can be connected eit
her directiv or through frequency dividers to the comparator input of the phase comparators. A full 
CMOS log,c swing is available at the output of the VCO and allows direct coupling to CMOS frequency di
v;jers such as the MMC 4024, MMC 4018, MMC 4020, MMC 4022, MMC4029, MMC4059. □ne or 
mJ,"e MMC 4018 IPresettable Oivide-by-N-Counterl or MMC 4029 lpresettable Up/Down Counterl, to
r,_•'. her w1.:.h the MMC 4046, lphase-Locked Loop) can be used to build a micropower low-frequency 
"·,nthesizer. A logic O an the INHIBIT input .enables· the VCO and the source follower, while a logic 1 
.,turns off"" both to minimize standby power consumption. 

98 



MMC 4D4B 

PHASE COMPARATOR& 

The phase-comparator signal input (terminal 141 can be direct-coupled provided the signal swing is within 
CMOS logic levels /logic "O" < 300/o IVoo-Vssl, logic "1" > 700/o IVoo-VssJ/. For smaller swings the sig
nal must be capacitively coupled to the self-biasing amplifier at the signal input. Phase comparator I is an 
exclusive-OR network; ot operates analogously to an over-driver balanced mixer .. To maximiza the lock 
range, the signal-and comparator -input frequencies must have a 500/o duty cycle. With no signal or noise 
on the signal input, this phase comparator has an average output voltage equal to Voo/2. The low-pass 
filter connected to the output of phase comparator I supplies the averaged voltage to the VCO input, and 
causes the VCO to oscillate at the center frequency lfoJ. The frequency range of input signals on which the 
PLL will lock if it was initially out of lock is defined as the frequency capture range I2fcl. The frequency 
range of input signals on which the loop will stay locked if it was initially in lock is defined as the frequency 
lock range I2fLI. The capture range is <the lock range. With phase comparator I the range of frequencies 
over which the PLL can acquire lock lcapture rangel is dependent on the low-pass-filter characteristics, 
and can be made as large as the lock range. Phase-comparator I enables a PLL system to remain in lock in 
spite of high amounts of noise in the input signal. One characteristic of this type of phase comparator is 
that it may lock into input frequencies that are clase to harmonics of the VCO center-frequency. A second 
characteristic is that the phase angle between the signal and the comparator input varies between 0° and 
180°. and is 90° at the center frequency. Fig. Cal shows the typical, triangular, phase-to-output response 
characteristic of phase-comparator I. Typical waveforms for a CMOS phase-locked-loop employing 
phase comparator I in locked condition fn is shown in Fig. lbl. 
Phase-comparator li is an edge-controlled digital memory network. lt consists of four flip-flop stages, 
control gating, and a three-stage output comprising p-and n-type drivers having a common output node. 
When the p-MOS or n-MOS drivers are DN they puii the output up to V00 or down to Vss, respectively. 
This type of phase comparator acts only on the positive edges of the signal and comparator inputs. The 
duty cycles of the signal and comparator inputs are not important since positive transitions control the 
PLL system utilizing this type of comparator. lf the signal-input frequency is higher than the comparator
input frequency, the p-type output driver is maintained On most of the time, and both n-and p-drivers OFF 
13 statei the remainder of the time. lf the signal-input frequency is lower than the comparator-input fre
quency, the n-type output driver is mainteined DN most of the time, and both the n-and p-drivers OFF 13 
statei the remainder of the time. lf the signal and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the n-type output driver is maintained DN for a time cor
responding to the phase difference. lf the signal and comparator-input frequencies are the same, but the 
comparator input la9s the signal in phase, the p-type output driver is maintained DN for a time correspon
ding to the phase d1fference. Subsequently, the capacitor voltage of the low-pass filter connected th this 
phase comparator is adjusted until the signal and comparator inputs are equal in both phase and frequ
ency. At this stable point both p-and n-type output drivers remain OFF and thus the phase comparator 
output becomes an open circuit and holds the voltage on the capacitor of the low-pass filter constant. Mo
reover the signal at the "phase pulses" output is a high level which can be used for indicating a locked 
condition. Thus, for phase comparator li, no phase difference exists between signal and comparator input 
over the tuli VCO frequency range. More-over, the power dissipation due to the low-pass filter is reduced 
when this type of phase comparator is used because both the p-and n-type output drivers are OFF for 
most of the signal input cycle. 
lt should be neted that the PLL lock range for this type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at the signal input, the VCO is adjusted to its 
lowest frequency for phase comparator li. Fig. Ici shows typical waveforms for a CMOS PLL employing 
phase comparator li in a locked condition. 

Fig. Cal - Phase comparator I characteristics low-pass filter output 
Fig. lbl - Typical waveforms for CMOS Phase Locked-Loop empleying phose comparator I in locked 

condition of fo. 
Fig. Ici - Typical waveforms for CMOS Phase-Locked-Loop employing phase comparator li in locked 

condition. 

AVERAGE OUTPUT VOL TAGE 

o 
SIGNAL TO COMPAAATOR INPJTS 
?HASE OIFFERENCE 
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SKiNAL INPUT (PIN 14) 

VCO OUTPUT (PIN 4 l 
COMPARATOR INPUT tPIIOI 

PHASE COMPARATOR I 
OUTPUT ( PIN 2 l 

VCO INPUT I PIN 91 
LOW-PASS FILTER 
OUTPUT 

..JLfL_ 
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MMC404B 

r I I n ·( î 
SIGNAL INPUT(PIN14) ~~,: r 
VCO OU1PUT(PIN4) ~~ r 
C~MRATOR INPUT ,,____J 
(PIN 3) 

PHASE ~PARATOR 
li OJTPUT (PIN 1l ) 

YOO INFUT (PIN 9) 
LON PAS: FILTER 
MPUT 

PHASE PULSE (AN 1 ) 

Jl -~ 
- - - - _.,,. - - - - - - - - ~I-- - .. -- ~--~ 

, -\ho _,,, ____ ,,,, _______ _,,____.,_ -Yss 

7J ,__., r -"oo 
u_~ 

NOTE: DASHED LINE lS AN OPEN •CIRCUIT CONOITION 

STATIC ELECTRICAL CHARACTERIBTICB 

Cover recommended operating conditionsl 

TEST CONDITIONS VALUES 

PARAM ETER V1 Va Io Voo Ttow 25°c T~IGH 
CVI CVI (µAl CVI min. I max. I min. I typ I max. I min. I max. 

VCD SECTIDN 

VoH Output high O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 < 1 10 9.95 9.95 9.95 

0/15 <1 15 14.95 14.95 14.95 

VoL Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 0.05 

15/0 <1 15 0.05 0.05 0.05 

loH Output G,H O/ 5 2.5 5 -2 -1.6 -3.2 -1.1El 
drive types O/ 5 4.6 5 -0.64 -0.51 -1 -0.36 
curre!lt 0/10 9.5 10 -1.6 -1.3 -2.6 -0.9 

0/15 13.5 15 -4.2 -3.4 -6.8 -2.4 

E, F O/ 5 2.5 5 -1.53 -1.36 -3.2 -1.1 
types O/ 5 4.6 5 '-0.52 -0.44 -1 -0.36 

0/10 9.5 10 -1.3 -1.1 -2.6 -0.9 
0/15 13.5 15 -3.6 -3.0 -6.8 -2.4 

loL Output G,H O/ 5 0.4 5 0.64 0.51 1 0.36 

sink types 0/10 0.5 10 1.6 1.3 2.6 0.9 

current 0/15 1.5 15 4.2 3.4 6.8 2.4 

E, F O/ 5 0.4 5 0.52 0.44 1 0.36 

types 0/10 0.5 10 1.3 1.1 2.6 0.9 

0/15 1.5 15 3.6 3.0 6.8 2.4 

l1H, l1L Input G,H 0/18 18 ±0.1 ±10 5 ±0.1 ±1 
leakage types Any 
current E, F input ±10 5 ±0.3 ±1 0/15 15 ±0.3 

t.vnP.S 

100 

UNIT 

V 

V 

mA 

mA 

µA 



TEST CONOITIONS 

PARAM ETER V1 Va liol Voo Tt.ow 
IVI IVI lµAI IVI min. I max. 

PHABE COMPARATOR SECTION 

loo Total device O/ 5 5 
current 0/10 10 
Pin 14= open 0/15 15 
Pin 5=Voo 0/20 20 

Pin 14=V ss G,H O/ 5 5 
orVoo types 0/10 10 
Pin 5=Voo 0/15 15 

0/20 20 

E.F O/ 5 5 
types 0/10 10 

0/15 15 

V1H -Input h1gh 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V 1L -Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

10◄ -Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F U/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL -Output G,H O/ 5 0.4 5 0.64, 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15. 3.6 

1 11.+ 11L -Input G,H 0/18 18 
leakage types Any 
current E, F input 

0/15 15 
types 

l□H 3-state G, H 0/18 0/18 18 
output types 

E, F 0/15types 0/15 15 

C 1 -Input capacitance . Anv input 

• how = -55° C for G, H devices; -40° C for E, F devices.
• T HIGH = +125° C for G, H devices; +85° C for E, F devices.

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V· 
101 

0.1 
0.5 
1.5 
4 

5 
10 
15 

100 

20 
40 

80 

1.5 
3 
4 

±0.1 

±0.3 

±04 

±1.0 

MMC404B 

VALUES 

25° c �IGH 
min. I typ I max. min. l max. 

UNIT 

0.05 0.1 0.1 
0.25 0.5 0.5 mA 
0.75 1.5 1.5 

2 4 4 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 

0.04 20 150 
0.04 40 300 
0.04 80 600 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15
-0.51 -1 -0.36
-1.3 -2.6 -0.9
-3.4 -6.8 -2.4

mA 
-1.3E -3.2 -1.1
-0.411 -1 -0.36
-1.1 -2.6 -0.9
-3.0 -6.8 -2.4

0.51 1 0.36
1.3 2.6 0.9 
3.4 6.8 2.4

mA 
0.44 1 036 
1.1 2.6 0.9 
3.0 6.8 2.4

±10-s ±0.1 ±1 

µA 

±10-5 ±0.3 ±1 

±10 • ±0.4 ±12 

µA 

±10-• ±1.0 ±7.5 

5 7.5 pF 



MMC4D4B 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
IT A=25°C; CL =50pF: RL =200K: typical temperature coefficient for all Voo values is 0.30/o/°C, 
all input rise and fall time = 20 nsl. 

PARAMETER TEST CONDITIONS 
VALUES 

UNIT 
Voo fVJ Min. Typ. Max. 

V CO SECTION 

Po Operating power f0=10kHz R1=1Mn 5 70 140 
dissipation R2=oo Vco1N=VDD/2 10 800 1600 µW 

15 3000 6000 

f rnax Maximum frequency R1=10K C1=50pF 5 0.3 0.6 
R2=oo 10 0.6 1.2 

Vco1N=VDD 15 0.8 1.6 MHz 

R1=5K C1=50pF 5 0.5 0.8 
R2=oo 10 1 1.4 
Vco1N=Voo 15 1.4 2.4 

Center frequency Programmable with externai components 
lfol and frequency R,, R2 and C, 
range frnax-fmon 

LinearIty Vco1N=2.5V±0.3 R1=10K 5 1.7 

Vco1N=5V±1 R1=100K 10 0.5 

Vco1N=5V±2.5 R1=400K 10 4 O/o 

Vco1N=7.5V±1.5 R1=100K 15 0.5 

Vco1N=7.5V±5 R1=1M 15 7 

T emperature frequenc• 5 ±0.12 
stability Ino frequency 10 ±0.04 

offset) f mon = O 15 ±0.015 

Frequency offset 5 
0/o/OC 

±0.09 
fm;~O 10 ±0.07 

15 ±0.03 

V co Output duty cycle 5,10,15 50 D/o 

trHL, VCO output transition 5 100 200 
trLH time 10 50 100 ns 

15 40 80 
1 

Source follower RS>10k . 5,10,15 1,8 2.5 V 
output ldemodulated 
output!: offset 
voltage Vco1N-V□EM 

Source follower Vco1N=2.5V±0.3 Rs=100K 5 0.3 
output 

Vco1N=5V±2.5 Rs=300K 10 0.7 O/o ldemodulated output!: 
Linearity Vco1N=7.5V±5 Rs=500K 15 0.9 

Vz Zener diode voltage lz=50µA 4.45 5.5 6.15 V 

Rz Zener dynamic 
resistance lz=1mA 40 n 

-
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PHASE COMPARATOR SECTION 

R 14 Pin 14 !signal inl 5 1 2 
input rezistance 10 0.2 0.4 MH 

15 0.1 0.2 

A.C. coupled signal f1N=100KHz 5 180 360 
input voltage sine wave 10 330 660 mV 
sensitivity-1~ 15 900 1800 
lpeak-to-peakl 

tPHL, Propagation delay time 5 225 450 
High to low leve! 10 100 200 ns 
Pins 14 to 13 15 65 130 

tPLH, Propagation delay time 5 350 700 
Low to high, leve! 10 150 300 ns 

15 100 200 

tPHz, Propagation delay time 5 225 450 
3-state 
High leve! to 10 100 200 ns 
High impedance 
Pins 14 to 13 15 65 130 

tpLZ, Low leve! to high 5 285 570 
impedance 10 130 260 ns 

15 95 190 

t„ t 1,lnput rise or fall 5 50 
time 10 1 µS 
Comparator Pin 3 15 0.3 

Signal Pin 14 5 500 
10 20 µS 
15 2.5 

trHL, Transition time 5 100 200 
tTLH 10 50 100 ns 

15 40 80 

-!~ For sine wave the frequency must begreater than 10 kHz for Phase Comparator 11. 

DESIGN INFDAMATIDN 

This information is a guide for approximating the values of externai components for the 4046 in a Phase 
-Locked-Loop system. The selected externai components must be within the following ranges. 

5 k <R,, R2, RS<1M C1>100pF at Voo>5V C1>50pF at Voo>10V 

103 



C
H

A
R

A
C

TE
R

IS
TI

C
S 

VC
O 

fr
eq

u
en

cw
 

fo
r 

N
o 

S
lg

n
o

\ 
In

p
u

t 

F
re

q
u

en
cw

 
Lo

cl
C 

R
an

g
a,

 
2

•L
 

-
F

re
q

u
en

cy
 

C
o

p
\u

re
 

~
 

R
a

n
g

e
, 

2
fc

 

L
oo

p 
F

ll
\e

r 
C
n
■
p
o
n
a
n
\
 

S
el

ec
l:

.L
on

 

P
h

o
a•

 
A

n
g

l•
 

b
e
a

\w
a

n
 

S
lg

n
o

l 
an

d
 

C
o1

11
pa

ra
\o

r 

L
oo

ka
 

on
 

H
or

11
on

lc
a 

o
f 

C
en

tr
e 

F
re

q
u

en
cy

 

S
lg

n
a
l 

ln
pu

l:
. 

N
oL

••
 

R
eJ

ec
-1

:.L
on

 

U
SI

N
G

 
PH

A
SE

 
CO

M
PA

RA
TO

R 
I 

U
SI

N
G

 
PH

A
SE

 
CO

M
PA

RA
TO

R 
II

 

VC
O 

W
IT

HO
UT

 
O

FF
SE

T 
VC

O 
W

 I T
H 

O
FF

SE
T 

VC
O 

W
IT

HO
UT

 
O

FF
SE

T 
VC

O 
W

 1T
H 

O
FF

SE
T 

R
2 

=
 oo

 
R

2 
=

 oo
 

•■
ax
 

••
a

x
 

•■
ax
 

Ţ 
•1

1a
x 

/ 
Ţ 

~
 

I 2•
L

 

/ 
~
 

Iu
l 

•o
 
~
 

•o
 
~
 

•1
11

Ln
 

•1
11

Ln
 

•o
 

7 
U

L
 

•o
 

/ 
U

L
 

l 
l 

•■
Ln
 

•1
11

Ln
 

vo
o1

2 
V

oo
 

vo
o1

2 
V

oo
 

v
00

12
 

vo
0 

V
oo

12
 

V
oo

 
VC

O 
IN

PU
T 

V
O

LT
A

G
E 

VC
O 

IN
PU

T 
V

O
LT

A
G

E 
VC

O 
IN

PU
T 

V
O

LT
A

G
E 

VC
O 

IN
PU

T 
V

O
LT

A
G

E 

VC
O 

Ln
 

PL
L 

•w
•\

••
• 

w
L

l\
 
o
d
i
u
■
\
 

\o
 

c
e
n

tr
e
 

VC
O 

ln
 

PL
L 

•w
•\•

11
1 

w
ll

l 
od

lu
•I

:.
 

l:.
o 

lo
w

ea
l:.

 
fr

eq
u

en
cw

, 
•o

 
o

p
e
ro

\l
n

g
 

fr
eq

u
en

cw
, 

• 1
1L

n 

2•
L

=
 
fu

l\
 

VC
O 

fr
eq

u
en

cy
 

ra
n

g
• 

2f
L

=
 
•■
ax
 -

•■
Ln
 

R
3 

I
N

~
O

U
T

 

, 1
 • 

R
3

<
2

 
f 

"c
, !,

, V
 iţ
a 

C
2 

1 

R
3 

•c
 =

 
'L

 

I
N

~
O

U
T

 
R

4 

I
C

2
 

9
0

°0
\ 

c
e
n

tr
e
 

fr
eq

u
an

cy
 

lf
?
),

 
ap

pr
n~

L
■
a\
Ln
g 

A
lw

ay
a 

0°
L

n 
lo

c1
e 

D
°a

no
 

18
1l

°a
\ 

a
n

d
a

 
o

f 
lo

o
k

 
ra

n
g

• 
1

2
fL

l 

Y
aa

 
N

o 

H
L

gh
 

Lo
w

 

I I n A
 o A
 m
 



MMC4D47 

LDW-PDWER MDNDBTABLE/ 
ABTABLE MUL TIVIBRATDR 

GENERAL DEBCRIPTIDN 

The MMC 4047 is a monolithic integrated circuit 
processed in standard Al-gate CMOS technology 
available in 14 lead dual in-line package. The MMC 
4047 consists of a gatable astable multivibrator 
with logic techniques incorporated to permit posi
tive or negative edge-triggered monostable multivi
brator action with retriggering and externai coun-
ting options. lnputs include +TRIGGER,-TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER and EXTERNAL 
RESET. Buffered outp~ts are Q,Q and OSCILLATOR. 
ln all modes of operation, an externai capacitor must 
be connected between C-Timing and C-Common 
terminals, and an externai resistor must be connec
ted between the R-Timing and RC-Common termi
nals. 

AB■DLUTE MAXIIV"l.•M RATINGB 

Voo• Supply voltage: G and H types 
E and F.types 

vi lngut voltage 
I D input current Cany one input! ptot. Total power dissipation (per packagel 

Dissipation per output transistor 
for TA = foii package-temperature range 

TA Operating 
temperature : G and H types 

Tstg 
E and F types 

Storage temperature · 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Low-power consumption: special CMOS oscillator 
configuration 

• Monostable Cone-shotl or astable Cfree-runingl 
operation 

• True and complemented buffered outputs 
tt Only one externai R and C required 
• Buffered inputs 

-0.5 to 20 
-0.5 to 18 
-0.5 to \/ou+0.5 

±10 
200 

100 

-55 to 125 
-40 to 85 
-65 to 150 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo• Supply voltage: G and H types 
E and F types 

vi lmput voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

( 

R 
R-C C(l'1t.1~ 

AffiB[l 

ASTABLE 

-TRIGGER 

Vs.s 

1 

2 
3 

4 

5 

6 

7 

105 

\to 
OSC CUT 
RE TRIGGER 

a 
Q 

EXT RESET 
• TRlliiER 

3 to 18 V 
3 to 15 V 
O to Voo V 

-55 to 125 oe 
-40 to 85 oe 



LDGIC DIAGRAM 

5 ASTABLE 

4~ 

8 +TRIGGER 

6 

RE TRIGGER 
12 

COM1JN 

FUNCTIDNAL TERMINAL CDNNECTIDNB 

TERMINAL CONNECTIONS 
FUNCTION* TO V00 

INPUT TO Vss PULSE TO 

As table multivibrator: 
Free running 4,5,6, 14 7,8,9, 12 -
True gating 4,6, 14 7,8,9, 12 5 
Complement gating 6, 14 5, 7,8,9, 12 4 

M onostable multivibrator: 
Positive-edge trigger 4, 14 5,6, 7,9, 12 8 
Negative-edge trigger 4,8, 14 5, 7,9, 12 6 
Retriggerable 4, 14 5, 6, 7, 9 8, 12 
Externai countdown** 14 5, 6, 7, 0. 9, 1 a -

OUTPUT 
PULSE 
FROM 

10,11, 13 
10,11,13 
10. 11, 13 

10, 11 
1 o, 11 
10. 11 
10. 11 

• ln all cases externai capacitor and resistor between pins 1, 2 and 3 lsee logic diagramsl 
•• Input puise to reset of externai counting chip. 

Externai counting chip output t~ pin 4 

106 

MMC4047 

OUTPUT PERIOD 
OR 

PULSE Wl□TH 

t111 □. 11J;::4.40 RC 
t 1131=2.20 RC 

tM110. .111=2.48 RC 



STATIC ELECTAICAL CHARACTEAISTICB 
lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER V1 Va I lol Voo l'tow 
IVI IVI lµAl IVI mm. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH -Output high O/ 5 < 1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 < 1 15 14.95 

VoL -Output low 5 /O < 1 5 
voltage 10/0 <1 10 

15/0 < 1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L -Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH -Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 --0.6l 
current 0/10 9.5 10 --1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 --1.5: 
types O/ 5 4.6 5 -o.5c 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111.-1, l1L -Input G,H 0/18 18 
leakage types Any 
current 

E, F input 
0/15 15 

types 

C1 -Input 
capacitance Any input 

• TLDw = -55°C for G, H devices: -40°C for E, F devices. 
• T HIGH = +125°C for G, H devices: +85°C for E. F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0,1 

±0.3 

MMC4D47 

VALUES 

25~C T~IGH UNIT 

min. typ max. mIn. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 µA 
0.02 4 30 
0.02 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.1~ 
-0.51 -1 -0.3E 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.3E -3.2 -1.1 
-0.M -1 -0.3E 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±1 □-f ±0.1 ±1 

µA 
±1 □-s ±0.3 ±1 

5 7.5 pF 



MMC4D47 

DVNAMIC ELECTRICAL CHAAACTERIBTICB 

[TA = 25°C, CL = 15 pF, AL= 200 kohm, typical temperature coefficient for all V00 values is 0.30/ocC, all input rise 
and fall times = 20 nsl 

TEST VALUES 
PARAMETER CONDITIONS UNIT 

V00 !VI min. typ. max. 

tPLH• Propagation Astaple, Astable 5 200 400 
tPHL delay time to osc. aut 10 100 200 

15 80 160 

Astable, Astable 5 350 700 
to Q, Q 10 175 350 

15 125 250 

+ or - Trigger to 5 500 1000 
Q,Q 10 225 450 

15 150 300 

Retrigger to 5 300 600 
Q,Cl 10 150 300 

15 100 200 

Externai Reset 5 250 500 
to Q, Q 10 100 200 

15 70 140 

tTHL• Transition time osc. aut Q, Cl 5 100 200 
tTLH 10 50 100 

15 40 80 

tw Input puise +Trigger, 5 200 400 
width: -Trigger 10 80 160 

15 50 100 

Reset 5 100 200 
10 50 100 
15 30 60 

Retrigger 5 300 600 
10 115 230 
15 75 150 

ţ., t, Input rise and fall time 5 
AII inputs 10 Unlimited 

15 

Q or Q deviation from 500/o 5 ±0.5 ±1 
Duty factor 10 ±0.5 ±1 

15 ±0.1 ±0.5 

APPLICATIDN INFDRMATIDN 

1 - Circuit deacrlptlon 

Astable operation is enabled by a high levei an the ASTABLE input. The period of the square wave at the Q 
and Q Outputs in this mode of operation is a function of the externai components employed. ,,True" input 
pulses an the ASTABLE input or „Complement" pulses an the ASTABLE input alow the circuit to be used 
as a gatable multivibrator. The OSCILLATOR output period will be half of the Q terminal output in the asta
ble mode,Howe-ver, a 500/o duty cycle is nat guaranteed at this output. ln the monostable mode, positive
edge tr1ggering is accomplished by application of a leading-edge puise to the + TRIGER input and a low levei 
to the -TRIGGER input. For negative-edge triggering, a trailing-edge puise is applied to the - TRIGGER and 
a high levei is applied J;o the + TRIGGER. Input pulses may be of any duration relative to the output puise. 
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MMC4047 

The multivibrator can be retnggered Con the leacling edge onlyl by applying a common puise to both the RE
TRIGGER and + TRIGGER inputs. ln this mode the output puise remains high as long as the input puise pe
riod is shorter than the period determined by the RC components. An externai countdown option can be 
implemented by coupling .o· to an externai .N" counter and resetting the counter with the trigger puise. 
The 
counter output puise îs fed back to the AsTABLE input and has a duration equal to N times the period of 
the multivibrator. A high level an the EXTERNAL RESET input assures no output puise during an .DN" 
power condition. This input can alsa be activated to terminte the output puise at any time. ln the monosta
ble mode, high-level or power-on reset puise, must be applied to the EXTERNAL RESET whenever V00 is 
applied. 

■ -Aet:abl■ Mod■ 
The following anlysis presents worst-case variations from unit-to-unit as a function of transfer-voltage 
!Vy~ shift (330/o-670/o Voci for free-running Castablel operation. 

Astable mode wavefonns 

PIN~ 

PIN 1 O tA/2 tA/2 

tA 

VrR 
t1 =-RCln ---

Voo+ Vm 

Vo□- VrR 
t2=-RCln ----

2Voo- VrR 

tA = 2(t1 + t21 = -2RC ln 

Typ: VrR = 0.5 V co tA = 4.40 RC 
Min: VrR= 0.33 V00 tA = 4.62 RC 
Max: VrR = 0.67 Voo tA = 4.62 RC 

IVoo - VrwI2V oo - Vrw 

thus if tA = 4.40 RC is used, the maximum variation will be (+5.IJO/o, - O.IJO/ol ln addition to variations from 
unit-to-unit, the astable period may vary as a function of frequency with respect to V00 and temperatura. 

3 - Mono■tabl■ Mode 

The following analysis presents worst-case variations from unit-to-unit as a function of transfer-voltage 
!Vrw shift I3311/o-670/o Voci for one-shot lmonostablel operation. 

Monostable wavefonns 

PIN 8. _j7____J7__ 

PIN 13~ 

VŢR 
t1 =-RCln ---

Voo+ Voo 

V□□ -VTR 
t2=-RCln ----

2V□□- VrR 

PIN10~ IVrRHV□□- Vrw 

I2Voo - VrwI2Vocl 

where tM = monostable mode puise width. Values for tM are as follows: 

tM = lt1 + t2I = - RC ln 

Typ: Vrn = 0.5 V00 tM = 2.48 RC 
Min: VrR= 0.33 V00 tM= 2.71 RC 
Max: VrR = 0.67 V00 tM = 2.48 RC 
Thus if tM = 2.48 RC is used, the maximum variation will be I+9.311/o - 0.IJO/ol 

Note: ln the astable mode the first positive half cycle has a duration of T M: succeding duratlons are tA/2. 
1n addition to variations from unit-to-unit, the monostable pul!OP. width may vary as a function of frequency 
with respect to V00 and temperatura. 

4 - A■trlgger mod■ 

The MMC 4047 can be used in the retrigger mode to extend the output-puise duration, or to compare the 
frequency of an input signal with that of the internai oscillator. 1n the retrigger mode the input puise îs ap
plied to terminals 8 and 12, and the output is taken from terminal 1 O or 11. As shown in Fig. A normal mo
nostable action is obtained when one retrigger puise îs applied. For two input pulses, tRE = t, 1+ t, + 2t2. 
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MMC4D47 

For more than two pulses, tREIQ OUTPUTI terminates at some variable time t 0 aker the termination of 
the lest retrigger puise. t 0 is variable because tREIQ OUTPUTI terminates aker the second positive edge 
of the oscillator output appears at flip-flop 4 lsee logic diagraml. 

Fig. A' Retrigger-mode wavefonns 

+ TRIGGER _JL__ 
RETRIGGER 

JUL n n n_ _____ _ 
....J u u I:-----

PIN 8,12 .Jt1bL OSCILLATOR 

OUTPUT PIN 13 

Q OUTPUT PIN 1 O -1-::L J tRE L 
15-Ext:■rn■I Caunt:■r 0pt:lan 

Time tM can be extended by any amount with the use of externai countinQ circuitry. Advantages include di
gitally controlled puise duration small timing capacitors for long time per,ods and extremely fast recovery 
time. 
A typical implementation îs shown in Fig. 8. The puise duration at the output is 

text= IN-1JtA + ltM + tA/2I 
where text= puise duration of the circuitry, and N is the number of counts used. 

B-Paw■r can■umpt:lan 

ln the standby mode IMonostable or Astablel, power dissipation will be a function of leakage curTent in the 
circuit, as shown in the static electrica! characteristics. For dynamic operation, the power needed to 
charge the externai timing capacitor C is given by the following fonnula: 
Astable Mode: P = 2CV2f. !Output at Pin 131 

P = 4CV2f. (Output at Pin 1 O and 11 I . 
Monostable Mode: P = I1 /TJ 12.9 CV 2I IDuty Cyclel. !Output at Pin 1 O and 111 The circuit is designed so that 
mast of the total power is consumed in the externai components. ln practice, the lower the values of fre
quency and voltage used, the closer the actual power dissipation will be to the calculated value. 
Because the power dissipation does nat depend an R. a design for minimum power dissipation would be a 
small value of C. The value of R would depend an the desired period Cwithin the limitations d1scussed abovel. 

7 - Tlmlng-campanent: llmltat:lan■ 

The capacitor used in the circuit should be non-polarized and have low leakage 0.e. the parallel resistance 
of the capacitor should be an order of magnitude greater than the externai resistor usedl. There is no up
per or lower limit for either R or C value to maintain oscillation. However, in consideration ot accuracy. C 
must be much larger than the inherent stray capacitance in the system Cunless this capacitance can be 
measured and taken into accountl. R must be much larger than the CMOS "DN" resistance în series with 
it, which typically is hundreds of ohms. ln addition, with very large values of R, some short-term instability 
with respect to time may be neted. 
The rect:omended values for these components to maintain agreement with previously calculated formu
las without trimming should be: 
C ~ 100 pF, up to any practicai value, for astable modes: 
C 2 1 OOO pF, up to any pr.actical value, for monostable modes. 1 Ok~ R , 1 M. 

Fig. B' lmplementation of externai counter option 

/JJ47 

Q a. 4017 

INPUT P"I 

IUSE ~ '-~----------' 
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MUL TIFUNCTIDN EXPANDABLE 
B-INPUT GATE 

GENERAL DESCRIPTIDN FEATURES 

• Three-state output 

MMC4D4S 

The MMC 4048 !intermediate or extended tempe
rature rangel are monolithic integrated circuit, avai
lable in 16-lead dual in-line plastic or ceramic pac
kage. The MMC 4018 Is an 8-input gate having faur 
control inputs. Three binary control inputs' Ka, Kb, 
and Kc ' provide the implementation of eight diffe
rent logic functions. These functions are OR. NOR, 
ANO, NANO, OR/ ANO, OR/NANO, ANO/OR and 
ANO/NOR. A fourth control input' Kd' provides the 
user with a 3-state output. When control input Kd is 
high the output is either a logic 1 or logic O depending 
an the inner states. When control input Kd is low, the 
output is an open circuit. This feature enables the 
user to connect this device to a common bus line. ln 
addition to the eight input lines, an EXPAND input is 
provided that permits the user to increase the num
ber of inputs to one MMC 4048. For example, two 
MMC 4048 can be cascaded to provide a 16-input 
multifunction gate. When the EXPAND input is nat 
used, it should be connected to V55. 

• Many logic functions available in one package. 

ABSOLUTE MAXIMUM RATINGS 

V□□* 

V, 
I 

Ptat 

Îstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input] 
Total power dissipation !per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

* AII voltage values are referred to V55 pin voltage 

RJ~CDMMENDED DPERATING CDNDITIDNS 

Vo□* Supply voltage: G and H types 
E and F types 

V, lmput voltage 

TA Operating 
temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAM 

J (OUTPUT) 

Kd 

I~{ 
Kb 

Vss 

111 

-0.5 to 
-0.5 to 
-0.5 to 

-55 to 
-40 to 
-65 to 

3 to 
3 to 
O to 

-55 to 
-40 to 

20 
18 

Voo+D.5 
±1 O 
200 

100 

125 
85 

150 

18 
15 

Voo 

125 
85 

V 
V 
V 

mA 
mW 

mW 

C 
·c 
C 

V 
V 
V 

·c 
C 



BASIC LOGIC CDNFIGUAATIDNB 

!~OR E . 
F 
G 
H 

EXP 

1~ 
~ 

A 

1~ 
~ 

Al'{)JOR 

LDGIIC DIAGIAAM 

A 

8 

C 

o 

E 

F 

G 

H 

FUNCTIDN TRUTH TABLE 

OUTPUT BOOLEAN EXPRESION FUNCTION 

NOR J=A+B+C+D+E+F+G+H 
OR J=A+B+C+D+E+F+G+H 
OR/ANO J = IA + B + C + Dl · IE + F + G + HI 
OR/NANO J = IA + B + C + Dl · IE+ F + G + HI 
ANO J = ABCDEFGH 

NANO J = ABCDEFGH 

ANO/NOR J = ABC□ + EFGH 
ANO/OR J = ABC□ + EFGH 

Kd = 1 Normal lnverter Action 
Kd = O High lmpedance Output 

EXPAND Input = o 

112 

"oo 

d1 
~ 
9 

Vss 

Ka Kb 

o o 
o o 
o 1 
o 1 
1 o 
1 o 
1 1 
1 1 

MMC404B 

Kc UNUSEOINPUT 

o Vss 
1 Vss 
o Vss 
1 Vss 
o Va□ 
1 Va□ 
o Voo 
1 Va□ 



MMC404B 

■TATIC ELECTRICAL CHAAACTERISTICB 

lover recommended operating conditionsl 

TEST CONDITIONS VALUES 

PARAMETER V1 Va I Io I Voo Tt□w 25°C ~IGH 
IVI IVI lµAI IVI UNI 

min. max. min. typ max. min. max. 
T 

IL Quiescent G,H O/ 5 5 0.25 0.01 0.25 7.5 
current types 0/10 10 0.5 0.01 0.5 15 

0/15 15 1 0.01 1 30 
0/20 20 5 0.02 5 150 µA 

E. F O/ 5 5 1 0.01 1 7.5 
types 0/10 10 2 0.□ 1 2 15 

0/_15 15 4 0.01 4 30 

V□H Output high O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 

0/15 <1 15 14.95 14.95 14.95 

V□L Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 0.05 V 

15/0 <1 15 0.05 0.05 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 3.5 3.5 
voltage 1 /9 <1 10 7 7 7 V 

1.5/13.5 <1 15 11 11 11 

V1L -Input low 4.5/0.5 <1 5 1.5 1.5 1.5 
voltage 9/1 <1 10 3 3 3 V 

13.5/1.5 <1 15 4 4 4 

IDH Output G,H O/ 5 2.5 5 -2 -1.6 -3.2 -1.15 
drive types O/ 5 4.6 5 -0.64 -0.51 -1 ,-0_39 
current 0/10 9.5 10 -1.6 -1.3 -2.6 -0.9 

0/15 13.5 15 -4.2- -3.4 -6.8 -2.4 
mA 

E, F O/ 5 2.5 5 -1.53 -1.36 -3.2 -1.1 
types O/ 5 4.6 5 -0.5:0: -0.44 -1 ,-o_3e 

0/10 9.5 10 -1.3 -1.1 -2.6 -0.9 
0/15 13.5 15 -3.6 . -3.0 -6.8 -2.4 

l □L OJtput G,H O/ 5 0.4 5 0.64 0.51 1 0.36 
sink types 0/10 0.5 10 1.6 1.3 2.6 0.9 
current 0/15 1.5 15 4.2 3.4 6.8 2.4 

mA 
E, F O/ 5 0.4 5 0.52 0.44 1 0.36 

types 0/10 0.5 10 1.3 1.1 2.6 0.9 
0/15 1.5 15 3.6 3.0 6.8 2.4 

111+ l1L -Input · G, H 0/18 18 ±0.1 ±10-5 ±0.1 ±1 
leakage types Any 

µA current input E, F 0/15 15 ±0.3 ±10-5 ±0.3 ±1 
types 

l□H 3-state G,H 0/18 
output types 

0/18 18 ±0.4 ±10"4 ±0.4 ±12 

µA 
E, F 0/15 

types 
0/15 15 ±1.0 1±10 4 ±1.0 ±7.5 
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MMC404B 

TEST CONDITIONS 

PARAM ETER v, Vo Io Voo 
CVI NJ [µAl CVJ 

c, -Input 
capacitance Anyinput 

• T LDW = -55°C for G, H devices; -400C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" iind "O" level is: 
1 Vmin.withV00 = 5V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

l'tow 
min. max. 

DVNAMIC ■LECTAICAL CHAAACTEAIBTIC■ 

VALUES 

25°c „I-IGH 
min. typ max. min. max. 

5 7.5 

CT A= 25°C. C.1. = 50 pF, F!1_ = 200 kohm, typical temperatura coefficient for all V00 = 0.30/o/°C values, all 
input rise and fall time = 2□ nsl 

~I 

pF 

PARAMETER 
TEST CONDITIONS VALUES 

UNIT 
VooCVl min. typ. max. 

tPHL, Propagation delay time 5 300 600 
tPLH lnputs to output and 10 150 300 ns 

Kato Output 15 120 240 

Kb to Output 5 225 450 
10 85 170 ns 
15 55 110 

Kc to Outr,ut 5 140 280 
10 50 100 ns 
15 40 80 

Expand Input to OutPUt 5 190 380 
10 90 180 ns 
15 65 130 

tPHZ, tpLZ, 3-state propagation delay time 5 80 160 
tPZH• tpzi. Kd to Output RL = 1 k 10 35 75 ns 

15 25 50 

tTHL• Tr1,msition time 5 100 200 
tnH 10 50 100 ns 

15 40 80 

-state output capacitance 5 10 pF 

T 



MMC4D49 MMC4D5D 

HEX BUFFER/CDNVERTERS: 
MMC 4049-INVERTING TVPE 
MMC 4050-NDN-INVERTING TVPE 

GENERAL DESCRIPTIDN FEATURES 

• High sink current for driving 2TTL loads 
• High-to-low levei logic convers,on 

The MMC 4049 and the MMC 4050 are monolithic 
integrated circuits processed in standard Al-gate 
CMOS technology. The MMC 4049 and the MMC 
4050 are ,nverting and non-invert,ng hex-buffers, 
respect,vely, and feature logic-levei conversion using 
only one supply voltage Nm/ The input-signal h1gh le
vei IV,HJ can exceed the V00 supply voltage when 
these devices are used for logic levei conversions. 
These dev,ces are intended for use as CMOS to 
OTL/TTL converters and can drive directly two 
OTL/TTL loads N 00 = 5V, VoL .iS;0.4V, and 10?3.2mAJ. 

• Higt, s,nk and source current capabil,ty 

ABSDLUTE MAXIMUM RATINGS 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
1, OC input current lany one input) 
Ptot Total power d1ssipation (per packagel 

Oissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tsty Storage temperature 

• AII voltage values are referred to V55 pin voltage 

RECDMMENDED DPERATING CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

V, lmput voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAMS 

MMC4049 

N: 

L=f 
3 F 

N( 

K= 'E' 

E 
J=D 
D 

115 

-0.5 to 20 
-0.5 to 18 
-0.5 to Voo+0.5 

±10 
200 

100 

-55 to 125 
-40 to 85 
-65 to 150 

3 to 18 
3 to 15 
O to Voo 

-55 to 125 
-40 to 85 

MMC4D5D 

Voo 
G=A 

A 
H=B 

B 

).,( 

( 

VjS ----

V 
V 
V 

mA 
mW 

mW 

"C cc 
'·C 

V 
V 
V 

cc 
"C 



STATIC IILBCTRICAL CHA~CTERIBTICB 
[over recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER V1 Va Voo T'tow 
M IVI IVI min. max. 

IL Quiescent G,H O/ 5 5 1 
current types 0/10 10 2 

0/15 15 4 
0/20 20 20 

E, F O/ 5 5 4 
types 0/10 10 8 

0/15 15 16 

V□H Output high O/ 5 5 4.95 
voltage 0/10 10 9.95 

0/15 15 14.95 

Vo.. -Output low 5 /O 5 U05 
voltage 10/0 10 0.05 

15/0 15 0.05 

V1H Input high voltage 140491 0.5 5 4 
1 10 8 
2 15 12 

V1H Input high voltage 14050} 4.5 5 3.5 
9 10 7 

13.5 15 11 

V1L Input low voltage 14049) 4.5 5 1 
9 10 2 

13 15 3 

V1L Input low voltage 14050} 0.5 5 1.5 
1 10 3 
1.5 15 4 

loH Output drive G,H O/ 5 2.5 5 1.6 
current types O/ 5 4.6 5 0.64 

0/10 9.5 10 1.6 
0/15 13.5 15 4.7 

E, F O/ 5 2.5 5 1.5 
types O/ 5 4.6 5 0.61 

0/10 9.5 10 1.5 
0/15 13.5 15 4.5 

loL Output sink G,H O/ 5 0.4 5 3.75 
current types 0/10 0.5 10 10 

0/15 1.5 15 30 

E, F O/ 5 U4 5 3.6 
types 0/10 U5 10 9.6 

0/15 1.5 15 28 

111-i,liL Input leakage G,H 0/18 18 ±U1 
current types 

E, F 0/15 15 ±U3 
types 

c, Input 4049 Any input 
capacitance 4050 

• T L□w = -55°C for G, H device: -4□°C for E, F device 
• T HIGH= +125"C for G, H device: +85°C for E, F device 

The noise margin lonly MMC 4050 typel for both • 1" and „o• level is: 
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VAL!,JES 

25°C ~IGH 
min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 

0.02 4 30 
0.02 8 60 
a02 16 120 

4.95 4.95 
9.95 9.95 
14.95 14.95 

0.05 0.05 
0.05 0.05 
0.05 U05 

4 4 
8 .8 

12 12 

3.5 3.5 
7 7 

11 11 

1 1 
2 2 
3 3 

1.5 1.5 
3 3 
4 4 

-1.25 -6.4 -0.9 
-0.51 -1.6 -0.36 
-1.30 -3.6 -0.9 
-3.75 -12 -2.6 

-1.25 -6.4 -1 
-0.51 -1.6 -0.42 
-1.25 -3.6 -1 
-3.75 -12 -3 

3.2 6.4 2.2 
8 16 5.6 

24 48 17 

3.2 6.4 2.6 
8 16 6.6 

24 48 19 

±10-5 ±0.1 ±1 

±10-5 ±0.3 ±1 
~ 

15 22.5 
5 7.5 

1 V min. with V00 = 5V 
2V min. with V00 = 10V 

2.5V min. with V00 = 15V 

UNI T 

p.A 

V 

V 

V 

V 

V 

V 

mA 

p.A 

pF 



MMC 4049 MMC4D5D 

0VNAMIC ELECTRICAL CHARACTERIBTICB 

IT A= 25°C, CL = 50 pF, RL,= 200 kohm, typical temperature coefficient for all V00 values is 0.30/o/°C, all input 
r1se and fall t1mes = 20 nsl. 

TEST CONDITIONS VALUES 
PARAMETER UNIT 

Vi[VJ VnnCVJ min. typ. max. 

tPLH Propagation delay time (40491 5 5 60 120 
10 10 32 65 ns 
10 5 45 90 
15 15 25 50 
15 5 45 90 

t PLH Propagation delay time C4050J 5 5 70 140 
10 10 40 80 ns 
10 5 45 90 
15 15 30 60 
15 5 40 80 

t PHL Propagation delay time (40491 5 5 32 65 
10 10 20 40 ns 
10 5 15 30 
15 15 15 30 
15 5 10 20 

t PHL Propagation delay time C4050J 5 5 55 110 
10 10 22 55 ns 
10 5 50 100 
15 15 15 30 
15 5 50 100 

t TLH Transition time 5 5 80 160 
10 10 40 80 ns 
15 15 30 60 

t THL' Transition time 5 5 30 60 
10 10 20 40 ns 
15 15 15 30 

SCHEMATIC DIAGRAMS 

MMC4D49 MMC4D!50 

.J1.. R 
vi 

117 



MMC 4D15'1 . MMC 4D58 MMC 40!53 

ANALOG MUL TIPLEXERS-DEMUL TIPLEXERB: 
4D!5'1 BINGLE S-CHANNEL 
4D58 DIFFERENTIAL 4-CHANNEL 
4D53 TRIPLE 2-CHANNEL 

GENERAL DEBCAIPTIDN 

The MMC 4051, MMC 4052 and MMC 4053 are 
monolithic integrated circuits, available in 1 6-lead 
dual-in-line plastic or ceramic package. MMC 4051, 
MMC 4052 and MMC 4053 analog multiplexers/de
multiplexers are digitally controlled analog switches 
having low ON impedance and very low OFF leakage 
current. These multiplexer circuits dissipate extre
mely low quiescent power over the tuli V00-Vss and 
V0 p-VEE supply-voltage ranges, independent of the 
logic state of the control signals. When a-logic „1" is 
present at the inhibit input terminal all channel are 
off. The MMC 4051 is a single 8-channel multiplexer 
having three binary control inputs, A, 8 and C, and an 
inhibit input. The three binary signals select 1 of 8 
channels to be turned on, and connect one of the 
8 inputs to the output. The MMC 4052 is a differen
tial 4-channel multiplexer having two binary control 
Inputs,. A and 8, and an inhibit input. The two binary 
input s1gnals select 1 of 4 pairs of channels to be tur
ned on and connect the analog inputs to the outouts. 

ABSDLUTE MAXIMUM AATINGS 

Va□• 

V, 
I ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current (any one input] 
·ratai power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

The MMC 4053 is a triple 2.-channel multiplexei- ha
ving three separate digital control inputs, A, 8, and C, 
and an inhibit input. Each control input selects one of 
a pair of channels which are connected in a singlepole 
double-throw configuration. 

FEATURES 

• Low „ON" resistance: 125 ohm ltyp.l over 15 Vp.p. 
signal-input range for V00-VEE = 15 V 

• High „OFF" resistance: channel leakage ± 100 pA 
(typ.l Voo-VEE = 18 V 

• 8inary address decoding on chip 
• Very low quiescent power dissipation under all digi

tal control input and supply conditions: 0.2/uW 
(typ.J, Voo-Vss = Voo-VEE = 10 V 

• Matched switch characteristics: RoN = 5 ohm 
(typ.J for Vo□-VEE = 15 V 

• Wide range of digital and analog signal levels: digital 
3 to 20 V, analog to 20 Vp.p. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

• AII voltage values are referred to Vss pir1 voltage 

RECDMMENDED DPERATING CDNDITIDNS 

Va □• Supply volta~e: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAMS 

MMC4D5'1 

CHANNELS 1 
IN/OJT 2 

(OM OUT/IN 3 

CHANNELS 4 
IN/0.JT 5 

6 

7 

MMC4D52 

1 Vro 
2 2}X CHANNB.S 
3 1 IN/ClJT 

C!HOl"X"OJT/IN 

INH 
~} X CHANNB.S 3 IN/0.JT 

VEf A 

B 
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MMC 4D51 MMC ""•D152 MMC 4053 

STATIC ELECTAICAL CHAAACTEAIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER Vis Vee Vss Va□ Ttow 
IVI IVI IVI IVI min. max. 

IL quiescent G,H 5 5 
device types 10 10 
current 15 20 

20 100 

E. F 5 20 
types 10 40 

15 80 

Switch 

ON-resistance G,H 0:5V1 5 880 
types :S:Voo o o 10 310 

15 220 

E.F 0:5V1 5 880 
types :S:Vo□ o o 10 330 

15 230 

A ON-resistance 
lbetween 5 
any 2 channelsl o o 10 

15 

OFF lei Any channel G,H o o 18 100 
channel OFF types 

leakage Ali channels G.H 
current OFF (rommon types o o 18 100 

OUT/INI 

~ny channel c:. f-
OFF types o o 15 300 

~li channels E, F 
PFF lcommon itypes o o 15 300 
OUT/INI 

C-capa- Input 
citance Output 4051 

Output 4052 -5 -5 5 
Output 4053 
Feedthrough 

Control EAddre■■ or lnhlbltJ 

V1L Input low voltage = Va□ Vee = Vss 5 1.5 
thru RL=1KH 10 3 
1Kn to Vss 15 4 

V1H Input high voltage 115 >2µ.A 5 3.5 
Con all 10 7 
OFF 15 11 

channelsl 

119 

VALUES 

25°C ~IGH UNI T 

min. typ. max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

0.04 20 150 µ.A 
0.04 40 300 
0.04 80 600 

470 1050 1200 
180 400 580 
125 280 400 

470 1050 1200 n 
180 400 520 
125 280 360 

10 
10 n 
5 

±0.1- 100 1000 nA 

±0.1 100 1000 nA 

±0.1 300 1000 nA 

±0.1 300 1000 nA 

5 
30 
18 pF 
9 

0.2 

1.5 1.5 
3 3 V 
4 4 

'3.5 

ţ:' 
3.5 

7 7 V 
11 

I 
11 



MMC 4D!51 MMC 40!51ii! MMC 4D!53 

STATIC ELECTRICAL CHARACTERISTIC■ 
lover recommended operating conditionsl 

TEST CONDITIONS VALUES 

PARAMETER Vis VEE Vss V□□ l'tow 
IVI IVI IVI IVI min. max. min. 

l1H, l1L Input G,H V1 = 0/18 V 18 ±0.1 
leakage types 

current E, F 
types V1=0/15V 15 ±0.3 

C1 Input capacitance Any address 
or inh1bit 

input 

Col Determined by minimum feasible leakage measurement for automatic testing 
ml TLow = -55°C for G, H device; -40°C for E, F device. 

T Hogh = +125°C for G, H device; +85°C for E, F device. 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
IT A= 25°C, CL = 50 pF, all input square wave rise and fall time = 20 nsl 

PARAMETER 

Bwlt:ch 

t f Propagation 
e ay time !Signal 

Input to output] 

Frequency 
response 
channel „ON" [Sine 
w ave lnput)at 

Va 
20 Log - = -3 dB 

V1 

Feedthrough 
all channels OFFI 

Va 
at 20 Log- = v, 

- 40 dB 

TEST CONDITIONS 

VEE RL f; VIs 
CVJ IKnl IKHzl IVJ 

10V 
200 .n. 

5[•) 

=Vss 1 

=Vss 1 51.91 

Vss V00 

CVl CVJ 

5 
10 
15 

10 

10 

VO at common 
OUT/IN 

V O at any channel 

V ?.J at common 
O T/IN 

V0 at any channel 

25°c 

typ. max. 

±10 3 ±0.1 

±1 □-• ±0.3 

5 7.5 

4053 
4052 
4051 

4053 
4052 
4051 

Frequency signal Between any 2 channels 
rosstalk at C 

Va Between Measured 
20 Log -= -40 dB 51•1 10 sections an common 

V1 4052 only 

= Vss 1 Measured 
an any 
channel 

Between any 2 ln pin 2 
sections aut pin 14 
4053 only 

ln pin 15 
aut pin 14 

S111t: wave dis tor- 10 1 2r.-1. 5 
tion 115 = 1 KHz =Vss 10 1 31.91 10 
,ne wave 10 1 51.91 15 s 

120 

~IGH UNI T 

min. max. 

±1 
µA 

±1 

pF 

VALUES 
----,,----, UN IT 
typ. max. 

30 30 ns 
15 60 
11 20 

30 
25 MH z 
20 

60 MH z 

8 
10 MH z 
12 

8 MH z 
·-

3 

6 

10 MH z 

2.5 

6 

0.3 
0.2 O/o 

0.12 



MMC 40~1 MMC 4D52 MMC 4D53 

TEST CONDITIONS 

PARAM ETER RL f, v,5 

IKI IKHzl IVI 

Cancral Eeddr••• ar lnhlblt;J 

opagation delay time: Pr 
A 
C 

ddress-to signal OUT 
hannels DN or OFF 

ropagation delay time: p 
I nhibit to signal OUT 
I channel turning ONJ 

opagation delay time: Pr 
I nhibit to signal OUT 
I channel turning OFA 

ddress or inhibit to A 
s ignal crosstalk 

o 
o 
o 

- 5 

o 
o 10 
o 

- 10 

o 
o 0.3 
o 

- 10 

o 1mi-

Voo- VEE 
(el Peak to peak voltage symetrical about ---

2 
l~!-1 80th ends of channel. 

Vss Voo 
IVI IVI 

o 5 
o 10 
o 15 
o 5 

o 5 
o 10 
o 15 
o 5 

5 
10 
15 
5 

o 10 Vc= V00 - V85 
ISquare wavel 

FUNCTIDNAL DIAGRAMS AND TRUTH TABLE& 

MMC4D51 

B 

LOGIC LEVEI.. 

CONVERSION 

8 
Vss 

7 
VfE 

BINMY'ID 

1 OF 8 

DECODER 

1H INHIBIT 

7 

CIWffl.S IN/OUT 

5 4 3 2 1 O 

INPUT STATES 

INHIBIT C 8 

o o o 
o o o 
o o 1 
o o 1 
o 1 o 
o 1 o 
o 1 1 

·O 1 1 
1 X X 
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VALUES 
---...... ---UNIT 

typ. max. 

360 720 
160 320 ns 
120 240 
225 450 

360 720 
160 320 ns 
120 240 
200 400 

200 450 
90 210 ns 
70 160 

130 300 

65 mV 
peak 

„DN" CHANNEUSI 
A 

o o 
1 1 
o 2 
1 3 
o 4 
1 5 
o 6 
1 7 
X NONE 



MMC4D52 
Voo 

UlGIC LEVEL 

CONVERSIJN 

BINARYlD 

10F4 

OECOOER 

INHIBIT 

MMC 405'1 MMC 4052 MMC 4053 

X C~ltlB.S IN/OOT 

Y C~Nas INKlJT 

INHIBIT 

o 
o 
o 
o 
1 

B 

o 
o 
1 
1 
X 

A 

o 
1 
o 
1 
X 

Ox, Oy 
1x, 1y 
2x, 2y 
3x, 3y 

NONE 

MMC4053 

UlGIC LEVEL 
CONVERSD'l 

INH 

ss 

SPECIAL CDNSIDERATIDNB 

INHIBIT 

o 
o 
1 

A or Bor C 

o 
1 
X 

aii: or bx or ex 
ay or by or cy 

NONE 

Control of analog signals up to 20 V peak-to-peak can be achieved by digital signal amplitudes of 4.5 to 
20 V lif V00-Vss = 3 V, a V□□-VEE of up to 13 V can be controlled; for V□□-VEE levei differences above 
13 V, a V00-V55 of at least 4.5V is requiredl. For example, if V00 = + 5V, V55 = O, and VEE = -13.5V, ana
log s1gnals from -13. 5V to + 4. 5V can be controlled by digital inputs of O to 4.5V. ln certain applications. 
the externai load-resistor current rnay include both V00 and signal-line components. To avoid drawing V00 
current when switch current flows into the transmission gate inputs, the voltage drop across the bidirec
tional switch must nat exceed 0.8 volt. No V00 current will flow through RL if the switch current flows into 
lead 3 an the MMC 4051: leads 3 and 13 an the MMC 4052; leads 4, 14, 15 an the MMC 4053. 
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MMC 4054 MMC 4055 MMC 4056 

LIGIUID-CRYSTAL DISPLAY DRIVERB 

4D54-

4D55-

4D515-

4 SEGMENT DISPLAY 
DRIVER-STRDBED LATCH FUNCTIDN 
BCD TD 7-SEGMENT DECDDER/ 
DRIVER, WITH 
11DISPLAY-FREGIUENCY11 OUTPUT 
BCD TD 7-SEGMENT DECDDER/ 
DRIVER WITH STRDBED LATCH 
FUNCTIDN 

GENERAL DEBCRIPTIDN 

The MMC 4054, MMC 4055, MMC 4056 CG, H 
types extended temperature range and the E, F 
types intermediate temperature rangel are monolit
h1c integrated circuits availabte in 1 6-lead dual in-line 
plastic or ceramic package. The MMC 4055 and 
MMC 4056 types are single-digit BCD-to-7-seg
ment decoder /driver circuits that provide level-shif
ting functions an the chip. This feature permits the 
BCD input-signal swings CV00 to Vs~ tobe the same 
as or different from the 7-segment output-signal 
swings CV00 to VEEJ. For example, the BCD input-sig
nals swings CV00 to V&) may be as low as O to -3V, 
whereas the output-display drive-signal swing CV00 
to VEi:l may be from O to -5V. lf V00 to VEE exceeds 
15V, V00 to Vss should be at least 4V. The 7-seg
ment outputs are contrelled by the DISPLAY-FRE
QUENCY c□ Fl input which causes the selected seg
ment outputs to be low, high, or a square-wave out
put !for liquid-crvstal displaysl. 
When the OF input is low the output segments will be 
high when selected by the BCD inputs. When the OF 
input is high, the output segments will be low when 
selected by the BCD inputs. When a square-wave is 
present at the OF input, the selected segments will 
have a square-wave output that is 1 BCJ' aut of phase 
with the OF input. Those segments which are nat se
lected will have a square-wave output that is m phase 
with the input. OF square-wave repetition rates for li
quid-crystal displays usually range trom 3D Hz lwell 
above flicker ratei to 200 Hz lwell bellow the upper li
mit of the liquid crystal frequency responsel. The 
MMC 4055 provides a level-shifted high-amplitude 
OF output which is required for driving the common 
electrode in liquid-crystal gisplays. The MMC 4056 
provides a strobed latchtunction at the BCD inputs. 
Decoding of all input combinations an the MMC 4055 
and MMC 4056 provides d1splays of O to 9 as well as 
L.,P,H,A - and a blank position. The MMC 4054 provi
des levei shift;ing similar to the MMC 4055 and MMC 
4056 independently strobed latches, and common OF 
contll'OI an 4 signal lines. The MMC 4054 is intended 
to provide drive-signal compatibility with the MMC 
4055 and MMC 4056 7-segment decoder types for 
the decimal point, colon, polarity, and similar display li
nes. A level-shifted high-amplitude OF output can be 
obtained from any MMC 4054 output line by con
necting the corresponding input and strobe lines to a 
low and high levei, respectively. The MMC 4054 ryiay 
alsa be utilized for logic-levei .up conversion" or 
.down conversion". For example, input-signal swings 
IV00 to Vs~ from +5 to DV can be_converted to out
put-signal swings IV00 to VEEJ of +5 to -5V. The 
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levei shifted function an all three types permits the 
use of different input-and output-signal swings. The 
input swings from a low level of Vss to a high level of 
V00 while the output swings from a low level of VEE to 
the same high levei of Voo- Thus, the input and output 
swings can be selected independentlv of each other 
over a 3-to 1 BV range. Vss may be connected to VEE 
when no level-shift function is required. For the 
MMC 4054 and the MMC 4056, data are transfered 
from input to output by placing a high voltage level at 
the strobe input. A low voltage level at the strobe in
put latches the data input and the corresponding 
output segments remain selected Cor non-şelectedl 
while the strobe is low. Whenever the level-shifting 
function is required, the MMC 4055 can be used by 
itself to drive a liquid-crystal display. The MMC 
4056, however, must be used together with a MMC 
4054 to provide the common OF output. 

FEATURES 

• Operation of liquid crystals with CMOS circuits 
provides ultra low-power d_isplays . . . . 

• Equivalent AC output _drive for hqu1d-cr1stal d1s
plays-no externai capacItor req1.1;,•ed 

• Voltage doubling across display !Voo - VEi:l = 
1 BV resu1ts in effective 36 V lppl drive across 
selected display segments 

• Low-or high-output levei DC drive for other types 
of displays . . . 

• On chip logic-levei conversIon for d1fferent input 
and output-level swings 

• Full decoding of all input combinations: "0-9,L,H,P, 
A" and blank positions 

• Input current of 100 nA at 18V and 25°C for 
MMC device G, H types 

• 1 OOO/o tested for quiescent current 



ABSOLUTE MAXIMUM RATINGB 

V□□• 

V; 
I 

Pcot 

Supply voltage: G and H types 

Input voltage 
E and F types 

DC input current lany one input! 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 
Operating 
temperature: G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to Vss pin voltage 

MMC 4054 MMC 4D55 MMC 4D56 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECCMMENDED CPERATING CCNDITICNB 

Voo• Supply voltage: G and H types 3to 18 V 
E and F types a·to 15 V 

V; Input voltage Oto Voo V 
TA Operating 

temperature : G and H types -55to 125 oe 
E and F types -40 to 85 oe 

CCNNECTICN DIAGRAMB 

MMC4D54 MMC4D55 MMC 4D!16 

STR<l!E4 Voo DISPLAY VII) STROBE \1:1) 

l llSFUY IN 4 22 FREO. IN 
M4 STR& 3 BCD z1 "'i OOT 3 1N 3 INPIJlS = 7 

ltfll.l 23 

M2 STROBE2 SEIHNT -zO d SEli"IENT 
IISPlAY C OOJPl1l'S DISPLAY WTPUTS 

00T 1 IN 2 
fREQ IN FREQ.IN. 

Va STRCH1· \\:E VfE 
'!is 1N' \lss Vs$ 

FUNCTICNAL DIAGRAMS 

For 4054 For 4055 
V55 VfE voo 

For4056 

„ 4 01/U 

STAIIBE I I!? 
i ~ N3 ... 

~ B ~ ii. :,: - e t 2 
.., 

!ii 
... 8 

I 
a, ~ I!! 

IN2 IISPI.AY t -FAEO IN !ii .. 
STROBE ~ 

"' 1N, 0UT 1 DISPLAY 6 ,;--
FREO IN g ... 

DISPI.AY IISPI.AY 
8 .. 

FREO IN FREO 0UT 
5-1490 S-1489 

S-97 
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TRUTHTABLE 

For 4055 ■nd 405& 

INPUT CODE 

23 22 21 

o o o 
o o o 
o o 
o o 1 

o 1 o 
o 1 o 
o 1 1 

o 1 1 

1 o o 
o o 

1 o 1 

1 o 1 

1 1 o 
1 1 o 
1 1 1 

1 1 

20 

o 
1 

o 
1 

o 
1 

o 
1 

o 
1 

o 
1 

o 
1 

o 
1 

a 

1 

o 
1 

1 

o 
1 

1 

1 

1 

1 

o 
o 
1 

1 

o 
o 

DATA IN 

STROBE 
IN 

MMC 40114, MMC 401111, MMC 4015& 

OUTPUT STATE DISPLAY CHARACTER 

b C d e g 

1 1 1 1 1 o a 
1 1 o o o o I • 
1 o 1 1 o 1 a 
1 1 1 o o 1 3 
1 1 o o 1 1 'i 
o 1 1 o 1 1 5 
o 1 1 1 1 1 6 
1 1 o o o o , 
1 1 1 1 1 1 8 
1 1 1 o 1 1 g 
o o 1 1 1 o L 
1 1 o 1 1 1 H 
1 o o 1 1 1 p 
1 1 o 1 1 1 R 
o o o o o 1 -
o o o o o o BLANK 

Data setup time and strobe puise duration 

tw 
ts 
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MMC409~ MMC409~ MMC409B 

STATIC ELECTRICAL CHARACTERIBTICB 

lunder recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER Vee v, Va Vss Voo T~ow 
IVI IVI IVI IVI IVI Min. 

IL Quiescent Gand H -5 O/ 5 o 5 
supply types o 0/10 o 10 
curent o 0/15 o 15 

o 0/20 o 20 

Eand F -5 O/ 5 o 5 
types o 0/10 o 10 

o 0/15 o 15 

VoH Output o O/ 5 o 5 4.95 
high o 0/10 o 10 9.95 
voltage o 0/15 o 15 14.95 

VoL Output o 5 /O o 5 
low o 10/0 o 10 
voltage o 15/0 o 15 

V1H Input high -5 0.5/4.5 o 5 3.5 
voltage o 1/9 o 10 7 

o 1.5/13.5 o 15 11 

V1L Input low 5 4.5/0.5 o 5 
voltage o 9/1 o 10 

o 13.5/1.5 o 15 

loH Output Gaud H -5 O/ 5 4.5 o 5 -0.6 
high types o 0/10 9.5 o 5 -0.6 
current o 0/15 13.5 o 15 -1.9 

Eaud F -5 O/ 5 4.5 o 5 -0.47 
types o 0/10 9.5 o 10 -0.47 

o 0/15 13.5 o 15 -1.58 

loL Output Gand H -5 O/ 5 0.4 o 5 1.6 
low types o 0/10 0.5 o 10 1.6 
current o 0/15 1.5 o 15 4.2 

Eand F -5 O/ 5 0.4 o 5 1.37 
types o 0/10 0.5 o 10 1.37 

o 0/15 1.5 o 15 3.62 

l1H, -lH!-lnput Gaud H o 0/18 o 18 
l1L leakage types 

current 
Eaud F 
types o 0/15 o 15 

c, .. Input capacitance 

• T LOW = -55°C for Gaud H devices: -40°C for Eaud F devices. 
• THIGH = +125°C for Gaud H devices: +85°C for Eaud F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. w1th Voo = 5 V 
2 V min. w1th V00 = 10 V 

2.5 V min. with V00 = 15 V 
·• Any input 

llb 

Max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

VALUES 

25°c T~IGH UNI T 
Min. Typ. Max. Min. Max. 

0.04 5 150 
0.04 10 300 
0.04 20 600-
0.08 100 3000 

µA 
U04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

r-0,45 -0.9 -0.3 
r-0,45 -0.9 -0.3 
-1.5 -3 -1.1 

mA 
-0.38 -0.9 -0.28 
-0.38 -0.9 -0.28 
-1.27 -3 -0.95 

1.3 2.6 0.9 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
1.1 2.6 0.82 
1.1 2.6 0.9 
2.9 6.8 2.17 

±10-5 ±0.1 ±1 µA 

±10-5 ±0.3 ±1 µA 

5 7.5 pF 



MMC 4054, MMC 40155, MMC 4056 

DYNAMIC ELECTAICAL CHAAACTEAIBTICB 
IT amb = 25°C, CL = 50 pF, RL = 200 k typical temperature coefficient for all Voo values is 0.3D/o/°C, all in
put rise and fall times = 20 nsl 

TEST CONDITIONS 

PARAMETER VEE Vss 
IVI (V) 

tPHL, Propagation delay -5 o 
tP\.H time !Any time to o o 

Any output) o o 
trHL, Transition time -5 o 
trLH !Any output) o o 

o o 
t5et up 

. Data setup time -5 o 
o o 
o o 

tw· Strobe puise 
width -5 o 

o o 
o o 

• MMC 4055 and 4056 only 

TYPICAL APPLICATIDNB 

Display-driver circuit for one segment line 

LEVEL-
SltFTED 
DFwr 

IJSPLAY i DRIVER 
SEGMENT 
lflUT 

i Co tu gl 
lt«Ji=SELECTI 

Single-digit liquid crystal display 

ICD Nil .... 
Dn,T1L,DI 
CG LOM 
DPTDI 1 OPTICII 

VII) ~ 
,sv 

"ss "ss -sv ... ... _,,, _.,,,. 

DFOIIT 

DfoUT 

Voo 
IVI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

TYPES 

4054 4055 and 4056 UNIT 
Min. Typ. Max. Min. Typ. Max. 

400 800 650 1300 
340 680 575 1150 ns 
250 500 375 750 

100 200 100 200 
100 200 100 200 ns 
75 150 75 150 

220 110 220 110 
100 50 100 50 ns 
70 35 70 35 

220 110 220 110 
100 50 100 50 ns 
70 35 70 35 

Digital 10 to +5 to -5VI to bidirectional analog 
control I +5 to -5VI level shi~er 

sv 



MMC 401141 MMC 4011111 MMC 40118 

Conversion of "H" display to "F" display 

Clock display 

LllUII Cl'l'STAL DNII tUCTIIIII 

Typical 3 1 /2-digit liquid crystal display: IV00 = +5V, V55 = OV. Vee = -10V. DFN = 30 Hz square wave) 

s-..1 51ROlf 2 STIIIJIE J 2 J 4 

ln addition to the letters L, H, P and A, five other letters can be displayed through the use of simple logic 
circuits preceding and following the 4055 or 4056 devices. Figure bellow is an example of a circuit that 
converts an "H" display, lcode 10111 to an "F" display .. □ne condition that must be met is that Vee-Vss- lf 
Vee""' V55, the 4054 must be used to levei shift in the appropiate places. ln a similar manner the letters C, 
E. J and U can be displayed. These circuits can alsa be used to drive LED displays provided the exclusive
OR gates have sufficient output-current drive. The letters 8, O, G, I. O and S may be represented by the 
codes for numbers 8. O. 6, 1. O and 5 respectively, when there is preknowledge that only letters are to be 
display ed. 
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MMC406D 

14-STAGE RIPPLE-CARRV BINARV CDUNTER/ 
DIVIDEA AND DSCILLATDR 

GENERAL DEBCAIPTIDN 

The MMC 4060 is a monolithic i.c. processed in 
standard Al-gate CMOS technology. This device 
consists of an oscillafor section and 14 ripple-carry 
bmary counter stages. The oscillator configuration 
allows design of either RC or crystal oscillator cir
cuits. AII counter stages are master-slave flip-flops. 
The state of the counter is advanced one step in bi
nary order on the negative transition of 0r land 0ol A 
high levei on the RESET line resets the counter to 
the all O's state and disables the oscillator. Schmitt 
trigger action on the clock line permits unlimited 
clock rise and fall tin;ies. AII inputs Rnd outputs are 
fully buffered. 

ABBDLUTE MAXIMUM RATINGB 

Voo• Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one input] 
Ptat Total power dissipation lper packageJ 

Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 
temperature: G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Medium-speed operation 
• Fully static operation 
• Buffered inputs and outputs 
• Common reset 

-0.5 to 20 
-0.5 to 18 
-0.5 to Voo+0.5 

±10 
200 

100 

-55 to 125 
-40 to 85 
-65 to 150 

AECDMMENDED DPEAATING CDNDITIDNB 

Voo• Supply voltage: G and H types 3 to 18 
E and F types 3 to 15 

V, Input voltage O to Voo 
TA Operating 

temperature : G and H types -55 to 125 
E and F types -40 to 85 

CDNNECTIDN DIAGAAM 

Q12 1 \\JJ 

• Q13 2 Qll 
Q14 3 Q8 
(16 4 (19 

(15 5 IESET 

Q7 flI 
(14 7 ~ 

VSS 8 ~o 
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V 
V 
V 

mA 
mW 

mW 

oe 
ac 
ac 

V 
V 
V 

oe 
oe 



STATIC ELECTAICAL CHAAACTEAIBTICB 

lover recommended operating conditions) 

TEST CONDITIONS 

PARAMETER v, Va I lol Voo ~OW 
IVl IVl lµAl IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H !nput high I o.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 1"5 -3.6 

l□L Dutput G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
current 

E,F input 
0/15 15 

types 

c, Input 
capacitance Any input, 

• T LOW ~ -!Ş5°C for G~ H dev1ces; :....40"C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level îs: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4D6D 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-:-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

• 5 7.5 pF 



MMC406D 

DVNAMIC ELECTRICAL CHAAACTEAIBTICB 

!TA= 25°C, CJ.. = _50 pF, R.J. = 200 kohm, typical temperature coefficient for all V00 = 0.30/o/°C values, all 
input nse and tall tIme = 2□ ns) 

PARAMETER 

Input-pul•• operat.Ion 

t 
t 

t 
t 

PLI-+ 
PHL 

PU+ 
PHL 

TLH-t 
t THL 

t w 

t ro t, 

,,._ 

t PLH 

t w 

Propagation delay time 

C0to Q4 Outl 

Propagation delay time 

(Qn to Gn+1l 

Transition time 

Input puise width 

Input rise and fall time 

Maximum clock input 

frequency 

Propagation delay time 

Reset puise width 

AC operat.Ion 

Variation of frequency 

IUnit-to-Unitl 

Variation of frequency with 

voltage CSame Unit) 

R,max 

TEST CONDITIONS 

I V001VI 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

f = 100 kHz 10 

15 
5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

C, = 200 pF 5 

Rs= 560 kfi 10 

R, = 50 kn 15 

i:::, = 200 pF 5V to 10 V 

Rs= 560 kn 
R, = 50 kn 10 V to 15 V 

C,= 10 µF 5 

= 50 µF 10 

= 10 µF 15 
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VALUES 

Min. I Typ. I Max. 

370 740 

150 300 

100 200 

100 200 

50 100 

40 80 

100 200 

50 100 

40 80 

50 100 

20 40 

15 30 

Unlimited 

3.5 7 

8 16 

12 24 

180 360 

80 160 

50 100 

60 120 

..ao 60 

20 40 

18 21.5 25 

20 23 26 

21.1 ·24 27 

- - 2 

- - 1 

- - 20 

- - 20 

- - 10 

UNIT 

ns 

ns 

ns 

ns 

µS 

MHz 

ns 

ns 

kH z 

M! 



MMC4D&D 

TEST CON0ITIONS VALUES 
PARAMETER UNI T 

VorJ.VI Min. Typ. Max. 

R1 - 500 kfi 5 1000 

C 1 max = 300 kfi 10 - - 50 µF 

= 300 kn 15 - - 50 

Maximum Oscillator Frecquencyi} Ax= 5 kn 10 530 650 810 
kHz 

C1 = 15 pF 15 690 800 940 

• RC oscillator applications are not recommended at supply voltages below 7 V for R1 = 50 kn 

LOGIC DIACJRAM 

•R•ff(jH IXJ1NATES (l&lS AU. STAGESI 
6 ctlMtR ADWICES 1H BINART' COLINI' 

ON EACH NEGATM-tilffi TRANSITIOI OF 
• IIAND •Ol 

Oetail of tipical flip-flop stage 

APPLICATIDNS 

TJPl<GI AC ne- ctai1t 

FF1 FF2-FFl3 FF14 

Q,4-Q11 Q12 ,1113 

Typkal crystal -- cnuit ,------ --- - ---- ---, 
1 191C~HO I fNK-.---------- - -~ 
I ,-----,1 

14 S1Alil I 
'-,~-~ COUNTBI 1 

, 
loc. Z,ZAtCt 
Yg,aWV 
C1>111Gpf 
Rt>1kA 

lls•WAt 

I .--,~....--,-.~,_,.-, 14 STAliE I 
CIIUNIUI : 

- -- - - - - J 
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MMC40SS 

BUAD BILATERAL SWITCH 
FOR TRANBMISSIDN DR MUL TIPLEXING 
DF ANALOG DR DIGITAL SIGNALS 
GENERAL DEBCRIPTIDN 

The MMe 4066 CE, F - intermediate tempersture 
range and G, H - extended temperature rangel are 
monolithic integrated circuits, available in 14-lead 
dual in-line plastic or ceramic package. 
The MMe 4066 is a quad bilateral switch intended 
for the transmission or multiplexing of analog or digi
tal signals. lt is pin-for-pin compatible with MMe 
401 6, but exhibits a much lower DN resIstance. ln 
addition, the DN resistance in relat1vely constant 
over the full input-signal range. The MMe 4066 con
sists of four independent bilateral switches. A single 
control signal is required per switch. Both the p and n 
device in a given switch are biased DN or OFF simul
taneously by the control signal. 
As shown in schematic diagram, the well of the 
n-channel device on each switch is either tied to the 
input when the switch is DN or to Vss when the 
switch is OFF. This configuration eliminates the va
riacion of the switch-transistor threshold voltage with 
input signal, and thus keeps the DN resistance low 
over the full operating-signal range. The advantages 
over single-channel switches include peak input sig
nal voltage swings equal to the full supply voltage, 
and more constant DN impedance over the input-
signal range. ' 

ABSOLUTE MAXIMUM RATINGB 

V□□• 

V, 
I 
Ptat 

Supply voltage: G and H types 
E and F types 

Input voltage 
oe input current lany one inputJ 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 

T stg 

temperature : G and H types 
E and F types 

Storage temperature 

FEATURES 

• 15 V digital or ±7.5 V peak-to-peak switching 
• 80 n typical DN resistance for 15 V operation 
• Switch DN resistance matched to within 5 n over 

15 V signal-input range 
• High on/off output-voltage ratio: 65 dB typ. at f,5 = 

10 kHz, AL= 10 kn 
• High degree of linearity: < 0.50/o distortion typ at f, 5 =1 

kHz, V,5 = 5 Vp-p, V00-Vss 2:: 10 V. AL = 1 O kH 
• Extremely low off switch leakage resulting in very 

low offset current and high effective OFF resis
tance: 10 pA typ.at V00-Vss = 10 V, TA= 25°C 

• Extremely high control input impedance !control 
circuit isolated from signal circuit): 1012 n typ. 

• L.ow crosstalk between switches: -50 dB typ. at f, 5 = 
0.9 MHZ. AL= 1 k 

• Matched control-input to signal-output capaci
tance: reduces output signal transients 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

• Ali voltage values are referred to Vss pin voltage 

AECDMMENDED DPERATING CDNDITIDNB 

V□□• Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V. 

V, Input voltage O to Voo V 

TA Operating 
temperature : G and H types -55 to 125 oe 

E and F types -40 to 85 oe 

FUNCTIDNAL DIAGAAM 

SIGNAL {1N/ OUT f 14 'txl 
A OUT/IN 2 13 CONTROL A 

SIGNAL {OUT/ IN 3 12 crtmn D 
B IN/OUT 4 11 IN/OUT 

;smrL 
CONTROL B 5 10 OUT/IN 
CONTROL C 6 9 OUT/IN 

}Sl~L 
Vss 7 8 IN/OUT 
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SCHEMATIC DIAGRAM 
1 of 4 identica! switches and its associated control 
circuitry 

CONTROL SWITCH 
NORMAL (J'ERATION 
CONTRCI. LINE BIASING 
Sw'llCH CJ.1- Vc ..1"='txJ 
SWITCH OFF-Vc „O"=Vss 

Vi 

TVPICAL APPLICATIDNB 
Bidirectional signal transmission via digital cbnţrol logic 

r,_s; 
INPUT 

7 _5v 

Usv 
Voo' sv 

MMC 
4054 

ANALOG INPUTS (!SV) 

MMC 
4066 

MMC4D66 

Voo•SV 

DIGITAL 
CONTROL 
INPUTS Vss=OV 

Vrr::-SV 
-------------Vss:-5V 

ANALOG OJTPIJTS ltSV l 
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MMC4D&& 

ELECTRICAL CHARACTERIBTICB 

IT A = 25°C, typical temperature coefficient for all V□□ values is 0,30/o /°CJ 

TEST CONDITIONS VALUES 

PARAMETER v, V□□ TLow* 25°c THIGH* 
CVI (V) UNI 

min. max. min. typ. max. min. max. 
T 

IL G\Jiescent O/ 5 5 0.25 0.01 0.25 7.5 
device G,H 0/10 10 0.5 0.01 0.5 15 current 
CAII switches 

types 
0/15 15 1 0.01 1 30 

DN or all 
switches 0/20 20 5 0.02 5 150 

µA OFFI 
E,F O/ 5 5 1 0.01 1 7.5 

types 
0/10 10 2 001 2 15 

0/15 15 4 0.01 4 30 

Blgnal Input:• CV;5 I and Outputs CV05I 

RoN On resistance Vc= VDD 5 800 470 1050 1300 
G,H RL = 10 kfl return 10 310 180 400 550 
types 

V□□-Vss 15 200 125 240 320 ,_ 
to n 

E, F 2 5 850 470 1050 1200 

types V;5 = Vssto Voo 10 330 180 400 500 
15 210 125 240 300 

_iON Resistance Between RL = 10k!l, Vc = Voo 5 15 
Any 2 switches, 

10 10 !l .iRoN 
15 5 

TDH Total Harmonic Vc=V0 o=5V, Vss=-5V, 
Distorsion V,s Cp-pl=5V 

(Sine wave centered în OV) 0.4 O/o 
RL = 10 k!l 
f;5 = 1 kHz sine wave 

-3d8 Cutoff Frequency Vc=V00=5V, Vs5=-5V, 
(switch ani V;5 Cp-pl=5V 

40 MHz 
(Sine wave centered an OV) 
RL=1kH 

-50d8 Fedtrrough Vc=Voo=5V, V,s Cp-pl=5V 
Frequency !switch offl (Sine wave centered an □VI 1 MHz 

RL = 1 kH 

-50d8 Crosstalk Frequency VcCAI = V□□ = +5V 
VcCBI = V55 = -5V 8 MHz 
V,5 CAI = 5Vp-p, 50!1 source 
RL = 1 k!l 

tpd Propagation delay RL = 200 k!l 5 20 40 
(Signal Input to Vc=V00, V55 = GND, 

10 10 20 Signal output) CL=50 pF, V;5 = 10V 
ns 

(Square wave ce,tred an 5VJ 
tr, = tr= 20 ns 15 7 15 

C,s Input capacitance V00=+5V 8 

Cos Output capacitance Vc=V55= -5V 8 pF 

C,as Feedthrough 0.5 
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TEST CONDITIONS 

PAAAMETEA Voo 
CVI 

Input/Output G,H Vc=[N 
Leakage current types V,s= 18V; Vas= DV 18 
switch OFF V;s = DV; Vas= 18V 

E,F Vc=[N 
itypes V,s= 15V; Vas= DV 15 

V,s = DV; Vas= 15V 

Control Ncl 

v,Lc Control input Low . 11,sl < 10 µA 5 
voltage V,s = Vss, Vas= Voo 

10 and 
V,5 = Voo, Vas= Vss 15 

V1HC Control input High 5 
voltage 

10 

15 

1,H, 1,L Input G,H V,s :5 Voo leakage 
V□□- V~s = 18 V 

18 
current types 

E, F Voo - V5s = 15 V 15 
types Vcc:5 Voo - Vss 

Crosstalk (control input to Vc = 1 O V (Sq. wavel 
signal output) tr, t1 = 20 ns 10 

AL= 10 kfl 

Turn-On propagat ion delay V1N = Voo, tr, 5 
t 1 = 20 ns: 10 
CL=50pF, 
AL= 1 kfl 15 

Control input V;s =Voo, Vss=GND 
Aepetition rate RL = 1 kn to gnd 5 

CL = 50 pf 
Vc = 10 V (Square 
wave centered an 5 VI 10 

tr, t1 = 20 ns 
Vas= 1/2 Vas O 15 
1 KHZ 

c, Input capacitance Any input 

• T1.ow = - 55°C for G, H devices; -4□°C for E, F devices. 
• T HIGH :;c +125°C for G, H devices; +85°C for, E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 "." 15 V 
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VALUES 

,..LOW 25°c T4'HIGH UNIT 

min. max. min. typ max. min. max. 

±0.1 ±10-3 ±0.1 ±1 

µA 

±0.3 ±10-3 ±0.3 ±1 

1 1 1 

2 2 2 V 

2 2 . 2 

3.5 3.5 3.5 

7 7 7 V 

11 11 11 

±0.1 ±10-5 ±0.1 ±1 
µA 

±0.3 ±10-5 ±0.3 ±1 

50 mW 

35 70 

20 40 ns 

15 30 

6 

9 MHz 

9.5 

5 7.5 pF 



MMC 4D67 MMC4097 

ANALOG MUL TIPLEXERS/DEMUL TIPLEXERB: 
MMC 4067: SINGLE 1 6-CHANNEL 
MMC 4097: DIFFERENTIAL B-CHANNEL 
GENERAL DEBCRIPTIDN 

The MMC 4067, MMC 4097 are monolithic integra
ted circu1ts, available in 24-lead dual-in-line plastic 
package. 
The MMC 4067, MMC 4097 analog multiplexers/de
multiplexers are digitally controlled analog switches 
having low DN impedance, low OFF leakage current, 
and internai address decoding. ln addition, the DN re
sistance is relatively constant over the tuli input-sig
nal range. 
The MMC 4067 is a 16-channel multiplexer with 
faur binary control inputs A. B, C, O, and an inhibit in
put, arranged so that any combination of the inputs 
selects one switch. 

ABSOLUTE MAXIMUM RATINGB 

Voo• Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one input! 
Pcat Total power dissipation (per packagel 

Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 
temperature : G and H types 

Tstg 
E and F types 

Storage temperature 

• AII voltage values are referred to Vss pin voltage 

The MMC 4097 is a differential 8-channel multiple
xer having three binary control inputs A, B, C, and an 
inhibit input. The inputs permit selection of one of 
eight pairs of switches. A logic „1" present at the in
hibit input turns all channels oft. 

FEATURES 

• Low an resistance: 125!1 Ctyp.l over 15 Vp-p sig
nal-input range for VoEiVss =- 15 V 

• High oft resistance: channel leakage of+ /-1 O pA Ctyp.J 
for VooVss = 15 V 

• Matched switch characteristics: ~ R0 n = 5n Ctyp). 
for V0tNss = 15 V 

• Very low quiescent power dissipation under all digi
tal-control input and supply conditions: a2. µ.W 
Ctyp.l for VotNss = 10 V 

• Binary address decoding an chip 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 ţo 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Von• Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage O to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40 to 85 oe. 

CDNNECTIDN DIAGRAM 

MMC4D67 MMC4D97 c:tHOI X 
lllT/IN 
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STATIC ELECTRICAL CHARACTERISTICB 
lover recommended operating conditionsl 

TEST CONDiTIONS 

PARAMETER Vis VEE Vss Voo TLDwl•l 
IV! IV,l IV! IV! min. max. 

L GiJiescent G and H 5 5 
device types 10 10 
current 15 20 

20 100 

E and F 5 20 
types 10 40 

15 80 

Switch 

DN Resistance Gand H osvi::=; o o 5 800 
types Voo 10 310 

15 200 

E and F 0$Vp o o 5 850 
types Voo 10 330 

15 210 

.lON Resistance 5 
18etween any ~ o o 10 
channelsl 15 

OFFlelAny 
leak· channel G and H 
age OFF types o o 18 100 
cur 

AII channels G and H 
rent OFF types o o 18 100 

lcommon 
OUT/INl 

Any 
channel E and F 
OFF types o o 15 300 

AII channels E and F 
OFF types o o 15 300 
lcommon 
OUT/INl 

C Input 

Capacitance Output 4067 
Q.itput 4097 
Feedthrouah -5 5 . 

Cant:ral EAddr••• ar lnhlblt:J 

VIL Input low voltage =Voo VEe==Vss 5 1.5 
thru AL= 1K 10 3 
1 kn to Vss 15 4 

V1H Input high voltage 11&"2µA 5 3.5 
Ion all OFF 10 7 
channelsl 15 11 

lu,+ ~L Input G and H Vi=0/18 18" ±01 
leakage •types 
curent 

E and F Vi=0/15 15 ±0.3 
types 
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MMC 40&7 MMC 4097 

VALUES 

25°c T HiGt-J•l 
UNIT 

min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
004 20 600 µA 
008 100 3000 

004 20 150 
0.04 40 300 
0,04 80 600 

470 1050 1300 
180 400 580 
125 240 320 n 
470 1050 1200 
180 400 520 
1"25 240 300 

10 
10 n 
5 

+l-0.' 100 1000 nA 

+l-0.' 100 1000 nA 

+I-O 300 1000 nA 

+l-0. 300 1000 nA 

5 

55 
35 pF 
0.2 

1.5 1.5 
3 3 
4 4 

3.5 3.5 V 
7 7 

11 11 

±1 □-3 ±0.1 ±1 µA 

±10"'3 ±0.3 ±1 µA 



MMC 4067 MMC 4D97 

TEST CONDITIONS VALUES 

PARAM ETER V1 Va I lol Voo Ttow 25°c 
(V) CVJ CµAl CVJ mm. max. min. typ max. 

CI Input capacitance Any address or inhibit input 5 7.5 

Cel Determined by minimum feasible leakage measurement for automatic testing 
~} TLow=-55°C for G and H types; -40°C for E and F types 

Thigh =+125°C for G and H types; +85°C for E and F types 

DVNAMIC ELECTAICAL CHAAACTERIBTICB 

CT amb = 25° C, CL = 50 pF, all input square wave rise and fall times = 20 nsl 

PARAMETER 

Switch 

pd Propagation delay t 
t 
o 
Ime (Signal input to 
utputl 

F requency response 
hannel .DN" (Sine C 

wa 
Lo 

ve inputl at 20 
g(V0 /V~ = -3cB 

Fe 
eh 
Lo 

edthrough Call 
annels OFF)at 20 
gCVo/V;l =-40cB 

equency signal Fr 
C 
Lo 
rosstalk at 20 
.f6V«tl/V,CAJJ = 

ine wave distortion s 
f ;5 = 1 kHz sine wave 

Vc 
CV] 

=Voo 

= Voo 

= Vss 

Vc1A1= Voo 

' VctBFVss 

5 
10 
15 

TEST CONDITIONS 

I RL I f; I V; I 
Cknl CkHzl CVJ 

200 Voo 
J7_ 

1 5Cel 
• 

1 5Cel 

1 5C•l 

10 1 2Cel 
10 1· 3CeJ 
10 1 5Cel 

Contrai EAddree■ ar lnhlbltJ 

Pr 
t 
b 

opagation delay 
ime: address or inhi-
it to signal OUT 

( channel turning ONJ 

ropagation delay 
ime: address or inhi-

p 
t 
b 
( 
it to signal OUT 
channel turning OFFJ 

dress or inhibit to Ad 
SI gnal crosstalk 

{~ Both ends of channel 

Voo 10 

IL 
Voo 0.3 

_fl_ 

..r7_1 I0~} 

Cel peak to peak voltage symmetrical about CV00-Vssl/2 
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Vss I Voo 
CVJ CVJ 

o 5 
10 
15 

o 10 Va at common 4067 
OUT/IN 4097 

Va at any channel 

o 10 V0 at common 4067 
OUT/IN 4097 
Va at any channel 

o 10 Between any CA and 
Bl channels 

Between Measured 
sections an 
CA and Bl common 
4097 only Measured 

an any 
channel 

o 5 
o 10 
o 15 

o 5 
o 10 
o 15 

o 5 
o 10 
o 15 

o 10 

~IGH UNIT 
min. max. 

I pF 

VALUES 

TYP. jMAX. 
UNI T 

30 60 
15 30 ns 
11 20 

14 
20 MH z 

60 MH z 

20 
12 MH z 
8 

1 

MH z 
10 

18 

0.3 
0.2 O/o 
012 

325 650 
135 270 ns 
95 190 

220 440 
90 180 ns 
65 130 

75 mV 
peak 



LOGIC DIAGRAM 

MMC4067 

A 

B 

C 

o 

fii\-----qv---
G.\ -...... ----IN HIBIT 

A 

X 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
1 

TRUTH TABLE fa 
MMC40&7 

B C 

X X 
o o 
o o 
1 o 
1 o 
o 1 
o 1 
1 1 
1 1 
o o 
o o 
1 o 
1 1 
o 1 
o 1 
1 1 
1 1 

D 

X 
o 
o 
o 
o 
o 
o 
o 
o 
1 
1 
1 
1 
1 
1 
1 
1 

lnh 

1 
o 
l) 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

Selecte 
channe 

None 
o 
1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
·11 
12 
13 
14 
15 

r 

d 
I 

C too ) . 
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... 
â5 
:c 
~ 

j!: 
:i 
VI 
ac ... 
C o 
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:a 
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Vss 
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MMC4DEl7 C~ l~V CHAtHL ltWUTX 

7 6 5 32107654321!!. 

vrn 
16 

Lfil--

NtlBIT 

A 

B 

( 

------.... -

.... 
iii 
:i: 
i! 

~ 
!ii 

i 
o u .... 
C .. 
l!5 -
I 
ID 

Vss 
APPLICATIDNB INFDRMATIDN 

a---
B-
a---
'rol 
L.;.;.I 

a---
B-
B----Im-

-::, 
1.,!a 

{3----
{3----
{3----
{3----

Elt--

MMC 4067 MMC4DEl7 

~.,.,...,.,.......,-,..-.. -=--=-=-=-:.;- - - I 
-----+---o'lm 

L - • ___________ .J 

( !ltOI 
1 

X OUT/IN 

_c OHHON 

V OUT/IN 
..., 

A 

o 
1 
o 
1 
o 
1 
o 
1 

TRU'i"H TABLE far 
MMC4097 

B C lnh Selected 
channel 

o o o 0X,0Y 
o o o 1X, 1Y 
1 o o 2X,2Y 
1 o o 3X,3Y 
o 1 o 4X,4Y 
o 1 o 5X,5Y 
1 1 o 6X,6Y 
1 1 o 7X, 7Y 

ln applications where separate power sources are used to drive V.Do and the signal inputs, the V00 current 
capability should exceed V00(RL CRL = eftective externai load!. ThIs provision avoids permanent current 
flow or clamp action an the v00 supply when power is applied or removed from the MMC 4067 or MMC 
4097. 
When switching from one address to another, some of the DN periods of the channels of the multiplexers 
will overlap momentarily, which may be objectionable in certain applications. Alsa when a channel is turned 
an or oft by an address input, there is a momentary conductive path from the channel to Vss, which wiH 
dump some charge from any capacitor connected to the input or output of the channel. The mhibit input 
tuming an a channel will similarly dump some charge to Vss- The amount of charge domped is mostly a 
function of the signal level above Vss- Typically, at Voâvss = 1 0V, a 100 pF capacitor connected to the 
input or output of the channel will lose3-40/o of its voltage at the moment the channel turns an or oft. This 
loss of voltage is essentially independent of the address or inhibit signal transition time, if the transition 
time is less than1-2 µs. When the inhibit signal turns a channel oft, there is no charge dumping to Vss
Rather, there is a slight rise in the channel voltage level (65 mV typ.l due to capacitive coupling from inhib1t 
input to channel input or output. Address inputs alsa couple some voltage steps anto the channel signal le
vels. 
ln certain applications, the externai load-resistor current may include both Vpo and signal-line compo
nents. To avoid drawing V00 current when switch current flows into the transm1ssion gate inputs, the vol
tage drop across the bidirectional switch must nat exceed 0.8 volt 
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MCC40&B 

B-INPUT NAND/ AND GATE 

GENERAL DESCRIPTIDN FEATURES 

The MMC 4068 !intermediate or extended tempe
rature rangel are monolithic integrated circuit, 
available in 14-lead dual -1n-line plastic or ceramic 
package. The MMC 4068 NANO/ ANO gate provides 
the system designer with direct implementation of 
the positive-logic 8-input NANO and ANO functions 
and supplements the existing family of COS/MOS ga
tes. 

• Medium-speed operation - tPHL- tPLH = 75 ns 
Ctyp.l at 10 V 

• Buffered output 

ABBDLUTE MAXIMUM RATINCJS 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 
I DC input current Cany one input] 
Ptot Total power dissipation (per packagel 

Oissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• Ali voltage values are referred to V55 pin voltage 

RECDMMENDED DPERATINCJ CDNDITIDNB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIACJRAM 

K= A·B·C·D·E·F·G,H 

A 

B 

C 
o 

NC Vss ___ _ 
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\txJ 
J=A·S·C·D·N·G·H 
H 

li 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

3 to 18 V 
3to 15 V 
Oto Voo V 

-55to 125 oe 
-40to 85 oe 



STATIC ELECTRICAL CHARACTERISTICS 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETE8 V1 Va llol Voo Ttow 
IVI CVI (µAl CVI 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F;, O/ 5 5 
types 0✓10 10 

0/15 15 

VOH Output high O/ 5 <1 5 
voltage 0/10 <1 10 

0/15 <1 15 

VoL Output low 5 /O <1 5 
voltage 10/0 < 1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 < 1 5 
voltage 1/9 <1 10 

1.5/13.5 <1 15 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G, H O/ 5 2.5 5 
drive types O/ 5 4.6 5 
current 0/10 9.5 10 

0/15 13.5 15 

E,F O/ 5 2.5 5 
types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

loL Output G, H O/ 5 0.4 5 
sink types 0/10 0.5 10 
current 0/15 1.5 15 

E,F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

l1Ho l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

C1 Input 
capacitance Any input 

• T LOW = -55°C for G, H devices; -40°C for E, F devices. 
• THIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: · 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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min. max. 

0.25 
0.5 
1 
5 

1 
2 
4 

4.95 
9.95 

14.95 

0.05 
0.05 
0.05 

3.5 
7 

11 

1.5 
3 
4 

-2 
-0.64 
-1.6 
-4.2 

-1.53 
-0.52 
-1.3 
-3.6 

0.64 
1.6 
4.2 

0.52 
1.3 
3.6 

±0.1 

±0.3 

MCC4DBB 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.01 0.25 7.5 
0.01 0.5 15 
0.01 1 30 
0.02 5 150 

µA 
0.01 1 7.!;i 
0.01 2 15 
0.01 4 30 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 .. 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 --:0.9 
-3.4 -6.8 -2.4 

-1.36 
mA 

-3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -24 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10·5 ±0.1 ±1 

µA 
±10·5 ±0.3 ±1 

5 7.5 pF 



MCC406B 

DVNAMIC ELECTAICAL CHARACTEAIBTICB 

ITA= 25°C, CL = 50 pf, AL= 200 kohm, typical temperature coefficient for all V00 = 0.30/o/°C, all input rise 
and fall times = 20 nsl. 

TEST CON )ITIONS VALUES 
UNIT PARAMETER 

V00 CVJ min. typ. max. 

tPHL, Propagation delay time 5 150 300 
tPLH 10 75 150 ns 

15 55 110 

tru+ Transition time 5 100 200 
tTHL 10 50 100 ns 

15 40 80 
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HEX INVERTEA 

GENERAL DEBCAIPTION 

The MMC 4069 is a monolithic integrated circuit 
processed in standard Al-gate CMOS technoloQY. 
The MMC 4069 consists of six CMOS inverter cir-· 
cuits. This device is intended for all general-purpose 
inverter applications where the. medium-power TTL
drive and logic-level-conversion capabilities of cir
cuits such as MMC 4049 Hex lnverter /Buffer are 
nat required. 

ABSOLUTE MAXIMUM RATINCIB 

Voo• Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current (any one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

• AII voltage values are referred to Vss pin voltage 

MMC40SB 

FEATURES 

• Medium-speed operation 
tPHL• tPLH = 30 ns Ctyp.J at 1 O V 

• Qu1escent current specified to 20 V 
• 5 V, 1 O V, 15 V parametric ratings 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECOMMENDED OPEAATING CONDITIONS 

Voo• 8upply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CONNECTION DIAGRAM 

A \bo 
G=X F 

B L=1 
H=II E 

C K=l 
o 
J=ii 
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::11.u 18 
3 to 15 
Oto Voo 

-55 to 125 
-40to 85 

SCHEMATIC DIACIAAM 

.----+---+--Voo 

JL 
A---C::::::it+--t 

113,5.9, n,13J 

V 
V 
V 

oe 
oe 



STATIC EL■CTRICAL CHARACTERISTICS 

[over recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER V1 Vo llol V□□ Tt□w 
!Vl IVJ !µAl (V) 

min. 

IL Guiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 4 
voltage 1/9 <1 10 8 

1.5/13.5 <1 15 12.5 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

l□H Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -o.~ 
current 0/10 9.5 10 -1.6 

O/t5 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.5:3 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 
0/15 13.5 15 

loL Output G,H O/ 5 0.4 5 
sink types 0/10 0.5 10 
current 0/15 1.5 15 

E,F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

111,+ l1L •Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

C1 Input 
capacitance Any input 

• TL□w = -·55°C for G, H devices; -40°C for E, F devices. 
• T HIGH = + 125°C for G, H dev1ces; +85°C for E. F devices. 

The No1se Margin for both "1" and "O" levei 1s: 
1 V min. w,th V□□ = 5 V 
2 V rnin. w1th V00 = 10 V 

2 5 V min. with V 0 0 = 15 V 
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-1.3 
-3.6 

0.64 
1.6 
4.2 

0.52 
1.3 
3.6 

max. 

0.25 
0.5 
1 
5 

1 
2 
4 

005 
005 
0.05 

1 
2 
2.5 

±0.1 

±0.3 

MMC40&9 

VALUES 

25°c r:',:GH JNIT 
min. typ max rr·n. m.;n 

0.01 0.25 7.5 
0.01 0.5 I 15 
001 1 30 
0.02 5 150 µA 
0.01 1 7.5 
001 2 15 
001 4 30 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

0.05 0.05 
005 0.05 V 
0.05 0.05 

4 4 
8 8 V 

12.5 12.5 

1 1 
2 2 V 
2.5 2.5 

-1.6 -3.2 -1.15 
-051 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-L.44 -1 -036 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 036 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
044 1 0.36 
1.1 2.6 as 
ao 6.8 2.4 

±10-s ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 . 

5 7.5 pF 



MMC40&B 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

ITA = 25° C, CL = 50 pF, RL = 200kohm, typccal temperature coefficient for all V00 = 0.30/o/°C values, all input rise 
and fall times = 20 ns!. 

PARAMETER 

tPLH' Propagation delay time 
tPHL 

tTLH' Transit:on time 
tTHL 

APPLICATIDNB 

Typical crystal oscillator circuit 

1/6 HHC 4069 

TEST CONDITIONS 

V00 fVI min. 

5 
10 
15 

5 
10 
15 

Typical RC oscillator circuit 

1/3HMC4069 

ffi,, 

! 

I 
' 

I 
I 

Input puise shaping circuit ISchmitt trigger! 

Rs 
1N ~OUT 
~ 

UPPER SWITCHING POINT 

Rt + Rs 
Vp=--

Rt 

Voo 

2 

LOWER SWITCHING POINT 

Rt - As 
VN=--

Rt 

Rt > Rs 
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Voo 

2 

VALUES 
UNIT 

typ. ' max. 

55 i 1',10 
30 i 60 ns 
25 50 

100 200 
50 100 ns 
40 80 

High-input impedance amplif,er 

116MHC 4069 

IN~OUT 

Rtw'IIM.n.. 



MMC 4D7D MMC 4D77 

GIUAD EXCLUSIVE-DR GATE 4070 
GIUAD EXCLUSIVE-NOR GATE 4077 

GENERAL DEBCRIPTIDN 

The MMC 4070/4077 are monolithic integrated cir
cuits, available in 14-lead dual in-line plastic or cera
mic package. 
The MMC 4070 contains faur independent exclusi
ve-OR gates. 
The MMC 4077 contains faur independent exclusi
ve-NOR gates. 
The MMC 4070 and MMC 4077 provide the system 
designer with a means for direct implementation of 
exclusive-OR and exclusive-NOR function, respecti-
vely. 

ABSOLUTE MAXIMUM RATINCJB 

V□□• Supply voltage: G and H types 
E and F types 

yi Input voltage 
DC input current lany one input) 

F\ot Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Medium-speed operation tP.tiL = tPLH = 65 ns CTYP.I 
at V00 = 10 v. cL = 50 pf 

• 1 OOD/o tested for quiescent current 

APPLICATIDNB 

• Logical comparators 
• Adders/substractors 
• Parity generators and checkers 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Vo0+U5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 ac 
-40 to 85 ac 
-65 to 150 ac 

RECDMMENDED DPERA~CJ CDNDITIDNB 

V□□• Supply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature: G and H types 
E and F types 

Cr'III\IINECTIDN DIACJRAMS 

MMC407D 

"00 
H 

G 

L=E•F 

F 

E 
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3to 18 
3 to 15 
o to Voo 

-55to 125 
-40 to 85 

MMC4D77 

\\xJ 
H 

G 

H-iiiii 
L•Eif 
F 

E 

V 
V 
V 

oe 
ac 



■TATIC ELECTRICAL CHARACTERISTIC■ 

Cover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Va I lol Voo -n.ow 
CV! IVI !µAl CV! min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F ·01 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Va. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 -
V1H Input high 0.5/4.5 <1 5 3.5 

voltage 1 /9 <1 10 7 
1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
.current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• T LOW = -55°C for G, H devices: -40°C for E, F dev1ces. 
• T HIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±03 

MMC 4070 MMC 4077 

VALUES 

25°c ~IGH UNI T 

min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
002 4 120 
0.04 20 600 µ.A 
002 4 30 
002 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 005 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-051 -1 -036 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

"'A 
0.44 1 0.36 
1.1· 2.6 0.9 
3.0 6.8 2.4 

±10-s ±0.1 ±1 

µ.A 
±1 □-5 ±0.3 ±1 

5 7.5 pF 



MMC 407D MMC 4D77 

DVNAMIC ELECTAICAL CHAAACTERIBTICB 

CTi = 25°C, CL = 50 pF, AL= 200 k!l, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise 
and fall times = 20 nsl · 

TEST VALUES 
PARAM ETER CONDITIONS 

VrrCVI MIN. TYP. MAX. 
UNIT 

tPHL• Propagation delay time 5 140 280 
tPLH 10 65 130 ns 

15 50 100 

trHL• Transition time 5 100 200 
tTLH 10 50 100 ns 

15 40 80 

TAUTHTABLE FUNCTIDNAL DIAGRAM 

(1 of 4 gatesl 

for 4070 RRIHIO 

A B J 
A 3 J o o o B 

1 o 1 
o 1 1 C 4 
1 1 o 

Where 1 = High levei 
O= Ă@level E L 
J= +8 F 

G 
12 11 
13 H H 

J=Af>B K=Ct>D 
L,,Et>F H=Gt>H 
1Jss=7 'b)=14 

for 4077 

A B J 

o o 1 
RR lo0'1'18 

1 o o 
o 1 o A 

J 
1 1 1 B 

Where 1 =.High levei C 
O= Low levei 
J=~ 

E 
L F 

G 
H 

J:MtB K-.aio 
L--Btf H:G$H 
Vss=7 "ixf14 
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MMC 4071 MMC 4072 MMC 40715 

DR Gates: GIUAD 2 INPUT MMC 4D71 
DUAL 4 INPUT MMC 4D72 
TRIPLE 3 INPUT MMC 4D7!5 

GENERAL DESCRIPTIDN 

These OR gates are monolithic complementary MOS 
ICMOSJ integrated circuits. The N and P channel en
hancement mode transistors provide a symmetrical 
circuit with output swings essentially equal to the 
supply voltage. This results in high noise immunity 
over a wide supply voltage range. No DC power other 
than that caused by leakage current is consumed du
ring static conditions. Ali inputs are protected against 
static disch8C'ge and latching conditions. 
The MMC 4071 MMC 4072 and MMC 4075E/F/ 
G/H/OR gates provide the system designer with di
rect implementation of the OR function. 
Ali inputs and outputs are buffered. 

ABSOLUTE MAXIMUM RATINCJB 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = fuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

The MMC 4071,MMC 4072 and MMC 4075 E/F /G/H 
types are supplied in 14-lead hermetic dual-in-line 
ceramic or plastic packages. 

FEATURES 

• Medium-Speed Operation-tPLH- tPLH = 60 ns Ctyp.l 
at Voo= 10 V 

• 1 OOo/o tested for quiescent current 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+05 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATINCI CDNDITIDNB 

V□□* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIACIRAMS 

MMC4071 
VIXJ 
G 

MMC 40711 J 

J=A+ B 
K=C+D 
l=E+F 
M=G+H 

H 

H 

L 
E NC 

Vss 

J=A+B+C+D 
K=E+F+G+H 
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3 to 
3 to 
Oto 

-55 to 
-40to 

MMC40715 

18 V 
15 V 

Voo V 

125 oe 

C 

F 

E 

o 
K 

85 oe 

Vili) 

G 

H 

J=A+B+C 
K=D+E+F 
l=G+H+I 



SCHEMATIC DIAGRAMB 

MMC407'1 

115,8,12) 
8 _____ _. 

MMC 4072 

2(91 

J=A+ B 
L0OC 1=H6H 
LOOIC0=L0W 

Vss 

A ----.---------, 

8 IC)) 

4(111 
C ,._--t---i---.....----, 

5(12) 
oo--+--t----+--n 

MMC4075 

A 8(5,13) 

1 = HIGH LEVEI 
O= LOW LEVFI 

B 2 (412) 

C 1(3,1 

n 
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MMC 4D71 MMC 4D71! MMC 4D7!5 

8TATIC ■L■CTAICAL CHAAACTEAISTICS 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo I lol V□□ l'tow 
CVJ IVJ lµAJ IV] 

min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VDH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 • 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IDH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

la. Output G,H O/ 5 0.-" I 5 0.64 
sink types 0/10 a5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111+ lil Input G,H 0/18 18 
leakage types Any 
r •irrent 

E,F input 
0/15 15 

types 

c, Input 
capacitance Any input 

• TLow = -55°C for G, H d!!Vices: -40°C for E, F devices. 
• T HIGH = + 125° C for G, H devices: +85° C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V□□ = 5 V 
2 V rr11n. with V00 = 10 V 

2.5 V min. with V□□ = 15 V 
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max. 

a25 
0.5 
1 
5 

1 
2 
4 

ao5 
0.05 
ao5 

1.5 
3 
4 

±0.1 

±0.3 

VALUES 

25°c ~IGH UNI T 
min. typ max. min. max. 

0.01 0.25 7.5 
0.01 0.5 15 
0.01 1 30 
0.02 5 150 µA 
0.01 1 7.5 
0.01 2 15 
0.01 4 30 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

ao5 a05 
0.05 ao5 V 
0.05 ao5 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -a36 
_;1.3 -2.6 -as 
-3.4 -6.8 -2.4 

mA 
-1.3E -3.2 -1.1 
-a44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 as 
3.4 6.8 2.4 

mA 
a44 1 a36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-E ±a1 ±1 

µA 
±10-s ±0.3 ±1 

5 7.5 pF 



MMC 4D71 MMC 4D72 MMC 4D75 

·DVNAMIC ELECTRICAL CHARACTERIBTICS 

IT A= 25°C, CL = 50 pF, RL = 200kohm, typical temperature coefficient for all V00 = 0.30/o/°C values, all input rise 
and fall times = 20 nsl. 

TEST CONOITIONS VALUES 
UNIT PARAM ETER 

V00 1Vl min. typ. max. 

tPHL Propagation delay time 5 125 250 
10 60 120 ns 
15 45 90 

tPLH Propagation delay time 5 175 350 
10 70 140 ns 
15 50 110 

tTHL Transition time 5 100 200 
tTLH 10 50 100 ns 

15 40 80 
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MMC4078 

4BIT D-TVPE REGIBTEREI 
CIENEFIAL DEBCRIPTIDN 

The MMC 4076 [intermediate or extended tempe
rature rangel are monolithic inte9rated circuit, avai
lable in 16-lead dual in-line plastic or ceramic pac
kage. 
The MMC 4076 types are four-bit registers consis
ting of D-type flip-flops that feature three-state out
puts. Data Disable inputs are provided to control the 
entry of data into the flip-flops. When both Data Di
sabie inputs are low, data at the D inputs are loaded 
into their respective flip-flops on the next positive 
transition of the clock input. Q.itput Disble inputs 
are also provided. When the Output Disable inputs 
are both low, the normal logic states of the four out
puts are available to the load The outputs are disa
bled independently of the clock by a high logic levei at 
either OJtput Disable input, and present a high impe
dance. 

AB■DLUTE MAXIMUM RATINCI■ 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 

~tot 
DC input current Cany one input) 
Total power dissipation [per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to· Vss pin voltage 

FEATUlll■B 

• Three-state outputs 
• Input disabled without ~ating the clock 
• Gated output control fines for enabling or disabling 

the ootputs. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPEFIATINCI CDNDITIDN■ 

Voo• Supply voltage: G and H types 
E ancl F types 

V; Input voltage 
TA Operating 

temperature: G and H types 
E and F types 

CONNECTIDN DIACIRAM 

----

'm 
RESET 

IIA1A1 
IIA1A2 
DATA3 
IWA4 
G21 DATA 
G1J~ 

15~ 

3\0 
3 to 
O to 

-55 to 
-40to 

TRUTHTABLE 

Reset Clocll 

; 

1 j( 

o o 
o _, 
o _, 
o J-o ~ 
o 1 
o "'-

1 = High Levei 
0 = Low Levei 

Data Input 
Disable 

G, G2 

X X 
X X 
1 X 
X 1 
o o 
o o 
X X 
X X 

Data 

D 

X 
X 
X 
X 
1 
o 
X 
X 

18 V 
15 V 

Voo V 

125 oe 
85 oe 

Next State 
Output 

Q 

o 
Q NC 
Q NC 
Q NC 
1 
o 
Q NC 
Q NC 

X = Don·t Care 
NC = No Ch111ge 



LOGIC DIAGRAM 

WAVEF0RMB 

Output[ M 
Disable N ;__J-,------~--

CLOCK 

DATA • 

INPUT 
DISABLE 

OUTPUT 
DISABLE 

RESET 

DOUTPUT 

• Output tied to V00 through 1 kO 
•• Output tied to Vss through 1 kO 
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■TATIC ■L■CTIPIICAL CHAIPIACTEIPll■TIC■ 

Cover reammanded operating conditionsJ 

TEST CONDITIONS 

PARAMETER v, Vo I Io I Voo lT.ow 
tµAJ M M CVJ min. max. 

t Quiescent G,H O/ 5 5 5 
a.irTent types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E,F O/ 5 5 20 
types 0/10 10 40 

0/15 15 80 

VOH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VOL Output low 5 /O <1 5 nas 
voltage 10/0 <1 10 nas 

15/0 <1 15 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

VrL Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

IOH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -as2 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3;6 

la. Output G,H O/ 5 0.4 5 a64 
sink types 0/10 as 10 1.6 
a.irTent 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 as 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 ±0.1 
leakage types Any 
current input E,F 0/15 15 ±03 

types 

loH 3-state G,H 
0/18 0/18 18 ±0.4 

output types 

E,F 
0/15 0/15 15 ±1,0 

types 
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MMC407B 

VALUES 

2s0 c "J4HIGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µ.A 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

nas nas 
0.05• 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.1!: 
-0.51 -1 -0.3E 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-a4"!1 -1 -a3e 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

as1 1 a36 
1.3 2.6 as 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 as 
3.0 6.8 2.4 

±1 □-~ ±n1 ±1 

µA 
±1□-5 ±a3 ±1 

±1 □-• ±0.4 ±12 
µ.A 

±10 ... ±1.0 ±7.5 



TEST CONDITIONS 

PARAMETER 
V1 Va llol Voo 
NI CV! CµAl CV! 

C1 Input 
capacitance Any input 

* T LDW = -55°C for G, H devices; -40°C for E, F devices . 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

Tu w• 

Min. Max. 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

MMC407& 

VALUES 

25°C THIGH• 
UNIT 

Min. Typ Max. Min. Max. 

5 7.5 pF 

IT A= 25" C, CL = 50 pF, AL= 200 kohm, typical temperature coefficient for all V00 values is 0.30/o/°C, all input 
rise and fall times = 20 nsl. 

TEST CONDITIONS VALLES 
PARAM ETER UNIT 

V00 CVl min. typ. max. 

tPLH, Propagation delay time 5 300 600 
tPHL Cclock to Q output! 10 125 250 ns 

15 90 180 

tPHL[Rl Propagation delay time 5 230 460 
[Reset! 10 100 200 ns 

15 75 150 

tp11 -Hl, 3-state output 1 or O 5 150 300 
tp(Q-1-0 to high impedance RL = 1 kH 10 75 150 ns 

15 60 120 

tPO-t-1), 3-state h1gh Impedance 5 150 300 
tpu;-01 to 1 or O output RL=1kH 10 75 150 ns 

15 60 120 

tTLH• Transition time 5 100 200 
tTHL· 10 50 100 ns 

15 40 80 

tw Clock puise width 5 200 100 
10 100 50 ns 
15 80 40 

tw Reset puise wiclth 5 120 60 
10 50 25 ns 
15 40 20 

tsetup Data setup time 5 200 100 
10 80 40 ns 
15 60 30 

tsetup Data input disable setup time 5 180 90 
10 100 50 ns 
15 70 35 

fmax l\,1aximum clock frequency 5 3 6 
10 6 12 MHz 
15 8 16 

tr, ~ Clock input rise or fall time 5 15 
10 5 µS 
15 5 
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B-INPUT NDR/DR GATE 

GENERAL DESCRIPTIDN 

The MMC 4078 (intermediate or extended tempe
rature rangel are monolithic integrated circuits avai
lable in 14-lead dual -in-line plastic or ceramic pac
kage. 
The MMC 4078 NOR/OR Gate provides the system 
designer with direct implementation of the positive
logic-8-input NOR and OR function and supplements 
the existing family of COS/MOS gates. 

ABSOLUTE MAXIMUM RATINCJB 

Voo• Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current (any one inputl 
Ptot Total power dissipation (per packagel 

Dissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

MMC407S 

FEATURES 

• Medium-speed operation tPHL• tpLH = 75 ns (typ.J 
at V00 = 10 V 

• 1 OPo/o tested for quiescent current 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+05 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATINCJ CDNDITIDNS 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

K 

A 

B 
C 

o 
NC 

'I$ 

3 to 18 V 
3 to 15 V 
Oto Voo V 

-55 to 125 oe 
-40 to 85 oe 
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■TATIC ELECTAICAL CHAAACTEAl■TICB 
lover recommended operating conditionsi 

TEST CONDITIONS 

PARAM ETER v, Va llol Voo Ît.ow 
IV) IV) (µA) IV) 

min. 

IL Ouiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VOH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.9!5 

0/15 <1 15 14.95 

Va. Output low• 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IDH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -064 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1Ho l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types· 

c, Input 
capacitance Any input 

* T LOW = -55°C for G, H devices: -40°C for E, F devices. 
* T HGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O'' level is: · 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

U25 
0.5 
1 
5 

1 
2 
4 

0.05 
005 
0.05 

1.5 
3 
4 

±01 

±0.3 

MMC4078 

VALUES 

25°c lţ.lGH 
UNI T 

min. typ max. min. max. 

ao1 0.25 7.5 
0.01 0.5 15 
001 1 30 
002 5 150 µA 
0.01 1 7.5 
0.01 2 15 
ao1 4 30 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 U05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -as 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -036 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±01 ±1 

µA 
±10-s ±0.3 ±1 

5 7.5 pF 



MMC407B 

DVNAMIC ELECTAICAL CHAAACTEA1■TICB 

CT A= 25°C, CL = 50 pF, RL = 200 kohm, typical temperature coefficient for all V00 = 0.3D/o/°C, all input rise 
and fall times = 20 nsl. · 

TEST CONDITIONS VALUES 
UNIT PARAM ETER 

Voo IVJ min. typ. max. 

tPHL, Propagation delay time 5 150 300 
tpLH 10 75 150 ns 

15 55 110 

trLH• Transition time 5 100 200 
tTHL 10 50 100 ns 

15 40 80 

LCGIC DIAGAAM 
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MMC 40B"1 MMC 40B2 MMC 4073 

CMOS AND GATES: 
4081 BUAD 2 - INPUT AND GATE 
4082 DUAL 4 - INPUT AND GATE 
4073 TRIPLE 3 - INPUT AND GATE 

GENERAL DESCRIPTIDN FEATURES 

The MMC 4081, MMC 4082 and MMC 4073, ANO 
gates provide the system designer with direct imple
mentation of the ANO function and supplement the 
existing family of COS/MOS gates. 

• Medium speed operation tPLH = 85 ns CTYPJ: 

The MMC 40B1, MMC 4082 and MMC 4073 types 
are supplied in 14 - lead dual - in - line ceramic or 
plastic packages. 

ABSDLUTE MAXIMUM RATINGS 

V□□• 

V, 
I 
~tot 

Tstg 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany □ne input] 
Total power dissip1;1tion (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

tPHL = 65 ns CTYPJ at 1 O V 
• Quiescent current specified to 20 V 

-0.5 to 20 
-0.5 to 18 
-0.5 to V00+0.5 

±10 
200 

100 

-55 to 125 
-40 to 85 
-65 to 150 

RECDMMENDED DPERATIN~ CDNDITIDNS 

V□□• Supply voltage: G and H types 3 to 18 
E and F types 3 to 15 

V, Input voltage O to Voo 
TA Operating 

temperature : G and H types -55 to 125 
E and F types -40 to 85 

CDNNECTIDN DIAGRAMEI 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

V 
V 
V 

oe 
oe 

MMC40B"1 MMC40B2 MMC4073 

A 1 I 

B H 2 K=E-F-G·H 
G 3 H 

M=G-H G 

Laf·F F 

o E K=D·E·F 

Vss NC 
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MMC 4081. MMC 408■ MMC 4073 

■TATIC ELECTRICAL CHAAACTERIBTICS 

(over recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Vo flol Voo rtow 
(V) (V) (µAl (V) 

min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O✓ 5 5 
types 0/10 10 

0/15 15 

VDH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

Ia-i Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -064 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E. F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111+ l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any inp1,1t 

• TLDW = -55°C for G, H devices: -40°C for E, F devices. 
* T HIGH = +126°C for G, H devices: +85°C for E. F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with Vnn = 15 V 
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max. 

025 
0.5 
1 
5 

1 
2 
4 

0.05 
005 
005 

1.5 
3 
4 

±01 

±0.3 

VALUES 

25°c ~IGH UNI T 
min. typ max. min. max. 

0.01 0.25 7.5 
0.01 0.5 15 
0.01 1 30 
n02 5 150 

~ 
no1 1 7.5 
no1 2 15 
no1 4 30 

4.95 4.95 
9.95 9.95 V 

14.95 14.95 

~.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.!5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -036 
-1.3 -2.6 -ns 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-044 -1 -036 
-1.1 -2.6 -ns 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±1□-5 ±0.3 ±1 

5 7.5 pF 



MMC 4081 MMC 40811 MMC 4073 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

CTamb = 25°C, CL = 50 pf, RL = 200k, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise 
and fall times = 20 nsl 

TEST COl'IDITlONS VALUES 
UNIT PARAMETER 

V00 CVJ min I typ max 

tPl.H' Propagation delay time 5 125 250 
tPHL 10 60 120 ns 

15 45 90 

tTHL' Transition time 5 100 200 
trLH 10 50 100 ns 

15 40 80 

SCHEMATIC AND LDIIIC DIAIIAAM. 

MMC4081 .. 

.. ~ 
16,8, 131 

MMG4D■■ 

-------------------0141oo 

1121 
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IS.nJ 

(~4,121 

13,BI 

MMC4D73 

-------

MMC 4081 MMC 408■ MMC 4073 

14 

7 
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MMC4093 

BUAD 2-INPUT NAND SCHMITT TRIGGER& 

GENERAL DEBCRIPTICN 

The MMC 4093 consists of faur Sctrnitt-trigger 
circuits. Each circuit functions as a two-input NANO 
gate with Sctrnitt-trigger action an both inputs. The 
gate switches at different points for positive · and 
negative going signals. The difference between the 
positive voltage IVpl and negative voltage NrJ is defi
ned as hysteresis voltage IV~. The MMC 4093 
types are supplied in 14-lead hermetic dual-in-line 
ceramic or plastic packages. 

ABSOLUTE MAXIMUM RATINGB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one input) 
Ptat Total power dissipation [per pac~agel 

Dissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

* Ali voltage values are referred to V55 pin voltage 

FEATURES 

• Schmitt-triger action.on each input with no exter
nai components 

• Hysteresis voltage typically 0.9 V at V00 = 5 V a,d 
2.3 V at Vnn = 1 O V 

• No !imit an input rise and fall times 

APLICATICNB 

• Wave and puise shapers 
• High-noise-environment systems 
• Monostabile multivibrators 
• Astable multivibrators 
e NANO logic 

-0.5 to 
-0.5 to 
-0.5 to 

-55 to 
-40 to 
-65 to 

20 
18 

V00+0.5 
±10 
200 

100 

125 
85 

150 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

RECCMMENDED CPERATING CCNDITICNB 

Voo* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage O to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40 to 85 oe 

CCNNECTICN DIACIRAM FUNCTICNAL CIAGRAM 

A Voo 
B 2 H J = A°"=""B 
J 3 12 G 

K = C · D 
115.8.12 I 

3(4,10.11) 
K 4 n M 2(6,9.13) 

( 5 10 L L "CC E · F 
D 6 9 F 

Vss 7 8 E 
M = G ·H 
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STATIC ELECTRICAL CHARACTERIBTICS 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER V1 Va Pol Voo Ttow 
NI NI lµAl IVJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

Vp Positive a 5 2.2 
trigger a 10 4.6 
threshold a 15 6.8 
voltage 

b 5 2.6 
b 10 5.6 
b 15 6.3 

VN Negative a 5 0.9 
trigger a 10 2.5 
threshold a 15 4 
voltage 

b 5 1.4 
b 10 3.4 
b 15 4.8 

VH Hysteresis a 5 0.3 
voltage a 10 1.2 

a 15 1.6 

b 5 0.3 
b 10 1.2 
b 15 1.6 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2' 

E, F O/ 5 2.5 5 -1.53 
typas O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

VoH Output high O/ 5 < 1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

a: input an terminals 1, 5, 8, 12 or 2, 6, 9, 13: other inputs to V00. 
b: input an terminals 1 and 2, 5 and 6, 8 and 9, or 12 and 13: 

other inputs to V00. 
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max. 

1 
2 
4 

20 

4 
8 

16 

3.6 
7.1 
108 

4 
8.2 
12.7 

2.8 
5.2 
7.4 

3.2 
6.6 
9.6 

1.6 
3.4 
5 

1.6 
3.4 
5 

MMC4093 

VALUES 

25°c ~IGH UNI T 

min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 ~20 600 µA 
0.02 4 30 
0.02 8 60 
ao2 16 120 

2.2 ~-9 3.6 2.2 3.6 
4.6 5.9 7.1 4.6 7.1 
6.8 8.8 .10.8 6.8 10.8 V 

2.6 3.3 4 2.6 4 
5.6 7 8.2 5.6 8.2 
6.3 9.4 12.7 6.3 12.7 

0.9 1.9 2.8 0.9 2.8 
2.5 3.9 5.2 2.5 5.2 
4 5.8 7.4 4 7.4 V 

1.4 2.3 3.2 1.4 3.2 
3.4 5.1 6.6 3.4 6.6 
4.8 7.3 9.6 4.8 9.6 

0.3 0.9 1.6 0.3 1.6 
1.2 2.3 3.4 1.2 3.4 
1.6 3.5 5 1.6 5 V 

0.3 0.9 1.6 0.3 1.6 
1.2 2.3 3.4 1.2 3.4 
1.6 3.5 5 1.6 5 

-1.6 -3.2 -1.151 
-0.51 -1 -0.36 
-1.3 -2.6 -0..9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 
4.!::lb 4.::1:J 

9.95 9.95 V 
14.95 14.95 



TEST CONDITIONS 

PARAMETER V1 Va llol Va□ 
IVI IVI (µAl IVI 

VOL. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

la. Output G,H O/ 5 0.4 5 
sink types 0/10 a5 10 
current 0/15 1.5 15 

E, F O/ 5 a4 5 
types 0/10 a5 10 

0/15 1.5 15 

111+ ltl Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

C1 Input 
capacitance Any input 

• TLow = -55°C for G, H devices; -40°C for E, F devices. 
• THtGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" leve! is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

11.ow 
min. max. 

0.05 
0.05 
0.05 

0.64 
1.6 
4.2 

0.52 
1.3 
·3.6 

±01 

±0.3 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

ITA= 25°C; input tr, ti = 20 ns, CL = 50 pF, RL = 200 kohml 

tPHL, 
tpLH 

tTHL• 
tTHL 

TEST CONOITIONS 
PARAMETER 

V00 CVI 

Propagation delay time 5 
10 
15 

Transition time 5 
10 
15 

Fig. 1· Hvsteresis definition, characteristic and test setup 
[al Definition of Vp, VNand VH 

VALUES 

25°c 

min. typ max. 

0.05 
0.05 
0.05 

0.51 1 
1.3 2.6 
3.4 6.8 

0.44 1 
1.1 2.6 
3.0 6.8 

±10-5 ±0.1 

±10-5 ±0.3 

5 7.5 

VALUES 

min. typ. 

190 
90 
65 

100 
50 
40 

, 
" / ~~"" 
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MMC40B3 

ltttGH UNI T 

min. max. 

0.05 
0.05 V 
0.05 

0.36 
0.9 
2.4 

mA 
0.36 
0.9 
2.4 

±1 

µA 

±1 

pF 

UNIT 
max. 

380 
180 ns 
90 

200 
100 ns 
80 



MMC.4083 

(bi Transfer characteristic of 1 of 4 gates Ici Test setup 

Vo Vi-i Vi-i•"P 

I 1L}•--•vo 

Fig. 2' Input and output characteristics 

Voo 

--[D-n-~~-----------» 
DRIVER LOAD 

APPLICATION 

Astable multivibrator 

TO CONTROL 
S6NALCRTO Voo 

1/4MMC 4093 
. 

Te 
Vss 

Wave shaper 

Vss 

Frequency range of wave shaperis from DC to 1 MHz 

TO CONTROL 
SIGNAL OR Voo 

fi/~ 
1/4MMC4093 

n r,---Vno 
...J u L-Vss 

',oo 

[ ( V p )( Voo - V N ) ] 
tA = 2RCln -

VN Voo - Vp 
50k :S R :S 1MB 
100pF :s C :S 1µF 
For the range of R and C given 2µs < tA < 0.4s 

Voo 

Monostable multivibrator 

TO CONTROL 
S6NAL OR Voo 

tM = RCln ---
Voo - Vp 

~
0nL 3 

~~ 

t„ 

ftvoo 
Vss 

50k :S R :S 1Mll 
100pF :SC :S 1µF 

1/3 4007 ~ 
Vss 

For the range of R and C given 5µs :S tM :s 1 s 
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MMC 4095 MMC 4096 

GATED J-K MABTER-BLAVE FLIP-FLDPB 

GENERAL DEBCRIPTICN 

The MMC 4095/4096 !intermediate or extended 
_temperature rangel are monolithic integrated cir
cuits, available in 14-lead dual in-line plastic or cera
mic package. 
The MMC 4095 and MMC 4096 are J-K Master
Slave Flip-Flops featuring separate ANO gating of 
multiple J and K inputs. The gated J-K inputs control 
tansfer of information into the master section du
ring clocked operation. Information on the J-K inputs 
is transferred to the Q and ~ outputs on the positive 
edge of the clock puise. SET and RESET inputs !ac
tive highl are provided for asynchronous operation. 

ABBCLUTE MAXIMUM RATINCIB 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 
I DC input current lany one input] 
Ptat Total power dissipation [per packagel 

Dissipation per output transistor 
for ÎA = tuli package-temperature range 

TA Clperating 
temperature : G and H types/ 

E and F types 
T&tg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURE■ 

• 1 6 MHz toggle rate Ctyp.l at V00 - Vss = 1 O V 
• Gated inputs. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECCMMENDED CPERATINCJ CCNDITICNB 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CCNNECTICN DIAGIRAM 

N( 

RESET 

Jl 

J2 
)'j 

. ii 
V$ 

MMC4DB!5 

_____ , 

'ttxJ 
SET 

CLOCI( 

170 

3 to 
3 to 
Oto 

-55 to 
-40 to 

MMC4096 

NC 

RESET 
Jl 

J2 

li 
Q 

V$ -----· 

18 
15 

Voo 

125 
85 

\bo 
SET 

CLOCJ< 

V 
V 
V 

oe 
oe 



MMC 4D95 MMC 4D96 

LOGIC DIAGRAM 

K3 
RR 1K t,095 @-----., 
RRIKG6~'' 

RESETW--------l">cl~---------------

TAUTH TABLE& 

CLOCK~~ ™--$-arr 
BVNCHRDNDUB DPEAATIDN 
CS=OR=OJ 

lnputs before positive 
clock transition 

Outputs after positive 
clock transition 

ABVNCHRDNDUB DPEAATIDN 
[J and K - DDNT CAREI 

J* K* Q Q 

o o No change 
o 1 O 1 
1 o 1 o 
1 1 Toggles 

s R Q Q 

o o No change 
o 1 o 1 
1 o 1 o 
1 • 1 o o 

* For M MC 4095 
J = J1 ·J2 •J3 

For MMC 4096 
J=J1•J2•J3 
K = K1· K2•K3 

O= Vss, 1 = Voo 

K = K1 ·K2•K3 

STATIC ELECTRICAL CHAAACTERIBTICB 

[over recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER V1 Va I lol Voo lt.ow 
CVJ CVI (µAl CVJ min. max. 

IL Quiescent G, H O/ 5 5 1 
current types 0/10 10 2 

0/15 15 4 
0/20 20 20 

E, F O/ 5 5 4 
types 0/10 10 8 

0/15 15 16 

VD-i Output high O/ 5 „1 5 4.95 
voltage 0/10 < 1 10 9.95 

0/15 <1 15 14.95 

VoL Output low 5 /O < 1 5 0.05 
voltage 10/01 <1 10 0.05 

15/0 <1 15 0.05 

171 

VALUES 

25°C 

min. typ max. 

0.02 1 
0.02 2 
0.02 4 
0.04 20 

i 0.02 4 
j 0.02 8 
: 0.02 16 

4.95 ! 
9.95 j 

14.95 

0.05 
0.05 
0.05 

~IGH 
UNIT 

min. max. 

30 
60 

120 
600 

µA 
30 
60 

120 

4.95 
9.95 V 

14.95 

0.05 
0.05 V 
0.05 



MMC 4D915 MMC 4D98 

TEST CONDITIONS 

PARAM ETER v, Va llol Voo Tt_a,,v 
NI [V) [µAl NI min. 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input ·Iow 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IDH .Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL .Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 a5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, -Input 
c~acitance Any input 

* T LDW = -55°C for G, H devices: -40°C for E, F devices. 
* T HIGH = +125°C for G, H devices: +85°C for E. F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

max. 

1.5 
3 
4 

±U1 

±0.3 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

VALUES 

25°c ~IGH 
min. typ max. min. max. 

3.5 3.5 
7 7 

11 11 

1.5 1.5 
3 3 
4 4 

-1.6 -3.2 >-1.15 
-a51 -1 >-0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

>-1.36 -3.2 -1.1 
>-U44 -1 >-0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 as 
3.4 6.8 2.4 

0.44 1 U36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

±10-s ±0.3 ±1 

5 7.5 

IT A= 25°C, CL = 50 pF, RL = 200 kohm, typical temperature coefficient for all V00 =: 0.30/o/ C all input rise 
and fall tImes = 20 nsl. 

UNI 

V 

V 

mA 

mA 

µA 

pF 

TEST CONDITIONS VALUES 
UNIT PARAMETER 

Voo CVJ min. typ. max. 

tPLH, Propagation delay time 4, 5 250 500 
tpHL 10 100 200 ns 

15 75 150 

tPLH• Propagation delay time 5 150 300 
tPHL [Set or reset) 10 75 150 ns 

15 . 50 100 
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MMC 4D95 MMC 4DBB 

TEST CONDITIONS VALUES 
UNIT PARAMETER 

Voo NI min. typ. max. 

tTHL, Transition time 5 100 200 
tTLH 10 50 100 ns 

15 40 80 
fel Maximum clock input 5 3.5 7 

frequency 10 8 16 MHz 
15 12 24 

tw Clock puise width 5 140 70 ns 10 ,o 30 
15 ~t:~ 20 

tw, t, Clock input rise or fall time 5 15 
10 5 µS 
15 5 

tw Set or reset puise width 5 200 100 
10 100 50 ns 
15 50 25 

tsetup Data setup time 5 400 200 
10 160 80 ns 
15 100 50 

TVPICAL APPLICATIDNB 

D-type flip-flop 

Synchronous binary divide-bv-ten counter 

STATE ol 1 1213 I 4 I s I, I 1 I• I t I o lt ~l alt MMC 4095 
units the Set and 

Q.OCJ( Rese.t are connec-
1 o o ted to Vss 

a. o 1 ' 1 1 o 
aa o o 1 

1 ' 1 

11c o 1 1 
1 1 1 

Ila o o o 
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MMC 4095 MMC 4096 

WAVEFDRMB 
Propagation delay, transition and setup-time 

tr -'tll 
afK l UT o 

J IR K 
-Voo 

~ o 
ltflUTS t51.H 

-Voo 
o 

Clock puise rise and fall time 

-'tll ---o 
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MMC4DSB 

DUAL MDNDSTABLE MUL TIVIBRATDR 
GENERAL DEBCRIPTIDN 

The MMC 4098 is a monolithic integrated circuit, 
available in 16-lead dual in-line plastic or ceramic 
package. The MMC 4098 dual monostable multivi
brator provides stable retriggerable/resettable one
shot operation for any fixed-voltage timing applica
tion. An externai resistor CRxl and an externai capa
citor CC~) control the timing for the circuit. Adjus
tment of Ax and Cx provide.§__a wide range of output 
puise widths from the Q and Q terminals. The time 
delay from trigger input to o_utput transition Ctrigaer 
propagation delayl and the tIme delay from reset in
put to output transition (reset propagatIon delay) are 
independent of R, and C,. 
Leading-edge-triggering C+ TAI and trailing-edge
triggering C-TRI inputs are provided for triggering 
from either edge of an input puise. An unused + TR 
input should be tied to Vss_ An unused -TR input 
should be tied to V00. A RESET Con low levell is provi
ded for immediate termination of the output puise or 
to prevent output pulses when power is turned on. 
An unused RESET input should be tied to Vo.lJ'. Howe
ver, if an entire section of the MMC 4088 is not 
used, its RESET should be tied to V55. See Table I. ln 
normal operation the circuit triggers Cextends the 
output puise one period) on the application of each 
new trigger puise. For operation in the non-triggera-

ABBDLUTE MAXIMUM RATINGB 

Voo• 

V; 
-~ 

1-'tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• AH voltage values are referred to Vss pin voltage 

ble mode, Q is connected to -TR when leading-edge 
triggeringC+TRI is used or Q is connected to +TR 
when trailing-edge triggering C-TRI is used The time 
period CTJ for th1s multivibrator can be approximated 

1 
by: T x = 2 RxCx for Cx 2::: O. 01 µF. Values of T 

vary from unit to unit and as a function of voltage, 
temperature, and R, C,. The minimum value of exter
nai resistance, R,, is 5 k!l. The maximum value of ex
ternai capacitance, C,, is 1 00 µF. The output puise 
width has variations of ±2,50/o typically over the 
temperature range of -55°C to 125°C for C, = 
1000 pF and Rx = 100 kn. 
For power supply variations of ±50/o, the output 
puise width has variations of ±0,50/o tipically, for V00 
= 10 V and 15 V and ±10/o typically, for V00 = 5 V at 
C, = 1000 pF and R, = 5 kO. 

FEATURES 
• Retriggerable/resettable capability 
• Trigger and reset propagation delays ina~µ1:mdent 

of Rx,Cx 
• Triggering from leading or trailing edge 
• Q and Q buffered outputs available 
• Separate resets 
• Wide range of output-puise widths 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 
()(I 

A)((xlll 
RESETUi 

•TRlll 
-TAI! 

QI 

a; 
\4f. 
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3 to 
3 to 
o to 

-55 to 
-40to 

18 
15 

Voo 

125 
85 

V 
V 
V 



MMC4D98 

LDCIIC DIAGRAM FUNCTIDNAL DIAGtRAM 

Yoo 

R2 

6110) ----------------Q 
.__ ______________ _..,9) 

u 

TABLE I 

- Functional terminal connections 

TERMINAL CONNECTIONS 

FUNCTION TO Voo TO Vss 

Mono Mono Mono Mono 
11) 12) 11) 12) 

Leading-Edge 
Trigger /Retriggerable 3,5 11,13 

Leading-Edge 
Trigger /No n-retriggera ble 3 13 

Trailing-Edge 
Trigger /Retriggerable 3 13 4 12 

Trailing-Edge 
Trigger /Non-retriggerable 3 13 

Unused Section 5 11 3,4 12,13 

•TR 

-TR 
RESET 

INPUT PULSE TO 

Mono Mono 
11) 12] 

4 12 

4 12 

5 11 

5 11 

OTHER CON-
NECTIONS 

Mono Mono 
11) 12] 

5,7 11,9 

4,6 12,10 

NOTES: 1) A Retriggerable one-shot multivibrator has an output puise width which is extended one tuli time pe
riod IT xl aher application of the last trigger puise. 

2) A Non-retriggerable one-shot multivilllrator has • time period T x referenced fram the application of 
the first trigger puise. 

INPUT Pll.SE TRAIN .M11J1Jl 
RE116iER4E Kil FllSE J I J-'iGH(+TR I-ml .. _ ... r. __ 
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STATIC ELECTRICAL CHARACTERIBTICB .. _ .. ,; .... , . 

!over recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER V1 Va I Io I Voo l'tow 
(VJ IVJ !µAl !VJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 1 O 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input h1gh 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 e-0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

Im Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu,+ l1L Input G,H 0/18 18 
-leakage types A:1y 
current input E,F 0/15 15 

types 

C1 Input 
capacitance Any input 

• how = -55°C for G, H devices: -40°C for E. F devices . 
• T HIGH = + 125°C for G. H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

177 

max. 

1 
2 
4 

20 

4 
8 

16 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC4D9B 

VALUES 

25°c îţ.lGH. UNI T 

min. typ max. min. max. 

0.02 1 30 
0.02 2 60 
0.02 4 120 
0.04 20 600 µA 
0.02 4 30 
0.02 8 60 
0.02 16 120 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 .... 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 . -2.4 .. ·-. 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 .. 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10'5 ±0.1 ±1 

µA 

±1 □ -5 ±0.3 ±1 

5 7.5 pF 



MMC409S 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

CTamb = 25°C, CL = 50 pF, RL = 200 k!L typIcal temperature coefficient for all V00 values is 0.30/o/°C, all 
input r'ise and fall time = 20 ns! 

TEST CONDITIONS VALUES 
PARAMETER UNIT 

Rx lknl Cx lpFJ V00 IVI Min. Typ. Max. 

tPLH• Trigger propagation delay 5 to 2:15 5 250 500 . 
tPHL time I+ TR. -TR to Q, QJ 10 OOO 10 125 250 ns 

- 15 100 200 

twH, Trigger puise width 5 to 2:15 5 140 70 • 
twL 10000 10 60 30 ns 

15 40 20 

tnH Transition time 5 to 2:15 5 100 200 

10000 10 50 1()() 

15 40 80 

tTHL Transition time 5 to 15 to 5 100 200 

10000 10000 10 50 100 

15 40 80 ns 

5 to 0.01 µF 5 150 300 

10000 to 10 75 150 

0.1 µF 15 65 130 

5 to 0.1 µF 5 250 500 

10000 to 10 150 300 

1 µF 15 80 160 

tPLH• Propagation delay time 5to 5 225 450 

tPHL !Reset! 10000 2:15 10 125 250 ns 

15 75 150 

twR Puise width !Reset! 5 200 100 

15 10 80 40 

15 60 30 ns 

5 1 200 600 

100 1 □oa· 10 600 300 

15 500 250 

5 50 25 

0.1 µF 10 30 15 µs 

15 20 10 

tr, t1 CTRi Rise or fall time (Trigger) 5 to 15 100 µS 

178 



MMC4D9S 

TEST CONDITIONS VALUES 
PARAM ETER UNIT 

Ax lknl Cx lpFJ Voo IVJ Min. . Typ. Max. 

Puise w1dth match between 5 5 10 

circu1ts in same package 10 10 OOO 10 7.5 15 D/o 

15 7.5 15 

APPLICATIDNS 
Astable multivibrator w1th restart after reset capab11ity 

10 ENSlllE IISTART APPIY 
RESET teiATM Pl1SE A#tR 
\b□ SUPPLY \l!l.TAGE HAS 
REA0ED l TS \tD LEVEL 

ClJTPUT 

~---rt:Ji. __ _ 
oo__filL __ 

Puise delay 

--Î\-+TR 

V(J 

Cx1 

n,,JTPUlSE~ 11 

OUTPUT PUISE 

179 

Rx 100 IAvgl Tx 
IT1+T2l 

1 mA 3.8 µS 
10 k!l I I 

0.05 mA 0.5 s 

2.5mA 3.2µs 
I I 

0.5mA 0.5s 

' 5mA 8µs 
10MB I I 

1 mA 0.5 s 

NOTE: 
ALL VALUES ARE TYPICAL 
c. RANGE: 0,0001 µF TO 

0,1 µF 

t· 
·(x2 

OUTPUT 

L-

Voo 

5V 

10 V 

15 V 



MMC 4088, MMC 41588 

B-BIT ADDREBBABLE LATCHEB 
GENERAL DESCRIPTIDN 

The MMC 4099 and MMC 4599 are 8 bit addressa
ble latches. Data îs entered in serial form when the 
appropiate latch îs addressed !via address pins AD, 
A 1, A2I, and write disable îs in the low state. 
Chip enable must be high for writmg into MMC 
4599. For the MMC 4599 the data pin is a bidirec~ 
tional data port and for the MMC 4099 the input is a 
unidirectional write only port. 
The Write/Read line controls this port in the MMC 
4599. . 
The data is presented in parallel at the output of the 
eight latches independently of the state of Write Di
sabie, Write/Read or Chip Enable. 
A Master Reset capability is available an both parts. 

ABSOLUTE MAXIMUM RATINGB 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
I 
Ptot 

DC input current (any one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to V66 pin voltage 

FEATURES 

• Serial Data Input 
• Parallel Output 
• Low Input Capacitance· 5.0 pF typical 
• Master Reset 
• Noise lmmunity· 450/o of V 0 0 typical 
• Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• Capable of Driving Two Low Power TTL Loads, □ne 

Low Power Schottky TTL Load or Two HTL Loads 
over the Rated Temperature Range 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+05 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

AECDMMENDED DPEAATING CDNDITIDNB 

Voo* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage o to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CDNNECTIDN DIAGRAMB MMC41598 

MMC4088 
Q7 1 16 Vm 

Q7 
RESET 2 17 

Voo 
RESET Q6 DATA 3 16 

DATA QS WRITE DISABLE 4 15 04 

WRITE IJSABlE Q4 NJ 5 14 Q3 

Ao Q3 A1 6 13 Q2 

Ai 6 Q2 A2 7 Q1 

Az 7 Q1 CIIP ENA&LE 8 11 

Vss QO Vss 9 11 WRITE/READ 
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MMC 40991 MMC 41!199 

FUNCTIDNAL DIACJAAM - MMC 4099 

Write 4 
Disable 

AO 5 ..,..---, J,_, 

A1 6..,....--,J.--_ 

A2 7 
(MSB.l 

r----- -----------------, 
I 

I 
I '----------- -- - ------ - ----

Zero 
Select 

Other Latches 

------u10 Q 1 ------o 11 Q 2 ------o 12 Q 3 
------013 Q 4 
------014 Q 5 
-----015 Q 6 
----<> 1 Q7 

TIMINCJ DIACJRAM - MMC 4099 .. 
AO,A1, A2 50% twH 

Write Disable 

CJOO/t 
Dota 10% 

Ons 

Reset 

QO 
t 

Q7 

t tPLH 

TRUTH TABLE - MMC 4099 

Write Reset Addressed Unaddressed 
Disable Latch Latch 

o o Data Gn i} 
o 1 Data Reset 
1 o Gn ~} Gn {} 
1 1 Reset Reset 

{} Qn is previous state of latch 
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... MC 4088, MMC 41588 

FUNCTIDNAL DIAIIAAM - MMC 415■8 

~--------- ------------- ---- - -
Reset 2 2 e>----;.;>o--t;,,,----,:----,------------, 

Data 3 

Chip 8 
Enable 

Write. /Read 10 

Write 4 
Disable 

AO 5 

A1 6 

A2 7 

IMSBl 

TAUTH TABLE - MMC 41588 

Chip Write/ Write 
Enable Read Disable 

o X X 
1 1 o 
1 1 1 
1 o X 
X X X 

X = Don't care * = No change in state of latch 
Z = High impedance 
Gn = State of addressed latch 

Address 

Decoder 

Reset 

o 
o 
o 
o 
1 

Zero 
Select 

Addressed 
Latch 

·U· 
Data 

* * o 
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Each Latch __________ ..J 

other Latches 

Unaddressed 
Latch 

* * * * o 

1------<112 Q1 
t----~13 Q2 
t----~14 Q3 
1------<115 Q4 
t----~16 QS 
1-------u 17 Q6 
1------01 Q7 

Data 
Pin 

z 
Input 

z 
Gn 
ZI□ 



MMC 40881 MMC 41588 

TIMINCI DIACIAAM - MMC41588 

Data Write 
QO 

Q7 
f-rLH 

Reset 
---i t 

CE ---------. 
A2,A1,A0 

Data 

Write Disable 

W/R 

CE 

Data 

twH 

tWL 

so• 

Data Read 

}--

SOo/o 

NOTE: 1. Invalid Data Output 
2. Reset in LOW slate 
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MMC 4DBB MMC415BB 

STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

-- .... . ... TEST CONDITIONS VALUES 

PARAM ETER V1 Vo I lol Voo l'tow 25°C ::~IGH 
IVI IVI lµAJ" M UNIT 

. -. -~--- ... _ - ·- -- . •.. •-:- . .... __ . ---.. .. min. max . min. typ max. min. m!=IX. 

IL -Qui~i;:ent, G,H O/ 5 .5 5 0.04· 5 150 
current types 0/10 10' 10 004 10 300 

0/15 1'5 20 004 - 20 600 
0/20 20 100 0.08 100 3000 µA 

E. F O/ 5 5 20 0.04 20- 150 
r--~--..,.._ .. ... . , _______ 

types;' 0/Hl 10 40 0.04 40 300 
0/15 15 80 0.04 80 600 

VoH ':..:Output tiigh". -- . • . . ·07 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 

Q/15 <1 15 14.95 14.95 14.95 

VoL -Output low 5 /O <1 5 □.p5 0.05 0.05, 
·-- . voltage 10/0 <1 10 0.05 0.05 - o._05 V 

15/0 <1 15 0.05 0.05 0.05 

V1H -lnpUthigh 0.5/4.5 <1 5 3.5 - 3.5 3.5 •' 
. • · -~ţilltâge : · 1/9 <1 10 7 7 7 V 

1.5/13.5 <1 15 11 11 11 --~ - .. .,. 

V1L -Input low - 4.5/0.5 <1 5 1.5 1.5 1.5 
,. __ -vciltaae·:_ , __ ..,._ --- .. 9/1 <"1 10 

.. ·3-- 3 .. 3" V 
~ : 13.5/1.5 < 1 i 15 ·.• 4 4 4 --·· .... -. -· 

loH -Output G,H O/ 5 2.5 5 -2 · -1.6 -3.2 -1.15 
drive types O/ 5 4.6 5 -0.64 -0.51 -1 -0.36 
current 0/10 9.5 10 -1.6 -1.3 -2.6 -0.9 

0/15 13.5 15 -4.2 -3.4 -6.8 -2.4 
mA 

E,F O/ 5 2.5 5 -1.53 -1.36 -3.2 -1.1 
types O/ 5 4.6 5 -0.52 -0.44 -1 -0.36 

0/10 9.5 10 -1.3 -1.1 -2.6 -0.9 
0/15 13.5 15 -3.6 -3.0 -6.8 -2.4 

loL -Output G,H 0/ 5 0.4 5 0.64 0.51 1 0.36 
sink types 0/10 0.5 10 1.6 1.3 2.6 0.9 
current 0/15 1.5 15 4.2 3.4 6.8 2.4 

mA 
E,F O/ 5 0.4 5 ·0.52 0.44 1 0.36 

types 0/10 0.5 10 1.3 1.1 2.6 0.9 
0/15 1.5 15 3.6 3.0 6.8 2.4 

···-- -- ·-- .- ·--. ~-

lu-to l1L -Input G,H 0110: 18 ±Q1 ±10"5 ±0.1 ±1 
leakage typeş Any 

µA current input E,F 0/15 15 ±0.3 ±10-5 ±0.3 ±1 
types 

loH 3-state G,H 0/18 
output types 

0/18 18 ±0.4 ±10 4 ±0.4 ±12 

E, F 0/15' 0/15 15 
types 

µA 

±1.0 ±10 4 ±1.0 ±7.5 
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STATIC ELECTRICAL CHARACTl!RIBTICB 

TEST CONDITIONS 

PARAM ETER v, Va Io Voo 
IVI IVI lµAI IVI 

C,n Input 
Capacitance 

Data pini 

C1 Input capacitance I Any I 
input 

• T LOW = -55°C for G, H devices: -4CJ<>C for E, F devices. 
• T HGH = +125°C for G, H devjces: +85°C for E, F devices. 

The Noise Margin for bo~h "1" and •o•· level îs: . 
1 V min. with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

Ttow 
min. max. 

DVNAMIC ELECTRICAL CHARACTERISTICB 
IT A = 25°C; CL = 50 pF: RL = 200 K: all inputs rise and fall times = 20 nsl 

CHARACTERISTICS Voo Min. 
Vdc 

Output Rise and Fall Time 
tTLH trLH, trHL = I1.35ns/pFI CL 5.0 

+32ns 10 
trLH, trHL = I0.6ns/pFI CL +20ns 15 

trHL trLH, trHL = I1.4ns/pFI CL 
+20ns 

Propagation Delay Time 
tPHL Data to Output 5.0 
tPLH 10 

15 

Write Disable to Output 5.0 
10 
15 

Reset to Output 5.0 
10 
15 

Address, CE to Output 5.0 
10 
15 

tPHL Propagation Delay Time 
MMC 4599 only 5.0 

tPLH Chip Enable, Write/Read to 
Data 10 

15 

Address to Data 5.0 
10 
15 
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MMC 4099 MMC4!5S9 

VALUES 

25°c THIGH UNIT 

min. typ max. min. max. 

15.0 22.5 pF 

5 7.5 pF 

Typ. Max. Unit 

100 200 
50 100 ns 
40 80 

200 400 
75 150 ns 
50 100 

200 400 
80 160 ns 
80 120 

175 360 
80 160 ns 
65 130 

225 450 
100 200 ns 
75 150 

200 400 

80 160 ns 
65 130 

200 400 
90 180 ns 
75 150 



MMC 40881 MMC 41!18■ 

CHARACTERISTICS Voo Min. Typ. Max. Unit 
Vdc 

twH Minimum Puise Widths 5.0 200 100 
tWL Data 10 100 50 ns 

15 80 40 

Address 5.0 400 200 
10 200 100 ns 
15 125 65 

Reset 5.0 150 75 
10 75 40 ns 
15 50 25 

Write Disable 5.0 320 160 
10 160 80 ns 
15 120 60 

tsu Set UpTime 5.0 100 50 
Data 10 50 25 ns 

15 35 20 

th Hold Time Data 5.0 150 75 
10 75 40 ns 
15 50 25 
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MMC 41500 

1 BIT INDUSTRIAL CDNTRDL UNIT 

GENERAL DEBCRIPT"DN 

The MMC 4500 is a single bit, one-chip static CMOS 
processor. The industrial Control Unit CICUJ is design 
for the use in systems requiring decisions based on 
succesive single bit information. The control pro
gram is stored in an externai ROM. With a program 
counter, output latches and input multiplexers, the 
ICU in a system, forms a stored program controller 
that replaces combinatorial logic. Applications in
clude relay logic processing, serial data manipulation 
and control. · 

ABSOLUTE MAXIMUM RATINGB 

Voo• 

V, 
I 
~tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current !any one input] 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURE■ 

• 16 instructions 
• Fully static operation 
• Wide range of clock frequencies, typical 1 MHz 

operation at Vpo·· 5 V 
• Executes one instruction per clock cycle 
• Capable of driving one Low-Power Schottky load 

or two Low-Power TTL loads 
• 3 to 1 8 V operation 
• High noise immunity 
• Low quiescent current 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNS 

Voo• Supply voltage: G and H types 
I: and F types 

V, Input voltage 

3 to 18 V 
3 to 15 V 
o to Voo V 

TA Dperating 
temperature : G and H types -55 to 125 oe 

E anrl F types -40 to 85 oe 

PIN FUNCTIDN 

CDNNECTIDN DIACIRAM Pin No. Function Symbol 

1 Chip Reset RST 
2 Write Puise WRITE 
3 Data ln/Out DATA 

RST 4 MSB lnstruction Word 13 

WRITt 
5 Bit 2 lnstruction Word 12 
6 Bit 1 lnstruction Word 11 

DATA 3 7 LSB lnstruction Word 10 
13 4 8 Ground Vss 

12 5 
9 Flag on NOPF FLAGF 

10 Flag on NOPO FLAGO 
11 6 11 Subroutine Return 
10 7 Flag RTN 

V55 • 12 Jump lnstruction Flag JMP 
13 Oscillator Input X2 
14 Oscillator Output X1 
15 Resuit Register RR 
16 Positive Supply Voo 
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BLDCK DIACIRAM 

D 
CI< 

X1 
osc 

X2 

RST 

RST ..IT C 
o L 
N O 
T G 
R I 
O C 

LU L 
Conncllds 

4 

CI< D 
E 
C 

13 o 
D 

12 

11 ,. 4 

1• 

MMC 4500 - INBTRUCTIDN SET 

lnstruction Code 

O 0000 

1 0001 
2 0010 
3 0011 
4 0100 
5 0101 
6 0110 
7 0111 
8 1000 
9 1001 

10 1010 
11 1011 
12 1100-
13 1101 
14 1110 
15 1111 

Mnemonic 

NOPO 

LD 
LOC 
ANO 

ANDC 
OR 

ORC 
XNOR 
STD 

STOC 
IEN 

OEN 
JMP 
RTN 
SKZ 

NOPF 

Action 

No Change in registers; RR -- RR; FLAG□ - ..n.. 

Load resuit register;RR -- DATA 
Load complem~nt; RR --"'!iATA 
Logica! ANO; RR -~ RR i} DATA __ 
Logica! ANO with complement; RR -- RR i} DATA 
Logica! OR; RR --RR + DATA __ 
Logica! OR vith complement; RR -- RR + DATA 
Exclusiv NOR; if RR = DATA, RR --1 
Stare; DAT A -- RR; WRITE -- J"L 
Stare complement; DAT A -- RR; WRITE -- .I1. 
Input enable; IEN Register --DATA 
Output enable; OER Register -- DATA 
Jump; JMP Flag -- .fi. 
Return; RTN Flag --J1. """ ''"' ""' ;""'""''"" 
Skip next instruction if RR = O 
No change in registers; RR - RR; FLAGF --J'1. 
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WAITE 

RR 

JHP 

RTN 
FLAGF 

FLAG• 



TIMING DIAGAAM 

xt 

RST 

IEN 
Regster 
OEN 
Register 

RR 

4 Bit 
nstruction 

FLAG O 

FLAG F 

)O 

4 Bit 
lnstruction 

RST 

RR 

J1P Aag 

RTN Rag 

SKIF FUG 
lhtemall 
instructions ilJved 

lnstructions NOPO NOPF 
RR IEN OEN remain unaffected 

N PF 

(DATA TO FLAG) I 
hs!Nctions SKZ J1P RTN 

RR IEN OEN rema1n ll'lllffected 

I 
I \ I 
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MMC45DD 

NOPO 

\ 

\ 



TIMINCI DIACIRAM 

x, 

411t 
llnstructian 

Data 

AR 

OEN Aegistw 
llntlmall 

x, 

Uit 
.. ,tructlon 

Data 

AR 

EN R1g11tw 
llntlrnal I 

tp 

MMC 41500 

Valid vben RST •l 

NOTE : 1. Valid output dala 

Valid vhln RSh L 
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STATIC ELECTRICAL CHARACTERIBTICB 
lover recommended operating coni:litionsl 

TEST CONDITIONS 

PARAM ETER V1 Va Io Voo îtow 
IVI NI lµAI IVI min. max. 

IL -Quiescent G,H O/ 5 5 5 
rurrent types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E, F O/ 5 5 20 
types 0/10 10 40 

0/15 15 80 

V□H -Output high O/ 5 <1 5 4.95 
voltage· 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL -Output low 5 /O <1 5 0.05 
voltage 10/0 <1 10 0.05 

15/0 <1 15 0.05 

V1H -Input high 0.5/4.5 <1 5 3.5 
voltage 1 /9 <1 10 7 

1.5/13.5 <1 15 11 

V1L -Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

V1H Input High 0.5/4.5 <1 5 2.5 
Voltage 113,12,11,10, 1/9 <1 10 6 
Pinsl 1.5/13.5 <1 15 15 

V1L Input Low 4.5/0.5 <1 5 0.8 
Voltage 113,12,11,10, 9/1 <1 10 1.6 
Pinsl 13.5/1.5 < 1 15 2.4 

l□H -Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.:s 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

la. -Output G,H O/ 5 0.4 5 0.64 
sink typee 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l □H Output drive Current O/ 5 4.6 5 -1.2 
!DATA, WRITE Pinsl 0/10 9.5 10 -3.6 
AU types 0/15 13.5 15 -7.2 

l □L Output Sink Current O/ 5 0.4 5 1.9 
!DATA, Write Pinsl 0/10 0.5 10 3.6 
AU types 0/15 7.2 15 6.0 

.. 
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MMC4!500 

VALUEE 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 ' 11 

1.5 1.5 
3 3 V 
4 4 

2.5 2.2 2.5 
6 3.1 6 V 

10 4.3 10 

1.1 o.a 0.8 
2.2 1.6 1.6 V 
3.4 2.4 2.4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

-1.0 -2.0 -0.7 
-3.0 -6.0 -2.1 mA 
-6.0 -12.C -4.2 

1.6 3.2 1.1 
3.0 6.0 2.1 mA 
6.0 12.0 4.2 



STATIC ELECTRICAL CHARACTEAIBTIC& 
!over recommended operating conoitionsl 

TEST CONDITIONS 

PARAMETER v, Va Io Voo Tt.ow 
!VI NI !µAl !VI min. max. 

l □H 3-state G,H 0/18 0/18 18 ±0.4 
output types 

E, F b/15 0/15 15 ±1.0 
types 

I,n Input Current 15 25 
!RST Pini 

l1H, l1L -Input G,H 0/18 18 ±0.1 
leakage types Any 
current input E,F 01.15 15 ±0.3 

types 
c, -Input 

capacitance Any input 

C,n Input Capacitance 
!DATA Pini 

VALUES 

25°c 

min. typ 

±104 

±10 4 

150 

±101 

±10· 

5 

15 

lţl- Total Supply Current aton 5 I1=11.5µA/kHzlxf+IL 
Externai Load Capacitance 10 I1=13.0µA/kHzlxf+IL 
ICU on AII outputs 15 I1=14.5µAk/Hzlxf+IL 

ii- The formulas given are for the typical characteristics only at 25°C 

• T LOW = -55°C for G, H devices: -40°C for E. F devices. 
• T I-IGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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ÎHIGH UNIT 
max. min. max. 

±0.4 ±12 

µA 

±1.0 ±7.5 

250 µA 

±0.1 ±1 

µA 

±0.3 ±1 

7.5 pF 

pF 

µA 



MMC45DD 

DVNAMIC ELECTRICAL CHARACTERISTICB 
ITA=25°C; CL=50pF for JMP, X1, RR, FLAGO, FLAGF; CL=130pF+1TTL load for DATA and WRITE; 
RL =200K; all inputs rise and fall times=20 nsl. 

• VALUES 
CHARACTERISTICS SYMBOL Voo UNITS 

Min. Typ. Max. 

Propagation delay Time tdR 5 - 250 500 ns 
X1 to RR 10 - 125 250 

15 - 100 200 

X1 to FLAG F, FLAG O tdF 5 - 200 400 
RHil,JMP 10 - 100 200 

15 - 85 170 

X1 to WRITE tdW 5 - 225 450 
10 - 125 250 
15 - 100 200 

X1 to DATA td□ 5 - 250 500 
10 - 120 240 
15 - 100 200 

RST to RR tdRRR 5 - 250 500 
10 - 125 250 
15 - 100 200 

RST to X1 tdRX 5 - 450 Note 1 
10 - 200 
15 - 150 

RST to FLAG F, FLAG O, •dRF 5 - 400 800 
RTN,JMP 10 - 200 400 

15 - 150 300 

RST to WRITE, DATA tdRW 5 - 450 900 
10 - 225 450 
15 - 175 350 

Clock Puise Width, X 1 tw1c11 5 400 200 - ns 
10 200 100 -
15 180 90 -

Reset Puise Width, RST tw1RJ 5 500 250 - ns 
10 250 125 -
15 200 100 -

Setup time. lnstruction tsum 5 400 200 - ns 
10 250 125 -
15 180 90 -

Data tsu101 5 200 100 -
10 100 50 -
15 80 40 -

Hold Time lnstruction thlll 5 100 o - ns 
10 50 o -
15 50 o -

Data thlDI 5 200 100 -
10 100 50 -
15 100 50 -

Note 1: Maximum reset Delay may extend to one half clock period 
Data tabelled "Typ" is not to be used for design purposes but is intended as an indication of the IC po
tential performance 
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TVPICAL APPLICATIONB 

CLOCK 

r----RR 
MMC 4500 

I CU WRITE 

DATA ' "~13 RRI (/) 

"4811 1BIT 
DATA BUS ~,,, V ,"" INSTRUCTION 

J !, 
INPUT SELCTCR A 

. :. 
L--------- _., 

194 

MMC45DD 

MMC 4516 etc ., 

Program 
counter 

Io"' .,. 

' r 

I M EMORY 
IOP. CODE IIA>AIIRESS 

lf 
I""' -

I 

' .! :, 

ClJTPUT LATCHES 

~ ... :, 



MMC4&D3 

HEX NDN-INVERTING TAI-STATE BUFFER 

GENERAL DESCRIPTICN 

The MMC 4503 is a hex non-inverting TAI-STATE 
buffer with high output current sink and source ca
pability. TAI-STATE outputs make it useful in bus 
oriented applications. Two separate disable inputs 
are provided. Buffers 1 to 4 are controlled by 
the disable A input. Buffers 5 and 6 are controlled by 
the disable B input. A high levei on either disable input 
will cause those gates on its control line to go into a 
high impedance state. 

AB■DLUTE MAXIMUM RATINCJB 

Va□• Supply voltage: G and H types 
E and F types 

V; Input voltage 
I DC input current lany one input) 
ptot Total power dissipation (per packageJ 

Dissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to V55 pin voltage 

FEATURES 

• Wide supply voltage range 3.0 Voc to 18 Voc 
e TAI-STATE outputs 
• Symmetrical turn an/turn off delays 
• Symmetrical output rise and fall times 
• 1 TTL-load output drive capability 
• 2 output-disable controls 
• 1 OOO/o tested for quiescent current 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED CPERATINCJ CCNDITIDNS 

Voo• Supply voltage: G and H types 3to 18 V 
E and F types 3to 15 V 

V; Input voltage 0to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CCNNECTICN DIACJRAM 

Dl 
Ql 
D2 

Q2 
D3 
03 

Vss 4 
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MMC45D3 

STATIC ELECTRICAL CHARACTERISTICB 

[over recor,:nended 11perating conditionsl 

TEST CONDITIONS VALUES 

PARAM ETER v, Vo llol Voo Ttow 25°c ~IGH UNI T 
IVJ IVJ lµAl IVJ min. max. min. typ max. min. max. 

IL Quiescent G,H O/ 5 5 1 0.02 1 30 
current types 0/10 10 2 0.02 2 60 

0/15 15 4 0.02 4 120 
0/20 20 20 0.04 20 600 

µA 
E. F O/ 5 5 4 0.02 4 30 

types 0/10 10 8 0.02 8 60 
()/15 15 16 0.02 16 120 

VD-i Output high O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 

0/15 <1 15 14.95 14.95 14.95 

VoL Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 0.'05 V 

15/0 <1 15 0.05 0.05 0.05 

VIH Input high 0.5/4.5 <1 5 3.5 3.5 3.5 
voltage 1 /9 <1 10 7 7 7 V 

1.5/13.5 <1 15 11 11 11 

V1L Input low 45/0.5 <1 5 1.5 1.5 1.5 
voltage 9/1 <1 10 3 3 3 V 

13.5/1.5 <1 15 4 4 4 

1()-i Output drive G,H O/ 5 2.5 5 -5.8 -4.8 -6.1 -3 
current types O/ 5 4.6 5 -1.2 -1.02 -1.9 -0.7 

0/10 9.5 10 -3.1 -2.6 -3.7 -1.8 
0/15 13.5 15 -8.2 -6.8 -14.1 -4.8 

mA 
E, F O/ 5 2.5 5 -4.8 -4.1 -5.2 -2.9 

types O/ 5 4.6 5 -1 -0.8 -1.6 -0.6 
0/10 9.5 10 -2.5 -2.2 -3.1 -1.6 
0/15 13.5 15 -6.8 -5.8 -11.9 -4.2 

IDL Output sink G,H O/ 5 0.4 5 2.6 2.1 2.3 1.3 
current types 0/10 0.5 10 6.5 5.5 2.6 3.8 

0/15 1.5 15 19.2 16.1 23 11.2 
mA 

E, F O/ 5 0.4 5 '2.1 1.8 1.9 1.2 
types 0/10 0.5 10 5.4 4.7 5.3 3.3 

0/15 1.5 15 1.6 13.7 19.5 9.7 

l1H, l1L Input G,H 0/18 18 ±0.1 ±10·5 ±0.1 ±1 
leakage types Any 

µA current i~ut E, F 0/15 15 ±0.3 ±10·5 ±0.3 ±1 
types 

IOH 3-state G. H 
0/18 0/18 18 ±0.4 ±10·• ±0.4 ±12 

output types 
µA 

E, F 
types 

0/15 0/15 15 ±1.0 ±10·• ±1.0 ±7.5 
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TEST CONOITIONS 

PARAMETER V1 Va I lol Voo 
CVJ (VJ CµAJ CVJ 

C1 Input 
capacitance Any input 

* T LOW = -55°C for G, H devices: -40°C for E, F devices. 
* T HIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

l'tow 
min. max. 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

MMC4503 

VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

5 7.5 pF 

CT A = 25°C, CL = 50 pF, AL = 200 k, typical temperature coefficient for alt V00 = 0.30/o/°C values, alt 
input rise and fall time = 20 ns) 

TEST 
PARAM ETER CONDITIONS 

VnnCVJ 

tpt,H, PropagatIon delay tIme 5 
tPHL 10 

Low-to-High 15 

High-to-Low 5 
10 
15 

tPHZ• 3-state propagation delay time 5 
tpzH 10 

15 

tPZL• 3-state propagation delay time 5 
tpLZ 10 

o . 15 

tTLH• Transition time 5 
tTHL Low-to-Aigh 10 

o 15 

High-to-Low 5 
10 
15 

LDGIIC DIAGIRAM AND TRUTH TABLE 

DN-----------..--~""' 
214,6,11,12,141 

I 
I 
I 
I 
I 

DISABLE TO OTHER 
BUFFERS 

JIIE 
11-

~QN 
~.7,9,11,13 l 
t--7 QN='DN 

\ţs 

o 

197 

VALUES 

UNIT 
min. typ. max. 

75 150 
35 70 
25 50 

55 110 ns 
25 50 
17 35 

70 140 
30 60 
25 50 

90 180 ns 
40 80 
35 70 

50 90 
30 45 
25 35 

35 70 ns 
20 40 
13 25 

DN DISACBI ! QN 

o o o 
1 o 1 
X 1 HIGH Z 



DUAL 4-BIT LATCH 
The MMe 4508 dual 4-bit latch contains two identi
ca! 4-bit latches with separate STROBE, RESET and 
OUTPUT DISABLE controls. With the STROBE line 
in high state, the data on the "O" inputs appear at 
the corresponding "Q" outputs provided the DISA
BLE line îs în the low state. ehanging the STROBE 
line to the low state locks the data into the latch. A 
high on the RESET line forces the outputs to a low le
vei regardless of the state of the STROBE input. The 
outputs are forced to the high-impedance state for 
rus line application by a high levei on the DISABLE în-

~~ MMe 4508 E/F/G/H types are supplied în the 
24-lead dual-în-line ceramic or plastic packages. 

ABSOLUTE MAXIMUM RATINCIB 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = full package-temperature range 
Operating 
temperature : G and H types 

E and F types 
Storage temperatura 

• AII voltage values are referred to Vss pin voltage 

MMC41!50B 

FEATURES 

• Two independent 4-bit latches 
• Individual master reset for each 4-bit latch 
• 3-state outputs with high-impedance state for 

bus line applications 
• Medium-speed operation: tPLH = tPHL = 70 ns ltyp.J 

at V00 = 10 V and el= 50 pF 

APPLICATl0NB 

•. Buffer storage 
• Holding register 
• Data storage and multiplexing 

-0.5 to 
-0.5 to 

20 
18 

-0.5 to V00+05 
±10 
200 

100 

-55 to 125 
-40to 85 
-65to 150 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 

. oe 

REC0MMEN0ED 0PERATING C0NDITl0NB 

Voo• Supply voltage: G and H types 
E and F types 

V; Input voltage 

3to 18 V 
3to 15 V 
o t.o Voo V 

TA Operating 
temperature : G and H types -55 t.o 125 oe 

E and F types -40to 85 oe 

C0NNECTl0N DIAGRAM 

\tl) 
Q38 

038 
(128 

028 

Q18 
018 

QCB 

008 
OOTPUT 
IJSABlE B 
STll>lt: B 

IISETB 
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MMC4!50B 

STATIC l!LECTAICAL CHAAACTEAIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS VALUES 

PARAMETER v, Vo l Io I Voo Tt.ow 25°c ~IGH 
IV) IVJ !µAl IV) UNI 

min. max. min. typ max. min. max. 
T 

IL • Guiescent G,H O/ 5 5 5 0.04 5 150 
current ~vpes 0/10 10 10 004 10 300 

0/15 15 20 0.04 20 600 
0/20 20 100 o.oa 100 3000 µ.A 

E, F O/ 5 5 20 004 20 150 
ltypes 0/10 10 40 0.04 40 300 

0/15 15 80 0.04 80 600 

VoH - -Output high O/ 5 ... <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 

Q/15 <1 15 14.95 14.95 14.95 

Val -Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 005 0.05 0.05 V 

15/0 <1 15 0.05 0.05 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 3.5 3.5 
voltage 1 /9 <1 10 7 7 7 V 

1.5/13.5 <1 15 11 11 11 

V1L - -Input low 4.5/0.5 <1 5 1.5 1.5 1.5 
voltage 9/1 <1 10 3 3 3 V 

13.5/1.5 <1 15 4 4 4 

loH -Output G,H O/ 5 2.5 .. 5 -2 -1.6 -3.2 -1.15 
drive types O/ 5 4.6 5 -0.64 -0.51 -1 -0.36 
current 0/10 9.5 10 -1.6 -1.3 -2.6 -0.9 

0/15 13.5 15 -4.2 -3.4 -6.8 -2.4 
mA 

E, F O/ 5 2.5 5 -1.53 -1.36 -3.2 -1.1 
types O/ 5 4.6 5 -0.52 '-0.44 -1 ~□.36 

0/10 9.5 10 -1.3 -1.1 -2.6 -0.9 
0/15 13.5 15 -3.6 -3.0 -,a.a -2.4 

loL -Output G,H O/ 5 0.4 5 0.64 0.51 1 0.36 
sink types 0/10 0.5 10 1.6 1.3 2.6 0.9 
current 0/15 1.5 15 4.2 3.4 6.8 2.4 

mA 
E,F O/ 5 0.4 5 0.52 0.44 1 0.36 

types 0/10 0.5 10 1.3 1.1 2.6 0.9 
0/15 1.5 15 3.6 3.0 6.8 2.4 

111+ l1L · -Input G,H 0/18 18 ±01 ±1□·5 ±01 ±1 
leakage types Any 

µ.A current input E,F 0/15 15 ±0.3 ±1□·5 ±0.3 ±1 
types 

IIJH 3-state G,H 
0/18 output types 0/18 18 ±0.4 ±10' ±0.4 ±12 

E,F 
µ.A 

types 0/15 0/15 15 ±1.0 ±10, ±1.0 ±7.5 

·-
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TEST CONOITIONS 

PARAMETER V1 Vo Io V□□ 
IVJ IVJ lµAl IVJ 

C1 -Input 
capacitance Any input 

* TL□w = -55°C for G, H devices: -40°C for E, F devices. 
* T HIGH = +125°C for G, H devices: +85°C for E. F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

l'tow 
min. max. 

DVNAMIC ELECTRICAL CHAAACTERISTICS 

VALUES 

25°c 

min. typ max. 

5 7.5 

ITA= 25°C, input tr t 1 = 20 ns, CL = 50 pF, RI = 200 kn. unless otherwise soecifiedl 

TEST 
PARAMETER CON□ TIONS VALUES 

V00 1Vl min. typ. 

tTHL• Transition time 5 100 
tTLH 10 50 

15 40 

twlRJ Reset puise width 5 200 100 
10 140 70 
15 100 50 

tw(stl Strobe puise width 5 140 70 
10 80 40 
15 70 35 

tsetup Setup time 5 50 25 
10 30 15 
15 20 10 

tH Hold time 5 o o 
10 o o 
15 o o 

tPHL• Propagation delay • Strobe to data out 5 130 
tPLH times: 10 70 

15 50 

Data in to data out 5 105 
10 60 
1 o:; ""' 

Reset to data out 5 90 
10 50 
15 40 

tpHz 3-state propagation delay times: output 5 90 
high to high impedance 10 50 

15 35 

tpZH High impedance to output high 5 90 
10 50 
15 35 

tpLZ Output low to high impedance 5 90 
10 ~o 
15 35 

200 

MMC450B 

~IGH UNI T 
min. max. 

pF 

UNIT 

max. 

200 
100 ns 
80 

ns 

ns 

ns 

ns 

260 
140 ns 
100 

210 
120 ns 
an 

180 
100 ns 
80 

180 
100 ns 
70 

180 
100 ns 
70 

180 
100 ns 
70 



MMC45DB 

Tf"ST CONDITIONS VALUES 
PARAMETER 

Voo (Vl 
UNIT 

min. typ. max. 

tpzL High impedance to output low 5 90 180 
10 50 100 ns 
15 35 70 

LOGIC DIAGRAM EA Sect.ionJ 
1 of 4 identificai latches with common output d1sable, reset and strobe 

CllTPUT llSABLE 

OUTPUT DISABLE 

RESET-A 
1 OUlPUT 

4(6,B,10) I 
Dn-A I 

s~' --------- --- ; _____________ _j 
TRUTHTABLE 

RESET DISAB STROBE □ INPUT QINPUT 

o o 1 1 1 
o o 1 o o 
o o o X Latched 
1 o X X o 
X 1 X X z 

1 = High levei X = Don't care 
O= Low levei Z = High impedance 

TEST WAVEFDRM tw(stl 

STRCSE 
INPUT 

tset 

twlRI 

RE~ 

OUTPUT 
DISABLE 

0n CllTPUT 

~LH 1THL 
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MMC4!5DB 

TVPICAL APPLICATIDNB 

Bus register 

-
I T 

RESET 
CLOCK r--- f-- !------------- I l----, V MK: 

SERIAL 
DATA 

STROBE 

IJSABLE -

-IJISABI.E 

4LNE 
DAVI BUS 

I 
I 
I 4 !IT SHfT 
I REGISTER 
I 
I 
I 

L---- -- -

r---- ·-~- -
I 
I --:-
I QIJAO IATCH 
I (3 STATEI . 
I 
I L---+- --- -

{ 
J. 

I 
I 

4 BIT SHIFT 
I 
I 

4015 

REGISTER I 
I 
I 
I 

------- ------ - -
____ _., 

------- ------ - - -----, 
I 
I 
I 
I 

QUA() LAltH 
(3 STATE) I 

VMK: 
4508 

I 
I 

------ţ-
I -------- -,- ----.I 

Dual multiplexed bus register with function select 

r+c 
45al 

r----- ---, 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

----....... 1 
3-STATE 

4-BIT LATCH 

3-STATE 
4-BIT LATCH 

I 
I 
I 
I 
I 

I 

I 
I 
I 

L.--- - __ J 

3-STATE 
4-BIT LATCH 

-7 V MMC 
4508 

I 
I - ........... .,....--1 

I 
I 
I 3-STATE I I 4~T L4TCH I I I 
I I L ___ - ___ J 
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MMC 451 D MMC 451 6 

PRESETTABLE UP/DDWN CDUNTERS: 
MMC 451 O PRESETTABLE BCD UP/DDWN 
CDUNTERS 
MMC 451 6 PRESETTABLE BINARV UP/DDWN 
CDUNTER 
GENERAL DESCRIPTIDN 

The MMC 451 O. MMC 4516 are rnonohth,c ,ntegra
ted cIrcuIts available 111 16-lead dual 111-ltne plastic 
package. 
The M MC 451 O Presetable BCD Up /Oown Counter 
and MMC 4516 B,nary Up /Down Counter consist of 
faur synchronously clocked O-type fi,p-flops lw,th a 
gat,ng structure to prav,de T-typP fl1p-flop capab,
htyl connected as counters. These t:uunters can be 
cleared by a h1gh levei RESET line, ,mu can be preset 
to any binary number present an ti 11 • 1am Inputs by a 
h1gh levei an the PRESET ENABLE I111e. The MMC 
451 O w1II caunt aut of non-BCD cuu, ,ter states 111 a 
maximum of two clock pulses 111 U1t! up mode, and a 
maximum of faur clock pulses 111 tl ,p down mode. lf 
the CARRY-IN input ,s held low, tlll' counter advan
ces up or down an each posItIve-r1rnng clock transI
tIon. Synchronous cascading Is accm1pltshed by 

ABSOLUTE MAXIMUM RATINGS 

Voo• 

V, 
I 

Ptat 

Supply voltage: G and H types 

Input voltage 
E and F types 

DC input current lany one input! 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to v55 pin voltage 

connect,ng all clock Inputs 111 parallel and connectIng 
the CARRY-OUT of a less s1g111ftcant stage to the 
CARRY-IN of a more s1gn1f1cant stage. The MMC 
451 O and MMC 4516 can be cascaded 111 the ripple 
mode by connPrtInq the CARRY-OUT to the clock of 
the next stage. lf the UP/DOWN input changes du
ring a terminal count, the CARRY-OUT must be ga
ted with the clock, and the UP/DOWN input must 
change while the clock is high. This method provides 
a clean clock signal to the subsequent counting 
stage. 

FEATURES 

• Med1um speed operat,on f 1 -= 8 MHz typ. at 1 O V 
• Synchronous internai CAR~Y propagatI011 
• RESET and PRESET capability 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+O.5 V 

10 mA 
200 mW 

100 mW 

-55to 125 cc 
-40 to 85 cc 
-65 to 150 cc 

RECDMMENDED DPERATING CDNDITIDNS 

Supply voltage: G and H types 
E and F types 

lmput voltage 

Operating 
temperature : G and H types 

E and F types 

CDNNECTIDN DIAGRAM 

mmr 
Q4 
P4 

Pl 

fARffi'1N 
QI 

CARR'rmr 
Vss 
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'oo 
cuxx 
Q3 

P3 

P2 

Q2 

3 to 18 V 
3 to 15 V 
Oto Voo V 

-55 to 125 cc 
-4Oto 85 cc 



STATIC ELECTRICAL CHARACTERIBTICB 

Cover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo llol Voo ltow 
CV! CV! CµAJ CV) 

min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E-. F O/ 5 5 
types 0/10 10 

0/15 15 

VOi Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Val Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IOH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E. F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13:5 15 -3.6 

fOL Output G,H crrs- U.4 5 0.64" 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H- l1L Input G,H 0/18 18 
leakage types Any 
current 

E,F input 
0/15 15 

types 

c, Input 
capacitance Anyinput 

• T LOW = -55° C for G, H devices; -4□° C for E, F devices . 
• T HIGH = + 125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V 0 0 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

204 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC 4!51 D MMC 4!51 & 

VALUES 

25°c „HGH 
UNI T 

min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -111 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±03 ±1 

5 7.5 pF 



MMC 45'1 D MMC 45'1 & 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

IT ar:nb = 25°C, C.L = 50 pF, AL= 200 k, typical temperature coeficient for all V00 values is 0.30/o/°C, all input rise 
and fall tImes = 20 nsl 

TEST CONDITIONS 
VALUES 

PARAMETER UNIT 
Voo CVI MIN. TYP. MAX. 

tPHL• Propagation delay time Clock to Q 5 200 400 
tPLH 10 100 200 ns 

output 15 75 150 

tPHL• Propagation delay time preset or 5 210 420 
tPLH reset to Q output 10 105 210 ns 

15 80 160 

tPHL Propagation delay time clock to carry 5 240 480 
tPLH aut 10 120 240 ns 

15 90 180 

tPHL• Propagation delay time carry in to 5 125 250 
tPLH carry aut 10 60 120 ns 

15 50 100 

tPHL• Propagation delay time preset or 5 320 640 
tPLH reset to carry aut 10 160 320 ns 

15 125 250 

trLH. Transition time 5 100 200 
trHL 10 50 100 ns 

15 40 80 

fmax, Max. clock frequency 5 2 4 
10 4 8 MHz 
16 5.5 11 

tw, Clock puise width 5 150 
10 75 ns 
15 60 

1•1 Preset enble or removal time 5 150 
10 80 ns 
15 60 

t,.. • • Clock rise and fall time 5 15 
t, 10 5 ns 

15 5 

tsetup Carry in setup time 5 130 
10 60 ns 
15 45 

t setup Up-down setup time 5 360 
10 160 ns 
15 110 

t w Preset enable or reset puise width 5 220 
10 100 ns 
15 75 

(•I Time required atter the falling edge of the reset or preset enable inputs before the rising edge of the clock 
will trigger the counter (similar to setup timel. 
lf more than unit is cascadeii in the parallel clocked application, tr clock should be made less than or equal 
to the sum of the fixed propayation delay at 15 pF and the transition time of the carry output driving stage 
for the estimated capacit_ive load. 
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MMC 45„ O MMC 45„ 6 

LOGIC 01AGAAM ,. 6 12 11 14 3 

~ 

CLOCK 

MMC45„D 

4 6 

RESET 

CLOCK 

UP/DOW 

MMC 415„ B 



TIMING DIAGAAMB 

CLOCK 

~ 
UP/DIMN 

RESET 

PE 
P1 

P2 

P3 
P4 

01 

02 

0.3 

COUNT 

,. 

., 

-

o 

n. ,. ,. 

- --
1 2 3 

n.. n.. n.. ,. n. n. 
■ 

- - -- - -
4 5 6 7 8 'f 

TAUTHTABLE 

CL CI U/D PE 

X 1 X o 
_r o 1 o 

.I o o o 
X X X 1 

X X X X 

X = Don't care 

TIMING DIAGAAM 

CLOCK n. ÎL i1. n. i1. i1. i1. n.. .,_ .,_ 
CARRYi 

UP/00#' 

RESET 
PE r, 
P1 
P2 
P3 

pr. 

0.1 - - - - -- - - -- --
02 -Q3 

ll4 
CARRY OUT 

COUNT 5 6 7 8 9 10 11 12 13 14 

-

MMC 451 0 MMC 451 B 

MMC4510 

n.. n.. n. ,. n. n.. ,. n. :L ,. n. n.. .,_ 
r-1 -.. 

":1 -

- - ,.... - - -- - - - - --... -
8 7 6 5 4 3 2 1 o T 9 6 7 O 

R ACTION 

o NOCOUNT 

o COUNT UP 

o COUNTDOWN 

o PRESET 

1 RESET 

MMC4!51& 

"l. n.. n.. n. i1. i1. n. .,_ "l. i'L ,. n. n.. 
r-, 

.. 
M 

Voo 
Vss 

- - - - -- - - - --------- - -15 9 8 7 6 5 4 3 2 1 o o 15 O 
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TVPICAL APPLICATIONS 

Typical 16-chaonel 'Kl bit cbta aquisition system 

PRESETI INPIJ15 
MMC 4516 

C CK PRESET 
ENMLE 

MMC 451 O MMC 451 6 

rh1s aqu1s1t1on system can be operated in the random access mode by jamming in the channel number at 

the present 1nouts. or 1n the sequent1al mode by clocking the MMC 4516. 

tJ'/IJOWN "Parallel clocking" 

PRESET 
EtW!LE 

CLOCK 
RESET 

"Ripple clocking" 

208 



V, 
1, 

MMC4!511 

BCD-TD-SEVEN SEGMENT LATCH/ 
DECDDER/DRIVER 

GENERAL DEBCRIPTIDN 

The MMC 4511 is a monolithic integrated circuit 
available in 16-lead dual in-line plastic or ceramic 
package 
The MMC 4511 type is a BCD-to-7-segment latch 
decoder driver constructed with COS/MOS logic and 
n-p-n bipolar transistor output devices an a single 
monolithic structura. This device combines the low 
quiescent power dissipation and high noise immunity 
features of COS/MOS with n-p-n bipolar output capa
ble of sourcing up to 25 mA. This capability allows 
the MMC 4511 type to drive LED's and other dis
plays directly. Lamp Test CL TI. Blanking CBU and 
Latch Enable or Strobe inputs are provided to test 
the display, shut oft or intensity-modulate it, and 
stare or strobe a BCD cade, respectively. Several 
different signals may be multiplexed and displayed 
when externai multiplexing circuitry is used. 

ABSOLUTE MAXIMUM RATINGB 

Supply voltage: G and H types 
E anci F types 

Input voltage 
DC input current Cany onP input) 
Total power dissipation [pP.r packagel 
Dissipation per output transistor 
for TA= tuli package-temper'lture range 
Operating 
temperature : G and H types 

E and F types 
Storage temperatura 

• AH voltage values are referred to Vss pin voltage 

FEATURES 

• High-output-sourcing capability Cup to 25mAJ 
• Input latches for BCD cade storage 
• Lamp test and blanking capability 
• 7-segment outputs blanked for BCD input co

des)1001 

APPLICATIDN 

• lnterfacing with various displays 
• Driving common-cathode 7-segment LED displays 
• Driving low-voltage fluorescent displays 
• Driving incandescent displays. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Supply voltage: G and H types 

Input voltage 

Operating 
temperatura : 

E and F types 

G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

B 
C 
[T 

il 
LEtfflioiE 

o 
A 

"$ 
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\Ul 
t 
g 

b 

C 

d 

3 to 
3 to 
O to 

-55 to 
-40to 

18 V 
15 V 

Voo V 

125 oe 
85 cc 



MMC 45'1 "J 

LOGIC DIAGRAM 
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TRUTHTABLE 

LE BI LT D C B A a b 

X X o X X X X 1 1 
X o 1 X X X X o ·o 
o 1 1 o o o o 1 1 

o 1 1 o o o 1 o 1 

o 1 1 o o 1 o 1 1 

o 1 1 o o 1 1 1 1 

o 1 1 o 1 o o o 1 

o 1 1 o 1 o 1 1 o 
o 1 1 o 1 1 o o o 
o 1 1 o 1 1 1 1 1 

o 1 1 1 o o o 1 1 
o 1 1 1 o o 1 1 1 

o 1 1 1 o 1 o o o 
o 1 1 1 o 1 1 o o 
o 1 1 1 1 o o o o 
o 1 1 1 1 o 1 o o 
o 1 1 1 1 1 o o o 
o 1 1 1 1 1 1 o o 
1 1 1 X X X X 

X = Don't care 
{!- = Depends on BCD cade previously applied when LE = O 

Note: Display is blank for all illegal input codes IBCD > 10011 
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o 

d e f 
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1 1 1 

o o o 
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1 o o 
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1 o 1 
1 1 1 
o o o 
1 1 1 

o o 1 

o o o 
o o o 
o o o 
o o o 
o o o 
o o o 
if 

LE 

MMC 4511 

g Display 

1 a 
o Blank 

o a 
o 1 
1 a 
1 3 
1 4 
1 15 
1 a 
o 7 
1 a 
1 a 
o Blank 

o Blank 

o Blank 

o Blank 

o Blank 

o Blank 
i} 
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BTATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo Pol Voo ltow 
NI NI (µAl (V) 

min. max. 

IL Quiescent G,H O/ 5 5 5 
current types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E, F O/ 5 5 20 
types 0/10 10 40 

0/15 15 80 

VDH Output high O/ 5 5 4 
voltage 0/10 10 9 

0/15 15 14 

V□L Output low 5 /O <1 5 005 
voltage 10/0 <1 10 0.05 

15/0 <1 15 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

V□H Output drive G,H o 4.1 
voltage types 5 

10 5 3.8 
15 
20 3.55 
25 3.4 

o 9 
5 

10 10 8.85 
15 
20 8.7 
25 8.6 

o 14 
5 

10 15 13.9 
15 
20 13.75 
25 13.65 

E, F 
types Q 4.1 

10 5 3.6 
15 
20 2.8 
25 

o 9.1 
5 

10 
10 8.75 

15 
20 8.1 
25 
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VALUES 

25°c ~IGH UNi 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
o.oa 100 3000 

µA 
0.04 20 150 
004 40 300 
004 80 600 

4.1 4.55 4.2 
9.1 9.55 9.2 V 

14.1 14.55 14.2 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 • 
3 3 V 
4 4 

4.1 4.55 4.2 
4.25 

3.9 4.10 3.9 
3.95 V 

3.4 3.75 
3.1 3.55 

9.1 9.55 9.2 
9.25 

9 9.15 
9.05 V 

8.6 8.9 8.4 
8.3 8.75 

14.1 14.55 14.2 
14.3 

14 14.2 14.0 
14.1 V 

13.7 13.95 13.5 
13.5 13.8 13.1 

4.1 a:~ă 4.1 

3.6 4.12 3.3 V 3.94 
2.8 3.75 2.5 

3.54 

9.1 9.58 9.1 
9.26 

8.75 9.17 8.45 V 9.04 
8.1 8.9 7.8 

8.75 



STATIC ELECTAICAL CHAAACTEAl■TICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo l'ol Voo l'tow 
NI NI lµAI IVI min. max. 

o 14.1 
5 

E, F 10 
15 13.75 

types 15 
20 13.1 
25 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 a5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 ±0.1 
leakage types Any 
current input E,F 0/15 15 ±a3 

types 

c, Input 
capacitance Any input 

MMC 41!5"1 "I 

VALUES 
.. 

25°c ~IGH UNIT 
min. typ max. min. max. 

14.1 14.59 14.1 
14.27 

13.75 14.18 13.45 V 14.07 
13.1 13.95 12.8 

13.8 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 

* T LOW = -55° C for G, H devices: -40°C for E, F devices. 
• THIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Maroin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

DVNAMIC ELECTAICAL CHAAACTEAIBTIC■ 

IT A= 25°C, CL = 50 pF, RL = 200 kU. typical temperature coefficient for all V00 values is 0.30/o/°C, all input nse 
and fall tii'nes = 20 ns! 

TEST VALUES 
PARAMETER CONDITIONS 

UNIT 
VnrS.VJ min. typ. max. 

tPHL Propagation delay time !Datai 5 520 1040 
10 210 420 ns 
15 150 300 

tPLH Propagation delay time !Datai 5 660 1320 
10 260 520 ns 
15 180 360 

tPHL Propagation delay time IBU 5 350 700 
10 175 350 ns 
15 150 300 

tPl.H Propagation delay time IBU 5 400 800 
10 175 350 ns 
15 150 300 

tPHL Propagation delay time IL TI 5 250 500 
10 125 250 ns 
15 85 170 

tPl.H Propagation delay time ILTI 5 150 300 
10 75 150 ns 
15 50 100 
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PARAMETER 
TEST CONDITIONS 

lirLH Transition time 

tTHL Transition time 

tset~ Setup time 

thold Hold time 

tw Strobe puise width 

APPLICATl0N 

Driving common-cathode 7-segment LED displavs 

sec {: 
INPUrS C 

o 

I 
a 

- 'bo LT -------- --, 

214 

I 
I 
I 

VDDIVJ 
5 

10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

ISEu 

MMC4!111 

VALUES 
UNIT min. typ. max. 

40 80 
30 60 ns 
20 50 

125 310 
75 185 ns 
65 160 

150 75 
70 35 ns 
40 20 

o -75 
o -35 ns 
o -20 

400 200 
160 80 ns 
100 50 

-----7 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

___ j 



MMC 4!11lil 

B - CHANNEL DATA SELECTOR 

GENERAL DEBCRIPTIDN 

The MMC 4512 IG and H typesl and MMC 4512 IE 
and F typesl are monolithic integrated circuit, available 
în 16-lead dual în-line plastic or ceramic package. 
The MMC 4512 îs an 8-channel data selector featu
ring a tri-state output that can interface directly 
with, and drive, date lines of bus oriented systems. 

AB■DLUTE MAXIMUM RATINCJ■ 

Voo* Supply voltage: G and H types 
E and F types 

V, Input voltage 
I DC input current lany one inputl 
Ptot Total power dissipation (per packagel 

Dissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• 3-state output 
• Quiescent current specified to 20 V for G and H 

types 
• 5 V. 1 O V and 1 5 V parametric ratings 
• Input current of 100 nA at 18 V and 25° C for G 

and H types, 1 OOO/o tested for quiescent current 

, 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Vo0+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65to 150 oe 

RECDMMENDED DPERATINCJ CDNDITIDNB 

Voo* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage Oto Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CDNNECTIDN DIACJRAM 

[X) Voo 

01 OE 
02 14 z 
03 4 13 C 
04 5 12 8 

05 6 11 A 

06 10 INH 

Vss 9 07 

215 



LOGIC DIAGAAM 

TAUTHTABLE 

SEL. CONT. 
INH. 

A B C 

o o o o 
1 o o o 
o 1 o o 
1 1 o o 
o o 1 o 
1 o 1 o 
o 1 1 o 
1 1 1 o 
X X X 1 
X X X X 

1 = High levei 

O= Low levei 
X = Don't Cavre 

CHAIIE. 
INPUTS 

SELECT 
CONTROL 

3- STATE 
DISABLE 

o 
o 
o 
o 
o 
o 
o 
o 
o 
1 

MMC4151R 

cR 
INH 

r 
o, 
01 
Ol 

04 
14 z os 

06 
07 

n Voo • 16 -

Vss • • 

SEL. 
OUTPUT 

DO 
01 
02 
03 
04 
05 
06 
07 
o 

HighZ 
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STATIC ELECTRICAL CHARACTEAIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER V1 Vo 1101 Voo Tr.ow 
NJ NJ lµAI IVI min. max. 

IL -Quiescent G,H O/ 5 5 5 
rurrent types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E, F O/ 5 5 20 
types 0/10 10 40 

0/15 15 80 

VoH -Output high O/ 5 <1 5 4.95 
voltage· 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VoL -Output low 5 /O <1 5 0.05 
voltage 10/0 <1 10 0.05 

15/0 <1 15 ao5 

V1H -Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L -Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

'™ Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1,6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G, H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L -Input G,H 0/18 18 ±0.1 
leakage types Any 
current E, F input 

0/15 15 ±0.3 
types 

IDH 3-state G,H 
0/18 0/18 18 ±0.4 

output types 

E,F 
0/15 0/15 15 ±1.0 

types 
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VALUES 

25°c ~IGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
1.4.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.3E -3.2 -1.1 
-0.4..:l -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10 5 ±0.1 ±1 

µA 

±10"5 ±0.3 ±1 

±10·• ±0.4 ±12 

µA 

±10·• ±1.0 ±7.5 



■TATIC ■L■CTRICAL CHARACTERl■TIC■ 

TEST CONOITIONS -

PARAMETER V1 Vo Io Voo 
IVJ IVl lµAI IVJ 

C1 Input 
capacitance Any input 

• TLDw = -55°C for G, H devices; -40°C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" level is: · 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

Ttow 
min. max. 

MMC41518 

VALUES 

25°c THIGH 
UNIT 

min. typ max. min. max. 

5 I 7.5 pF 

DYNAMIC ELECTRICAL CHARACTERIBTICB IT amb = 25° C, CL = 50 pF, RL = 200 k 
typical temperature coefficient for all Voo values is 0.3/°C, all input rise and fall times = 20 nsl 

TEST VALUES 
PARAMETER CONOITIONS Unit 

VorJ.VI Min. T~p. Max. 

tPHL, Propagation delay time 5 140 280 

tPLH inhibit to output 10 70 140 ns 

15 50 100 

tPHL, Propagation delay time 5 200 400 

tPLH .A" select to output 10 85 170 ns 

15 60 120 

l:J>HL, Propagation delay 5 180 360 

tPLH time data to output 10 75 150 ns 

15 55 110 

tpzL, tPLZ 3-state disable 5 60 120 

tPHz, tpzH delay time 10 30 60 ns 

15 20 40 

trHL, Transition time 5 100 200 

trLH 10 50 100 ns 

15 40 80 
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MMC 481 B MMC 48110 

DUAL UP-CDUNTERB: 
MMC 451 B DUAL BCD UP-CDUNTEA 
MMC 452D DUAL BINARV UP-CDUNTER 

GENERAL DEBCAIPTIDN 

The MMC 4518/4520 are monolithic integrated cir
cuits available în 16-lead dual in-line plastic package. 
The MMC 4518 Dual 8CD Up Counter and MMC 
4520 Dual Binary Up Counter each consist of . two 
identicei, internally synchronous 4-stage counters. 
The counter stages are D-type flip-flops having in
terchangeable Clock and Enable lines for incremen
ting on either the positive-going or negative-!;Joing 
transition. For single-unit operation the Enable input 
is maintained .high" and the counter advances on 
each positive-going transition of the Clock. The 
counters are cleared by high levels on their Reset li
nes. The counter can be caşcaded in the ripple mode 
by connecting Q4 to the Enable input of the subsequ
ent counter while the clock input of the latter is held 
low. 

AB■DLUTE MAXIMUM AATINCIB 

Voo* 

V; 

~tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Tot.al power dissipation (per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

Dperating 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage velues are referred to V55 pin voltage 

FEATURE■ 

• Medium-speecj operation-6 MHz typ. clock frequ
ency at 10 V 

• Pos1tive or negative edge triggering 
• Synchronous internai CARRY propagation 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+a5 V 

±10 mA 
200 mW 

100 mW 

-55to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPEAATINCI CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

V; lmput voltage 
TA □perating 

temperature: G and H types 
E and F types 

CDNNECTIDN DIACIRAM 
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V[I) 

RESET 15 
Q4 B 

01B 

ENAIU B 
O.ttK 8 

§ to 
3to 
0to 

-55to 
-40to 

18 V 
15 V 

Voo V 

125 oe 
85 oe 



LOGIC DIAGRAMS 

MMC451B 

CLOCK 
1/9 

MMC4520 

2/11 

llD(K 

1/9 

MMC 451 B MMC 4520 
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TIMING DIAGiRAM 

MMC 451 B MMC 4520 

TAUTH TABLE far MMC 
451 B/4520 

CLOCK ENABLE RESET ACTION 

_r 1 1 Increment counter 

o ~ o Inter counter 

)( ~ o No change 

~ X o No change 

....r o o No change 

1 

-------
o No change 

X X 1 Q1 thru Q4 = O 

-

C 

E 

LO~ t trlri~iri i.ri.ri 11 12 13 14 15 16 f1 18 

MMC 
4518 

MMC 
4520 

NABLE 

R ESET 

11,l.. 

l'l7 

03 

Q4 

Q1 -
Q2 

Q3 

Q4 

1 2 --

~ 2 

-

3 4 ~ - 6 .:L. 8 .J,. - - -

.J.. 4 .l. 6 ,J.. 8 ~ 

- - -
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STATIC ELECTAICAL CHAAACTEAIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Va llol V□□ l'tow 
CVl IVI lµAl IVI min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Va. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 
-
V1H Input high 0.5/4.5 <1 5 3.5 

voltage 1/9 <1 10 7 
1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

1()-i Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.~2 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

Im Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15- 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input G,H 0/18 18 • leakage types Any 
current input E. F 0/15 15 

types 

C1 Input 
capacitance Any input 

• Ttow = -55°C for G, H devices: -400C for E, F devices . 
• T HIGH = + 125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 
. 

±0.3 

MMC 4151 B MMC 41520 

VALUES 

25°c ~IGH UNI T 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

µA 
0.04 20 150 
0.04 40 300 
Q04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-Q51 -1 -0.36 
-1.3 -2.6 -Q9 
-3.4 -6.8 -2.4 

mJI 
-1-.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10s ±0.1 ±1 

µA 
±10s ±0.3 ±1 

5 7.5 pF 



MMC 451 S MMC 452D 

DVNAMIC ELECTRICAL CHARACTERISTICS 

ITA= 25°C, CL = 50 pF, AL= 200 k, typical temperature coefficient for all V00 values is 0.30/o/°C, all input 
nse and fall time = 20 ns) 

t 
t 

PLH• 

PHL 

t 
t 

PLl-to 

PHL 

t 
t 

TLH. 

THL 

t W• 

t W. 

t 
t 

r• 

f 

t 
t 

t 

max• 

r. 

f 

W• 

PARAMETER 

propagation delay time !Reset to output) 

Propagation delay time !Clock or Enable 
to output) 

Transition time 

Clock puise width 

Enable puise width 

Clock or enable rise and fall time 

Maximum clock frequency 

Clock input rise and fall time 

Reset puise width 

TEST CONOITIONS 
V00NJ 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

. 5 
10 
15 

5 
10 
15 

5 
10 
15 

VALUES 

Min.- Typ. Max. 

280 560 
115 230 
80 160 

330 650 
130 225 
90 170 

100 200 
50 100 
40 80 

200 100 
100 50 
70 35 

400 200 
200 100 
140 70 

15 
15 
5 

1.5 3 
3 6 
4 8 

15 
5 
5 

250 125 
110 55 
80 40 

TVPICAL APPLICATIDNS 

Ripple casclllillJ of fOU' counters with 111sitive-edge triggering 

~f J\_ 

------------7 
V ----~----~-~ I 

I 
I 
I 
I 
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--------- - ------ I 
I 

I 9 10 15 I 
I CLOCK ENABI.E RESET I 
I B B B 

I 
l345 1112131 I L ____ -:J~"~"JJA"Tl ..... ~rzr"" ______ J 

UNIT 

ns 

ns 

ns 

ns 

ns 

µS 

MHz 

µ, 

ns 



MMC 451 B MMC 452D 

Synchronous cascading of faur binmy clU'lllrs wllh negativMdge triggerilg 

CLOCKINPllT 

r------ r-----
1 t----+-------+-ll-,1f----+-...----+--+--. 1-----~ '-----~ I I 
I I 
1---=illr-=.i-~~ 1~~-=--.115~ 
L L _ 
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MMC4543 

BCD-TD-SEVEN SEGMENT LATCH/ 
DECDDER/DRIVER 
GENERAL DESCRIPTIDN 

The MMC 4543 BCD-to-7 Segment Latch/Oecoder 
/Driver is designed for use with liquid crystal rea
douts and is constructed with complementary MOS 
CCMOSI enchancement-mode devices. The circuit 
provides the functions of a 4-bit storage latch and a 
8421 BCD-to 7 segment decoder and driver.The de
vice has the capability to invert the logic levels of the 
output combinations. The Phase IPhl, Blanking 1811, 
and Latch Disable CLDI inputs are used to reverse 
the truth-table phase, blank the display, and store a 
BCD cuie, respectively. For liquid crystal readouts, 
a square wave is applied to the Ph input of the circuit 
and the electrically common back plane of the dis
play. The outputs of the circuit are connected di
rectly to the segments of the readout. For other 
types of readouts, such ab hghlremitting diode Q..EDJ, 
incandescent, gas discharge, and fluorescent rea
douts connections diagrams are given an this data 
sheet 

ABSOLUTE MAXIMUM RATINGS 

Voo* 

V, 
I 

Ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input cur.rent Cany one input! 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA= tuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

FEATURES 

• Phase input signal reproduced an outputs for liqu1d 
crystal display 

• Latched storage of input cade 
• Blanking input for display intensity modulat1on 
• Readout blanking for illegal input combinations 
• Balanced output drive current specifications 

APPLICATIDNS 

Aplications include instrument Ce.g. counter, □VM, 
etc.I display driver, computer/calculator display dri
ver, cockpit display driver, and various clock, watch, 
and timer uses. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to v00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

V; Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 
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STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo llol Voo l'tow 
IV) IV) lµAl IVJ min. 

Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VOH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

V0t. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H -Input high 05/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

VIL Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

loL Output G,H O/ 5 0.4 5 
sink types 0/10 0.5 10 
current 0/15 1.5 15 

E,F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Anyinput 

* T LOW = -55°C for G, H devices; -40°C for E, F devices. 
* THIGH = +125°C for G, H devices; -L85°C for E, F devices. 

The Noise Margin for both "1" and 'O" leve! is: 
1 1/ min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 \I min. with V00 = 15 V 
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-0.52 
-1.3 
-3.6 

0.64 
1.6 
4.2 

0.52 
1.3 
3.6 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC41543 

VALUES 

25"C r-HGH UNIT 
min. typ max. min. max .. 

004 5 150 
0.04 10 300 
0.04 20 600 
o.oe 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 005 V 
0.05 005 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -as 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
~044 -1 >-0.36 
-1.1 -2.6 -0.9 
-3.0 -68 -2.4 

051 I 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 036 
1.1 2.6 ~ 3.0 6.8 

±10-5 ±01 ±1 

µA 
±10-5 ±03 ±1 

5 7.5 pF 



DVNAMIC ELECTRICAL CHARACTERISTICS 

cel= 5 pF, TA= 25°Cl 

PARAMETER Voo 
CVdcl 

tPHL• tPLH Propagation delay time 5 
10 
15 

tru+ trHL Output transition time 5 
10 
15 

tsetup Minimum data input setup time 5 
10 
15 

thold" Minimum data input hold time 5 
10_ 

· 15 

PWL□ Minimum LD puise width 5 
10 
15 

TRUTHTABLE 

INPUTS 

LD BI Ph* D C 8 A a b C d 

X 1 o X X X X o o o o 
1 o o o o o o 1 1 1 1 
1 o o o o o 1 o 1 1 o 
1 o o o o 1 o 1 1 o 1 
1 o o o o 1 1 1 1 1 1 

1 o o o 1 o o o 1 1' o 
1 o o o 1 o 1 1 o 1 1 
1 o o o 1 1 o 1 o 1 1 
1 o o o 1 1 1 1 1 1 o 
1 o o 1 o o o 1 1 1 1 
1 o o 1 o o 1 1 1 1 1 
1 o o 1 o 1 o o o o o 
1 o o 1 o 1 1 o o o o 

1 o o 1 1 o o o o o o 
1 o o 1 1 o 1 o o o o 
1 o o 1 1 1 o o o o o 
1 o o 1 1 1 1 o o o o 
o o o X X X X . 

VALUES 

min. typ. 

550 
210 
160 

100 
50 
40 

-40 
-15 
-10 

40 
15 
10 

125 
50 
40 

OUTPUTS 

e f g 

o o o 
1 1 o 
o o o 
1 o 1 
o o 1 

o 1 1 
o 1 1 
1 1 1 
o o o 
1 1 1 
o 1 1 
o o o 
o o o 

o o o 
o o o 
o o o 
o o o . 

t t 1 t Inverse of output combinations above . 

X = Don't care 
t = Above combinations 
• = For liquid crystal readouts, apply a square wave to Ph 

For common cathode LED readouts, select Ph = O 
For common anode LED readous, select Ph = 1 

•• = Depends upon the BCD cade previously applied when LD = 1 
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MMC4543 

UNIT 
max. 

1100 
420 ns 
320 

200 
100 ns 
80 

o 
o ns 
o 

80 
30 ns 
20 

250 
100 ns 
80 

Display 

Blank 

o 
1 
2 
3 

4 
5 
6 
7 

8 
9 

Blank 
Blank 

'Blank 
Blank 
Blank 
Blank . . 

Display as above 



MMC4543 

LOGIC DIAGRAM 

A 
5 

8 3 

C 
2 

D 4 

LD 01:-...i►i,......-----1:.t.J 
Vss =- Pin 8 

TVPICAL APPLICATIDNS 

CONNECTIONS TO VARIOUS DISPLAY REAOOJTS 

LIQUO CRYSTAL ( LC I REAOOUT INCANDESCElfl REAOOUT 

~ 4543 segnen!s 
Output t---o---

(0111111011 

:ut.a_ ______ -_ /_ Backptane 

LIGHT EMITTl"JG OIOOE I LED I REAOOUT 

---- (( .. ,,..-, --~:~:ide 
MMC 4543 LcD 
Output 

Ph 

FLUORESCENT REAOOUT 

Filament 
Sl4lliy 

a!OmA I 
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MMC 4543 
Output 

Ph 

GAS DISCHARGE READOUT 

9 a 

l) b 

11 C 

12 d 

013 e 

15 f 

14 g 



4-BIT BIDIRECTIONAL UNIVERSAL 
SHIFT REGISTER 
GENERAL DESCRIPTIDN FEATURES 

MMC40„04 

The MMC 401 04 is a monolithic i.c., available in 16-
lead dual 1n-line plastic or ceramic package The 

• Medium-speed operation: fel = 9 MHz, Von 
10 V 

MMC 40104 is a universal shift register featur111q 
parallel inputs, parallel outputs, SHIFT RIGHT and 
SHIFT LEFT serial inputs, and a high-impedance tlurd 
output state allowing the device to be used 1n bus
organized systems. ln the parallel-load mode ISO and 
S 1 are h1ghl, data is loaded into the associated flip
flop and appears at the output after the positive 
transition of the CLOCK input .Ou ring loading, serial 
data flow is inhibited,Shift-right and shift-left are ac
comphshed synchronously an the positive clock edge
with serial data entered at the SHIFT RIGHT and 
SHIFT LEFT serial inputs, respectively. Clearing the 
reg1ster is accomplished by setting both mode con
trols low and clocking the register When the output 
enable input is low, all outputs assume the high impe
dance state. 

• Fully static operation 
• Synchronous parallel or serial operation 

ABSOLUTE MAXIMUM RATINGS 

Voo• 

V, 
I 
Ptot 

Supply voltage: G and.H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation !per packagel 
Oissipation per output transistor 
for TA= tuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

• Three-state outputs 

APPLICATIDNS 

Control circuitry 

-0.5 to 
-0.5 to 
-0.5 to 

-55 to 
-40 to 
-65 to 

RECDMMENDED DPERATING CDNDITIDNB 

Voo• Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

iOP Vîcl>/ 
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Yao 
a.o 
QI 

C2 
12•'• :;;:; 

115cuxK 
10QSELECT 1 

~• .. ~:.- ,,~: ~~iO 

3 to 
3 to 
o to 

-55 to 
-40 to 

20 
18 

V00+0.5 
±10 
200 

100 

125 
85 

150 

18 
15 

Voo 

125 
85 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

V 
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LOGIC DIAGRAM 

WTPll11 
ENABLE* 

t,,o 

CLOCl<c,11 r>o 
* 

cC> OE 

CL 

ct> I t--n:: 

B 
E 
E 

* - INPUTS Pl{)TEC TEO BY COS "1lS PROTECTI0N 

NETWORK 
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STATIC ELECTAICAL CHAAACTEAIBTICB 
lover recommended operatu,g conditionsl 

TEST CONDITIONS 

PARAM ETER v, Va 1 lol V□□ l'tovv 
IVJ (V] !µAl CVJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 15 

VOH -Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Va. Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high o:5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 , < 1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E,F O/ 5 0,4· 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Any 
curnmt E,F 0/15 

input 
15 

types 

c, Input 
capacitance Any input 

• TLovv = -55°C for G, H devices; -40"C for E, F devices . 
• THIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" leve! is: 
1 V min. with V□□ = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 =· 15 V 
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max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±03 

MMC40104 

VALUES 

25°C ~IGH UNI T 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 100 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -09 
-3.4 -6.8 --2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.a 0.9 

. 3.0 6.8 2.4 

±10'5 ±01 ±1 

µA 

±10 5 ±0.3 ±1 

5 7.5 pF 



MMC40"104 

DVNAMIC ELECTRICAL CHAAACTEAISTICS 

IT 11 25 C. CL ~ 50 pF, AL - 200 kohm, typ1cal temperature coet' cIer,t 'or all V:-:; vaiues Is 0.30/o / C, all input 
nse and fall tIme - 20 nsl. 

TEST VALUES 
PARAMETER CONDITIONS 

UNIT 
Vnn(VJ mIn. typ. max. 

tPLrl• Propagation delay tIme 5 220 440 
tf+'l Clock to Q 10 100 200 ns 

15 70 140 

tpzH, 3-state outputs 5 80 160 
tpzL, High impedance 10 35 70 ns 
tc,7 15 25 50 

tPHl 5 45 90 
10 25 50 ns 
15 20 40 

tTHL• Transition time 5 100 200 
trlf1 10 50 100 ns 

15 40 80 

. Setup time DO, 03. SA, SL to Clock 5 80 100 l.,•·,t ··;µ 

10 35 70 ns 
15 20 50 

SO, S 1 to Clock 5 200 400 
10 11 O 220 ns 
15 65 130 

thold Hold time DO, 03, SA, SL 5 -65 o 
10 -25 o ns 
15 -15 o 

SO, S 1 to Clock 5 -170 o 
10 -95 o ns 
15 -55 o 

tw Clock puise width 5 90 180 
10 40 180 ns 
15 25 50 

fel Clock input frequency 5 3 6 
10 6 12 MHz 
15 8 15 

tr, t1 Clock input rise or fall tIme 5 1000 
10 100 µS 
15 100 

TAUTHTABLE 

CLOCK 
MODE SELECT OUTPUT ACTION 
so S1 ENABLE 

_...,.,,,,.- o o 1 Reset __,,,,-- 1 o 1 Shift right IQO toward Q3I __,,,,-- o 1 1 Shift left IQ3 toward QOJ 
~ 1 1 1 Parallel load 

X X X o Operations occur as shown 
above, but outputs assume h1gh 
impedance 
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MMC4D-.D7 

DUAL 2-INPUT NAND BUFFER/DRIVER 
GENERAL DESCRIPTIDN 

The MMC 401 07 Is a monolith!c Ic ava1lable in 
14-lead dual in-llne ceramic package ard plastic 
package 
The MMC 40107 Is a dual 2-•nput NAl\iD buffer/dri
ver contaIrnng two 1ridependent 2-.nput NANO buf
fers witli open-dra"1 s1ngle n-channel tra;.s•stor out
p•Jts 
Th1s dev ce teatures a wwed-OR r:apab1l;ty and h1gh 
output ~ink current capab11ity I 136 mA typ dt V 0 0 = 
10V, V05 = 1 VJ 

ABSDLUTE MAXIMUM RATINCJS 

V□□* Supply voltage: G and H types 
E and F types 

V, Input voltage 
11 DC input current lany one input) 
ptot Total power dissipation !per packagel 

Diss1pat1on per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

Tstg 
E and F types 

Storage temperature 

• AII voltage values are referred to V55 pin voltage 

FEATURES 

• quiescent current specified te 20 V 
• maximum input :eakage of 1 µA at 18 V lfull pac 

kage temperature rangel 
• standard1zed symmetr1cal output characteristics 
• 5 V, i O V. and 15 V parametric ratIngs 

APPLICATIONS 

. Driver cIrcuIts 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 -c 
-40to 85 cc 
-65 to 150 _oe 

RECOMMENDED OPERATINCJ CONDITIDNB 

V□o* Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage o to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40 to 85 oe 

CDNNECTION DIAGRAM 

~ \bi 
~ NC 

A NC. 

B D 
C-A·B E 

~ F•D-E 

'5s NC 
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STATIC ELBCTRICAL CHARACTERIBTICB 

Cover recommended operating conditionsl 

TEST CONDITIONS 

PARAMETER v, Va l'ol Voo Ttaw 
CVI [V) [µAl [V) min. max. 

IL IA.liescent G,H O/ 5 ·5 1 
rurrent types 0/10 10 2 

0/15 15 4 
0/20 20 20 

E. F O/ 5 5 4 
types 0/10 10 8 

0/15 15 16 

v,H„ Input high voltage asI4.5 < 1 5 3.5 
1/9 < 1 10 7 

1.5/13.5 < 1 15 11 

v,L„ Input low voltage 4.5 < 1 5 1.5 
9 < 1 10 3 

13.5 <1 15 4 

loL Output G,H 5 0.4 5 21 
sink types 5 1 5 44 
current 10 as 10 49 

10 1 10 89 
15 0.5 15 66 

E,F 5 0.4 5 17 
types 5 1 5 35.7 

10 0.5 10 39.1 
10 1 10 72.2 
15 0.5 15 53.5 

VALUES 

2s0 c 
min. typ 

0.02 
0.02 
0.02 
a04 

0.02 
ao2 
0.02 

3.5 
7 

11 

16 32 
30 68 
37 74 
68 136 
50 100 

13.6 32 
25.5 68 
31.4 74 
57.8 136 
42.5 100 

IOH Output drive current No internai pull-up device 

111+ 11L Input G,H 0/18 18 
leakage types Any 
current E, F input 

0/15 15 
types 

IDH, loL ... 3-state G,H 
0/18 18 18 output types 

leakage E,F 
0/15 15 15 current types 

c, Input capacitance Any input 

Co Output capacitance Any output 

• T LOW = -55°C for G, H devices: -400C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O'' level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
•• Measured with externai pull-up resistor, RL = 10 Kn to V00 

••• Forced output disabled 

234 

±a1 ±10-f 

±0.3 ±10-E 

2 1 □ -4 

2 10 4 

5 

30 

MMC4D1D7 

'11t1GH UNIT 

max. min. max. 

1 30 
2 60 
4 120 

20 600 
µA 

4 30 
8 60 

16 120 

3.5 
7 V 

11 

1.5 1.5 
3 3 V 
4 4 

12 
25 
28 
51 
38 

12 
22 
27 
51 
37 

mA 

±0.1 ±1 
µA 

±0.3 ±1 

2 20 
µA 

2 20 

7.5 pF 



MMC4D'1D7 

DYNAMIC ELECTAICAL CHARACTERISTICS 

ITA= 25°C, CL = 50 pF, typical temperature coefficient for all V00 values is 0.30/o/°C, all input rise and fall time 
20nsl 

TEST VALUES 
PARAM ETER CONDITIONS 

V001VI min. typ, UNIT 
max. 

tPHL• Propagation delay time RL·=120 n 5 100 200 
tPLH High-to-Low 10 45 90 ns 

15 30 60 

Low-to-High RL•=120 !l 5 100 200 
10 60 120 ns 
15 50 100 

tlHL Transition time RL·=12on 5 50 100 

trLH High-to-Low 10 20 40 ns 
15 10 20 

Low-to-High RL•=12llH 5 50 100 
10 35 70 ns 
15 25 50 

•RL is externai pull-up resistor to V00. 

SCHEMATIC DIAGAAM AND TRUTH TABLE 

Vm TRUTH • TABLE 

Voo =14 
Vss •7 

TVPICAL APPLICATIONS 

A B C 

o o 1• z-
1 o 1• z41 
o I 1• z• 
1 1 o 

• Requ,res externai pull-uµ res1stor (ALI to V00 

~ W,thout pull-up res,stor (3-statel 

The bar on the output line of this logic diagram indicates that the output is open drain as is shown in the 
previons schematic diagram and truth table. 

Line-driver circuit Direct de drive interface of 40107 with a tnac 

V2 MMC 40107 
-.ţ,s---------· N 
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Motor-controller circuit 

A 

A B 

o o 
1 o 
1 1 
o 1 
1 1 

B 
1n MMC 40107 

MOTOR FUNCTION 

OFF 
CDUNTER CLOCKWISE 
AS PREVIOUS STATE 
CLOCKWISE 
AS PREVIOUS STATE 

A 2.2" .Matt ,ncar1rlesu!:1t lr1mp-dnver cwcu,t 

Mult,plexed LED c1rcu1t 

IA 181( 10 2A 282( 20 

MMC 4013 

MMC4D1D7 

l11terface of 40107 w1th tm1r. wh1t COS/MOS 
component and triac isolr1tPll 

.----C:::J--L 

47.A. 

0.lpF 

240V 

50Hz 

. .._ _________ N 

t:5 +IO,us 
F=IOOHi 
îl -PIA.SE TRANSFORMER 

LED driver c1rcu1t 

R _ ',oo-vt.EO 
L- ILEO 

INHIBIT ENABLE 

o o 
1 o 
o 1 
1 1 

OUTPUT 

OFF 
OFF 
OFF 
DN 
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MMC 4D1 6D MMC 4D1 61 MMC 4D1 62 MMC 4D1 63 

SVNCHRDNDUS PRDGRAMMABLE 4-BIT 
CDUNTERS 
MMC 4D1 6D - DECADE WITH ASVNCHRDNDUS CLEAR 
MMC 4D1 61 - BINARV WITH ASVNCHRDNDUB CLEAR 
MMC 4D1 62 - DECADE WITH SVNCHRDNDUS CLEAR 
MMC 4D1 63 - BINARV WITH SVNCHRDNDUS CLEAR 

GENERAL DESCRIPTIDN 

The MMC 40160, 40161, 40162, 40163 are mo
nohthic integrated circuits, available in 16-lead dual 
1n-line plastic or ceramic package. MMC 40160. 
40161, 40162 ar,d 40163 are 4-bit synchronous 
programmable counters. The CLEAR function of the 
MMC 40162 and 40163 is synchronous and a low 
levei at the CLEAR input sets all faur outputs low an 
the next positive CLOCK edge. The CLEAR function 
of the MMC 40161 and 40160 is asynchronous and 
a low levei at the CLEAR input sets all faur outputs 
low regardless of the state of the CLOCK, LOAD, or 
ENABLE inputs. A low levei at the LOAD input disa
bles the counter and causes the output to agree with 
the setup data after the next CLOCK puise regar
dless of the conditions of the ENABLE inputs. The 
carry look-ahead circuitry provides for cascading 
counters for n-bit synchronous applications without 
additional gating. Instrumental in accomplishing this 
funct1on are two count-enable inputs and a carry 

ABSDLUTE MAXIMUM RATINGS 

Vao* 

V, 
I ptot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation !per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 

Operating 
temperature : G and H types 

E and F types 
Storage temperature 

output ICourl. Countmg Is enable when both PE and 
TE inputs are h1gh. The TE input Is fed forward to 
enable Cour- This enabled output produces a positive 
output puise with a duration approxImately equal to 
the positive portion of the Q 1 output. This posit1ve 
overflow carry puise can be used to enable succesive 
cascaded stages. Logic transit1ons at the PE or TE in
puts may occur when the clock is e1ther high or low. 

FEATURES 

• INTERNAL LOOK-AHEAO FOR FAST COUNTING 
• CARRY OUTPUT FOR CASCAOING 
e SYNCHRONOUSL Y PROGRAMMABLE 
• SYNCHRONOUS LOAD CONTROL INPUT 
• LOW-PDWER TTL COMPATIBILITY 
e 5 V, 10 V ANO 15 V PARAMETRIC RATINGS 
• INPUT CURRENT OF 100 nA AT 18 V ANO 25°C 

FOR MMC G ANO H DEVICES 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Vaa+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 cc 
-40to 85 oe 
-65 to 150 oe 

• AII voltage values are referred to V55 pin voltage 

RECDMMENDED DPERATING CDNDITIDNS 

Vao* Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

~ 1 

(LO[I( 2 

P1 3 
P2 4 

P3 5 

P4 6 

PE 7 

~s 8 

Voo 
(ARR'f OU1 

Q1 
Q2 
0.3 

Q4 

TE 
[llAD 
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MMC 40"'1 ea MMC 40"'1 e-w MMC 40"'1 ea MMC 40"'1 &3 

LOGIC DIAGRAMB 

For 40160 and 40162 BCD decade counters. -ASYMCNIIONOUS CI.IM 

~a: 
For 40161 and 40163 .... , 

A'-YNCNAONOUS CLEAA 

•i.~ (>--
~>-- -- --

• INPUTS PAOTECTED 

binary counters . 

·~-
-~~~ ,' ·-7 

.. --1 I --1 
I 

4016) 
I 'iYNl"KA()NOUS CLUA 

•Coio 
(>---
I 

• CLOCII 

I 

•nr.- --+I n: • INPUTS PROTECTID 

... "' 
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MMC 401 BD MMC 401 81 MMC 401 B2 MMC 401 B3 

TIMING DIAGRAMB 

for 40180 and 40162 for 40161 and 40163 

erril(~ , ~ AS'tNCHAOtlOU!i lCDlll&OIU J ~ ASHICMIIONOUS 

filiiil- I ---i_Jr-:::.,""NC:-:__,=c,:,,------------ filili"°"' I ~r-:::.,NC=,_=:-:,,------------
[511 -----U rm----+u.-, -------------
I" ,., 

.... I _,,. I 
=--------------------

CLOCII 140IU I 

01----: I I 

oa----~'------" 
: I• I ...,..,.,. ;__.r-, 

01----; : ~------.;.------
Cl4----: 

c.allWOUT ---,--,0:-:-17-,11~ 1 O , ' ,, 
c1.•~ ,kst,'"'I ---,c"'OUN--,-, -------.,, .. ,,,..,,,,,---.. 

TRUTH TABLE 

CLOCK CLR LOAD PE TE OPERATION 

1 o X X PRESET 

1 1 o X NC 

1 1 X o NC 

1 1 1 1 COUNT 

X o X X X RESET IMMC 40160, 
MMC 401611 

o X X X RESET IMMC 40162. 
MMC 401631 

OUTPUfS 

' 
,. __ ...,_ _____________ _ 

,a,----
101-----------'---' 

QJ----

' o,----

C.&IK»y Oyt---0-,,-,,-,.--',. 0 '--,-,-------

CO\l"îf 

1 X X X NC IMMC 40162, MMC 401631 

1 = HIGH LEVEL 
O= LOW LEVEL 
x = DONT CARE 
NC = NO CHANG[ 
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MMC 401 sa MMC40161 MMC 401 62 MMC 401 63 

STATIC ELECTRICAL CHARACTERISTICS 

lover re ::o'.Tlmeraed ope•·ating cond1t1onsl 

TEST CONOITIONS VALUES 

PARAM ETER V, 
IVJ 

Va 
IVJ 

l iol 
lµAl 

V□ o 
IVJ 

î'" 25°C i ~ cO ,V HIGH UNIT 
m,r max. mm. typ I max. I min. ' max. 

Quiescent 
current 

150 
300 
600 

G, ri O„ 5 
types 0/10 

0/15 1 

0/20 

5 
10 
15 
20 

5 
10 I 

20 I 
100' 

I o.04
1 

5 
: 0.041 10 
I □.04 20 
, 0.00 I 100 3000 µA 

v,.... 
Wc 

I Ot-t 

Output h1gh 
voltage 

Output low 
voltage 

Input high 
voltage 

Input low 
voltage 

Output 
drive 
current 

Output 
sink 
current 

E. F O/ 5 
~ypes 0/10, 

0/15' 

O/ 5 
0/10 
0/15' 

5 /01 
10/0 
15/0 

i 

5 
10 
15 

<1 5 
i <,1 I 10 
, < 1 15 

! < 1 I 5 
< 1 10 
< 1 15 

495 
995 

I 20: 
I 40: 

i 80 

1 0.04 i 
I o.04 
: 0.04 

I 

20 ! 150 
40 i 300 
80 I ! 600 

I 4.951 I 4.951 
i 9.95 
I 14.95J 114.95 

I 9.95i 
14.95, 

: 0.05. ' 

0.05 
I 0.05 I 

I 0,05 
I I 
, 0.05: 
; Q.05 I 

1 0.05 
0.05 
0.05 

0.5/4.5 < 1 
I 1 /9 : < 1 
11.5/13.5: < 1 

5 
10 
15 

3.5 
7 

11 

3.5 
7 

'. 11 

' 3.5 
7 

11 

I 4.51□.5 I < 1 5 I 1.5 
;3 
14 

; 1.5 j : 1.5 
3 I 3 911 I < 1 : 10 

,13.5/1.5, < 1 15 
i i 1 4 I 4 

: I 

I G, H 
Jtypes 
! 
I 

O/ 5 
O/ 5 
0/10. 
0/15 1 

I E, F O/ 5 
!types O/ 5 

li 0/10 
0/15 

2.5 
4.6 
9.5 

13.5 l 
2.5 
4.6 
9.5 

13.5 

! 

I 

! 5 -2 -1.6 !-3.2 : 1-1.15! 
! 5 -o.64\ ,-o.51I-1 I -o.36! 

10 -1.6 1-1.3 -2.6 , 1-0.9 I 

l 15 -4.2 [ ,-3.4 i-6.8 : 1-2.4 : 

f 5 -1.53 l-1.361-3.2 i 1-1.1 I 
i 5 -0.52! ,-0.44,-1 i 1-□.36 1 

10 -1.3 1 -1.1 -2.6 -0.9 
/ 15 -3.6 i 1-ao 1-6.8 1 1--2.4 i 

G O 5 04 0.64!1 • I 036 1 , H / , . , 5 : 0.51 1 ; . j 

V 

V 

V 

V 

mA 

types 0/10J 0.5 1' 10 1.6 i I 1.3 : 2.6 · 0.9 
0/151 1.5 15 4.2 3.4 i 6.8 ! : 2.4 I 

+---+----+------,---+---+----+-----,--+-----+-----+---+----1 mA 
E, F O/ 5: 0.4 l 5 0.52 ! 0.44 1 ; 0.36 11 

Input 
leakage 
curTent 

Input 
capacitance 

types 0/10 1 0.5 1. 110
5 

1.3 1.1 2.6 I i 0.9 
0115 1.5 3.6 1 3.o 6.0 , 2.4 

G. H 0/18 18 ±0.1 l 1'±10·5 : ±0.1 I 
types Any 1 1 , 

E, F 0/15 input 15 
types 

Anyinput 

. I 
! ±0.3 ! 

. I 
1±10 5 :.±0.3: 
! ! I 

1 I I 
I 5 ' 75 ' ! . ! 

• TLow = -55°C tor G, H devices; -40°C for E, F devices. 
• THIGH = +125:'C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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MMC 4D41 6D MMC 4D41 641 MMC 4D41 62 MMC 4D41 63 

DYNAMIC ELECTRICAL CHARACTERIBTICB IT A = 25°C, el = 50 pF, AL = 200 kil 
typical temperature coeffic1ent for all Voo values is 0.30/o/°C, all input rise and fall tIme = 20 nsl 

TEST CONDITIONS VALUES 
PARAMETER UNIT 

Voo IVI Mm. Typ. Max. 

CLOCK OPERATION 

tPHL, Propagation 5 200 400 
tPLH delay time Clock to Q 10 80 160 ns 

15 60 120 

5 225 450 

Clock to Cour 10 95 190 ns 

15 70 140 

5 125 250 

TE to CouT 10 55 11 O ns 

15 40 80 

tsetup _ Setup time 5 240 120 

Data to Clock 10 90 45 ns 

15 60 30 -
5 240 120 

Load to Clock 10 90 45 ns 

15 60 30 

5 340 170 

PE to TE to Clock 10 140 70 ns 

15 100 50 

thold Hold time 5 o 
10 o ns 

15 o 
tTHL. Trans1tion tIme 5 100 200 
tTLH 10 50 100 ns 

15 40 80 

tw Clock input puise w1dth 5 170 85 

10 70 35 ns 

15 50 25 

fel Maximum clock input freqiency 5 2 3 -
10 5.5 8.5 MHz 

15 8 12 

t,-. t1 Clock input rIse or fali t1me-;~ 5 200 

10 70 µ5 

15 15 

CLEAR OPERATION . 
tPHL Propagat1on delay tIme 5 I I 250 500 

IMMC 40160. 401611 10 I I 11 O 220 ns Clear to Q 
15 l i 80 160 
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MMC 401 60 MMC 401 61 MMC 401 62 MMC 401 63 

DVNAMIC ELECTRICAL CHARACTERIBTICB [continuedl 

TEST CONOITIONS VALUES 
PARAMETER 

Voo [Vl M1n. Typ. Max. 
UNIT 

tsetup Setup t1me 5 340 
[MMC 40162, 401631 

10 140 Clear to- clock 

170 

70 ns 

15 100 50 

thald Hold t1me 5 o 
[MMC 40162, 401631 

10 o Clear to clock ns 

15 o 

trem Clear removal t1me 5 200 100 
CMMC 40160, 401611 

10 100 50 ns 

15 70 35 

tw Clear input puise w1dth 170 85 
Low levei 

70 CMMC 40160, 40161 l 35 ns 

50 25 

-::- lf more than one unit 1s cascaded in the parallel clocked application, tr should be made less than or equal to 
the sum of the fixed propagation delay at 50 pF and the transition t1me of the carry output driving stage for
the estimated capac1t1ve load. 

TVPICAL APPLICATIDNB 

Oeta,I of flip-flops for 40160 and 40161 [asynchronous c1earl 
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MMC 401 sa MMC 4D1 &1 MMC 401 sa MMC 401 63 

Detail of flip-flops for 40162 and 40163 lsynchronous clearl 

TN 

Cascaded counter packages in the parallel-clocked mode 

ţ; 
ÎL 
a 

QN 

cm-----------....-----------,------

"'""" 
l'I 

cot-----tTE 

Ol Q2 QJ 04 

P'I ltl ltl N 

'=uii-___ .___ ________ ....... ______________ _ 
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MMC 401 60 MMC 401 61 MMC 401 62 MMC 401 63 

Cascaded counter packages in the ripple-clocked mode. 

uiiii----------------------1>-------• 
~ ~ ~ 

~ ~ ~ h ~ ~ ~ h ~ ~ ~ h 

co 

Q1 QZ QJ 06 
CLOCK 

CLEAA----------~_....,. _________ ....,_ _____ _ 

-----------------------------------------·-----244 



MMC40181 

4-BIT ARITHMETIC LOGIC UNIT 
GENERAL DEBCRIPTIDN 

The MMC 40181 is a monolithic integrated circuit, 
available in 24-lead dual in-line plastic or ceramic 
package. 
The MMC 40181 is a low-power faur-bit parallel 
arithmetic logic unit CALUi capable of providing 16 bi
nary arithmetic operations an two Boolean varia
bles. The mode control input M selects logical CM = 
Highl or arithmetical CM = Lowl operation. The faur 
select inputs CSO, S1, S2 and S3I select the desired 
logical or arithmetical functio,,s, which include ANO, 
DR, NANO, NOR and exclusl!vţ!/ -OR and-NOR in the 
logical mode, and addition, ,subsţraction, decrement, 
left-shift, and straight transfer' in the arithmetic 
mode, according to the truth table. The MMC 40181 
operation may be interpreted with either active-low 
or active-high data at the A and B word inputs and 
\he function outputs F, by using the appropriate 
truth table. The MMC 40181 contains logic for tuli 
look-ahead carry operation for fast carry generotion 
Lising the carry-generate and carry-propagate aut-

ABSOLUTE. MAXIMUM IRATINCIB 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current Cany □ne input! 
Total power dissipation (per packagel 
Oissipation per output transistor 
for TA= tuli package-temperature range 

TA Operating 

Tstg 

temperature : G and H types 
E and F types 

Storage temperature 

• Ali voltage values are referred to Vss pin voltage 

puts G and P for tl°'d faur bits of the MMC 40181. A 
ripple carry output Cn-t- 4 is available for use in 
systems where speed is nat of primary importance. 
Alsa included in the MMC 40181 is a comparator 
output A = B, which i:ISS.Umes a h1gh levei whenever 
the faur-bit input words A and B are equal and the 
device is in the r.ubstract ·mode. ln addition, · relative 
magnitude information may be derived from the car
ry-in input C0 and ripple carry-out output Cn+4 by pla
cing the unit in the substract mode and externally 
decoding using the informatior:i in Table li. 

FEATURES 

• Full look-ahead carry for speed operations an long 
words 

• Generates 16 logic 1unctions of two boolean varia
bles 

• Generates 16 arithmetic functions of two 4-bit bi
nary words 

• A = B comparator output avaible 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+D.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40 to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo• Supply voltage: G and H types 
E and F types 

V; Input _voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNl!CTIDN DIACIRAM 80 
An 
S3 

S2 

S1 

so 
Cn 

M 

Fă 
FÎ 

F2 
Vss· -----245 

Voo 
lJ 
liî 
Â2 

82 
A3 
83 
ii 
Cn+4 

fi 
A=B 

f3 

3 to 
3 to 
Oto 

-55 to 
-40 to· 

18 
15 

Voo 

125 
85 

V 
V 
V 



STATIC ELECTFIICAL CHAFIACTEFIIBTIC■ 

Cover recommended operating conditionsJ 

TEST CONDITIONS 

PARAM ETER v, Vo flol V□□ Tt□w 
M M (µAl M min. 

IL GJiescent G,H O/ 5 5 
current ypes 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
~vpes 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Val Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

IOH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1H, l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

* T LOW = -55°C tor G, H devices; -4□°C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V□□ = 15 V 

246 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC401B1 

VALUES 

25°c „HGH UNIT 
min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
o.oe 100 3000 µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4· 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0."9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2:4 

mA 
0.44 1 0.3C 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10-5 ,-±0.3 ±1 

5 7.5 pF 



MMC4D1S1 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

IT A= 25°C, CL = 50 pF, AL= 200 kn. typical temperature coefficient for all V00 = 0.3D/o/°C all input rise 
and fall times = 20 nsl. 

TEST CONOITIONS VALUES 
UNIT PARAMETER 

VooNI min. typ. max. 

tpLH Propagation delay time 5 400 800 

tPHL A or B to F Ilogic model 10 160 320 ns 

A or B to G or P 15 120 240 

A or B to F, 5 300 1000 

Cn+4• or A= B 10 200 400 ns 

15 140 280 

Cn to F 5 320 640 

10 135 270 ns 

15 100 200 

Cn to Cn+4 5 200 400 

10 100 200 ns 

15 70 140 

tnH Transition time 5 100 200 

trHL 
10 50 100 ns 

15 - 40 80 

FUNCTICNAL DIAGIRAM 

RKTl»I.SEI.B:T RKTD SEI.ECT 
tfllJ1S INPU1S 

wp> l "]~ ~ { i }-~ 

I aHWIE 
{ 

aJBAE 
W(JIJ WJI) lllT 

8 00T I APfll.E IIPPLE 
CJIR( CJIR( 

0UT lllT 
CIM( 1,1 } =, CAIRrlN }~ PIIE PIIE 

armo. rNRY CllfflU. CIM( 
MPUIS 

"tlf24 0UTPU1S 'hf'24 

Vs!,=12 \ţ•12 
ACTIVE-1.0W ~TA ACTIVE- HliH DATA 
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MMC4D1B1 

LOGIC DIAGRAM 

Active-low data 

Cn+4 

p 
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MMC4D1B1 

TRUTH TABLE& Table I 

FUNCTION INPUTS/OUTPUTS ACTIVE LOW INPUTS/OUTPUTS ACTIVE HIGH 

SELECT LOGIC ARITHMETIC• LOGIC ARITHMETICi} 
FUNCTION FUNCTION FUNCTION FUNCTION 

53 S2 S1 so IM=Hl IM=L, Cn=Ll CM=Hl IM=LCn=Hl 

o o o o A A minus 1 A A 
o o o 1 A8 A8 minus 1 A+8 A+8 
o o 1 o A+8 AB minus 1 A8 A+B 
o o 1 1 Logic 1 minus 1 Logic O minus 1 
o 1 o o A+8 A plus CA+ Bl ĂB A plus AB 
o 1 o 1 8 A8 plus CA + Bl s CA + 81 plus AB 
o 1 1 o ÂeB A minus 8 minus 1 ACD8 A minus 8 minus 1 
o 1 1 1 A+B i A+B AB AB minus 1 
1 o o o A8 A plus IA+ 81 A+8 A plus A8 
1 o o 1 Ae8 A plus 8 A0B A plus 8 
1 o 1 o 8 AB plus IA + 8) 8 CA + Bl plus A8 
1 o 1 1 A+8 A+8 A8 A8 minus 1 
1 1 o o Logic O A plus A Logic 1 A plus A 
1 1 o 1 AB A!::! plus A A+B IA+ 8) plus A 
1 1 1 o A8 A8 plus A A+8 CA+ Bl plus A 
1 1 1 1 A A A A minus 1 

• Expressed as two's complement. For arithmetic function with Cn in opposite state, the resulting func
tion is as shown plus 1. 

Table li - MAGNITUDE CDMPARISDN 

Act.lve
Hlgh dete 

INPUT 
Cn 
1 

o 
1 

o 

OUTPUT 
cn+4 

1 

1 

o 
o 

MAGNlTUOE 

A::58 

A<8 

A>8 

~8 

Act.lve
Law det.e 

1 = HIGH LEVEL 
O= LOW LEVEL 
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INPUT OUTPUT MAGNITUDE 
Cn cn+4 

o o A::58 

1 o A<8 

o 1 A>B 

1 1 A2:8 



MMC 40'1 B'I 

I able III - AC TEST SETUP AEFEAENCE C:ectlve-low det■J 

TEST AC PATHS DC DATA INPUTS 
MODE* 

DELAY TIMES INPUTS DUTPUTS TO Vss TOV00 

SUM1N to SUMour 80 Any F 81, 132, 83, M, Cn AII A's ADO 

SUM1N to P AD p A1, A2, A3, M, Cn AIIB's ADO 

SUM1N to G 80 G AII A's,M, Cn 81,82,83 ADO 

SUM1N to Cn+4 80 Cn+4 AII A's,M, Cn 81, 82, 83 ADO 

Cn to SUMour Cn Anvi= AIIA's,M AIIB's ADO 

Cn to Cn+4 Cn Cn+4 AIIA's,M AII 8's ADO 

SUM1N toA=8 80 A=8 AII As, 81, 82, 83, M Cn SU8STRACT 

- EXCLUSIVE SUM1N to SU~uT AII 8's Any F AII A's,Cn M 
[logic odei OR 

* ADO Mode: SO, S3 = V00; S1, S2 = Vss, SU8STRACT Mode: SO, S3 = Vss: S1, S2 = \/00. 
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MMC 401 sa MMC 401 93 

PAEBETTABLE UP/DDWN CDUNTEAB 
EDUAL CLDCK WITH REBETJ 
401 92-BCD TVPE 
401 93-BINAAV TVPE 

GENERAL DESCAIPTIDN 

The M IVIC 40192, MMC 40193 are monolithic inte
grated circuits processed in standard Al-gate tec
hnology. The MMC 40192 is a 4-Bit Synchronous 
l.lp/Down Decade Counter and the MMC 40193 is a 
4-Bit Synchronous Up/Down Binary Counter. Cou~ 
ting up and counting down is performed by two count 
inputs ICLOCK UP and CLOCK DOWN respecti
velyl, one being held high while the other is clocked. 
The outputs lll1...;..Q4J change an the positive-going 
transition of this clock. These counters feature pre-
set inputs U1-J41 that are enabled when load IPRE
SET ENABLEJ is a logica! .o· and a clear CRESETI 
which forces all outputs to .o· when it is at logica! 
.1 ". The counters alsa have CARRY and BORROW 
inputs so that they can be cascaded using no exter
nai circuitry. 

AB■DLUTE MAXIMUM AATINCJS 

Voo• Supply v9ltage: G and H types 
E and F types 

V; Input voltage 
I DC input currant Cany one input! 
Ptot Total power dissipation [per packagel 

Dissipation per output transistor 
for TA = tuli package-temperature range 

ÎA Operating 
temperatura : G and H types 

E and F types 
Îstg Storage temperature 

• AII voltBQe values are referred to V ss pin voltage 

FEATURES 

• Individual clock lines for counting up or counting 
down 

• Synchronous high-speed carry and borrow propa-
gation delays for cascading 

• Active low parallel load 
• Active high asynchronous reset 
• Q.iiescent current specified at 20 V 
• 5 V, 1 O V, 15 V paremetric ratings 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+0.5 V 

±10· mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPEAATINCJ CDNDITIDNB 

Supply voltage: G and H types 

Input voltage 

Operating 
temperatura : 

E and F types 

G and H types 
E and F types 

CDNNECTION DIACJRAM 

Cl.OCK 

O,.CX:K 

1 

2 

3 
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Vco 
J1 

RESET 
IKRROW 
raiw 
PRESET ENAllE 

3 to 
3 to 
O to 

-55 to 
-40to 

18 
15 

Voo 

125 
85 

V 
V 
V 



MMC 401 91! MMC 401 93 

LDGIIC DIAGRAM 

MMC40191i! 

.3 Qt 2 Q2 6 Q3 7 Q4 

MMC40193 

RESET 

~~~~ L ________ J 9 

CONTRJL LOGIC 4 • SAME AS CONTROL LOG[ t 

4 
Q.OCK DOWN 
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TIMINct DIAGRAM 

i.om IBCDI 

CLR- --, 
PE--~ 
J1-

J2-

J3-
J4-

CU< LP 1.1rL rt 1.rt. 
QJ( =- Lr\ h.rt; n.-- .... .... - - -0.1-- ""'" - - - -

02- - - --
ft~ • - --
ftl 

.... ""'" -i--ElRffi' L 

COUNT- li., 
O 789012 10987 

MMC 401 Bli! MMC. 401 B3 

40193 I Binaryl 

O.R-
PE-
J1-
J2-

J3-

LK~ C 
CL K DN 

0.1-
Q2 

Q3-ft. 
-

C OUNT-

-, 
-u 

Lr'l n.rt rt - i- -- - i-
,-i-

i--

-
L 

o 13 1ft !i o 1 

L r\ "lrt n.-- ~ -- - -- -i--- -
L 
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Internai logic of flip-flop 

TAUTHTABLE 

CLOCK UP CLOCKDOWN 
PRESET 

RESET ACTION 
ENABLE 

~ 1 1 o COUNT UP ---...__ 1 1 o NOCOUNT 
1 _____,,,,-- 1 o COUNTDOWN 
1 ---...__ 1 o NO COUNT 
X X o o PRESET 
X X X 1 RESET 

1 = HIGH LEVEL O= LOW LEVEL X = DON'T CARE 
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STATIC ■L■CTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONOITIONS 

PARAM ETER V1 Va I lol Voo lt.ow 
IVI IVJ (µAl IVJ min. 

IL Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E, F O/ 5 5 
types 0/10 10 

0/15 15 

V□H Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15- 14.95 

V□L Output low 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V,H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 ·5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL OJtput G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

l1Ho l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types · 

C1 Input 
capacitance Any input 

• T LOW = -55°C for G, H devices; -40°C for E, F devices. 
• ÎHIGH = +125°C for G, H devices: +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 ,_ 1 ~ V 

:?54 

max. 

5 
10 
20 

100 

20 
40 
80 

0.05 
0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC 401 BI! MMC 401 93 

VALUES 

25°c ,..HIGH 
UNIT 

min. typ max. min. max. 

0.04 5 150 
0.04 10 300 
0.04 20 600 
0.08 1()0 3000 

µA 
0.04 20 150 
0.04 40 300 
0.04 80 600 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 -3.2 -1.15 
-0.51 -1 ~0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4. 

0.::,1 1 U . .:10 

1.3 2.6 0.9 
3.4 .6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 

±10-5 ±0.3 ±1 

5 7.5 pF 



MMC 4D1 BI! MMC 401 93 

DVNAMIC ELECTAICAL CHAAACTERIBTICB 

IT A= 25°C, CL = 50 pF, RL = 200 kn typical temperature coefficient for all V00 values is 0.30/o/°C, all iaput rise 
and fall times = 20 nsl 

TEST VALUES 
PARAMETER CONDITIONS 

Vnn[VJ min. typ. max. 

tpHL, Propagation delay tinie 5 250 500 
tpLH Clok_ Up or Clok Down to Q 10 120 240 

Reset to Q 15 90 180 

PE toQ 5 200 400 
10 100 200 
15 70 140 

Clock Up to Carry 5 160 320 
Clok Down to Borrow 10 80 160 

15 60 120 

Reset or ~ to Borrow or Carry 5 300 600 
10 150 300 
15 110 220 

tTHL• Transition time 5 100 200 
tnH 10 50 100 

15 40 80 

t.-em• Removal time 5 80 40 

Reset or PE 10 40 20 

15 30 15 

tw Clock input puise width 5 480 240 

Reset 10 300 150 

15 260 130 

PE 5 120 240 

10 85 170 

15 70 140 

Clock 5 90 180 

10 45 90 

15 30 60 

t,.. t, Clock input rise or fall time 5 15 

10 15 

15 5 

tel Maximum clock input frequency 5 2 4 

10 4 8 

15 5.5 11 

• The time reauired for Reset or Preset Enable control to be removed before clocking Csee timing diagraml. 

Timing diagram defining trem 

CLOCK 
RESET 

.; .. 

PRESET ENABLE __ ..._ __ _ 
trem 
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twiu .I 
I 

I 

~-

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ni:: 

µS 

MHz 



MMC 402431 MMC 40943 

GUAD TRI-STATE BUS TRANSCEIVER 

GENERAL DESCRIPTION 

fhe MMC 40243 und MMC 40943 ,.we 111011olith,c 
,ntegr·uted crrcurts uvuriuble 111 14-leml duul 111-lrnt' 
µlastre or· cer·arn,c µackuge. tabr,cated w,tll standunl 
Al-gate CMOS teclrnology. Tl1e MMC 40243 con 
sist ot a quud 3-state bus tr·,1sce,ver·. wrtil llrgh aut 
put curTellt s111k and suu,·ce CdpdlJdtLy. lt l1c1s 2 con
trol srgnals □Ea/ a11d OEIJ. Tl1e MMC 40943 cor1srst 
of a quad 3-stute bus trar1sce1ver- TTL to CMOS w,th 
11,gh outµut curTer1t srnk and source caµabrlrty. lt has 
] power suµµly VDD· V 55. Vce- i111d 2 contrnl srgmils 

ABSOLUTE MAXIMUM RATINGB 

Voo• 

V, 
I 

Ptat 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to V ss pin voltage 

FEATURES 

• Wrde supply voltage r·ancJe 3. O Vuc to 1 BV ur 
• B,drrectrorial 111puts-outµuts. 
• 1 TTL load capabrlrty. 
• Non-r11ver·t111g trr-state outputs. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Voo+0.5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECOMMENDED OPERATING CONDITIDNB 

Voo• Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIONS DIAGRAMS 

MMC40243 

jQ a/ Vdd 

NC OEt 

RO NC 

Rl Bo 

R2 BI 

A3 82 

~NO 

3 to 
3 to 
O to 

-55 to 
-40 to 

MMC40943 
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Vdd 

OE/ 

BD 

18 V 
15 V 

Voo V 

125 oe 
85 oe 



FUNCTIDNAL DIAGRAMS 

TRUTH TABLE& 

MMC 40243 

INPUTS INPUTS/OUTPUTS 

DEa □Eb An Bn 

L L inputs B=A 
H L z z 
L H z z 
H H A=B inputs 

Z = high impedance 

SCHEMATIC DIAGRAMS 

MMC 40243, MMC 40943 

CEa)---
CEb) logic 

block 
~~ 
~2 
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MMC L.0243 

MMC40943 

INPUTS 

OE □IR 

L 
L 
H 

L 
H 
X 

MMC 40943 

INPUTS/OUTPUTS 

An= Bn 
inputs 

z 

Bn 

inputs 
An= Bn 

z 
Z = high impedance 

-oa.a. 
02 ~ 



■TATIC ■L■CTAICAL CHAAACT■Al■TIC■ 
lover recommended operating conditionsJ 
MMC40■4:I 

TEST CONOITIONS 

PARAMETER v, Vo Io Voo T!ow 
IV) IVI (µA) IV) 

min. max. 

IL Quiescent G,H O/ 5 5 1 
current types 0/10 10 3 

0/15 15 8 
0/20 20 40 

E,F O/ 5 5 3 
types 0/10 10 9 

0/15 15 24 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Val Output low 5 /0 <1 5 0.05 
voltage 10/0 <1 10 005 

15/0 <1 15 005 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 ·15 11 

V1L Input low 4.5/05 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 

loH Output drive G,H O/ 5 2.!3 5 -5.8 
current types O/ 5 4.6 5 -1.2 
outputs 0/10 9.5 10 -3.1 
A0-A3 0/15 13.5 15 -8.2 

E,F O/ 5 2.5 5 -4.B 
types O/ 5 4.6 5 -1 

0/10 9.5 10 -2.5 
0/15 13.5 15 -6.8 

loL Output sink G,H O/ 5 04 5 2.6 
current types 0/10 05 10 6.5 
outputs 0/15 1.5 15 19.2 
A0-A3 E, F O/ 5 0.4 5 2.1 

types 0/10 0.5 10 5.4 
0/15 1.5 15 1.6 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 
output 0/15 13.5 15 -4.2 
8~3 E, F O/ 5 2.5 5 -1„53 

types O/ 5 4.6 5 -0.52 
0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

IOL Output G,H O/ 5 0.4 5 I o.64 
sink types 0/10 0.5 10 1.6 
OJrrent 0/15 1.5 i5 I 4,2 
output E, F 
8~3 O/ 5 04 5 . 0.52 

types 0/10 0.5 10 1.3 
0/15 1.5 15 I 3.6 
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MMC 402431 MMC 40943 

VALUES 

25°C „HGH UNIT 

min. typ max. min. max. 
1 30 
3 90 
8 240 

40 1200 
pA 

3 90 
9 270 

24 720 

4.95 4.95 
9.95 9.95 V 
14.95 14.95 

0.05 005 
0.05 005 V 
005 005 

3.5 3.5 
7 7 I V 

11 11 ' 
1.5 1.5 
3 3 V 
4 4 

-4.8 -6.1 -3 
-1.02 -1.9 -07 
-2.6 -3.7 -1.B 
-6.B 14.1 -4.B 

mA 
-4.1 -5.2 -2.9 
-as -1.6 -06 
-2.2 -3.1 -1.6 
-5.B 11.9 -4.2 

2.1 2.3 1.3 
5.5 2.6 3.8 

16.1 23 11.2 

1.8 1.9 1.2 
mA 

4.7 5.3 3.3 
13.7 19.5 9.7 

-:=1.6 -3.2 -1.15 
-051 -1 -036 
-1.3 -2.6 -as 
-3.4 -6.B -2.4 

mA 
-1.36 -3.2 -1.1 
-044 -1 -036 
-1.1 -2.6 -as 
-3.0 -6.B -2.4 

0.51 1 036 
1.3 2.6 as 
3.4 6.8 2.4 

mA 
044 1 0.36 
1.1 2.6 as 
3.0 6.8 2.4 



MMC 40243, MMC 40943 

STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operatIng conditionsl 

TEST CONDITIONS VALUES 

PARAMETER V1 Vo I Io I Voo Ttow 25°C ~l(;H 
IVI IVI lµAI IVJ UNI 

min. max. mm. typ max. 111In. max. 
T 

l1i+ l1L Input G,H 0/18 18 ±01 ±10"5 ±0.1 ±1 leakage types Any 
curnmt 

E,F input 
µA 

types 
0/15 15 ±0.3 ±10·5 ±0.3 ±1 

-- ..__ __ 
---

loH 3-state G,H 0/18 0/18 18 ±04 t10·4 ±0.4 ±12 
output types 

E,F 
µA 

types 
0/15 0/15 15 ±1.0 t10·4 ±1.0 ±7.5 

C1 -Input 
capacitance Any input 5 7.5 pF 

MMC40B43 

IL Guiescent G,H O/ 5 5 1 1 30 
QJIT8nt types 0/10 10 3 3 90 

0/15 15 8 8 240 
0/20 20 40 40 1200 

mA 
E,F O/ 5 5 3 3 90 

types 0/10 10 9 9 270 
0/15 15 24 24 720 

VoH Output high O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 
outputs 80-83 0/15 <1 15 14.95 14.95 14.95 

Va. Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 005 0.05 0.05 V 
output& 80-83 15/0 <1 15 0.05 0.05 0.05 

V1H Input high I 0514.5 <1 5 3.5 3.5 3.5 
voltage 1/9 <1 10. 7 7 7 V 
input& 80-83 11.5/13.5 <1 15 11 11 11 

VIL Input low 14.5/05 <1 5 1.5 1.5 1.5 
voltage I 9/1 <1 10 3 3 3 V 
input& 80-83 :13.5/1.5 <1 15 4 4 4 

V1H Input high voltage i 2.8 2.8 2.8 V inputs A0-A3 

V1L Input low voltage I 
1.5 1.5 2.8 V 

input& A0-A3 I 

VOH Output high voltage O/ 5i <1 5 4.95 4.95 4.95i V 
output& A0-A3 

Va. Output low voltage 5 /0, 
<1 5 005 0.05 0.05 V output& A0-A3 i 
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STATIC ELECTRICAL CHARACTERIBTICB 

[over recommended operat1ng cond1t1onsl 

TEST CONOITIONS 

PARAMETER V1 Va llol Voo l'tow' 

IOL 

lu+ l1L 

loH 

C1 

IVI IVI lµAI lVJ min. max. 

G,H O/ 5 2.5 5 -2 
types O/ 5 4.6 5 -0.64 

0/10 9.5 10 -1.6 
0/15 13.5 15 -4.2 

E,F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

Output G,H O/ 5 04 5 0.64 
aink types 0/10 0.5 10 1.6 
a.uTent 0/15 1.5 15 4.2 

E,F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

Input G,H 0/1fJ 18 ~0.1 
leakage types Any 
a.irrent E,F input 

0/15 15 ±0.3 
types 

3--state G.H 0/18 0/18 18 ±0.4 
output types 

E,F 0/15 0/15 15 ±1.0 
types 

Input Any 
capacitance input 

• T LOW = -55°C for G, H devices: -4D°C for ·e, F devices. 
• T HIGH = +125°C for G, H devices: +85°C for E. F device&. 

The Noise Margin for both "1" and "O" level is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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MMC 4D243, MMC 4D943 

VALUES 

25°C ÎHIGH 
UNIT 

min. typ max. min. max. 

-1.6 -3.2 -1.15 
-051 -1 -036 
-1.3 -2.6 -as 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -036 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

~A 
±10-5 ±0.3 ±1 

±10-4 :t:04 ±12 

~ 
±10-4 ±1.0 ±7.5 

40 pF 



MMC 4D9D6, MMC 4D9D7 

MMC 40906 HEX OPEN DRAIN N - CHANNEL 
BUFFER& 

MMC 40907 HEX OPEN DRAIN P - CHANNEL 
BUFFER& 

GENERAL DEBCRIPTIDN 

The MMC 40906 and the MMC 40907 are monolit
hic integrated circuits processed in standard Al
gate CMOS technology. The MMC 40906 and the 
MMC 40907 are sIx inverters driving six N-channel 
devices and six inverters driving six P-channel devi
ces. The open drain feature of these buffers makes 
levei shihing or wire ANO and wire OR functions by 
just the addition of pull-up or pull-down resistors. 

ABSOLUTE MAXIMUM RATINGB 

voo• Supply voltage: G and H types 
E and F t-ypes 

V, Input voltage 
I DC input current Cany one input) 
F\ot Total power dissipation [per packagel 

Dissipation per output transistor 
for TA= full package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Îstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Wide supply voltage range 3,0 V to 1 5 V 
• Guaranted noise margin 1,0 V 
• High noise immunity 0.45 V cc typ 
• High current sourcing and sinking open drain outputs 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+05 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPEAATING CDNDITIDNS 

Voo• Supply voltage: G and H types 3 to 18 V 
E and F types 3 to 15 V 

V, Input voltage o to Voo V 
TA Operating 

temperature : G and H types -55 to 125 oe 
E and F types -40to 85 oe 

CDNNECTIDN DIAGRAM 

G=A Voo 

A 2 L=F 
H=B 3 F 

B 4 K=E 
5 E 
6 J=D 
7 D 
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MMC 4D9D61 MMC 4D9D7 

SCHEMATIC DIAGRAM 

MMC4D9D6 MMC4D9D7 

J°" J'L J'L. R 

vi 5-1-r-'t vi 
N N 

Vss ~s 

STATIC ELECTRICAL CHARACTERIBTICB 

(over recommended operating conditionsl 

TEST CONDITIDNS VALUES 

PARAMETER V1 Vo I 10 I Voo ltow 25cc ~IGH 
IVJ IVJ lµAl IVJ UNI 

min. max. min. typ max. min. max. 
T 

IL Qu1escent G,H O/ 5 5 1 0.02 1 30 
current types 0/10 10 2 0.02 2 60 

0/15 15 4 0.02 4 120 
0/20 20 20 0.04 20 600 

µA 
E. F O/ 5 5 4 0.02 4 30 

types 0/10 10 8 0.02 8 60 
0/15 15 16 0.02 16 120 

VOH Output high O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.95 V 

0/15 <1 15 14.95 14.95 14.95 

V□L Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 □:os V 

15/0 <1 15 0.05 0.05 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 3.5 3.5 
voltage 1/9 <1 10 7 7 7 V 

1.5/13.5 <1 15 11 11 11 

VIL Input low 4.5/0.5 <1 5 1.5 1.5 1.5 
voltage 9/1 <1 10 3 3 3 V 

13.5/1.5 <1 15 4 4 4 
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STATIC ■L■CTAICAL CHAAACTERIBTICS 
lover recommended operating conditionsl 

TEST CONOITIONS 

PARAM ETER v, Vo Voo l'tow 
M M CVJ 

loH Q.itput drive G,H O/ 5 2.5 5 
current types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

E, F O/ 5 2.5 5 
types O/ 5 4.6 5 

0/10 9.5 10 
0/15 13.5 15 

loL Q.itput sink G,H O/ 5 0.4 5 
current types 0/10 0.5 10 

0/15 1.5 15 

E, F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

l11-1ol1L Input leakage G,H 0/18 18 
current types 

E, F 0/15 15 
types 

c, Input Any input 
capacitance 

• T LOW = -55"C for G, H device: -4□°C for E, F device 
• THIGH= +125°C for G, H device: +85"C for E, F device 

The noise margin for both .1 • and •□• level is: 

min. max. 

1.6 
0.64 
1.6 
4.7 

1.5 
0.61 
1.5 
4.5 

3.75 
10 
30 

3.6 
9.6 

28 

±0.1 

±0.3 

DYNAMIC ELECTRICAL CHARACTERIBTICS 

MMC 4D9D61 MMC 4D9D7 

VAL!JES 

25°C Tt1GH 
min. typ max. min. max. 

-1.25 -6.4 -0.9 
-0.51 -1.6 -0.36 
-1.30 -3.6 -0.9 
-3.75 -12 -2.6 

-1.25 -6.4 -1 
-0.51 -1.6 -0.42 
-1.25 -3.6 -1 
-3.75 -12 -3 

3.2 6.4 2.2 
8 16 5.6 

24 48 17 

3.2 6.4 2.6 
8 16 6.6 

24 48 19 

±10-~ ±0.1 ±1 

±10-~ ±0.3 ±1 

5 7.5 

1 V min. with V00 = 5V 
2V min. with V00 = 10V 

2.5V min. with V00 = 15V 

UNIT 

mA 

µA 

pF 

CT amb = 25°C, CL = 50 pF, RL = 200 kU, typical temperature coeff1cient for all V00 values Is 0.30/o/·C. all input 
rise and fall times = 20 nsl 

TEST 

PARAMETER CONOITIONS VALUES 
UNIT 

VI IVI V□□ IVI m,n_ typ. max. 

tPLH Propagation delay time 5 5 70 140 
10 10 40 80 
10 5 45 90 ns 
15 15 30 60 
15 5 40 80 

tPHL Propagation delay t,me 5 5 55 11 O 
10 10 22 55 
10 5 50 100 ns 
15 15 15 30 
15 5 50 100 

tTLH Transition time 5 5 80 160 
10 10 40 80 ns 
15 15 30 60 

tTHL Transition tIme 5 5 30 60 
10 5 20 40 ns 
15 15 15 30 

--



MMC „ 3D, MMC „ 3D ... 

+ 3 DIGIT A/D CONVERTER 

GENERAL DEBCRIPTIDN 

The MMC 130 combines both the analog and digital 
subsystems of a 3 digit A/D system in a single mo
nolithic CMOS I.C. The „Quantized Feedbak" conver
s,on scheme, provides the MMC 130 with an Auto
Zero Autopolarity A/D system requiring only a sin
gle reference voltage. Externai parts are minimized 
by the an-chip resistors and buffer amplifiers. 
These high 1mpedance input and reference buffer 
amplifiers eliminate source loading errors providing 
the outstanding temperature coefficient and ratio 
operation inherent in this system. Break-before
make switch action insures that neither the analog 
input nor the reference voltage will be shorted to 
ground at any tIme. 
The MMC 130 3 digit A/Dis made functionally com
plete by the following additions: 

1. CAz 10.1 O µFl between AZ and pins 
2. CiNT I0.033JJFI between INT and pins 
3. Cose 10.001 fJFl between OSC and Digital 

Ground 
4. VRfF =" 2.000 V 
5. ± 5 V supplies lat 3 mAJ 

ABSOLUTE■ MAXIMUM AATINII■ 

FEATURES 

• Accuracy of 0.1 °/o ± 1 Count For Full Use of 3 
Digits 

• Low Power Consumption of 25 mW 
• Minimum Externai Parts Count 
• Auto-Zero and Auto. - Polarity 
• Buffered Signal and Reference lnputs Z,N> 109 .n 
• Internai Oscillator Uses Only □ne Externai Capa

citor 
• Wide Sampling Range of 1 to 60/Second 
• Multiplexed BCD Output For Simple Display and 

µ-P lnterface 

APPLICATIDNS 

• Digital Voltmeters, Panel Meters 
• Digital Thermometers 
• General lnstrumentation INoise, Light, pH, etc.J 
• Microprocesor lnterfaces to Analog Signals 

v,~ ........................................................................ v, + o.3 v. v'2 - as v 
~: .'2 .. :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::. 1~~ 
Current at v,N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 mA 
Voltage on any pin . . • . • • . • • • • • • . . . • • . . . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . V,+ 0.3 V, V'2 - 0.3 V 
vREF • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • v.J 
Operating Temperature (81 • . . . . . . . . . . • • . . . . . . . . • • . . . . . . . . . . . . • • . . . . • . . . . . . . . . . . . • . • • . • O to 70° L; 
Operating temperature (CDJ . . . . . . . . . . . . . . • . • . . . . • . • • . . • . . . . . • . • . . . . . . . . . . . • . . . . . . . . - 20 to +85° C 
Storage Temperature .....•...•...•...••.••..••••••...•.•.......... : . . . . . . . . . . . . . • -65 to 125° C 

CDNNECTIDN DIAIIAAM 

RNL,. ,No I: 
v„r Yin 

V· RZ 

!NT V• 

SIGN/Dft'Uft osc 

OIG.&ND 83 

D3 BI 

02 82 

Dl 80 
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FUNCTl0NAL DIACIAAM 

YIN 
ANLO 

OND 

Ye [ AZ 

■L■CTAICAL CHAAACT■Al■TIC■ 

MMC 1 3D, MMC 1 3D.1 

DATA BITS DIOIT &TROBES 

SION/UR/OR ~~ 

INT DIO OND osc 

AH DC paramaters are 1 OCJDlo tested at 25" C. Lots are sample tested for AC parameters and High Tempera
ture Limits to essure conformance with specifications. 

Test conditions VALUES 
UNIT PARAMETER V, = +5 V, "c! = -OV, V~EF = 2.000 V tt. = 25° C, INT = 0.03 JJF, MIN TYP MAX 

•tro = 0.1 JJF li 
Nonlinearity MMC 1301 O 1 O/o rdg ±1 count 

MMC 130 0.5 O/o rdg ±1 count 

Noise Peak-to-Peak noise apparent with 
goini from one steady reading to 

0.3 LSB anot er 

GainT.C. OcT,tCJOO 10 JJV/°C 

Zero T.C. Od'~D°C 15 ppM/°C 

NMR Normal Mode 
Rejection f_.;• = 60 Hz. foac= 24 kHz 36 dB 

11N V1N Input Bias Current TA= 25° C 7 

TA= 7D°C 90 
pA 

TA = 85° Cce□ Onlyl 1 nA 

~F VclEF input TA= 25° C 7 
es urrant 

TA=70°C 90 
pA 

TA = 85° C ce□ Onlyl 1 nA 

IAZ AZ lncut Bies Current ~ = 85° c cec Onlyl 
AZ =-1V 1 nA 
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Test conditions 
PARAMETER V,= +5 V,"(!= -fN, V~EF = 2.CD) V k = 25° C, INT = 0.03 JJf, 

nrg=0.1JJF 

fcLK Clock Frequency 

D.C.a.K Clock Duty Cycle 

1INL Clock Input Currant 
low V1NL =0.25V 

:tf~ Clock Input Current 
V1NH=4.75V 

VoL AII Output& ~=1.BmAOvr 
rating Temprture Ranga 

V OH Digit Strobes ~ = -400µA Ovr 
rating Temprature Ranga 

V .DH Date-Bit& 'f:r = -100 ~ Ovar OPERATING S1111/UR/OR 
mperature Ranga 

11 Supply current 

12 Supply Current 

PSRR, V, Supply 
Rejection 

PSRR'l V2 Supply 
Reject10n 

Typ1cal Values are for Des1111 A1d Only, and not subiect to prca,ct10n testing 

INPUT /OUTPUT .CH■MATIC8 

INTERNAL 
CIRCUITRY 

OSCILLATOR INPUT 

INTERNAL {' Î j □ Vi 
CIRCUITRY , ~ V . (REF. IN) 

INTERNAL 
CIRCUIT~Y 

MMC 13D, MMC 130.1 

VALUES 
UNIT 

MIN TYP MAX 

30 kHz 

30/70 70/30 li/o 

1 
mA 

1 

0.5 

2.4 V 

2.4 

6 

-4 mA 

0.6 

1.4 mV/V 

AZ INPUT 

VIN OR VREF INPUT 
OUTPUT BUFFERS 

COigits.Bits.SIGN/UR/OR) 
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FUNCTIDNAL DPERATIDN 

The Connection Diagram of Figure 1 should be refer
red to along with the timing diagrams of Figures 2,3 
and 4 in this discussion of functional operatIon. 
Time Base Counter - The oscillator circuit becomes 
fully functional with an externai capacItor to ground. 
The OSC input can be dr1ven by an externai oscillator 
ID to V, logic levelsl if desired. A squaring circuit divi
des the osc1llator frequency by two before it drives 
the BCD counter and Time-Base counter. 
The two fundamental intervals of the sampling pe
riod, the Auto-Zero CAZI and Measure intervals, are 
established by the Time-Base counter as 1024 and 
2048 clock periods respectively. The total sampling 
interval is then 3072 clock periods long. Since the in
ternai clock Is one-half of the oscillator frequency., 
the sampling period is then 6144 12 x 30721 oscilla
tor periods. The Time-Base counter also divides the 
internai clock by eight. Th1s division provides sets of 
eight clock periods loctetsl which are used by both 
the data multiplexer as digit .DN" times and the con
trol logic as U/0 IUp/Oown logici duty cycle periods. 

ANALOG 
IN,UT 

AUTO·ZEIIO 
aurrCR 

MMC 1 30, MMC 1 30.1 

AUTO-ZERO INTERVAL 

The Auto-Zero interval provides a means to null oul 
the offset voltages of the amphfiers used in the 
MMC 130. ln addition, It automatically estabhshes a 
second tracking reference voltage necessary for bi
polar A/O conversion. 
The Auto-Zero sequence Is irntiated when the M/Z 
IMeasure/Zerol signal switches the input buffer 
amp to analog ground. After a br1ef count-correcting 
override period, the AZ switch Is closed connectIng 
the AZ amplifier and integrator together in a closed
loop second-order system. Ouring th1s time the con
trol logic Ignores the comparator output and pulses 
the U/0 switch at a 5011/o duty cycle of 4 clock pe
riods „Up" and 4 „Oown" lsee fig. 21 Equ1librium of 
this closed-loops system is attained when the ave
rage currents through R, and R3 are equal and oppo
site. This is achieved when V AZ• the Auto-Zero vol
tage, is equal to - 1 /2 VaEF sInce R, = R3• Establis
h1ng V AZ. and storing it on c..; AZ. gives V /O logic the ca
pability of switching either a + or - reference cur
rent to the integrator during conversion. Thus when 
U/0 is „Up", 14 + 13 = -VREE/2R 1 and wt-,en U/0 is 
„Oown·, 11 + l;i = Vrei 32R,. The Auto-Zero interval is 
of sufficient Cluration to insure that V AZ. will be well 
established. 
Prior to the start of the Measure interval, the inte
grator output lwhich had been cycling around - 1Vl 
is brought back to analog ground, the comparator 
thre!:.hnld. The system is now ready for a converslo11 

DATA IITS DIGIT snOBES 

IION/Ult/011 ~~ 

Î Cose 

Conection Oiogrom 

Figura 1 
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MMC 1 3D, MMC 1 30.1 

...................................... , ... --
H/Z 

I OYRD I • • • • 
AUTO-ZERO 

.... -----------AZ 

U/D 

COMPARATOR 
OUTPUT 

INTEGRATOR 
OUTPUT 

···-----------

Figura 2 Auto-Zero Îiming 

MEASUREMENT INTERVAL 
The .Quantized Feedback" conversion syzstem 1s 
characterized by a single phase Oigitizat1on interval 
is which a digital control system feeds back quanti
zed units of charge in response to the sampled state 
of an analog comparator. These quanta of charge 
balance the charge being supplied to the integrator 
by the analog voltage. The magnitude IVREF/2R, x 6/ 
f clockl of the Quantized charge being fed back and its 
s1gn I+ or -I arise from the fact that the control lo
gic has two U/0 duty cycles available during the 
Measure interval al shown in Figure 3. 
The U/0 logic is „up" an clock cycle and „down" 7 
cycles for a high comparator output in clock cycle 
number 7 the U/0 logic will be „up" for 7 cycles and 
,.down" for 1 cycle in the following 8 clock cycles. 
This is duty cycle „8". The effect of these two refe
rence current duty cycles an the integrator outpuţ is 

shown in Figure 3. lt can be seen that the .up" state 
of the U/0 logic drives the integrator output voltage 
up. The up/down 8CD counter increments by each 
clock puise when the U/0 logic is „down". Consequ
ently the net count goes up 6 counts for a .8" duty 
cycle and down 6 for an „A" duty cycle. 
Input polarity is determined by the first appearance 
of two consecutive duty cycles of the same type. The 
control logic would determine the analog input to be 
negative if two „A" duty cycles occur in succession 
and positive if two „8" duty cycles occur in succes
sion. 
Since the counting process is dane by increments Cor 
decrementsl of 6 during the measure interval, a 
short override interval is required at the end of the 
Measurement to ,,fine tune" the count to the nea
rest LS8. This occurs within the first 32 clock pe
riods of the AZ interval 

e:::e:om a : a r 
11/Z 

AZ l'IEASURE 

AZ 

U/0 LJT"1IT I•" ,l,B ,l,B ,I A ,l,e ,l,e 
COl'IPARATOR r7 OUTPUT 

INTEGRATOR 

I 
/\ A 

OUTPUT ~~v 
Figura 3 Meosure Intervol Îiming 
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Following the count correcting override sequence; 
the contents of the BCD counters an sign flip-flop 
are loaded into the internai latches. Counter states 
of less than 80 or greater than 999 are decoded as 
underrange or overrange condit1ons respectively. 
The presence of an out-of-range signal gates a sin
gle puise lone clock period) to the SIGN/UR/OR out
put during e1ther 0 1 or 0 2 digit time 102 identifies 
overrange, 0 1 identifies underrangel. The overrange 
condition also provides a visual signal by holding the 
digit strobe outputs low during the Measure inter
val. This holds the display off for 2/3 of the sam
oling interval giving a blinking effect. 

~ 
HT 

CLOCIC 

83 I 

82 .. 
BCD 

DATA 
Bi 2 

Bg 

Di 

D2 

D3 

SIGN/UR/OR n n 
li li 
t t 

I 

.. 

2 

l 

MMC 1 3D, MMC 1 3D.1 

The BCD data stored in the latches Is continuously 
scanned, every 24 clock periods 18 clock times per 
digit!. Sign information appears at the SIGN/U
R/OR pin coincident w1th the 0 3 strobe. lnterd1g1t 
blank1ng of the Digit Strobes is ach1eved by tak1ng 
on full clock period from both the leading and trailing 
edges of the strobes. Thus the digit is on 6 clock pe
riods while the BCD data for that digit appears for 
the ful! eight clock periods. Figure 4 shows the Data 
Output Timing. 

1 

I I 

.. .. 

2 2 

l 

n n 
n n 

UNDERRANGE OVERRANGE 

Figure 4, Data Output Format 

1. Operatian Over che Full Frequency Ranga. 
Any sampling rate from 1 to 60 samples per second 
can be accommodated by simply changing the inte
grator and Oscillator !CAZI should remain at o.1 .llF 
over the full sampling range. 

a. To find the proper value for Casc refer to the 
clock frequency Vs. Casc curve shown In the Typical 
Characteristics. The oscillator frequency and sam
pling rates are related by: 

Sampling Rate 
f osc 

6144 
b. The integrator capacitor must change as a 

function of frequency by means of the following re
lationship: 

269 

1000 
CINT =--.lJF/sec 

f osc 

Capacitor tolerance or type is not criticai. CAZ and 
c,NT should have a high insulation resistance over 
temperature lall film capacItors are suitablel. 

2. Supply Valt:ages. Minimum supply voltages for 
operation are V, = 4.3V, V2 = -4.3V. Although the 
MMC 130 will be funct1onal at these voltages. TTL 
compatibility can no longer be guaranteed. Maximum 
voltages for functionality are V 1 = 8V, V2 = -BV, lt is 
recommended that a o.1 .llF or larger capacItor be 
used to bypass V, to ground at the MMC 130 when 
LED display are used. 



3. Input Prorection. The MMC 130 has protec
tIon cIrcuItry at all mputs and outputs wh1ch prevent 
static damage by clamping the voltage at these pms. 
ln many apphcations, such as a DMM/DVM, the VIN 
or VREF input may have a high voltage source connec
ted which is capable of supplying destructive cur
rents into the MMC 130. To prevent such an occu
rence, a current hm1t1ng resistor should be placed in 
series w1th the aproprIate input pin. The 1 mA maxi
muri;, current rating should be observed. A 1 M resis
tor rn series with pin 1 7 of the MMC 130 would of
fer input protection up to a 1 OOOV overvoltage. 

4. Lock-Up Protection. The E204 JFET shown in 
the typical MMC 130 application of Figure 5 elimina
tes a power-on lock-up mode. This condition mani
fests itself by a constant 007 output. lf the J-FET is 
nat udes, it may be necessary to recycle the power 
supplies to attain normal operation. The use of the 
E204 J-FET reduces the maximum allowable nega
tive supply voltage, V2 to -5.5 V. 

5. TTL Compatibility. While both the D1g1t Strobe 
101, 0 2, D;il and Data Bit 180 , 8 1, 8 2, B~I outputs am 
capable ot driving 1 TTL load, the maximum internai 
clock stability, and thus A/O stability, is attained 
when the bit outputs sink less than 400 µA. There
fore, CMOS or lowpower Schottky TTL decoders 
are preferred. Standard TTL loads will nat contri
bute to A/O mstab1lity when an externai oscillator is 
used. 

6. Ranga Signal Decoding Autoranging. The 
ranging signals loverrange and underrangel are tirne 
multiplexed an the SIGN/OR output. De mult1ple
xing consrsts of logically ANDING this output with 
either the 0 1 or 0 2 Digit Strobe output lsee Figure 41. 
Thus: 

0 1 • SIGN/UR/OR = 
= Uderrange Puise !active h1ghl when count 80 

O.,· SIGN/UR/OR ·-= 
= Overrange Puise lactrve highl when count 999 

lf e1ther an underrange or overrange condition 
exrsts, the appropriate puise wrll occure once each 
sampling interval during the zeroing tIme. Th1s single 
puise can be used directly to step an Autorangmg cir
cuit into the next range. 

7. Ratio operation. The hrgh 1mpedance reference 
buffer amphfier and rnput buffer amphf1er make 
the MMC 130 very useful In ratI0 measurements. 
The ratio error curve shown In the Typ1cal Characte
rIstIcs section 1llustrates the A/O transfer function. 

VrN R 1 
Count = -- - 4096 

VREF A„ 
Assuming the rdeal design values for R1 and A„ 110 K 
illld 20.48 Kl the A/O transfer eauation rs: 

V1N 
Count = -- x 2000 

VREF 

A1 '..ual R1 anu A„ matd11ng tolerance can deviate by 30/o. 

8. Inter-Digit Blanking. 

a The 1nterdigrt blank1ng period allows the MMC 
130 to interface With gas d1scharge d1splays 
when osc1llator frequencres of 16 kHz or less are 
used. 
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b. S1nce the BCD data for each digit appears before 
and does nat change until after the d1g1t strobe 
lexcept when new data is loadedl, 1nterface pro
blems such as latching of rmproper codes are mI
nrmized. 

c. The net digit duty cycle Is r·educed to 25Dfo by the 
inter-digrt blankir,a period. Average LED currents 
must be calculated with this cons1derat1on. 

d. Since the total inter-digit blanking time Is equal to 
a digit DN time, it may be used as a fourth d1g1t 
strobe for special applications. 

9. High Temperatura 0peration of the MMC 130 

a. Device protection. 

The MMC 130 does have the parasitic SCR struc
tures common to all junction isolated CMOS dev1-
ces. However, the MMC 1 30 1ncludes special pro
tection circuits at both inputs and outputs to mini
mize the possibility of turning on one of these 
SCR devices wh1ch could lead to excessIve power 
supply drain current and possible device destruc
tion. This possibility, while remote at normal am
bient temperatures, m enhanced by operation 
above 85"C. A 100 resistor In serIes w1th the V. 
Input of the MMC 130 will prevent such an occu
rence at high temperatures wh1le allowing for 
normal A/O action. 

b. CrNT• CAz Selection 

H1gh temperature operatI011 makes special de
mands an capacItor values and types. Polycarbo
nate capacitors are required for CrNT and CI\Z due 
to leakage limitations. Although the value ot CrNT 
is chosen as in paragraph 1, CAz must be 1 O tImes 
the value of c,NI- This fixes the AZ system dam
ping factor at 0.6 lsee AZ equationsl and main
tains the maximum value of CAz consistent with 
proper AZ loop settling. 

c. Leakage Protectiori Pin Guarding 

Proper high temperature perforn,ance requrres 
that all high rmpedance inputs IV 11'J, V REE! AZI be 
guarded to minimize prn-to pin leakage. uood gu
arding requires a 2 srdes glass-epoxy P.C. boarei 
wrth all guard traces and rrngs drrven from low rm
pedance sources. These sources should have a po
tential clase to that of the guarded prn. 

MMC 130 AZ EQUATI0NS 

-~-25x10-H 
(.Un -

CrN~AZ 

ţ= 



TVPICAL CHARACTERIBTICB 

Supply Currents 
vs Temperafure 

-15 65 

T -TEMPERATURE (0 () 

t<Ollover Error 
vs Power SuRJIY Skew 

1, r -- _,, 

-3 -2 -1 O 2 3 
SUPPlY VOLTAliE SKEW IVOLTSI 

IV1 •V2I 

APPLICATIDN 

105 125 

3 

31 
:::! o 

I -1 

ffi -2 
N 

1008 
1007 

~ 1006 
§ 1005 

!z 1004 
91003 

1002 
1001 

10000 

Zero Error V$ 

Power Supply Skew 

....... 
r-,.... i....--"" 

V 

-3 -2 -1 O 1 2 3 

ANLG 
GND 
VREF 
V2 

SIGN 

D3 
D2 
Dt 

SUPPLY VOLTAliE SKEW IVOLTSJ" 
IV1•Yzl 

E2H 

111,11133,.. 
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Ratio Operation 
l\iNIVREf =Constant) 

'(N= 1/2VRFF 
Coo-=0.0681.1F 
C.ef0,11.1F 
Casc=0.00221.1F 
V1=5V 
V2=-5V - ,--

i..--

.- ...... 
_i,.-- .... 

.... 

0,5 1,0 \5 2,0 2,5 

VREF -REFERENCE VOLTAGE IV) 

~ 1000 
.9-
I-z 

Input Bios CUTent 
vs Temperature 

~V1:5V 
,...V2=-5V , 

~ 100 a:: J 

a 
VI 

~ 
5 10 

, 
J 

0.. 
;r; 

I 
, 

j 
I 1 

-55 -15 25 65 1)5125 

T - TEMPERATURE (0 () 

V1 

11:t 
Bt 
82 
Ila 



MMC300D0 

BTEP-BV-BTEP MOTOR DRIVE CLOCK CIRCUIT 
GENERAL DEBCRIPTIDN 

The MMC 300 is a 23 stage binary counter in stan
dard Al-gate CMOS technology in a single monolithic 
ctip. An inverter is available for crystal oscillator ap
plication. The function of the tnmmer capacitDI' has 
been taken over by the variable frequency divider 
comprised in the IC. Seven adjustment terminals are 
used to set the divider ratio to the required value 
with an accuracy of 1 o..,,_ The maximum output fre
quency is set when all adjustment terminals are eit
her open- circuit or connected to pin 14.. lf one or 
more adjustment terminals are grounded Ctaken to 
pin 131 the output frequency decreases. The oscilla
COI' frequency divided bv faur may be checked at the 

ABBDLUTE MAXIMUM RATINGB 

Tstg 

Supply voltage: G and H types 
E and F types 

ln put voltage 
DC input current lany one input) 
Total power dissipation !per packagel 
Oissipation per output transistor 
for TA = tuli package-temperature range 
Operating 
temperature : G and H types 

E and F types 
Storage temperature 

test output (pin BJ. With an oscillator frequency of 
4.194812 MHz the series-connected push-pull out-
put stage supplies a symmetrical square wave signal of o 
with a puise duty factOI' of 0.5 and a repetition frequ-
ency of ,0.5 Hz if the variable frequency divider is set 
to its medium value. 
The MMC 300 is available in 14 lead dual in-line and 
ceramic plastic package. 

FEATURES 

• Low quiescent power dissipation 
• Fully protected inputs 
• Adjustable frequency divider in 127 steps 
• Test output available 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to Vo 0+Q5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65 to 150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

V□□• Supply voltage: G and H types 
E and F types 

V, Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

BLDCK DIAGRAM 

OSC OSC 
INPUT OUTPUT 

FREQUENCY 
AOJUSTMENT 

l~PUTS 

3 to 18 V 
3 to 15 V 
o to V□□ V 

-55 to 125 oe 
-40to 85 oe 

OUTPUT 
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STATIC ELECTRICAL CHARACTERIBTICB 

TEST CONOITIONS 

PARAM ETER Va Voo 
CVJ IVI 

V□H Output high voltage l □H = o 6 
9 

12 

V□L Output low voltage l □L =O 6 
9 

12 

o 
loN Output sink current 2 6 

(Output P,,,J 2 12 

lop Output drive current 4 6 
(Output P;,,J 10 12 

loN Current consumption 6 
12 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

IT A = 25° C, quartz frequency = 4, 194 812 MHzl 

PARAMETER 
TEST CON□ITIONS 

fr Frequency test output 

fa* Output frequency 

.:1f Frequency output range - adjustment fo 

Ro Output resistance 
IRL = 300 Kl 

dfo 
Adjustment resolution 

fo 

ii- At the center position of the variable divider. 

TVPICAL APPLICATIDNS 

..,_ __ 0---414 MMC 
Dl 

VoolVJ 

12 

12 

12 

8 
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VALUES 

25° C UNITS 

rnin. typ. max. 

5.99 6 V 
8.99 9 V 

11.99 12 V 

o 0.01 V 
o 0.01 V 
o 0.01 V 

20 25 mA 
33 40 mA 

20 25 mA 
33 40 mA 

3 mA 
3 mA 

VALUES 
UNITS min. typ. max 

1.048,693 1,048,713 Hz 

0.5 Hz 

-121 +121 ppm 

100 ohm 

-1 +1 ppm 



PRELIMINARY DATA 

KEV CALLER SYSTEM 

GENERAL DEBCRIPTIDN 

The MMC 333 1s a low voltage, metal gate CMOS in
tegrated c1rcu1t that 1mplemented a KEY CALLER 
system. A KEY CALLER system detect aleatory sig
nals w1th relative constancy of frequency and s1gna
lize that detect1on. Ach1evement of acoust1c-to-elec
tric and electr1c-to-acoust1c convers1ons reQu1res a 
single ceramic transducer. The device operates from 
a single 1.5V to 5V supply and 1s designated to m1ni-

CDNNECTIDN DIAGRAM 

MMC333 

rrnze externai components. The MMC 333 is availa
ble in 8 lead dual-m-line pakage. 

FEATURES 

• Low voltage CMOS technology 
• Low power consumtion 
• On-ch1p osc1llator 
• A s1ngle input/output ceramic transducer 

OSC IN□8 05( 
N( 2 7 VIN 

vro 3 6 Vss 
VOUT 4 5 N( 

OLT 

BLDCK DIAGRAM 

osc 1N osc TltE BASE 

TW 
osc our ,-----oi--

LOGIC 
COHPAAATOR 

FRONT 
DETECTOR 

FUNCTIDNAL DEBCRIPTIDN 

Oscilator (OSC IN - OSC OUTJ 
The oscrllator requrres an externai resrstor AU. 
The oscillatron frequency 1s: 

1 
fa=---- Ta=-· 

2.2R0 C0 f0 ' 

where C0 = 50 pF Is an internai ach1eved capac1tor. lt 
1s pos1ble to attach an externai osc1llator at OSC IN 
or OSC OUT. 

TIME BABE 
The t1me base generate the follow1ng s1gnals: 
• the t1me w1ndows ITWI for 1nstantaneous period 
measurement. Th1s signal 1s syncronous wrth IMP 
signal and sat1sfyed the follow1ng cond1t1ons: 

- TWL = 8~;-T0 

- TWH < 4-::-T o 
• the output signal rn case of a correct detect1on 
pel'formed. 

R RES SfA 

RESETABLE 
COUNTER 

STATE 
CONTROLLER 

274 

• tte reset signal IRESI to return at recept1on 
state; this signal determinate the emIs1on tIme to 
TE= 21s-:n a, 

ANALDGIC BLOCK 
The analogic block performed amplificat1on and lim1-
tat1on of input signal NINI to convert it m d1g1tal sig
nal (XINI. The minimum amplitude of input signal Is: 

V1Nmu, = 0.3 ~:- 10-3 -:i. Voo 

FRONT DETECTOR 
The front detector generate an impuls IIMPI for 
each positive front of XIN signal. The d1stance bet
ween two consecutive 1mpulses measure the 1nstan
taneous period of the input signal. 

LOGIC COMPARATOR 
Th1s block performed a logic comparat1on between 
the Instantaneous period of the input signal and thr 
t1me wrndow performated rn the trme base. ln cas, 
of 1ncompat1bility of thrs s1gnals, the counter Is 1111tra 
lized. 



PRELIMINARY DATA 

IMP ----- - - - - -

I 

TW - - - - -I- - - -

TWL 

RESETABLE COUNTER 
Th1s block counts the consecutive goods 
Instantaneous period of the input signal. lf the 
number of th1s per1ods Is largest to N,rnn and smaller 
to Nmax• then the system detected · a correct input 
signal. Th1s number (N,,,.,,. N.,.,,.J determinate the 
quality of detect1on, est1mated w1th the ratI0 of the 
probab1ilty of signal detect1on to the probab1ilty of 
noIse detect1on: 

S = 20 -::- lg ~~~-i~ = SINJ 
P„rn,p!Nl 

TVPICAL APLICATION 

RG 
470 

(T,~504s) 

Voo 

2.75 

MMC333 

t 
I 

+ 

t 
TWL TWH 

For th1s 1mplementat1on Nm1n = 128, N,,,a, = 256 
and opt1m1zed the quality factor (S ~- ~- 3Od8l 11· 

follow1ng input cond1t1ons· 
• the bandw1ng of the noIse 

4OOHz - 34OOHz 
• the bandwidth of the input stimulus. 

1 75OHz - 225OHz 
• the minimum s1gnal/no1se ratI0 at system input 

- 17 dB 

STATE CONTROLLER 
The state controlle1· allow the tunct1on ot the 
system w1th a single input/output traductor. 

Cc 
10nf 

CERAMIC 
TRANSDUCER 



PAELIMINAAY DATA 

MELODV GENERATOR 

GENERAL DEBCRIPTIDN 

The MMC 334 is a low voltage, Al - gate CMOS in
tegrated cirruit that outputs a 64-note melody. Be
cause all the data refferring to the melody is stored 
in an-chip ROMs, a special chip is manufactured for 
every melody. Any melody may be requested, alsa in
cluding .pause" notes. Output is designed for use 
with a ceramic transducer or a high impedance spea
ker. A low impedance speaker may be used with an 
additional amplifier. The MMC 334 is available in 
8 lead dual-in-line package, or unpacked. 

ABSOLUTE MAXIMUM AATINGB 

Voo 
loo 

Supply voltage 
Supply current - stand-by 

MMC334 

FEATURES 

• Low voltage CMOS technology 
• Low power consumption 
• On-chip oscillator 
• Maximum number of notes : 64 
• Generated frequencies : 2 octaves (16 distinct 

frequencies onlyl 
• Note length : 1 / 16 to 1 / 1 at programmable 

tempo 
• Programmable note's envelope (32 steps & 16 

levelsl 

1.5 to 5.5 V 
max. 20µA 

R 
- functionning with ceramic transducer 

Externai resistor 
typ. O.BmMi-
30 to 500 k!Hi-

{i. Depending an the programmed melody 

PIN DE■IGNATIDN 

NAME 

CM□ 

GND 
OSCOUT 

OSCIN 

BUSY 

OUT1, 
OUT2 
Voo 

NUMBER 

2 
3 

4 

5 

6,7 
8 

DESCRIPTION 

Input command pin active 
high. A puise an this pin 
starts the melody. lt is 
internally pulled-up resulting 
in continous playing. 
Ground 
Output pin for internai 
oscilator use. Connecting a 
resistor between OSCOUT 
and OSCIN pins activates the 
an-chip oscillator. 
Input pin for internai 
oscillator use. lt may be 
driven by an externai clock 
generator. 
Output pin, active low, 
indicating that the melody is 
in progress. 

Opposite analog outputs 
Supply voltage 

TVPICAL APPLIC~TIDN■ 

Door beli 

•3. .. SV 

Ly-..• r° 

WIIA , • 5 IC117 

HHC 
3 )Jt, 6 

,. 2 1 
R'" 

CDNNECTIDN DIAGAAM 

Clodl alarm 

JJ 

SON 

' • 
IIHC 

HHC 

"" JSJ J ,. 
~ 

• 

278 



MMC3!5-. 

AUTDCLDCK 
GENERAL DEBCRIPTIDN FEATURES 

The MMC 351 is a metal gate CMOS integrated cir
cuit that provides or controls all signals needed for a 
31 / 2-digit LEO watch. The displ;iy format 1s 12 hours, 
with an AM/PM indicator. The ::ircuit time base is a 
32768 Hz crystal controlled oscillator. The time 
base frequency is successively divided to provide 
drive signals for a multiplexed 7-segment display. 
ln order to drive the display, the watch requires a 
BCO-to-7 segment decoder (the MMC4511, for 
examplel. The device operates from a single 3 V to 
18V supply. The MMC351 is available in a 16-lead 
dual-in-line package. 

• 32768 Hz crystal controlled oscillator 
• wide supply voltage range: 3 to 18V 
• low current consumption I3mAJ 
• 12 hours display format 
• an-chip oscillator 

A■■0LUTE MAXIMUM FIATINCI■ 

Voo Supply voltage 
v, Input voltage 
Po Total power dissipation 
TA Operating temperature 
îs Storage temperature range 

REC0MMEN0E0 0P■FIATINCI C0N01Tl0N■ 

Voo Supply voltage 
v, Input voltage 
TA Operating temperature 

CDNNECTl0N DIAGFIAM 

'ss 
AN/PM 

QA 
OSC IN 0.e 

Voo 0c 
SEC Qo 
as, lls4 
O.S2 O.s3 -., __ ....,.r 

277 

-0.5 ... 18 V 
-0.5 ... Voo+05 V 
200mW 
-40 + 85 oe 
-65 ... + 155 oe 

3 15 V 
o Voo 

-40 +85 •e 



MMC3!51 

■TATIC EL■CTAICAL CHAAACTEAl■TIC■ IT A= 25°C, fose= 32 768 Hz) 

TEST CONDITIONS VALUES 

PARAMETER v, Va Io Voo 2s0 c 
UNIT 

[V) (µAl M -
[V) min. max. 

IL Quiescent O/ 5 5 1400 
current 0/10 10 1600 p.A 

0.'15 15. 1800 

VOH Output low O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 V 

0/15 <1 15 14.95 

VOI. Output low 5 /O <1 5 a05 
voltage 10/0 <1 10 a05 V 

15/0 <1 15 a05 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 V 

1.5/13.5 <1 15 11 

V1L Input low 4.51as <1 5 1.5 
voltage 9/1 <1 10 3.0 V 

13.5/1.5 <1 15 4.0 

lu+ l1L Input leakage 
0/15 15 ±a3 µA 

current 

loH Drive O/ 5 2.5 5 0.5 
a.irrent on O/ 5 4.6 5 as 

mA 
BCD outputs 0/10 9.5 10 1.5 

0/15 13.5 15 3.0 

loL Sink O/ 5 0.4 5 0.5 
current on 0/10 0.5 10 1.5 mA 
BCD outputs 0/15 1.5 15 3.0 

IOH Drive O/ 5 2.5 5 as 
current on O/ 5 4.6 5 0.5 

mA digit outputs 0/10 9.5 10 1.5 
0/15 13.5 15 3.0 

IOL Sink O/ 5 0.4 5 0.14 
current on 0/10 0.5 10 as mA 
digit outputs 0/15 1.5 15 0.9 

IOH Drive O/ 5 2.5 5 a1 
current c., 1 O/ 5 4.6 5 0.1 

mA AM/PM, SEC 0/10 9.5 10 0.2 
outputs 0/15 13.5 15 0.4 

IOL Sink current O/ 5 0.4 5 a1 
on AM/PM, SEC 0/10 0.5 10 a2 mA 
outputs 0/15 1.5 15 0.4 

IOH Drive O/ 5 2.5 5 0.5 
current on O/ 5 4.6 5 0.5 mA OSC OUT 0/10 9.5 10 1.5 
outputs 0/15 13.5 15 3.0 

IOL S1nk current O/ 5 0.4 5 
' 

05 
on OSC OUT 0/10 0.5 10 I 15 mA 
outputs 0/15 1.5 15 i 3.0 

~ Input capac1tance Any input 7.5 pF ~, 
; --· 



MMC 3!51 

BLDCK DIAGRAM 

'.)S( (lJTo-,,-------... 

osc ---a STAGE OIVIOER 
FRED. SELECT At{) --- t----oSEC 

SECONDS 

COUNTER 

DISPLAY CONTROL 

LOGIC ANO BUFFERS 

Mll'lJTES 

:OUNTER 

COUNTER SELECT --- LOGIC Al'll BUFFERS 

G.s1 °s2 D53 D-s4 

FUNCTIDNAL DEBCRIPTIDN 

Tlmeba•e: 

2 STAGE DIV;DER 

HOURS 
NTER 

t----1i-----0AM1PM 

DEBOUNCE At{) --<>Voo 

SET a>flTRO~ LOGIC --<>Vss 

The t1me base of the watch ,s prov,ded by connectong a crystal controlled RC network to the on-ct11p 
CMOS onverter/amphf1er 
Dl•play multlplaxlng: 
Outputs from each counter are t1me-d1v1s1on mult1plexed to prov1de d191t-sequent,al acces to the tome 
data. The 3 1 / 2 d191ts of the display are mult,plexed w,th a 22% duty cycle. 1024 Hz signal 
Time dl•play: 
The hour 1nformat1on os d1splayed ,n d191t pos1t1ons 1 and 2. wh,le minute ,nformat,on ,n d,g,t pos1t1ons 3 and 
4. There are an AM/PM indicator and a seconds ser,ally output. 
Time •etting: 
Closure of the 'M' switch w,11 advance m,nutes at a 2 Hz rate. w,th no advance of the hours counter and 

w1th seconds counter on 00. Closure of the 'H' switch w1II advance hours counter at a 1 Hz rate. WhPn 
POWER DN. m,nutes counter must be set first. 

TVPICAL APPLICATIDNS 

MMC 351 

279 

I 
I 

,-, n o 
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PRELIMINARY DATA MMC352 

WRIST WATCH STEP MOTOR DRIVER 

GENERAL DEBCRIPTIDN 

The MMC 352 is a monolithic integrated circuit, avai
lable as unpacked die. The circuit is manufacturated 
In a low voltage CMOS technology Ctypical supply vol
tage 1.5VJ and it is intended to be used for drivmg 
step motors for wrist watches. 
lt contains an oscillator with externai quartz 
[f 0=32768 Hzl, 16 stage binary divider, an output 
stage which delivers two oposite signals with 1 / 128 
ratio and two output buffers for motor driving. The 
oscillator requires only an externai trimmer and the 
quartz cristall. 

CDNNECTIDN DIAGRAM 

Vss : l :_: 

TEST 

t1S( 11\1 : 3: _: 

US( OUT : · I : _ 

FUNCTIDNAL DIACIRAM 

The circuit has an asynchronolls STOP input wh1ch, in 
high state, stops the oscillator, resets the binary di
vider and turns both outputs in high state. This input 
has an internai pull-down resistor. A TEST output 
with f0=16 Hz is also provided. 

FEATURES 
• Supply Voltage V00 = 1.2 ... 1.7 V 
• Quartz Frequency f = 32768 Hz 
• Very Low Power c>onsumption in Stand-by (STOP 

in High Statei I □□ < 1 µ.A 
• Low Power Consumption I a.o< 3 µ.A at V 0 0 = 1.5 V 

and Motor Resistance of ;;i.5 kn. 

: _:El srrn-· 

: : , 

: : (, OUTt 

16 STAGE BINARY DIVIDE~ 
T[f,T 

111 t------11>---0 

STOP 

TVPICAL APPLICATIDN 

N III IIî III Iii IH BI III III 

OUTI 

OUTPUT STAGE 

OUT2 

TIMINCI DIACIRAM 

DUTI ~-,---------.,------

l 
OUTZ 

o 

., I 
"OTDII 
IDUTI-DUTZI I _, 
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1/129 • 

1/121 • 

I • 

2 • I 
I I 
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PRELIMINARY DATA MMC353 

LCD/LED WATCH CIRCUIT 

GENERAL DEBCRIPTIDN 

The MMC353 is a low threshold voltage metal gate 
CMOS integrated circuit that provides or controls all 
signals needed for a 3 1 /2 digit LCD or LED watch. 
The circuit timebase is a crystal controlled oscillator. 
The selection input SEL is set to 1 for a 32768 Hz 
oscillator or to O for a 4194304 Hz oscillator. This 
time base frequency is counted down to provide pro
per signals to display Hours-Minutes information 
continuously, with Seconds and Month-Date infor
mation available upon demand. Time is displayed in 
12 hours format. When displaying Hours-Minutes 
information, the circuit provides an AM/PM indica
tor, an alarm "on" indicator and a 1 Hz signal for the 
blinking colon. The circuit contains an alarm counter 
that provides Alarm Hours-Alarm Minutes informa
tion on demand. A serial output of this counter SON 
is kept high for an hour after the coincidence bet
ween the time counters Ireal timel and the alarm 
counters lalarm settingsl. The SON output may 
be temporarly inhibited for a time interval of 7 minu
tes using the snooze input SN or cancelled using the 
programming buttons S2E, S3E. ln order to turn off 
a radio after a desired time interval of up to 59 mi
nutes, the circuit contains a sleep downcounter with 
the serial output SLOUT. The reset input A/ allows 
resetting all the counters. The Seconds, Minutes and 
Alarm Minutes counters are reset to 00, the Hours, 
Alann Hours, Month and Date counters are reset to 
01 and the Sleep counter is reset to 59. The 
programming inputs S1E ... S3E allow the watch to 
change displaying information IHours-Minutesl and 
to set counters IHours, Minutes, Seconds, Month, 
Date, Alarm Hours, Alarm Minutes, Sleep Minutesl. 

CDNNECTIDN DIAGRAM 

PH 

R/ 

BI 
BC4 

A/P 

SEC 

AUNJ 
Vss 

SON 
SN 

SLOUT 
B3 
G3 
F3 
o 
D3 
E3 
A3 
G1 
B1 

281 

The programming inputs 51 E ... S3E, the snooze input 
SN and the reset input A/ are internally connected to 
1; for making them active push butons are used that 
establish a temporarly connection to O. 24 phase
controlled outputs are available for direct drive of a 
3 1 /2 digit liquid crystal output display. A 64 Hz out
put serves as the backplane drive for the LCD and 
as phase input PH for the circuit when used with LCD 
display. When used with LED display, the PH input is 
set to 1 for common cathode LED and to O for com
mon anode LED. The blanking input BI set to 1 
blanks the display. The watch may be inhibeted by 
connecting the INH input to O. The circuit operates 
from a single 2.5 V to 5 V supply. lt is available in a 
40-lead dual-in-line package. 

FEATURE& 

• 32768 Hz or 4194304 Hz crystal controlled ope-
ration 

• single 2.5 V to 5 V power suplly 
• drive outputs for LED's and LCD's 
• 12 hours display 
• AM/PM output 
• alarm "on" indicator 
• colon display 
• 24 hours alarm setting 
• 7 minutes snooze alarm 
• presettable 59 minutes sleep downcounter 
• all counters resettable 
• 3 butons sequential setting 

EZ 

AC2 

64Hz 

F2 

G2 

C2 

B2 

Vao 
INH 

SEL 
OSON 
OSCOUT 
A1 
S3E 
S2E 
S1E 
D1 
E1 
C1 

F1 



PAELIMINARY DATA 

BLDCK DIAGRAM 

OSCIN 

PH 
BI 

OSCOUT SEL INH 64Ha SIE S2E 

11.!ţ::::j::::ţ::=I A LARl1 
CONTROL 

1r.:1=i::::s==1Loo Ic 

DISPLAY DECODER 

S3E 

Al ••• 01 AD2 ••• 02 A3 ••• 03 BC4 A/P SEC ALINO SN SON SLOUT 

WATCH PRDGRAMMING DIAGRAM 

I 1S2 
I t ,------. 

~AiPH ~ 
I 

I 1S3 

~ 
1 I 
, 1S3 

~ 
I I 
I 1S3 

~ 
: :s3 

~ 
! :S3 

~ 
I I 
1 1S3 

~ 
I I 
, •S3 

~ 
I 

'S3 
I 

282 

MMC353 



PRELIMINARY DATA MMC 355, MMC 356 561 

CMOS CROSSPOINT SWITCH WITH CONTROL 
MEMORV 
MMC 355 - SERIAL SWITCH ADDRESSING 
MMC 356 - PARALLEL SWITCH ADDRESSING 

GENERAL DESCRIPTIDN FEATURES 

The MMC 355 and MMC 356 are CMOS mtegrated 
cIrcuIts contam,ng a BxB array of d1g1tally controlled 
analog sw1tches together w1th control memory, ad
dress decoders and levei translators. The array Is 
organized as 8 mult1plexers w1th common ,nputs. 
The mult1plexers can be 1nd1v1dually 1nh1bited. Any of 
the 8 mult,plexers can be addressed by select1ng the 
appropr,ate 7 b1ts laddress and 1nh1b1tl of the pro
gramm,ng word. 

• Low "an" res,stance: 125 ll ltyp.l over 15 Vp.p. 
signal-input range for V00-VEE= 15V 

• H1gh "off" res,stance: channel leakage: ±500 p. 
nA lmaxl for V00-VEE=15V 

• Internai memory 
• Large analog signal capab1hty 
• High cross-talk oft-state 1nsolat1on 
• Pull-up or pull-down res,stors an all d1g1tal Inputs 
• Low power, h1gh no,se 1mmunity CMOS 

For the MMC 355 the address and 1nh1b1t b1ts are 
loaded ser,ally Into an internai sh1ft reg,ster an the 
lead,ng edge of clock signal. For the MMC 356 the 
programm,ng word Is loaded parallely. Th1s QPera
t,on Is performed when the select ,nputs IS,. S2 • S:1 
for the MMC 355; S,. s~ for the MMC 3561 are pro
perly set. 

tec~r:ology 
• Serial switch address,ng, 3 select inputs IMMC 

3551 
• Parallel switch addressing, 2 select Inputs IMMC 

3561 

The presence of multiple select Inputs fac,litates 
the array connect,on of such cIrcuIts. Wh en the requ
ired operatIng power Is apphed, the states of the 64 
sw,tches must be turned oft by inh1b1t1ng all the mul
t,plexers In successIon. 

TVPICAL APPLICATIDNS 

• Telephone switching systems 
• Analog or digital multiplexers 

The MMC 355 and MMC 356 are housed m a 24-p,n 
and a 28-p,n dual-,n-hne package, respect,vely. 

• Data acquisition systems 
• Test equipments 

ABSOLUTE MAXIMUM RATINGS 

V□□* Supply voltage: G and H types -0.5 to 20 
E and F types -0.5 to 18 

v, Input voltage -0.5 to V00+0.5 
1, DC input current lanyone inputl ±10 
Ptot Total power dissipation (per packagel 

MMC 355 400 
MMC 356 400 
Diss1pation per output transistor for 
Top = full package-temperature range 100 

TA Operating temperature: G and H types -55 to 125 
E and F types -40 to 85 

Tstg Storage temperature -65 to 150 

{~ AII voltages are referred to V ss pin voltage 

RECDMMENDED DPERATING CDNDITIDNB 

V□□i} Supply voltage: G and H types 3 to 18 
E and F types 3 to 15 

v, Input voltage o to Voo 
TA Operating temperature: G and H types -55 to 125 

E and F types -40 to 85 

283 

V 
V 
V 

mA 

mW 

mW . oe 
oe 
oe 

V 
V 
V 
oe 
oe 



PRELIMINARY DATA MMC 3!515, MMC 315& 

CDNNECTIDN DIAGRAMB 

MMC355 MMC35B 

BLDCK DIACIRAMB 

MMC355 MMC35& 

Yo- Y, 

Yo-Y, 
Analog 
switches 

Analog 
Xi,-X, orroy 

ond 
switches control 

orroy memory 
ond 

control 
memory 

Voo 

Level Levei 
translator translohr 

Vss Do D6 Vss D CK 
S1 S2 

~ 
s, Sz ~ 
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PRELIMINARY DATA 

PRDGRAMMING WORD 

TAUTHTABLE 

ADDRESS 

DY2 

o 
o 

1 

o 
o 

o 
o 
o 

o 

1 
1 

1 

DV, 

o 
o 

1 

o 
o 

o 
o 
o 

o 

1 
1 

1 

X - Don't care 

DY0 

o 
1 

o 
o 

o 

1 
1 

1 

D1 Do 

I I ------- --..,..-.-

DX2 

X 
X 

X 

o 
o 

1 

o 
o 

1 

o 
o 

Y selection 

DX, 

X 
X 

X 

o 
o 

1 

o 
o 

1 

o 
o 

DX0 

X 
X 

X 

o 
1 

o 
1 

1 

o 
1 

285 

X selection INH 

INH 

o 
o 

o 

MMC 355, MMC 356 

CONNECTION 

MUX O inhibited 
MUX 1 inhibited 

MUX 7 inhibited 

XO-YO 
X1-YO 

X7-YO 

XO-Y1 
X1-Y1 

X7-Y1 

XO-Y7 
X1-Y7 

X7-Y7 



Preliminary data MMC 3551 MMC 356 

■TATIC ELECTAICAL CHAAACT&Al■TIC■ 
Cover recommended operating conditionsl 

TEST CONDITIONS 
PARAMETER 

Vis Vee Vss 
(VJ [VJ NI 

loc Quiescent device o o 
current o o 

o o 
SWITCH 

RoN DN resistance ClSViSVoo o o 

âRoN Cbetween any o o 
2 channelsl 

OFF AH switch 
channel OFF () n 
leakage 
current1• 1 

C Input -5 -5 
capsei- output 
tance feedthrough 

CONTROL 

V1L Input low voltage =Voo Vee=Vss 
through RL=1 kO 

1 kO to V55 

V1H Input high voltage l1s<2 ,,.A -1 
on all OFF channels 

1,, •• , Input cu1Tent V1=0/15 V 
CAny control input> 

c, Input capacitance 
CAny data or 
select input> 

Voo Min. 
NI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

15 

5 

5 
10 
15 

5 3,5 
10 7 
15 11 

15 

1• 1 Determined by minimum feasible leakage measurement for automatic testing 
leeJ 

MMC 355: The D, S,, S2 inputs are tied to V00 through a pull-up resistor. 
The CK and S3 inputs are tied to Vss through a pull-down resistor. 

VALUES 

Typ. 

470 
180 
125 

15 
15 
10 

35 

5 

MMC 356: The Do-Os- S1, S2 inputs are tied to V00 through a pull-up.resistors. 

286 

Max. UNIT 

60 
150 µA 

2500 

1050 
400 o 
280 

o 

500 : nA 

pF 

1,5 
3 V 
4 

V 

60 µA 

7,5 pF 



Preliminary data 

CIRCUIT& DESCRIPTION 

The MMC 355 and MMC 356 are CMOS ,ntegrated 
circuits conta,ning 64 d1g1tally controlled analog 
switches, control memory, decoders, levei transla
tors and address,ng logic. 

MMC3SS, MMC356 

The sw,tches array and the input logic are powered 
between V00 and VEE, and between V00 and V,,,.,. 
respect,vely. 
The analog sw,tches array ,s organized as e,ght 8.1 
common Inputs (X0 , X,, .. ,X 7 l mult,plexers. the out
puts be,ng Y0 , Y, .... ,Y 1 

Xa------
X1_..,_ ___ -+T---

~-+-+-----+-+--

«:rospoint array 

Each mult,plexer can be 1nh1b1ted (all Its sw,tches are 
offl. 
Each mult1plexer must be separately programmed. 
The programm,ng word Is 7 b1ts long 106 , 0 0 , ... ,00 ). 

The bit allocat,on follows: 

Da o. o, Do 

DY2 DY1 DYO DX2 DX1 DXO INH 

Y select,on Xselect1on 
lnh1b1t 

(MUX select,onl !Switch select,onl 

At a tIme, no more than one channel can be ON in 
every mult1plexer. Thus, ,n the whole array, a max,
rnum of 8 sw,tches are ON s1multaneously. 

~, 
1Sp1,Sp0J 

The 0 6, 0 0 , 0 4 b1ts select the mult1plexer, the 0 3 , O..,. 
O, b1ts select the channel. lf 0 0 = O, the mult,plexer ,s 
inh1b1ted (all channels OFFJ. 
lf 0 0 = 1. the channel selected by the 0 3, 0 2 , O, w,11 be 
ON. 
The control memory reta,ns the state of every 
switch. 
When the operat,ng power supply ,s applled, the sta
tes of the analog sw,tches are ,ndeterm,nate. The
refore, all the mult,plexer must be turned oft, or 
properly programmed (8 stepsl. 
The programm,ng word can be ser,ally IMMC 3551 or 
parallely IMMC 3561 loaded 
The MMC 355 conta,ns a serial input !Dl sh,ft reg,s
ter. The loading Is performed an the lead,ng edge of 
the CK signal, and beg1ns w1th the 0 6 bit. 
The operat,on Is accq_mpllshed only ,t the select ,n
puts comb1nat,nn (!;,•S2 rS 3 J Is at logic 1. !See fig. 
belowl. 

Exhrnal IIID• inlilited 

Contrai ~ ams 
enabled 

Externai doto occess enobled 
Externai deda occess 

inhlblted 

Control men,ory access dlsobled 

o 

MMC 355 - Loading waveforms 

287 

Control meinory CJnS 

enobled 



PRELIMINARY DATA MMC 3551 MMC 356 

As long as the selection srgnals are active, the data 
are shifted through the regrster without affectrng 
the memory status. When the selection signals are 
drsabled, the information passes from the shift re
gister into the control memory. 

s, 
ISz=11control mena, ~m-,, Control me11ory 

aa:es.s-disa curess -enabled aa:ess -disabled 

For the MMC 356 version, the programming word rs 
loaded directly in the control memory, as long as the 
select signal is active IS,·S2 is at logic 11. 

MMC 356 - Loading waveforms 

va--~ ---_------,.~ 

s 

o 

s 
90'A 
50"/o 

10"/~ 

1'sus 

50"/o 

tsu thold 

i'wcKH 

ttON ------.--s --,--r--\ =20ns 
--.r,y ... 

90"/o 

Switch being tunat 0N 
RL=10K 
CL=50pf 

Switch beiY:J hmed OFF 
l\_-=10K 
G._=50pF 

MMC 355 WAVEFORMS 

288 



PRELIMINARY DATA MMC 3551 MMC 356 

MMC 356 WAVEFORMS 

~ thold 

tr=20ns 

901 Switch beirg s 50"1. 
tor. fumat 0N 

Yn 

t 

tr =20ns 

Switch being s tumed OFF 

ttoFF 

TYPICAL BIAS VOLTAGES 

+1SV •7,SV +SV 
Voo Voo Voo 

ov 0V 
Vss Vss 

ov 
Vss 

0V -7,SV -10V 
EE YfE VEE 

289 



PRELIMINARV DATA 

PROGRAMMING EXAMPLE 

: '1·ogra111111111g worc.ls f□ 1· a certa111 conf1yu1·at1011 
1MUX5 111h1l11tecJ1l 

Xo 

x, 

X2 

X5 

D6 
D5 
D4 
D3 
D2 
o, 
Do 

o 
o 
o 
o 
o 
1 
1 

o o o 
o 1 1 
1 o 1 
o 1 o 
o o 1 
o o o 
1 1 1 

Yo Y1 Yz 
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PRDGRAMMABLE TIMER 

GENERAL DESCRIPTIDN 

MMC 361A. MMC 3618 prngrammable tI111er ,s a 
metal gate CMOS 1ntegrated circuit. The circwt can 
drive a 4-d1g1t display. 
The 4 internai counteI·s can be prngrammed to d1v1de 
by 1 o,:-1 □,c1 □-::-10. 10-::-s-::-1 rn:-10. 1o-:c10,:-24 □,· 
1 rn:-6-::-24. 
The counters transfer tl1eir content to the 8CD out
puts of the circuit 111 a 111ult1plexed way. Tl1e circuit 
compares the state of the counters-w1L11 that of 4 
externai „tu111ble-sw1tches". 
The co1nc1dence Is sensed as a 0-1-0 puise □1· as a 
0-1 step. 

The cwcu,t can be supphed 111 a 16-lead (MMC 
J61AI or 111 a 24-lead (MMC36181 dual-111-hne PclC
~age. accord1ng to the spec1f1c apphcat1on. 

ABSOLUTE MAXIMUM RATINCIS 

V00 Supply voltage 
V, Input voltage 
I, DC 111put current 
PD Total power d1ss1pat1on 
TA Operat1ng temperature 
T s Storage temperature 

MMC 361 A, MMC 361 B 

FEATURES 

• w1de supply range 3 ... 1 8 V 
• low cuI·I·ent consu111ptI011: less than 1 111A 
• ava1lable 111 16-lead (MMC 361AI or 24-le,1. · 

IMMC 36181 dual-111-hne package 

-0.5 18 V 
-0.5 V00 + 0.5 V 

+10mA 
200mW 
-40 + 85 ·C 
-65 ... +150 ·C 

RECDMMENDED DPERATING CDNDITIDNB 

Supply voltage 
Input voltage 
Operat1ng temperature 

CDNNECTIDN DIAGRAM 

MMC361A 
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o 

-40 

Ic 
19 
IA 
IP2 
a,. 

Ht«:361-B 1P1 
~ 

• \txJ 
!li 
as,. 
0s3 
0sz 

15 V 
Voo 
+85 °C 
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MMC 381 A, MMC 381 B 

BLDCK DIAGRAM 

a ,:.·· o Q y. I t(•. XOR XQ 
I 

- MUX 

I J 
- :10 - :10/6 - -

' • -

u 

FUNCTIDNAL DEBCRIPTIDN 

The clock input, Ir, is applied to a chain of 4 counters 
at rates in the range O ... 1 00 Hz. 
According to the connection to Vss of the inputs lp1, 
lp2. the counters can be programmed to divide by: 

10~i-1o~i-1mi-10 - lp1. Ip2 nat connected 
10-:i-s~i-1mi-10 - Ip1 to Vss, Ip2 nat connected 
1mi-1mi-24 - Ip2 nat conected, IP2 to Vss 
10-li-6~:-24 - lp1, lp2 to Vss 

The transfer from the outputs of the 4 counters to 
the BCO outputs of the circuit, QA ... Q 0 , is controlled 
by the 250/o duty cycle, 1 KHz frequency rrultiplexing 
signals Y 51 ... Y 54. 
The circuit compares the state of the counters with 
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I I I 

I ~ 

... (OMP :2 --

' . • -
I 

:10/(24) - :10Jr24) -- ,, ! ~ 
-

I 

the information received at the IA ... 10 inputs from 4 
.tumbles-w1tches", controlled by the multiplexing 
signals Y s1 ... Y 54. · 
ln order to sense coincidence, a signal of period equal 
to the width of the multiplexing signals Y 51 ... Y 54 is 
applied at input Y x to a chain of 2 flip-tlops inside 
the compare logic. 
The coincidence is sensed as a puise 0-1-0 at XOR 
output and as a step 0-1 at XQ output; in order to 
directly drive LE□s, these outputs have NPN bipolar 
transistors connected to V □D 
A low levei on the IR; input resets to O the ftip-flops 
of the circuit; Schmitt Trigger action on this input 
permits unlimited clock rise and fall times. 
For the option in 16-lead package IMMC 3621AI. 
the programming input le;;,, the BCO outputs QA ... Qc:i 

and the serial □utputs QN1 ... QN4 are nat connected. 



MMC 3&1 A 1 MMC 3&1 B 

■TATIC ■L■CTRICAL CHARACTaRl■TIC■ 

TEST CONDITIONS VALUES 

PARAMETER v, Va Io Vgo ÎLOW · 25°c ÎHIGH UNIT 
M M (pA) M min. max. min. max. min. max. 

IL Quiescent G,H O/ 5 5 20 20 600 
current types 0/10 10 40 40 1200 

0/15 15 80 80 2400 
0/20 20 400 400 ~2000 

µA 
E,F 0/ 5 5 80 80 600 

types 0/10 10 160 160 1200 
0/15 15 320 320 2400 

VOH Output high 01 5 <1 5 4 4 4 
voltage 0/10 <1 10 9 9 9 V 

0/15 <1 15 14 14 14 

VOL Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 0.05 V 

15/0 <1 15 0.05 0.05 0.05 

V1H Input high Q5/4.5 <1 5 4.95 4.95 4.9!5 
voltag~ 1/9 <1 10 9 9 9 V 

1.511a5 <1 15 12 12 12 

VIL Input low 4.5/Q5 <1 5 1.35 1.35 1.35 
voltage 9/1 <1 10 1.9 1.9 1.0 V 

1a511.5 <1 15 2.7 2.7 2.7 

l1H Input G,H 0/18 18 .1 .1 1.0 
leakage types µA 
curent 

E, F 0/15 15 .3 .3 1.0 
types 

l1L Input G,H 0/18 18 .25 .25 2.5 
leakage types 

mA 
curent 

E,F 0/15 15 .75 .75 2.5 
types 

IOH Output drive G,H O/ 5 2.5 5 -2.0 -1.6 -1.1 
current types O/ 5 4.6 5 -as -0.5 -0.3 

0/10 9.5 10 -1.6 -1.3 -0.9 
0/15 1a5 15 -4.2 -3.4 -2.4 

mA 
E, F O/ 5 2.5 5 -1.5 -1.3 -1.1 

types O/ 5 4.6 5 -0.5 -a4 -a3 
0/10 9.5 10 -1.3 -1.1 -0,9 
0/15 13.5 15 -3.6 -ao -2.4 

IOL Output sink G,H O/ 5 0.4 5 0.6 0.5 0.3 
current types 0/10 0.5 10 1.6 1.3 0.9 

0/15 1.5 15 4.2 3.4 2.4 
mA 

E, F O/ 5 0.4 5 0.5 0.4 0.3 
types 0/10 0:5 10 1.3 1.1 0.9 

0/15 1.5 15 3.6 3.0 2.4 

C1 Input Any 7.5 pF 
capacitance input 
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MMC361A, MMC361B 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

PARAMETER EST CONDITIONS VALUES 
UNIT V00 IVI m1n. max. 

tpLH YQ. Propagat1on delay 15 750 ns 
tf.JHL YQ t1me Ys1---Yc;4-Q11. Llc 

tf.Jltt IQ. Propagat1on delay 15 3 µ.S 
tPHL IQ tune lr-Q11 ... Qo 

tTLH• Trans1t1on t1me 15 150 
tr,n QA···QU 

ns 

fr:,,: Clock lrei.;uency Ir 5 400 kHz 15 800 
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FREBUENCV DIVIDER 

GENERAL DESCRIPTIDN 

MMC 362 f1·equency d1v1der Is a metal gate CMOS 
,ntegrated circuit. The tIme base of the circuit Is pro
v,ded by connectIng a 4 MHz quartz and a RC net
work to the on-ch,p CMOS Inverter /amphf1er. The 
circuit prov1des 111ult1plex1ng s1gnals at a 1 KHz rate. 
w1th a 250/o duty cycle, and clock s1gnals of period .01 
s, .1 s. 1 s and 1 111111. The circuit Is supphed 111 a 16-
lead dual-111-hne package. 

ABSOLUTE MAXIMUM RATINGB 

Voo Supply voltage 
v, Input voltage 
1, DC input current 
Po Total power dissipation 
ÎA Operatmg temperature 
îs Storage temperature 

MMC362 

FEATURES 

• w,de supply range: 3 ... 18 V 
• 4 MHz crystal-controlled operatIon 
• ava1lable 111 16-lead dual-111-hne package 

-0.5 18 V 
-0.5 Voo + 0.5 V 

+10mA 
200mW 
-40 + 85 oe 
-65 ... +150 oe 

RECDMMENDED DPERATING CDNDITIDNB 

Voo Supply voltage 3 15 V 
v, Input voltage o Voo 
TA Operatmg temperature -40 +85 oe 

CDNNECTIDN DIAGRAM 

TEST v„ 
Dl I1 

02 1~, 

03 ase IN 

Vdd ase aur 
hi I2 

h3 Yx 

Ys2 hl 
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BLOCK DIAGRAM 

OSC. IN 

oscrur-----

I1 

MMC362 

I EST 

IR--+--------,t------_._.--+-_-+--__, a, 12 

FUNCTIDNAL DtEBCRIPTIDN 

The precis1on tine base of the circuit is provided by 
connecting a 4 MHz quartz crystal and a RC network 
together with the on-chip CMOS inverter /amplifier. 
The inputs 11, 12 disable the access of the signal gene
rated by the internai oscillator to the dividing chain, 
by a puise applied on 11 or by a step applied on 12 . The 
state after reset make access possible if 12 is con
nected to V55 A low levei on the IR; input resets to O 
the flip-flops of the circuit; $chmitt Trigger action on 
th1s input permits unlimited t:lock rise and fall times. 

Yx OEMJX 

For testing purposes, lrEsr input connected to V55 
allows a 1 MHz signal to be applied to the second 
section of the dividing chain instead of the 100 Hz 
signal in normal operation. 
The circuit provides 250/o duty cycle, 1 KHz frequency 
multiplexing signals, Y51 ... Y54, and a 4 KHz signal, 
Yx, for timing purposes. 
lt also provides signals of period equal to .01 s, .1 s, 
1 s, 1 min, that can be used as clock input for a timer. 
The circuit being mounted in 16-lead dual-in-lme pac
kage, the .01 s output is not connected. 

■TATIC ■L■CTRICAL CHARACT■Rl■TICa 

TEST CONDITIONS VALUES 

PARAMETER v, Vo Io Voo TLow 25°c THGH UNIT 
M M (,,A) NI min. max. min. max. min. max. 

IL Guiescent G,H O/ 5 5 20 20 600 
CUrTent types 0/10 10 40 40 1200 

0/15 15 80 80 2400 
0/20 20 400 400 ~2000 

µA 
E,,F O/ 5 5 80 80 600 

types 0/10 10 160 ·160 1200 
0/15 15 320 320 2400 

VoH Output low O/ 5 <1 5 4.95 4.95 4.95 
voltage 0/10 <1 10 9.95 9.95 9.9!5 V 

0/15 <1 15 14.95 14.95 14.9~ 

VoL Output low 5 /O <1 5 0.05 0.05 0.05 
voltage 10/0 <1 10 0.05 0.05 0.05 V 

15/0 <1 15 0.05 0.05 0.05 
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MMC3BS 

■TATIC ■L■CTRICAL CHARACT■Rl■TIC■ la>nt'dl 

TEST CONOITIONS VALUES 

PARAMETER v, Vo Io Voo TLow 25°c THGH UNIT 
IVI IVI Ip.Al IVI min. max. min. max. •min. max. 

V1H Input high 05/4.5 <1 5 4 4 4 
voltage 1/9 <1 10 8 8 8 V 

1.5/13.5 <1 15 12.5 12.5 12.5 

V1L Input low 4.5/05 <1 5 1.5 1.5 1.5 
voltage 9/1 <1 10 3.0 3.0 3.0 V 

13.5/1'.5 <1 15 4.0 4.0 4.0 

lu+ l1L Input G,H 0/18 18 .1 .1 1.0 
leakage types 

pA 
curent 

E, F 0/15 15 .3 .3 1.0 
types 

IOH Output drive G,H O/ 5 2.5 5 -2.0 -1.6 -1.1 
CUl'Tel'lt types O/ 5 4.6 5 -06 -05 -03 

0/10 9.5 10 -1.6 -1.3 -0.9 
0/15 13.5 15 -4.2 -3.4 -2.4 

mA 
E,F O/ 5 2.5 5 -1.5 -1.3 -1.1 

types O/ 5 4.8 5 -0.5 -04 -0.3 
0/10 9.5 10 -1.3 -1.1 -as 
0/15 13.5 15 -3.6 -3.0 -2.4 

la. Output sink G,H 0/ 5 04 5 o.a 05 0.3 
CUrTent types 0/10 0.5 10 1.6 1.3 0.9 

0/15 1.5 15 4.2 3.4 2.4 
mA 

E,F O/ 5 04 5 0.5 04 0.3 
types 0/10 05 10 1.3 1.1 0.9 

' 
0/15 1.5 15 3.6 3.0 2.4 

c, Input Any 7.5 pF capacitence input 

DYNAMIC ELECTRICAL CHAAACTERl■TIC■ 

PARAMETER TEST CONOITIONS VALUES 
UNIT 

VoolVI min. max. 

tPLH• Propagation delay 1-0 15 5 ,is 
tPHL 

tTLH• Transition delay 
tTHL 

15 150 ns 

fcK Clock 5 5 MHz 
frequency 15 15 
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Preliminary data MMC371 

TV CAMERA SYNC GENERATOR 

GENERAL DESCRIPTIDN 

The MMC 371 camera sync gene,·ator ,s a 111etal
\Jate CMOS 111tegrc1tetl cwcu,t tles,gned to supply the 
l.Jas,c output tunct,ons for th11 111011ochro111e 625 h
ne/5O Hz and 525 l111e/6D fu ,nterlacetl ca111e,·a frn· 
closed TV system The output s,gnals are supplied 
to,· both OIRT anti CCIR stantlards. 
The MMC 371 can operate fro111 any of two lrequ 
ency sources: an internai osc,llator w,th an exter11<1 
:i·ystal or an externally applied clock signal [4 MH1 

'1J1· the 625 hne/5O Hz camera and 4.032 MH, 
·,w the 525 hne/6O Hz cameral. 

ABSOLUTE MAXIMUM AATINCJB 

Voo• Supply voltage: 

V, Input voltage 
I DC input current lany one input) 
Ptot Total power dissipation [per packagel 

Dissipation per output transistor 
for TA = full package-temperature range 

TA Operating 
temperature : 

E and F types 
Tstg Storage temperature 

• AII voltage values are referred to Vss pin voltage 

FEATURES 

• Output funct1ons for the 111onochro111e 625 h
ne/5O Hz and 525 hne/6O Hz 1ntel'laced cameras 

• Output s,gnals to control multiple camera Instal
lat1om, 

• Internai osc1llator or externai frequency source 

-0.5 to 18 V 
-0.5 to V00+05 V 

±10 mA 
200 mW 

100 mW 

-40to 85 oe 
-65to 150 oe 

RECDMMENDED DPEAATINCJ CDNDITIDNB 

Voo• Supply voltage: 

V, Input voltage 
TA Operating 

temperature : 
E and F types 

CONNECTIDN DIAGRAM 
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R conr 

5 to 15 V 
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PAELIMINAAY DATA MMC371 

BLOCK DIAGAAM 

PC OUT OSC IN OSC CUT OIRT /CCIR I1 01 

H/2 EXT 

VR CUT 

W'IN 

FUNCTIDNAL DEBCAIPTIDN 

The MMC 371 sync generator operates with a 
4 MHz clock frequency for the 625 line/5CJ-lz ca
mera, and with 4.032 MHz clock frequency for the 
525 line/SO Hz camera. When using an externai fre
quency source to operate the MMC 371, that signal 
should be applied at OSC IN pin. 
For the operation in the crystal oscillator mode, a 
crystal and a resistor R must be connected to the an
chip CMOS inverter/amplifier between OSC IN and 
OSC OUT pins, as shown in figure bellow. The output 
of the oscillator is cleaned up by next two internai in
verters and applied on the input of a 28 by divider to 
obtain the frequency of horizontal signals. The hori-• 
zontal divider is operated on the falling edge of the 
signal from the OSC OUT pin. The input clock signal 
divided by 2 7 is applied on the input of the vertical 2 10 

by divider that is reseted after the necessary num
ber of lines 262,5 lines for the 525 ~ne/SCJ-lz ca
mera and 312, 5 lines for the 625 line/50 Hzca
meral to obtain the TV fields. 

OSC . I N OSC OUT 

R,1 

5M 

,___ __ _,I D ___ _. 
4MHz 

~ 
,__ ___ Hlti 

t-----HV2 
i-----H 
t---.....--SCH> 
t-r-=~-A(H) 

S CONP 

A -CO"P 

MV) 

un 
V 
vv 

5251825 
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For the externai synchronization of the MMC 371 
sync generatqr cjrrujt t~rnal signals must be 
appijed an the H/2 IN and VR IN simultaneonly. 
H/2 IN is.Jibe input of a digital phase comparator ba
sed on a SR latch. The res~l~t ~he phase compara
tion between the externai I signal and the in
ternai signal of same frequency is used to control 
the local oscillator. __ 
The externai signal applied on VR IN resets the verti
cal dividers at the beginning of the fields. 
The MMC 371 sync generator provides the output 
signals: H/2 EXT and VR OUT for synchronizing ot
her MMC 371 sync generators. 
A functional description of the circuit pins is given 
bellow: 

11 1 Pin 1 _ 
Independent inverter input. ( See block diagram) 
DBC IN, Pin a 
Osculator input or externai frequency source input 
DBC DUT1 Pin 3 
Oscilfjor output or inverted OSC IN signal output 
VAN, Pin 4 
Vertical reset input. A low level voltage applied on 
this input resets the vertical dividers at the begin
ning of the fields. 
The externai vertical reset signal must be a negative 
puise that occurs once at two fields within the H/2 
IN signal positive semiperiod. 
When unused, this input must be connected to V00 
VA DUT1 Pin !5 
Vertical reset output. This signal is a puise that 
occurs once each even fielcl, at the leading edge of 
ACVJ in that field lsee fig. 61. 



PAELIMINAAY DATA 

lt can be used for externai synchronization of other 
MMC 371 circuits. 
H/2 EXT1 Pin B 
Horizontal externai sunchronization output signal 
(fig. 61. The frequency of this signal is twice the fre
quency of !!:!.e..!Jw:izontal signals. 
DIAT /CCIR 1 Pin 7 
A logic „1" levei on OIRT /~ selects the OIRT out
put funct1ons. 
A logic „O" levei on OIRT /~ selects the CCIR out
put funct1ons. 
H 1 Pin S 
Horizonti!s'Î!i!Î output signal lsee fig. 51 
525/ 1 Pin 9 
A logic .1" levei on 525/625 selects the internai ver
tical reset for the 525 line/60 Hz camera. 
A lo~ic „O" levei on 525/625 selects the internai ver
tical reset for the 625 line/50 Hz camera. 
VW1 Pin 10 
Vertical write output signal, for the 625 line/50 Hz, 
camera. 
lt is a puise that begins after 26 lines from the lea
ding edge of ACVJ and ends after 240 lines Csee fig. 
61. 
V 1 Pin11 
Vertical drive output signal lsee fig. 61 
AEHJ1 Pin 12 
Horizontal blanking output signal lsee fig. 51 
A COMP, Pin 1 3 
Composite blanking output signal lsee fig. 41 
S COMP, Pin 1 4 
Composite sync output signal lsee fig. 41 
PC DUT1 Pin 1 S 
Digital phase comparator output. lt is the Q output 

TIMING DIAGAAMB 

~ 

MMC371 

of a SR latch. 
The signal from this output is t~e1~i5r,J'ts of the 
comparation between the externai signal and 
the internai signal of same frequency and can be 
used to command the local oscillator. 
V■-■ Pin 15 
Ground 
Vag,Pln 17 
Pos1t1ve supply voltage 
ANJ,Pln 18 
~I blanking output signal lsee fig. 61 
BlVJ1 Pin 19 
Vertical sync output signal lsee fig. 61 
arHJ, Pin aa 
Hprjzpntal sync output signal lsee fig. 51 
H/2 IN1 Pin 21 
Horizontal externai synchr:gnization iQQY.t signal. 
This signal is applied on the S input of a SR latch for 
digital phase comparation Csee aişp PC out, Pin 151. 
The frequency of the externai H /2 IN signal is twice 
the frequency of hprizontal signals. 
When unusecl, H/2 IN will be connected to Vss, 
HW1 1 Pln2R 
„Horizontal Write 1" output signal, for the 625 
line/50 Hz camera. 
lt consists of 80 pulses of 0.5 µs each on a line, lsee 
fig. 51. 
HW21 Pin 23 
„Horizontal Write 2" output signal, for the 625 
line/50 Hz camera. 
lt consists of 40 pulses of 1 µS each on a line, Csee 
fig. 51. 
01 1 Pin 24 
lnverter output. (See block diagram) 

w• EXT nnnnnnnnnnnnnnnnnnn nnnnnnnnnnn 
I U UU UUUUUUU U U UU U U UUL1t JU UUUUU U UU Ul 11 

A(Y) 

I H'\JII\. <OIITICCIR• v00 ,v11, I H\ III\ cot1T1cct1° v00 ,v11, · · .. _j ·I 
7 " ,-----i ,._r-

~ 
A ca. TI..___ ______ --11 

VI OUT -------11------r-T/4 ,'; N I, -
Figure 4 
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PRELIMINARV DATA MMC371 

OSC IH 

SCH> 
OIM 

SCH> 
CCIR 

H 
OIM 

H 
CCI~ 

ACH) 
OIRT 

ACH) 
CCIR 

HV1 

HV2 

H/2 EXT 

SCY> 

V 

ACV) 
OIRT 

A(V) 
CCIR 

vv 

VR OUT 

I li I 11 I li I I I I I 111 1•1 I ii li' til1 I I 111 I I I 111. .■- •·• l'!°SHVL TsH• 21":'1 

8Til 
'l'sH'I TsH" 18!1 
I I I 
Tri"l I 

TH • 3H1 

I■ 
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ÎAH•16Ti 

L 
I• T AII" 18Ti 
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TL•258H. I 
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rag.6 Vertaoel t1a1ne 
Tr •282,5TL for 525/825•Yoo r Tr • 3t.2.5TL for 525/825•V SS , 

only for 525/825• Vss. 



PRELIMINARY DATA 

STATIC ELECTRICAL CHARACTERISTICB 

(TA= 25 C) 

TEST CONOITIONS 
PARAMETER 

V, v,, I,, 
IVI IVI luAI 

1, Qu1escent 0/5 
current 0/10 

0/15 - -----
V.H lnpllt h1gh 0.5/4.5 <1 

voltage 1/9 .-- 1 
1.5/13.5 <1 

·----------
v" Input low 4.5/0.~ ./ 1 

voltage 9/1 <1 
13.5/1.5 <1 - ----- -

Vrn1 Output h1gh 0/5 <1 
voltage 0110 <1 

0/15 <1 

V: i, 

IVI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 ----- ~-- --- --

Vrn Ol!tput low 5/0 <1 
volt,1ge 10/0 <1 

15/0 <1 
-- ·-·--

loH Output drive 0/5 2.5 
current 0/5 4.6 

0/10 9.5 
0/15 13.5 

Im Output s1nk 5/0 0.4 
current 10/0 0.5 

15/0 1.5 

l,1, l,H Input leakage 
Any I current 0/15 

input 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 \J 
2 V min. with V00 = 10 \' 

2.5 V min. with V00 = 15 V 
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5 
10 
15 

5 
5 

10 
15 

5 
10 
15 

15 

MMC371 

VALUES 

M111. Max. UNIT 

200 
400 µA 
800 ----

3.5 
7 V 

11 
·- ------

1.5 
3 V 
4 

·-
4.9 
9.9 V 

14 9 --- -- ----- -
0.1 
0.1 V 
O 1 

---· 
0.8 
0.3 

mA 0.6 
1.5 

0.3 
0.6 mA 
1.5 

±0.3 µA 



PAELIMINARV DATA 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
ITA= 25°C, Ct = 15 pF, Rt = 200 k, typical temperature coefficient for all V00 values is 
0.311/o/°C, all input rise and fall time = 20 nsl 

TEST VALUES 
PARAMETER CONDITIONS 

V00 1VI min. typ. max. 

tw Clock puise 5 
width (externai 10 115 135 
frequency sourcel 15 

tTLH• Transition time 5 200 
tTHL 10 100 

15 80 

tPLH Propagation delay 5 450 650 
from OSC IN to AIHI 10 200 300 

15 130 200 

tPHL Propagation delay 5 650 850 
from OSC IN to AIHI 10 300 500 

15 180 350 

tPLH• Propagation delay 5 450 650 
tPHL from OSC IN to H,SIHJ, 10 200 300 

H/2 EXT, HW1, HW2 15 130 200 
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V; 
TA 

MMC3B1 

FREl:aUENCV BVNTHEBIBER CONTROLLER 

GENERAL DEBCRIPTIDN 

The MMC 381 is one of a pair of CMOS integrated 
circuits, primarly intended for use în frequency 
synthesiser. The complementary device is the spe
cial D/8 divider for frequency synthesiser MMC 
382/383. 
The MMC 381 E/F/G/H tipes are supplied in the 16 
lead dual-in-line ceramic or plastic packages 

FEATURES 

• Wide choice of reference frequency using a single 
crystal 

• maximal raference frequency ~ 5 MHz 
• flexible programming: 

- direct interface to ROM or PROMS 

AB■DLUTE MAXIMUM RATINCIB 

Voo• 

V; 
I ptot 

Supply voltAge: G and H types 
E and F types 

Input voltage 
DC input currant lany one inputl 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = tuli package-temperatura range 
Operating 
temperatura : G and H types 

· E and F types 
Storage temperatura 

• AII voltage values are referred to Vss pin voltage 

- microprocesor compatible 
• wide programme range tor the reference counter 

6 + 4098 
• on-chip crystal controlled oscillator 
• cut-down of the power supply of ROM or PROM 

capabilities 
• synchronisation output for switching power 
supply 
• wide range of power supply 3V + 18V 
• high noise immunity and low power 
consurnption 

APPLICATIDNB 

• Professional frequency synthetisers 

-0.5 to 20 
-0.5 to 18 
-0.5 to V00+U5 

±10 
200 

100 

-55 to 125 
-40to 85 
-65 to 150 

V 
V 
V 

mA 
mW 

mW 

oe 
oe 
oe 

RECDMMENDED OPERATINCI CONDITION■ 

Voo" Supply voltage: G and H types 
E and F types 

3 to a V 
3to 15 V 

V; Input voltage O to Voo V 
TA Operating 

temperatura : G and H types -55 to 125 uc 
E and F types -40to 85 oe 

CDNNECTION DIAGRAM 

XIN 1 V1111 

>CDUT 2 Do 
FR 3 o, 

"f/16 4 D2 

Ml s D3 
6 Az 

7 At 

Vu 8 Ao 
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MMC3B1 

PIN DESIGNATIDN 

PIN 

NUMBER NAME 

1. 2 XIN 
XOUT 

3 FR 

4 F/16 

5 ME 

6 INT/EXT 

7 WE 

8 
9, 10, 11 

12-15 

16 

Vss 
AO-A2 

00-03 

Voo 

DESCRIPTIDN 

These pins form an on-ch,p reference oscillator when a paral:el resonant 
crystal is connected across them. Capac1tors of an appropriate value are 
also required between each end of the crystal and ground to prov1de the 
necessary additional phase shift. An ex.i;ernal crystal generated refe
rence signal may alternatively be applied to OSC IN. This may be a low 
signal AC coupled into OSC IN or it may be DC coupled 1f a tuli logic swmg 
is available. The programme range of the reference counter Is 6-4096 in 
steps of 2. 

Reference div1der output. The output is logic high, except one period of 
the crystal oscillator. 

Output of the crystal oscillator signal divided by 16 is mail'lly mtended 
for use switching power supply synchronisation. 

An open-drain output for use in controlllng the power supply to an exter
nai ROM or PROM. The output Is low durmg the data read period and In 
high 1mpedance at other times. · 

Th1s pin aliows selection between internai and externai programmmg 
modes. 
- externai mode - this pin Is grounded. ME output Is not active, WE is a 
write enable input for 00-03. . 
- internai rrode - a positive puise on th1s pin initiates ,a programmIng 
cycle. The settle time of the externai memory is controlled by the h1gh le
vei slot of this puise lts w1dth depends on the power-up time of the ex
ternai memory. 

81d1rectional write enable pin. ln the internai mode the WE signal is Inter
nally generated by MMC 381 and is applied to MMC 382/383 [pin 111. 
ln the externai mode. WE Is a wrIte enable input lwh1tch triggers the in
ternai data latchesl. When WE is going high, the input data 100-031 will 
be latched. 

Negative supply [normally groundl 

Bidirectional data select pins 
- internai mode - tri-state data select outputs intended to address 
externai memory and the MMC 382/383 
- externai mode - select Inputs for the data latches 

Information cin these inputs is transfered in the internc1I latches during 
the appropriate data read time slot. 03 MSB, DO LSB. 

Positive supply 

STATIC ELECTAICAL CHARACTEAISTIC■ 

lover recommended operating conditipnsl 

TEST CONDITIONS VALUES 

PARAMETER v, Va Io Voo 11.ow 2s0 c ÎHIGH 
(V) IVI lµAl IVI min. max. min. typ max. min. max. 

IL Quiescent G,H O/ 5 5 15 0.12 15 450 
CUl'Tent types 0/10 10 30 □-~2 30 900 

0/15 15 60 0.12 60 1800 
0/20 20 300 024 300 9000 

E,F O/ 5 5 50 I 0.12 50 450 
types 0/10 10 100 0.12 100 900 

0/15 
15 200 0.12 200 1800 

V□H Output high O/ 5 ! < 1 5 4.95 4.95 4.95 
voltage 0/10 i < 1 10 9.95 9.95 9.95 

0/15 I< 1 15 ~4.95 14.95 14.95 

UNIT 

" 

V 



STATIC ■L■CTRICAL CHARACTERIBTIC& 
lover recommended operat111g conditionsl 

TEST CONDITIONS 

PARAM ETER v, Vo llol Voo Ttow 
IVI IVI lµAI IVI min. 

Vo.. Output low 5 tU 

1~~ 
!J 

voltage 10/0 10 
15/0 <1 15 

V1H Input high 0.5/4.51 < 1 5 3.5 
voltage 1 /9 < 1 10 7 

1.5/13.5 < 1 15 11 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 ·< 1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E,F 0/-5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

loL Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111+ l1L Input G,H 0/18 18 
leakage types Any· 
current E,F input 

0/15 15 
types 

c, Input 
capac1tance Anyinput 

• TLDvv = -55°C for G, H devices; -4D°C for E, F devices. 
• T Hli = + 125°C for G, H devices; +85°C for E. F devices. 

ThefNoise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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max. 

. U.U!J 
I 0.05 
0.05 

1.5 
3 
4 

±0.1 

±0.3 

MMC3S1 

VALUES 

25°c ~IGH UNIT 

min. typ max nllll n1nx 

! 0.05: l 0.05 
i o.o5 f j 0.05 V 

I 0.05: ; 0.05 

I I 

3.5 

I 
I 3.5 

7 I 11 ~ V 
11 I 

1.5 1.5 
3 3 V 
4 4 

1-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±0.1 ±1 

µA 
±10 5 ±0.3 ±1 

5 7.5 pF 



MMC381 

DVNAMIC ELECTAICAL CHAAACTEAIBTICB 
ITA=25°C; CL=50pF; RL=200K; typ1cal temperature coefficient for all V00 values is 0.30/o/°C, 
all input rIse and fall tIme = 20 nsl. 

PARAMETER TEST CONOITIONS 

tTHl Transition time 
tTLH 

tPHL Propagation delay time 
tPLH IINT /EXT to MEJ 

fel Maximum clock trequency 

tw(ll INT /EXT command 

tw(WEI Wr1te enable puise 
width CWEI 

tsu Date setup time 

tP1-H 3-state propagation 
tpo--H delay tImes: output high 

or low to high 

tPH-1 Output high impedance 
tPH-1 to h1gh or low 

FUNCTIDNAL DEBCAIPTIDN 

Aeference oscillator 

Voo= 5V 
V00 =10V 
V00 = 15 V 

Voo= 5V 
Voo=-10V 
V00 = 15 V 
RL = 200K 

Voo= 5V 
V00 =10V 
Voo= 15 V 

Voo= 5V 
V00 = 10 V 
V00 =15V 

Voo= 5V 
V00 =10V 
V00 = 15 V 

Voo= 5V 
V00 = 10 V 
V00 = 15 V 

Voo:c 5V 
V00 =10V 
Voo = 15 V 

RL = 1 K 

Voo= 5V 
V 00 =10V 
V00 =15V 

RL = 1 K 

VALUES 
UNIT 

Min. Typ. Max. 

200 ns 
100 ns 
80 ns 

400 ns 
200 ns 
160 ns 

5 MHz 
10 MHz 
15 MHz 

200 ns 
140 ns 
100 ns 

120 ns 
60 ns 
50 ns 

80 ns 
40 ns 
30 ns 

300 ns 
150 ns 
120 ns 

300 ns 
150 ns 
120 ns 

The reference oscillator normally operates with an externai crystal. The internai circuitry can be used 
as a buffer amplifier incase an externai reference should be required. 

Aeference divider 

The reference divider is a 12 stages ripple-carry b1nary counter. The last 11 stages are presettable . 
The programme range of the reference counter is 6-4098 in steps of 2, the division ratie beIng the 
programmed number Csee date mapl. 
The programme number is loaded from the internai latches at the end os each dividing cycle. The out
put is logic high. except each period ot the crystal osc1llator 

Progr■mming in internei mode 

When in internai mode, programmIng 1nformation is supplied by an externai ROM or PROM under the 
control of the MMC 381. Th1rty-two data bits are required for frequency synthesiser channel organi
sed as e1ght 4-bit words. lsee date mapl. 
Read1ng of th1s data is normally done in a single shot mode with the data read cycle started by a posi
tive puise, on the program enable pin lint/extl. A memory enable signal is supplied to allow power-down 
of the memory when not in use. The power-up time of the memory is provided during the positive logic 
slot of the memory enablP. puise. This delay does not depend on the crystal oscillator frequency and is 
easily correlated with the type ·of memorv in use. 
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MMC3B1 

DATAMAP 

WORD 0S2 0S1 oso 03 02 01 DO 

1 o o o A3 A2 A1 AO 
2 o o 1 B3 B2 B1 80 
3 o 1 o C03 C02 C01 coo 
4 o 1 1 C13 C12 C11 C10 
5 1 o o C23 C22 C21 C20 
6 1 o 1 03 02 01 C30 
7 1 1 o 07 06 05 04 
8 1 1 1 011 010 09 08 

The data read cycle IS generated from a program clock at 1 / 16 th of the reference oscillator frequ
ency. 
Ouring programming, the division rate wil be neither the old one nor the new one. ln order to m1nimize 
the time of out-of-lock operation, the read cycle is triggered by the output signal. 
Data select outputs and WE output remain in a high 1mpedance state when the read cycle is completed 
to release the data select bus Ito allow the address bus to be used for other functions 1f desiredl. 

Progr■mming in „cern■I macle 

This mode of operation is selected by groundmg the program pin CINT /EXTl. ln this mode timing is gene
rated externally, nonnally by a microprocessor and allows the user to change the data in appropriated 
latches. The data map is with the WE pin used as a strobe input for the data latches. 

BLOCK OIAGAAM 

NT/EXT 

F/16 

osc 1N 

I 
I 
I 

OSCOUT-----

A1 Af ~ 
----------------- ----7 

DATA SELECT 
COUNTER 

I 
I 

cit-: 
I 

I 
I 
I 
I 
I 
I 

CONTRl. t------+---FR 
LOGIC I 

I 
I 
I 
I 
I 
I 

Df -------------11-+-+-....... -+--f-l----' --,Vao 
D1 ~-----------''--++---4--+-I----' ~V~ 
D2 ---------------L-f----1---_. I 

D3 --------------------- I 
--------- --------------------- .J 



DATA SELECTIDN 

PROGRAM 
CLOCK 

INT/EXT 

HE 

FR 

oso - - ---

0S1 ---- -

DS2 

TVPICAL APPLICATIDN 

MMC 381 

r------- I 

I LOOP : 

A~ESS 

OOA 

....________ .,.. _____ ... 
I FILTER I 
L.-- --- - __ J 
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I 
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MMC 3811/383 

BINAAV /DECIMAL SPECIAL DIVIDEA FOR 
FRDG.UENCV SVNTHESIS 
GENERAL DEBCRIPTIDN 

The 1ntegrated cIrcuIts MMC 382 a11d MMC 383 
are des1gned 111 01·der to form (e,ther of theml w1th 
the IC MMC 381 the central urnt of a phase locked 
!oop IPLLI frequency synthes1s system li necessary 
the systern may be rrncroprocessor controlled 

100/ 101 / 11 O/ 111 l. selectable by user. 
• 8111ary (MMC 3831 or decimal (3821 programmInq 

of the d1v1d1ng rates. 
• ln decimal conf1gurat1on (MMC 3821 the circwt can 

be manually programmed w1th 1 O pos1tIon multi
plexed switches IBCD codedl. The ,ntegrated cIrcuIt MMC 382/383, together w1th a 

prescater form a fuliy programmable d1v1der. For that 
It generates feedback s1gnales for a 2 or 4 modulus 
prescaler. The 111tegrated cirruIt MMC382/383 con
taIns a phase and freqvency comparator. 

• lt Is 1ncluded a phase and frequency comparator 
·w1ch can be disabled by user w1th outputs in h1gh Z 
state. • 

• H1gh noIse ImunIty 
ln th1s the d1v1ded frequency Is compared w1th the re
ference frequence [likely generated by MMC 3811, 
result,ng an ei-rar signal wh1ch properly processed 
ar;d f1ltered. controls the VCO. 

• 1.ow supply current 1<2.5 mA/V00=5 V for any di
v1d1ng rates w1th tHN=3 MHz] 

• W1de power supply voltage range: 3+ 18 V 

APPLICATIDNS 

FEATURES 

• Maximum input signal frequency: ;.,.9 MHz (V00 
-,-15 VI 

• Telecommunicat,on systems: radio stations, rad10-
telephones. radiotelegraphy, profess,onal rad10-
receIvers. 

• Programmable d1v1rl1ng In control systems 
• Control s1gnuls for a 2 modulus prescaler lup to 

128/ 1291 or for a 4-modules prescaler ltyp1cally 
• Equal frequency and d1fferent f1lhng factors sig

nals generatIon. 

CDNNECTIDN DIACIRAM 

PIN DESIGNATIDN 

NUMBER 

1 
2,3,4, 5 

6, 7, 8 
9, 10 

11 
12 
13 

14,15 

16 
17 
18 
19 
20 
21 
22 
23 
24 

PIN 

NAME 

NC 
00+03 

A2, A1, A0 
NC 
WE 
tcis 

0o,0u 

FA 
RZt 

C~~A 
CNTB 

~I~ 
CNT A/8 

Voo 

NC 
DO 

01 
02 

6 

Voo 
CNT A/8 
NC 
FIN 

CNT B 
CNT A 

A1 7 Fv 
M 8 
NC 9 

HZL 
Fa 

NC fli 

WE 11 fi) 

12 LO 

FUNCTION 

Not connected 
Data inputs 
Address ,nputs 
Not connected 
Write enable input 
Negative supply 
Open-dra,n, lock detected output 
Open-drain, phase-down and phase-up indication 
outputs 
Reference frequency input 
High-2 lock of 0u, 0o, LD input 
Divided frequency output 
2 or 4-modulus prescaler feedback signal output 
4-rnodulus prescaler feedback signal output 
Input for the signal from the prescaler 
Not connected 
2 or 4-modules prescaler select1ng signal input 
Posit1ve supply 
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MMC 382/383 

ABBCLUTE MAXIMUM AATINGB 

Voo• Supply voltage: G and H types -0.5 to 20 V 
E and F types -0.5 to 18 V 

V, Input voltage -0.5 to Vo0+05 V 
I DC input current Cany one inputl ±10 mA 
Ptat Total power dissipation [per packagel 200 mW 

Dissipation per output transistor 
for TA = full package-temperature range 100 mW 

TA Operating 
temperature : G and H types -55 to 125 oe 

E and F types -40to 85 oe 
Tstg Storage temperature -65 to 150 oe 

• AII voltage values are referred to V55 pin voltage 

RECCMMENDED CPERATING CCNDITICNB 

Voo• Supply voltage: G and H types 3to 18 V 
E and F types 3to 15 V 

V, Input voltage Oto Voo V 

TA Operating 
temperature : G and H types -55 to 125 oe 

E and F types -40to 85 oe 

BLCCK DIAGAAM 

·--rr·-·7 

aMlll. LOOC 

FJN CNTAIB CNTA CNTB ~ ~ .UID«> 

DATAMAP 

WORD A2 A1 AO D3 D2 D1 DO LATeH 

1. o o o A3 A2 A1 AO A 
2. o o 1 83 82 81 80 8 
3. o 1 o C03 C02 C01 COO co 
4. o 1 1 C13C12C11 C10 C1 
5. 1 o o C23 C22 C21 C20 C2 
6. 1 o 1 X X X C30 e3 
7. 1 1 o X X X X 
8. 1 1 1 X X X X 

X = DON'T CARE 
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MMC 3811/383 

FUNCTIONAL DE■CFIIPTION 
The progr■mm■ble dlvidlng block of the VCD'• frequency 

This stage consists of two 4 bit programmable counters IA and 81, a 13 bit programmable counter ICJ 
and control logic. Each counter has a latch-typ memory for the inserted programmed numbers lsee 
data mapJ. 
The address inputs AO-A2 select only one internai latch wich stores the dates at inputs 00-03 
during the "low" levei of the write enable signal WE. 
The C counter of MMC 382 îs 3 1 / e digit decimal counter with a dividing ratio between 2 and 2001. 
The C counter of MMC 383 is a 13 bit binary counter with a dividing ratio between 2 and 8193. 
When CNT A/8 is "low" the A and 8 counters operate separately with a clock signal from the F1N input, 
generating two output si~als ICNT A and CNT 81 for a 4 modulus prescaler. 
At the beginning of a div1ding cycle the outputs CNT A and CNT 8 are "low" and remain in this state for 
a number of clock periods equal to the programmed then the outputs pass to "high" until the end of the 
dividing cycle of the C counter. 
The Fv output is "high·· except1ng a single period of the signal applied to the input F1N! when it passes to 
"low" pointing out the end of a cycle of the C counter and loading of the programmed numbers of the in
ternai memories in the A, 8, C counters. 
ln order to have a correct dividing, the numbers programmed for each counter should satisfy the follo
wing conditions: 

C~+1 and C~8+1 
8y means of a 100/101 /110/111 prescaler the dividing ratio is obtained: 

N=A+108+100C 
With C~1 O it is posible to obtain any dividing state in the range of: 

1000+200, 199 for MMC 382 
1000+819,399 for MMC 383 

When the CNT A/8 input is "high" the A and 8 counters are together forming a 7 bit IEI programmable 
counter. ln this case the first cell of the 8 counter is not used. ln the E counter the mast significant bit 
IMS81 is 8~ and the last significant bit IL.S81 is A0 lsee data mapl. 

Voo 

Phase and frequency comparator 

VCO command signal generator 

The E counter delivers a control signal al the CNT A output for a prescaler with 2 dividing ratioes 
P/P+1, where PS128. 
ln order to have a correct dividing the numbers programmed for each counter should satisfy the condi
tion c~+1. 
8y means of a P/P+1 prescaler it is possible to obtain a dividing ratio N=E+CxP. 
Bv means of a 1 28/ 129 prescaler and C~128 t is possible to obtain any dividing ratio in the range of: 
27=128+256,255 for MMC 382 
27=128+22<42B-1=1,048,831 for MMC 383 

Ph•• ■nd frequency comparator 

An internai output of the C counter lwhich externally goes to the pin Fvl and the FR input lconnected to the 
reference signal divider of the circuit MMC 3811 are connected to a phase and frequency comparator. 
This generates signals at 3 open drain outputs: U, D and LD. 
When the input signals are in phase the outputs lf>u, lf>o and LD are in a high-Z state, excepting very 
narrow pulses K 1 OOnsl at V ss· 
When the input signals are not in phase, and the outputs lf>u, lf>o and LD are connected through resis
tances at VoD the mean voltage at the outputs lf>u, lf>o provides information about the phase and fre
quency error. 
When fFv>fFR• the mean voltage at lf>u is higher than the one at «t>o, and viceversa. 8y externai proces
sing of the 1nformation it is possible to obtain a command signal for the voltage controlled oscillator 
IVCOJ: an example is shown in fig. below. As the phase and frequency error decreases in any way lfFv> 
fFR or fFv<fFRJ the mean voltage at the LD output increases. 
A "low" signal at the HZL input inhibits the comparator, driv1ng the outputs «l>u, lf>o and LD in high-Z state 
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STATIC ELECTAICAL CHAAACTEAl■TICB 
lover recommended operating conditionsl 

TEST CONOITIONS 

PARAMET1:R v, Va Io Voo lt.ow 
IVJ IV) lµAJ IV) 

ll Quiescent G,H O/ 5 5 
current types 0/10 10 

0/15 15 
0/20 20 

E,F O/ 5 5 
types 0/10 10 

0/15 
15 

VoH Output high O/ 5 <1 5 
voltage 0/10 <1 10 

10/15 <1 15 
Val Output low 5 /O <1 5 

voltage 10/0 <1 10 
15/0 <1 15 

V1H Input h1gh 0.5/4.5 <1 5 
voltage 1 /9 <1 10 

1.5/13.5 <1 15 

V1L Input low 4.5/0.5 <1 5 
voltage 9/1 <1 10 

13.5/1.5 <1 15 

loH Output G,H O/ 5 2.5 5 
drive types O/ 5 4.6 5 
current 0/10 9.5 10 

0/15 13.5 15 

E, F O/ 5 2.5 5 
types Ol. 5 4.6 5 

0/.:10 9.5 10 
0/15 13.5 15 

loL Output G. H O/ 5 0.4 5 
sink types 0/10 0.5 10 
current 0/15 1.5 15 

E, F O/ 5 0.4 5 
types 0/10 0.5 10 

0/15 1.5 15 

l1H, l1L Input G,H 0/18 18 
leakage types Any 
current input E, F 0/15 15 

types 

c, Input 
capacitance Any input 

• T LOW = -55°C for G, H devlces; -40°C for E, F dev1ces. 
• THIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei îs: · 
1 V min. with V00 = 5 V 
2 V rnin. with V00 = 10 V 

2.5 V min. with V00 = 15 V 
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min. max. 

15 
30 
60 

300 

50 
100 

200 

4.95 
9.95 

14.95 
0.05 
0.05 
0.05 

3.5 
7 

11 

1.5 
3 
4 

-2 
-0.64 
-1.6 
-4.2 

-1.53 
-0.52 
-1.3 
-3.6 

0.64 
1.6 
4.2 

0.52 
1.3 
3.6 

±0.1 

±0.3 

MMC3Bll/3B3 

VALUES 

25°c "fttlGH UNIT 
min. typ max. min. max. 

0.12 15 450 
o.~2 30 900 
0.12 60 1800 
0.24 300 9000 A 

0.12 50 450 
0.12 100 900 

0.12 200 1800 

4.95 4.95 
9.95 9.95 V 
4.95 14.95 

0.05 0.05 
0.05 0."05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

>-1.6 -3.2 -1.15 
.... □.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

mA 
,....1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±105 ±0.1 ±1 

µA 
±10-5 ±0.3 ±1 

5 7.5 pF 
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DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

PARAMETER TEST e□NDITIONS 
VALUES 

UNIT 
min. max. 

tPLH• Propagation delay time 5 300 
tPHl F,N to Fv 10 200 ns 

15 120 

tPlH• Propagation delay time 5 240 
tPHl F1N to eNT A, eNTB 10 el= 15 pF 120 ns 

15 90 

tTHl• Transition time at Fv 5 200 
tTlH 10 100 ns 

15 80 

tTHL• Transit1on time at 5 80 
tTLH eNTA, eNTB 10 el= 15 pF 40 ns 

15 25 

fel Maximum frequency 5 3 
clock 10 6 MHz 

15 9 

tw Minimum clock puise 5 160 
w1dth at F1N 10 80 ns 

15 60 

tr, R1se and !all time at F,N 5 15 

ti 10 4 µS 
15 1 

tw Minimum puise 5 120 
WE = "O" width 10 60 ns 

15 50 

tsu Set-up t1me 00-03, 5 80 ' 
AO-A2 to WE 10 40 I ns 

15 30 I 
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MMC:184 

SAMPLE AND HOLD PHABE COMPARATOR 
GENERAL DE■CRIPTIDN 

The integrated circuit MMC 384 compares the 
phase of a V signal to the phase of a reference R sig
nal into two comparators: one sample and hold, high 
gain, digital-analo{Jle,and the other digital. The circuit 
also contains a phase mociJlator for V signal which 
generates a V' signal whose phase is compared to 
the phase of the R signal into the two comparators. 

FEATURES 

• Externally adjustable h1gh gain(,.,3000 V/cycle at 
Voo= 10 VI 

• Built-in phase mocillator 

ABBDLUTE MAXIMUM RATINCI■ 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current lany one input) 
Total power dissipation (per packagel 
Dissipation per output transistor 
for TA = tuli package-temperature range 
Operating 
temperature: G and H types 

E and F types 
Storage temperature 

• Operation possible with an active loop filter 
• High noise immunity 
• Low consumption !static supply current 

<3 mA/Voo= 10 Vl 
• Wide power supply range 15 + 18 Vl 

APPLICATIDNB 

The circuit can be used in any phase loked loop 
system 
The main utility field is the telecommunication 
systems which use frequency synthesis: radio sta
tions, radiotelegraphy, radiotelephony, professional 
radioreceivers. 

-0.5 to 20 V 
-0.5 to 18 V 
-0.5 to V00+a5 V 

±10 mA 
200 mW 

100 mW 

-55 to 125 oe 
-40to 85 oe 
-65to 150 oe 

• AH voltage values are referred to V ss pin voltage 

AECDMMENDED DPERATINCI CDNDITIDN■ 

Voo* Supply voltage: 

v, Input voltage 
TA Operating temperature: 

RA Externai biasing resistor 

CDNNECTIDN DIACIAAM 

OL 

V 

R 

PC2 

TCB 

N~ 

v„ 

G and H types 
E and F types 

G and H types 
E and F types 
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3 
3 
o 

-55 
-40 

V00= 5V 
Voo= BV 
V00=10V 
V00=12V 
V00=15V 

Vdd 

NC 

PCI 

TCC 

TRR 

NOO 

TCR 

to 18 V 
to 15 V 
to Voo V 
to 125 oe 
to 85 oe 

2: 350 kfl 
2: 85 kU 
2: 45 kfl 
2: 35 kn 
2: 22 kn 



MMC3B4 

TIMING DIAGRAM 
BLDCK DIAGAAM 

Voo Yss OL V 

; - - -------Tî-- - - ------, 
I R 

L ____ L_ 

Phase modulator 
I 

PC2 phase 
comparator 

I 
I 
PC2 
I. 
I 

Vss I 
I 

- - - -- - - - -- -- - - :- t - -·- - - - - - - - - - ... -v . ./'K.':---, ,_ 
----~('· I "-:.,·.l__._j~_, _______ _, HB 

V 

I J PC1 phase 

L_ -- __ 1 ____ ~cr ____ J 

-----7-' I 1 1/s· 
~ : determ,ned \')' ,he phase modulato,-

. J I -- - - - ,_ I- - r· - T f - - - - - --. - - -v.., 

lo~;~uel ~ ]v,o• j-«>ltoge tronsterred to -V,. HID TCB TRA TCA TC( 

~±~fi:. f,. ±,, 
l I ' I 

c. 1 ~! L c,___L__!__ __ . c~ ___ _ 

l - -- - -- CI - - -- -· - - -

(lo„.ed 
·.~,tches 

EOR 

r------------ -
I 

-- ------------
TCC 

externai circuitry lcnalol)Je;- - - - -- - - - - - - - - - - - - - ·- -

FUNCTIDNAL DEBCRIPTIDN 

The block diagram of the circuit MMC 384 consIsts of PC1 dig1tal-analogue comparator a PC2 digital 
comparator, and a phase modulator. 
The modulator and sample and hold phase comparator [PC11 contaIn analogue circu1try. 
The supply of these stages Is made by means of current mirrors which multiply or dtvide at the requI
red values the I current wh1ch flows through a RA resistance connected between the TRA pin and 
ground. 
The I current value is g1ven by the formula: 

Voo - Vsl 
I = ---- [see Note 1 I 

RA 

Phne modulator 
The phase modulator is a digital-analogue circuitry which uses a Ca externai capacitor connected to 
the TCB. The rising edge of the V signal determines a falling edge [inactivei of V signal and a voltage 
ramp at the TCB pin. 
When the voltage at the TCB pin equals the one applied to the MOD pin an internai comparator deter
mines a rising edge [activei of the V signal. This implies the end of the ramp at the TCB pin and the dis
charge of the Ca capacitor. 
So a controlled delay of the V signal is obtained. 
charge of the Ca capacItor. So a controlled delay of the V signal is obtained. 
When applying a modulat1ng signal to MOD. a liniar phase modulat1on is generated. The modulator gain 
Is determined by the Ca capacitor value lsee Note 1 I: 

Ca·RA·fv 
Kmod = ------ cycles/V 

181V00-Vss·31 

where fv is the frequency of the signal applied at the V input. 
On the TCB prin voltage ramp the CAcapacitor should discharge.. . .. 
Thus in a given configuration a minimum internai for this ramp 1s requ1red. n~mely a minimum levei for 
the MOD voltage. 

The sample and hold phase comparator - PC1 
The block diagram of the analogue sample and hold phase comparator and the phase characteristics 
of the PC1 comparator are shown in figures bellow. The C,. C2 • C3 analogue switches are closed just 
one in a while. 
The rising edge of the V signal closes the C, switch and generates a voltage ramp at the TCA pin. 
The rising edge of the R signal opens the C, switch thus ending the slope. At the same time 
C3 switch closes, wh1ch enables the voltage transfer from TCA to TCC pin. lf the ramp ends 
before the r1sing edge of the R signal, when: 

VrcA = VEOR< Voo 

Note 1: The formula Is correct only In the recommended operatIng condit1011s. 
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MMC3B4 

an end of ramp (EORJ. signal is 1nternally generated, which closes the C2 switch and starts the PC2 digi
tal phase comparator. 
The phase comparator gain is given by the CA capacItor vriil1'! lsee Note 1 I: 

-~~5(Voo-Vsş-31 The Cc hold capacitor value should be chosen us, In 
V/cycle connectIon with the output impeaance of the 

V 

V.0.'!Voo' 1001 

I\/IMC 384 TCC terminal ltyp1c3llv 700 lll not to 111tro
duce a too lon9 dephas1ng wh1ch can lead to a loop In
stabiltty. 

(1 ----

Block diagram of the analogue part of the PC 1. (fig. al 

Phase caracterist1cs of the PC1 comparator. 

PC2 - Digital phase comparator 

"f D Q1----... 

R 

"1'' DR a----

V 

Simp!ified logic diagram of the PC2 comparator 
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MMC3B4 

The N and P channel MOS transistors from the PC2 output are connected as analogue switches. 
T~us at this output it is possible to obtain positive and negative voltage pulses which depend on the 
sIgn and size of the dephasing between the R and v· signals. During the voltage ramp at the TCA pin, 
namely within the area where the PC 1 comparator operates, the PC2 comparator output is blocked in 
the high impedance state. The mean voltage obtained by through integration at the PC2 output linearly 
depends on the dephasing between the R and V' signals. 

VP(2 

IAveragel 

-------lob, 

•v-•R 
Phase characteristic of the PC2 comparator. 

m: 
P(2 

Active loop filter. 

The PC2 operation is allowed by the validity logic when the active edge of the R signal doesn't appear 
twice consecutively during the voltage slape at the TCA pin. Otherwise. the PC2 comparator blocks 
with the output in high impedance state. 
The OL output is "low· as long as the PC2 comparator is blocked and passes to "high" where the PC2 
comparator begins to operate. 
The PC1 and PC2 comparators operate together in loop upon the vottage controlled oscillator IOCTI by 
means of an active loop filter. This filter reverses the phase of the signals from PC1 and PC2 and as
sures the proper operation of the signal. For example. if the phase difference ♦v-4'R increases, the 
voltage that influences the voltage controlled oscillator decreases and leads to the decreasing of the 
generated signal frequency. 
When the loop including the comparator has a locked phase. the active edge of the R signal appears 
during the voltage ramp at the TCA pin, thus PC1 is operating while PC2 is blocked. The high gain of 
the PC1 comparator assures a high gain on the loop and thus a steady locking of the loop. 
When the loop is not locked. PC2 also begins to operate which has a great importance for the loop gain 
by a proper sizing of the R3 resistance from the active loop filter. Thus it is possible to assure a quick 
loop locking. 

■TATIC ELECTAICAL CHAAACTEAl■TIC■ FOR ANALOGIC 
BL0CKB 
IV00 = 10V. RA = 70 kohmi, TA= 25°C, all logic inputs at Vss or V001 

PARAMETER VALUE UNIT CONDITIONS 

loH - Output TCC sink current 1,8 mA TCC at V□~• analogue switch C3 
closed lsee g. a 1 

loL - Output TCC source current -1,65 mA TCC at Vsi analogue switch C3 
closed lsee · g. a I 

Ri - Internai resistance of TCC 0,7 kohms Output swing <200 mV 
Specified output range 
0,3Voo + 0,7Voo 

Io - Output PC 1 sink current 0.85 mA PC1 at Voo 

Io - Output PC 1 source current -o.a mA PC1 at Vss 

Ri - Internai resistance of PC1 1.4 kohms Output swing <200 mV 
Specified output range: 
0,3Voo + 0.7Voo 

VeoR - End of ramp voltage 
VeoR=V□o-VrcA 0,9 V See timing diaqram and a 

Io Source current in ramp mode 
at vfflf = 112 Voo: 
at T -10.5 mA 
at TCB -1,8 mA 
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STATIC ELECTAICAL CHAAACT■AISTICS 

[over rec:ommen ded operating conditionsl 

TEST COl'IIJITIONS 

PARAMETER v, Vo Io Voo ,..LOW 
IVJ IVJ (,,A) M min. 

IL Quiescent G,H 
0/10 RA=70K 10 current types 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

VOL Output bw 5 /O <1 5 
voltage 10/0 <1 10 

15/0 <1 15 

V1H Input high 05/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

~.5/13.5 <1 15 11 

V1L Input low 4.5/05 <1 5 
voltage 9/1 <1 10 

1a511.5 <1 15 

loH Output G.H O/ 5 2.5 5 -2 
d-ive types O/ 5 4.6 5 -0.64 
rurrent 0/10 9.5 10 -1.6 

0/15 1a5 15 --4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 K).52 

0/10 9.5 10 1-1.3 
0/15 1a5 15 >-3.S 

loL Output G.H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
rurrent 0/15 1.5 15 4.2 

E. F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

lu+ l1L Input G,H 0/18 18 
leakage types Art'/ 
rurrent E,F input 

0/15 15 
types 

loH 3-state TCA 0/10 10 
output TCC 
leakage 

PC2 0/10 10 current 

c, Input Art'/ 
capacitance input 

• T LOW = -55°C for G; H devices; -40"C for E, F devices. 
• T HIGH = +125"C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O'' level îs: 
1 V min wit h V 0 0 = 5 V 
2 .V min with V00 = 10 V 

2.5 V min withV00 = 15 V 
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mac. 

3 

O.OE 
aOE 
O.OE 

1.5 
3 
4 

±0.1 

±0.3 

±:II 

±75 

MMC3B4 

VALUES 

25°c ,..HGH UNIT 

min typ mac. min mac .• 

1 3 5 mA 

4.95 4.95 
9.95 9.95 V 

14.SE 14.SE 

0.0!5 0.05 
0.05 0.05 V 
0.05 0.05 

3.5 3.5 
7 7 V 

11 11 

1.5 1.5 
3 3 V 
4 4 

-1.6 >-3.2 -1.15 
1-0.51 -1 -0.36 
-1.3 >-2.6 -as 
-3.4 >-6.8 -2.4 

mA 
-1.36 -3.2 -1.1 
-0.44 -1 -036 
-1.1 -2.0 -0.9 
-3'.0 >-6.8 -2.4 

0.51 1 036 
1.3 2.6 0.9 
3.4 6.8 2.4 

mA 
0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10-5 ±01 ±1 

µA 
±10-5 ±03 ±1 

±30 ±90 nA 

±75 ±750 nA 

5 7.5 pF 



MMC3B4 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
Dinamic electrica! characteristics are given for the integrated current connected as shown in fig. 2, 
w1th the following for the externai components: AA=70 kH±300/o, CA=270 pF, C8=150pF, Cc=1 nF. 
C0 =10nF, în conditions: V00=10V, T A=25°C, tr,tf at inputs 20ns. 

PAAAMETEA CONDITIONS 

SrcA 

Srcs 

tcBCA 

ti:cA 

tvcA 

tvcs 

trCB 

trm,n.CB 

tpwvL 
ÎpwvH 

tPWRL 
tPWRH 

t1cA 

t,cs 

Slew rate at TCA 

Slew rate at TCB 

Start of TCA ramp delay 

Oelay of TCA - hold 

Oelay of TCA descharge 

Start of TCB ramp delay 

TCB ramp duration 

Aequired TCB min. 
ramp duration 

Min.V input puise 
width 

Min.A input puise 
width 

TCA fall time 

TCB fall time 

TCA 1...i_, 

AA=70k!l-300/o 
Vaut=0.3V0 D„0.7V 00 AA=70kn 

AA=70k!H300/o 

AA=70kU-300/o 
Vaut=0.3VoD„0.7Voo AA=70kH 

AA=70k!H300/o 

VMoo=4V 
VMoo=6V 
VMoo=BV 

VMoo=5V 

____ t_ 

t,cs 

111 Frr-..,,. in /ho /triod,,_ frr ,_P_ tdr,, DIVnRand 
bolllqos a/STB 
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TYPICAL UNIT VALUE 

43 
33 V/µ.s 
21 

16 
11 V/µ.s 
9 

160 ns 

40 ns 

120 ns 

120 ns 

400 ns 
550 ns 
700 ns 

200 ns 

20 ns 
20 ns 

20 ns 
20 ns 

90- ns 

240 ns 



MMC391 

EXPDNENTIAL CDUNTER 

GENERAL DEBCRIPTIDN FEATURES 

• capacity up to 107 The MMC 391 is a CMOS aluminium gate, BCO up
exponential counter, design to be used in every appli
cation where it is necessary a threshold counting 
where the last bits are negligible. lt is provided with a 
wide selection of ranges: O-i-999; 1 OOO-i-9999; 
10000-i-99999; 100000-i-999999. 

• wide selection of range options: 103 , 104, 105, 1 os 

The counting capability is up to 1 O 7 and a warning is 
outpulsed when a threshold is reached (faur thres
holds availablel. The typical application is in portable 
individual particle detectors. The display drivers are 
nat part of the circuit. 

ABBDLUTE MAXIMUM RATINGS 

Voo* 

V, 
I 
~tot 

Supply voltage: G and H types 
E and F types 

Input voltage 
DC input current (any one input) 
Total power dissipation (per packagel 
Oissipation per output transistor 
for TA = tuli package-temperature range 

TA Operating 
temperature : G and H types 

E and F types 
Storage temperature 

• AII voltage values are referred to Vss pin voltage 

• low power consumption 
• exponential displaying of the output 
• wide supply range 3 V to 18 V 

APPLICATIONS 

• dosimetric 
• data counting 
• industrial aplications 

-0.5 to 20 
-0.5 to 18 
-0.5 to Voo+0.5 

±10 
200 

100 

-55 to 125 
-40to 85 
-65 to 150 

AECDMMENDED DPERATING CDNDITIDNS 

Voo* Supply voltage: G and H types 
E and F types 

vi Input voltage 
TA Operating 

temperature : G and H types 
E and F types 

CDNNECTIDN DIAGRAM 

Qi, 
Qu 

Qf1 

°"4 HSB 

Q" 
0.n 
a.,, 
0.2~ 
0.z, 
0.n 
Q2, 

-,_ _____ a,. 
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3 to 18 
3 to 15 
O to Voo 

-55 tu 125 
-40to 85 

V 
V 
V 

mA 
mW 

mW 

ac 
ac 
ac 

.v 
V 
V 

ac 
ac 



• 

BLDCK DIAGRAM 

MSB 
QE3 ~1Q34 Q31 

: 10 

RANCiE PROCiRAHMN[i 

CONTROl LOGIC 

OUTPUT LOGIC 

O 1 2 3 
STATIC ELECTRICAL CHARACTERIBTICB 

lover recommended operating conditionsl 

TEST CONDI rl□NS 

: 10 

PARAM ETER V1 Va Io Voo ~DW 
IVI IVI lµ.AJ IVI min. max. 

IL Quiescent G, H O/ 5 5 5 
current types 0/10 10 10 

0/15 15 20 
0/20 20 100 

E, F O/ 5 5 20 
types 0/10 10 40 

0/15 15 80 

VoH Output high O/ 5 <1 5 4.95 
voltage 0/10 <1 10 9.95 

0/15 <1 15 14.95 

Vm Output low 5 /O <1 5 0.05 
voltage 10/0 <1 10 0.05 

15/0 <1 15 0.05 

V1H Input high 0.5/4.5 <1 5 3.5 
voltage 1/9 <1 10 7 

1.5/13.5 <1 15 11 

V1L Input low 4.5/0.5 <1 5 1.5 
voltage 9/1 <1 10 3 

13.5/1.5 <1 15 4 
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VALUES 

25°C 

min. typ 
. 
max. 

0.04 5 
0.04 10 
0.04 20 
0.08 100 

0.04 20 
0.04 40 
0.04 80 

4.95 
9.95 
14.95 

0.05 
0.05 
0.05 

3.5 
7 

11 

1.5 
3 
4 

MMC391 

: 10 

INPUT 

LOGIC 

~IGH 
min. max. 

150 
300 
600 
so□□ 

150 
300 
600 

4.95 
9.95 

14.95 

0.05 
0.05 
0.05 

3.5 
7 

11 

1.5 
3 
4 

UNIT 

µA 

V 

V 

V 

V 



MMC391 

TEST CONDITIONS 

PARAM ETER v, Va Io Voo l'tow 
IVI IVI lµAI IVI min. 

IDH Output G,H O/ 5 2.5 5 -2 
drive types O/ 5 4.6 5 -0.64 
current 0/10 9.5 10 -1.6 

0/15 13.5 15 -4.2 

E, F O/ 5 2.5 5 -1.53 
types O/ 5 4.6 5 -0.52 

0/10 9.5 10 -1.3 
0/15 13.5 15 -3.6 

l □L Output G,H O/ 5 0.4 5 0.64 
sink types 0/10 0.5 10 1.6 
current 0/15 1.5 15 4.2 

E, F O/ 5 0.4 5 0.52 
types 0/10 0.5 10 1.3 

0/15 1.5 15 3.6 

111-+ l1L Input G,H 0/18 18 
leakage types Any 
current input E,F 0/15 15 

types 

c, Input 
capacitance Any input 

• how = -55°C for G, H devices; -40°C for E, F devices. 
• T HIGH = +125°C for G, H devices; +85°C for E, F devices. 

The Noise Margin for both "1" and "O" levei is: 
1 V min. with V00 = 5 V 
2 V min. with V00 = 10 V 

2.5 V min. with V00 = 15 V 

max. 

·-

±0.1 

±0.3 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

VALUES 

25°c ~IGH 

min. typ max. min. max. 

-1.6 -3.2 -1.15 
-0.51 -1 -0.36 
-1.3 -2.6 -0.9 
-3.4 -6.8 -2.4 

-1.36 -3.2 -1.1 
-0.44 -1 -0.36 
-1.1 -2.6 -0.9 
-3.0 -6.8 -2.4 

0.51 1 0.36 
1.3 2.6 0.9 
3.4 6.8 2.4 

0.44 1 0.36 
1.1 2.6 0.9 
3.0 6.8 2.4 

±10 5 ±0.1 ±1 

±10 5 ±0.3 ±1 

5 7.5 

IT A = 25°C, AL = 200 kil, all input r1se and fall times = 20 ns, CL = 50 pF, typical temperature 
coeffic1ent for all Voo values 1s 0.30/o/°CI. 

TEST 
VALUES 

PARAM ETER CONDITIONS UNIT 
VIIVI min. typ. max. 

fmax Maximum opperating frequency 5 2 MHz 
15 6 

td Propagation delay time IIMP to outputsl 5 270 
10 150 ns 
15 75 

tr Output rise time 5 75 
10 40 ns 
15 35 

tf Output fall t1me 5 125 
10 70 ns 
15 50 

t□R RESET to outputs delay 5 350 
10 150 ns 
15 100 

twR RESET puise width 5 300 
10 100 ns 
15 70 
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UNIT 

mA 

mA 

µA 

pF 



TVPICAL APPLICATIDN 

TRANSFER 
RESET 

DISPLAY 

DECODER DRIVER BCD/7 SEGMENTE 

ii. n n n 20 19 18 11 16 1 s 14 13 

1111C 391 

1 7 3 4 5 6 7 8 9 10 11 12 

WARNING 

LOGIC BLOCK 
~--------t FOR PUL SE 

GENERATION 
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MMC76D 

LDDP DISCDNNECT DIALLER 

GENERAL DEBCRIPTIDN 

The MMC 760 Loop Disconnect Dialler provides the 
features to implement a puise dialler with rediai. lt 
can· be operated directly by the telephone line cur
rent and converts a s1ngle per key contact into the 
corresponding puise s1gnals to simulate the rotary 
dialler. 
When in stand-by condition it requires only few mi
croamperes to maintain the storage of the last call. 
Keyboard inputs are fully static: outputs are provi
ded to puise the telephone line and to mute the recei
ver during impulsing. 
Dther features are: pin selectable long distance call 
1nhibition, 24 digit memory in wich can be introduced 
a maximum of 8 access pauses, pin selectable rediai 
inhibition and aut pulsing inhibition for operation with 
payment-card telephones. 
Rediai can be achieved with tiNo pin selectable pro
cedures. 

A■■DLUTE MAXIMUM AATINGS* 

Voo•• Supply voltage 
V; Input voltage 
ptot Total power dissipation 
TA Operating temperature range 
T stg Storage temperature range 

The device requires an inexpensive 455 kHz ceramic 
resonator and is designed to minimize externai com
ponents. 
The unique design of the power-on reset circuit can 
avoid the need for a special dedicated spring in the 
hook switch. · 
The loop is disconnected for a time longer than 
300 ms when fraudulent dialling is. tried with the 
hook or any externai device by sensing the line condi
tion at the input LS. 
The MMC 760 is realized in low voltage CMOS tec
hnology and can be easily mask programmed to meet 
all administration standards. 

FEATURES 

• Direct telephone line operation 
• Low voltage CMOS technology 
• Low power consumption in stand-by mode 
• Pin selectable long distance call inhibition 
• Pin selectable output pulsing inhibition 
• 8 Selectable access pauses 
• Wide selection of mask options for 

1,5 - 1,6 - 1,66 - 2 8/W ratios 

5 
Vss-0.5 to V00+0.5 

V 
V 

400 mW 
-25 to +50 oe 
-65 to +85 oe 

• Stresses above those listed under "Absolut.a Maximum Ratings" may cause permanent damage t~. the 
device. This is a stress rating only and functional operation of the device at these or any other cond1t1ons 
above those indicated in the operational sections of this specification is nat implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
•• AII voltages are reffered to Vss pin voltage. 

CDNNECTIDN DIACJRAM 

MMC76D-1,2 MMC 76D-31 4 

VII) Nat R1 1 voo 
Rt MASK2 R2 2 MASK1 

R2 TP R3 3 MASK2 

R3 FS R4 4 PLS 
R4 IJIO NI (1 5 DPO 
(1 FlS (2 6 LS 

C2 m (3 12 RS 
(3 IR) RE 11 

R5l'I ux: Nf OSCIN 10 

RE IS 

e&:.IN RS 
ca:.wr 'ţs 
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STATIC ELECTRICAL CHAll?IACTERIBTICS 

IT A = _:__25°C to +50"CJ 

PARAM ETER TEST CONDITIONS 

Voo Supply voltage 
loo Operating supply Voo = 2.5 V f0 = 455 kHz 

> current C. a. loo Stand-by supply V00 =2.5V 
~ 
cn stand- current loscillator, 

by off, no externai load 
connectedl 

Row inputs 
lnH Input high Voo = 2.5 V 

current 

Ul 
lnl Input low V1H=2.5V 

..., current 
~ a. V1H Input threshold V1L = 0 V 

-~ voltage 
"O 
L. m Column inputs o 
.c l1H Input high Voo = 2.5 V > 
QI 

~ current 
l1L Input low V1H = 2.5 V 

current 
V1L Input threshold V1L = O V 

voltage 

OSCIN 
IH Input high 

current 
Voo = :2.5 V ,v1H = 2.5 V 

L. IL Input low V1L = 0 V o ..., current 
~ 
u OSC OUT Ul o loH Output drive V00 = 2.5 v,v□H = 2 v 

current 
IDL Output sink Voo = 2.5 V,VDL = 0.5 V 

current 

..., l □H Output drive Voo = 2.5 V,V□H = 1.4 V .,,_ ~ 
current Ul C. m..., 

~i5 l □ L Output s1nk V00 = 2.2 V,V□L = 0.1 V 
current 

loL Output sink Voo = 2.2 V,V□L = 0.4 V o 
a. current 
o l □FF Output leakage V00 =2.5V 

current 
LOC INH l1H Input high Voo= 2.5 v,v,H = 2.5 v 
DPO INH current 
PLS l1L Input low Voo = 2.5 v,v,L = o v 
RSM current 
RE V1H Input high 

voltage 
V1L Input low 

voltage 

LS l1H Input high Voo= 2.5 V V1H = 2.5 V 
current 

l1L Input low Voo = 2.5 V V1L = O V 
current 

V1H Input high 

V1L 
r,olta~e nput ow 
voltage 
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min. typ. max. UNIT 

2.2 2.5 5 V 
05 mA 

25 µA 

60 80 µA 

-1 µA 

1 V 

1 µA 

-60 -80 µA 

V00-1 V V 

1 µA 

-1 µA 

-150 µA 

150 µA 

-1 mA 

20 µA 

1 mA 

+1 µA 

1 µA 

-1 µA 

0.7 V00 V 

0.3 V00 V 

1 µA 

-100 -160 -250 µA 

07 V00 V 

0.3 V00 V 



PARAMETER TEST CONOITIONS 

AS loH Output drive V00 = 2.5V1VoH= 1.8V 
current 

loL Output leakage 

V1H 
frurrent 
nput h1gh 

V1L 
volta~e 
Input ow 
voltage 

DVNAMIC ELECTRICAL CHARACTERISTICB 

ITA= -25°C to -i-5D°CJ 

PARAM ETER 

tACC Key access time.after last bounce 

tase Oscillator start-up time 

tMASK Mask 1, Mask 2 puise ituration 

t □M Mask 1, Mask 2 delay time with respect to OP□ 

tpo Pre-digital pause 

tapo □PD period FS = O 
FS = 1 

t9/tM Break to make ratio 

t1m lnterd1git time IDTS = O 
IDTS = 1 

tRES Minimum line break before reset 

torn Oscillator turn-oft time after clear-down 
LOC INH = O 
LOC INH = 1 

tll11 IN.I Line break time when LOC INH 1 

MMC76D 

min. typ. max. UNIT 

-20 µA 

1 µA 

0.8 Va□ V 

0.2 V00 V 

TEST VALUES UNIT 
CONDITIONS min. typ. max. 

5.5 ms 

60 ms 

20 ms 

50 ms 

400 ms 

for all 50 ms 
f0 = 455 kHz 100 ms 

V00 = 2.5 V 1.6 

800 ms 
400 ms 

150 ms 

150 ms 
300 ms 

300 ms 

For the 18 pin cIrcuIt the RSM, DPOINH, FS and TP inputs are 1nternally connected to "1" logic and 
the LDCINH and IDTS inputs are internally connected to "O" logic. 

FUNCTIDNAL DEBCRIPTIDN 

Dacillator COS IN-DS OUTJ 

The oscillator has been designed to work with an inexpensive ceramic resonator lf0 = 455 kHz); it requires 
two externai load capacitors 1100 pFJ and the inverter feedback resistor. 
The oscillator starts after LS Cline sensel Is taken low; it comes back to the stand-by mode alter LS has 
gone high for at least 150 ms lor 300 ms if LDC-INH highl. 

Keyboard ER 1 to R 41 C, to C 3J 

MMC 760 is designed to work with a single contact keyboard. 
A valid key entry is recorded when a single row pin is connected to a single column pin. Ali the input combi
nations except a single row and a single column are nat recognized. A valid key is entered after 5ms from 
the last key bounce. 

Dutpulaing lnhibition EDPO INHJ 

lf this pin is low, digits can be entered into the memory but they are nat sent an the line: when DPOINH 
goes high the stored digits are sent an the line. This function is realized to allow operations with payment
card telephones in which it is sometimes needed to assess the validity of the payment-card. 
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Dial pul■e aut:put: EDPDJ 

When a valid key is recognized the line must be opened and closed at a fixed rate and the total number of 
break pulses corresponds to the number of the selected key 11 O line breaks are associated to the key „O"J. 
□PD is an open drain output; line breaks occur when □PD is active to ground. 

Ma■k Dut:put:■ EMASK 1 1 MASK l!J 

The Mask outputs are used to mute the speech circuit during signalling. ln telephones using conventional 
speech circuits muting is generally achieved by short-circuiting with a two-winding, bistable reed-relay._ 111 
this case MASK 1 and MASK 2 provide puise outputs to drive the winding which close and open the contact 
respectively. 
ln telephones with electronic speech circuits muting is implemented electronically. ln this case a metal 
option transforms MASK 1 into a signal which remains high throughout signalling. 

OPO 

MASK 1 
___ n ______ _ 

MASK 2 ,_,Jl ________ fl 
Hook-off 

DPO 

HASK:_, ____ .. I 
Hook-off 

Rediai enable EREJ 

JTVoo 
~~ _?-~SK2 

L 

Rediai of the last call is possible according to the procedures described below only if RE is high. Rediai is 
never allowed when REis low. 

Rediai Select.lan Mode ERSMJ 

The last number redialling facility operates in two modes. ln the first CRSM highl the key sequence~H:- D will 
repeat the last number dialled. The last number memory can be cleared by the # key. ln the second case 
CRSM lowl the last number dialled is only stored if the key~} is pressed before replacing the handset. As be
fore, the sequence** D starts the last number repeat. ln both cases the stored number is unaffected by 
incoming calls. The rediai request can be simplified by a mask option to the single key~}. instead of the sequ
ence**Q 

Pau■e lengt:h ■elect:lan EPLBJ 

lnterdigit pauses are available to interrupt outpulsing to give to the exchange the possibility of switching 
from a private to a public line. The device memorizes automatically a pause when the first digit is zero: a 
maximum of 7 pauses can be added during dialling by selecting key*. These pauses are active only during 
readialling and have a duration of 3 sec if PLS is low or 20 sec if PLS is high; in both cases pause duration 
can be shortened pushing key*. 
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Line eenee ELBJ 

This input senses if the line loop is closed or not 
LS = high means loop open 
LS = low means loop closed 

When LS is kept h1gh for more than 150 ms the circuit is reset lif LDCINH = Ol. When LDCINH = 1 reset 
occurs after 300 ms. 

Reeet: ERBJ 

This input/output pin is used to turn off the oscillator when line interrupts of more than 150 ms are sensed; 
it is also used as a power-on reset in applications where rediai is not allowed. When the hand-set is picked
up and V00 increases over its minimum value, the oscillator starts and an externai capacitor is charged 
above a fixed threshold level by an opendrain P-ch. transistor driven by a 150 kHz clock. Reset occurs 
after a line interr-upt of more than 150 ms; the pull-up transistor goes off and the capacitor discharges 
through a resistor to GND level. 

Q.OCK _...,_ .... 

!irtşlem IS 
nhallza:I 

Long dlet:■nae call lnhlblt: ELDC INHJ 

When this input is taken high long distance calls are inhibited; if the first digit is a O DPO goes low interrup
ting the line for a time longer than 300 ms. The same applied when fraudulent dialling is tried with the hook 
or any externai device by sensing the line condition at the input LS. When INH is low this facility is inopera
tive. 

Teet: pin ETPJ 

When this input is taken low all the timing values are divided by 1 00. 
ln this way the length of the testing operations is greatly reduced. 
This pin has an internai pull-up. 
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BLOCK OIAGRAM 

OS.IN 

osc PRESCALER 

STRO!f OSC----1---1----_...
LCXilC 

LS 
RESET 

\..QITE ftlllRESS 
SELECT 

24WORO .... 
•4 BIT c:::, 

§ STATIC c:::, 

RAM 
<li 
<li 

~ 
< 

~ 

fiLO(HjT."'rl)ic;s:iiT.w:~E r(Al.iii'L -,_.J.._ LOC Ni 
LOG[ 

IW-1-RfAD ANO OUTF\JT 
NTER 

__ .._ _______ OPOll+i 

IU1-WRITE --.....i""'---.... ~~, 

STATE CONTROL:::::::::::~ 
MASI( 

L.-C=ON~TROl.;,;.;:.:;_:W:G:IC~J--ţ-""1,~0:UT~~J'--~M4Sl<2 LOGIC 

SELECT REPETJTJ()J MOOE CONTIU. 
LOGIC 

kEYBOARO ltf'UTS 

RE 
RSM 

TVPICAL APPLICATIONS 

Typ1cal serial appllcat1ons 

4551(Hz 
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W1th b1stable relay 

:µv 

b 

Puise dialler with rediai 

TIMING DIAGRAM 
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MMC 71D&, MMC 7107 

3 1 /2 DIGIT SINGLE CHIP A/D CONVERTER 
GENERAL DEBCRIPTIDN 

The MMC 7106 and 7107 are high performance, 
low power 3-1 / 2 digit A /O converters containing 
all the necessary active devices on a single CMOS I. 
C. lncluded are seven-segment decoders, display dri
vers, reference, and a clock. The MMC 7106 is de
signed to interface with a liquid crystal display ILCDJ 
and includes a backplane drive; the MMC 7107 will 
directly drive an instrument-size light-emitting diode 
ILEDI display. 
The MMC 7106 and MMC 7107 bring together an 
unprecedented combination of high acruracy, versa
tility, and true economy. 
The versatility of true differential input and refe
rence is useful 1n all systems, but gives the designer 
an uncommon advantage when measuring load cells, 
strain gauges and other bridge-type transducers. 
And f1nally the true economy of s1ngle power supply 

ABBDLUTE MAXIMUM RATINGB 

Supply Voltage N.I 

operation IMMC 71061, enabling a high perfor
mance panel meter to be built with the add1t1on of 
only 7 passive components and display. 

FEATURE& 

• Guaranteed zero reading for O volts input on all 
scales. 

• True polarity at zero for precise null det.ection. 
• Direct display drive - no externai components re-

quired - LCD MMC 7106 
- LED MMC 7107 

• On chip clock and reference. 
• Low power dissipation - typically less than 1 O 

mW. 
• No additional active circuits required. 

MMC 7106 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . .. .. . . 15 V 
MMC 7107 ........................................................................ +6 V 

Supply Voltage IV-I 
MMC 7106 .......................................................................... DV 
MMC 7107 ........................................................................ -9 V 

Analog Input Voltage leither input) !Note 1 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V' to v
Reference Input Voltage leither input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V' to v
Clock input 

MMC 7106 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test to V' 
MMC 7107 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Gnd to V' 

Power dissipation IMMC 7106 Note 2: MMC 7107 Note 11 
Ceramic package ................................................................. 1 OOO mW 
Plastic package ................................................................... 800 mW 

Operating Temperature ......................................................... 0° C to+ 70° C 
Storage Temperature .......................................................... -65° C to 85° C 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. These are stress ratings only and functional operation of the devices at these or any other con
ditions above those indicated in the in the operational sections of the specifications is not implied. Ex
posure to absolute maximum rating conditions for extended periods may affect device reliability. 
Note 1: Input voltages may exceed the supply voltages provided the input current is limited to ± 100 µA 
Note 2: Oiss1pation rating assumes device is mounted with all leads soldered to printed circuit board. 

PIN CDNFIGURATIDN 

V osc 1 

!' 
OSC2 

C1 osc 3 

81 4 TEST 

~ A1 5 REF HI 

~ F1 REF LO 

G1 c .. , 
E1 Cm 

f 
COMHON 

2 10 

vi 2 11 N LO 
z 2 12 2 A/Z 
!= 2 13 BUFF 

2 14 NT 

r 15 V 

-;;; B3 16 2 G1 ITENSI 

8 F3 17 2 c,t = E3 18 A,§ 

110001 A84 19 (jJ !!. 

POL 20 21 BP/GND 
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CDNNECTIDN DIAGRAM 

""' 7116 '""' u,pl ,..,. .. , Display HHC 7107 wdh LEO Dncllay 

ELECTRICAL CHARACTERIBTICS !note 31 

PARAM ETER TEST CONDITIONS 
VALUES 

UNIT 
MIN TYP MAX 

Zero Input Reading .v,N = o.ov -OOO.O ±OOO.O +OOO.O Digital 
Full Scale = 200.0 mV Rading 

Ratiometric V1N = VREF 999 999/1000 1000 Digital 
Reading VREF = 100 mV Reading 

Rollover Error IDifference 
in reading for equal positive 

V1N = V1N = 200.0 mV -1 ±.2 +1 Counts and negative reading near 
Full Scale) 

Linearity !Max. deviation Full scale = 200 mV -1 ±.2 +1 Counts from best straight line fitl or tuli scale = 2.000 V 

v· Supply Current 
IDoes not include v,N= □ 0.8 1.fl mA 
LED current for 71071 

V Supply Current 
17107 onlyl 0.6 1.8 mA 

Analog Common Voltage 25 k!l between 
IWith respect to Pos. 
Supplyl 

Common & Pos. Supply 2.4 2.8 3.2 V 

7106 Only 
Pk-Pk Segment Drive 
Voltage v· to v- = 9 v 4 5 6 V Pk-Pk Backplane Drive 
Voltage !Note 41 

7107 Only V'= 5.0V 
Segment Sinking 
Current 

Segment' voltage = 3 V 5 8.0 mA 

IExcept Pin 191 
Pin 19 only 10 16 mA 

Note 3: Unless otherwise neted, specifications apply to both the MMC 7106 and 7107 at TA = 25° C. 
fc,Qck = 48 kHz. MMC 7106 is tested in the circuit of Figure 1. MMC 7107 is tested in the cir
cuit of Figure 2. 

Note 4: Back plane drive is in phase with segment drive for .oft" segment. 1800 out of phase for 
„on" segment, Frequency is 20 times r.onversion rate. Average DC component 1s less than 
50mV. 
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TEST CIRCUIT& 

F,gure 1: 7106 

DETAILED DESCRIPTION 

ANALOG SECTION 

MMC 7106 1 MMC 7107 

F,gure 2: 71 07 

Figure 3 shows the Block □,agram of the Analog Sect1on for the MMC 7106 and 7107. Each measu
rement cycle is d1v1ded 1nto three phases. They are 111 auto-zero IA-ZI, 121 signal integrate IINTI and 131 
deintegrate IDEI. 

INPUT 

1N HI Ur-J1~-+----CIO-~---t:,,,---r------+---H-IGH_~ 
I 
I 
I 
I 

CIIIHIIC&-'J?'----...._ __ __.__.....-_ _._ __ ~ 
I 

INLO I JO 

.2V 

CAZ C1NT 

~[i8 ___ III!__ -- -- ---- - - - - - --
29 

INIEliRATOR 

N'UT 
LOW 

27 

» _________________________________________ _ 
v-

F1gure 3: Analog Sect1on of 7106/7107 

1. AUTO-ZERO PHASE 

Ouring auto-zero three th1ngs happen. First, input h1gh and low are d1sconnected from the pins and 
1nternally shorted to analog COMMON. Second, the reference capac1tor is charged to the reference 
voltage. Th1rd, a feedback loop 1s closed around the system to charge the autozero capac1tor CAz to 
compensate for offset voltages 1n the buffer ampliher, integrator, and comparator. S1nce the 
comparator 1s included in the loop, the A-Z accuracy 1s hm1ted only by the no1se of the system. ln any 
case, the offset referred to the input 1s less than 10 µV. 
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2. SIGNAL INTEGRATE PHASE 

During signal integrate, the auto-zero loop is opened, the internai short is removed, and the internai in
put high and low are connected to the different1al voltage between IN HI and IN LO for a fixed time. This 
differential volt~e can be within a wide common mode range; within one volt of either supply. lf, an the 
other hand, the input signal has no return with respect to the converter power supply, IN LD can be tied 
to analog C0MMON to establish the correct common-mode voltage. At the end of this phase, the po
larity of the integrated signal is determin'ed. . 

3. DE-INTEGRATE PHASE 

The final phase is de-intei1rate, or reference integrate. Input low is internally connected to analog 
COMMON and input high Is connected across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected with the correct polarity to cause the inte
grator output to return to zero. The time required for the output to return to zero is proportional to 
the input signal. 

Specifically the digital reading displayed is 1000 { :~~ ). 
□IFFERENTIAL INPUT 

The input can accept differential voltages anywhere within the common mode range of the input ampli
fier; or specifically from as volts below the positive supply to 1.0 volt above the negative supply. Ho
wever. since the integrator alsa swings with the common mode voltage, care must be exercised to as
sure the integrator output does nat saturate. A worst case condition would bea large positive common 
mode voltage with a near full-scale negative differential input voltage. The negative input signal drives 
the integrator positive when mast of its swing has been used up by the positive common mode voltage. 
For these criticai applications the integrator swing can be reduced to less than the recomrnended 2 V 
full scale swing with little loss of acruracy. The integrator output can swing within 0.3 volt·s of either 
supply without loss of linearity. 

□IFFERENTIAL REFERENCE 

The reference voltage can be generated anywhere within the power supply voltage of the converter. 
The main source of common mode error is a roll-over voltage caused by the reference capacitor losing 
or gaining charge to stray capacity an its nedes. lf there is a large common mode voltage the reference 
capacitor can gain charge ~ncrease voltagel when called up to de-integrate a positive signal but lase 
charge ldecrease voltagel when called up to deintegrate a negative input signal. This difference in refe
rence for l+I or 1-1 input voltage will give a rollover error. However, by selecting the reference capaci
tor large enough in comparison to the stray capaţitance, this error can be held to less than 0.5 count 
for the worst case condition ISee Component Values Selection belowl. 

ANALOG CDMM□N 

This pin is induded primarily to set the common mode .voltage for battery operation IMMC 71061 or 
for any system where the input signals are floating with respect to the power supply. The C0MMON 
pin sets a voltage that is approximately 2.8 volts more negative than the positive supply. This is selec
ted to give a minimum end-of-life battery voltage of about 6 V. However, the analog COMM0N has 
seme of the attributes of a reference voltage. When the total supply voltage is large enough to cause 
the zener to regulate I > 7 VI, the COMMON voltage will have a low voltage coefficient and low output 
impedance. 
The limitations of the an-chip reference should alsa be recognized, however. With the MMC 7107, the 
internai heating which results from the LED drivers can cause seme degradation in performance. □ue 
to their higher thermal resistance, plastic parts are poorer in this respect than ceramic. The combina
tion of reference Temperature Coefficient ITCI internai chip dissipation, and package thermal resis
tance can increase noise near full scale. Alsa the linearity in going from a high dissipation count sucii as 
1 OOO 120 segments ani to a low dissipation count such as 1111 18 segments ani can suffer by a count 
or more. Devices with a positive TC reference may require severei counts to puii aut of an overload 
condition. This is because overload is a low dissipation mode, with the three least significant digits 
blanked. Similarly, units with a negative TC may cycle between overload and a non-overload count as 
the die alternately heats and cools. AH the problems are of course eliminated if an externai reference 
is used. 

The MMC 7106, with its negligible dissipation, suffer from none of these problems. ln either case, an 
externai reference can easily be added, as shown în Fig. 4. 

Analog CDMMON is alsa used as the input low return during auto-zero and de-integrate. lf IN L0 is 
different from analog COMMON, a common mode voltage exists in the system and is taken care of 
by the excellent CMRR of the converter. However, in seme applications IN LO will be set at a fixed 
known voltage lpower supply common for instancel. ln this application, analog Common should be tied 
to the same point, thus removing the common mode voltage from the converter. The same holds true 
for the reference voltage. lf reference can be conveniently referenced to analog COMM0N, it should 
be since this removes the common mode voltage from the reference system. 
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REF 

lltC 
1116/7101 

y-

la! 

y 

1111[ 
'l106n107 

REFII 

IEFLD -
Fig. 4 : Using an Externai Reflralce 

.bi 

MMC 71 aa. MMC 71 07 

....... 

\lV 
All'UIENIE 

Within the IC. analog COMMON is tied to an N channel FET that can sink 30mA or more of current to 
hold the voltage 2.8 volts below the positive supply lwhen a load is trying to puii the common line pos1-
tivel. However, there is only 1 O µ.A of source current, so COMMON may easily be tied to a more nega
tive voltage thus over-riding the internai reference. 

TEST 

The TEST pin serves two functions. On the MMC 7106 it is coupled to the internally generated digital 
supply through a 500 n resistor. Thus it can be used as the negative supply for externally generated 
segment drivers such as decimal points or any other presentation the user may want to include on the 
LCD display. Figures 5 and 6 show such an application. No more than a 1 mA load should be applied. 

The second function is a .lamp test". When TEST is pulled high Ito v•1 all segments will be turned on 
and the display should read - 1888. The TEST pin will sink about 1 O mA under these conditions. 

Caution: on the MMC 7106. in· the lamp test mode, the segments have a constant d-c voltage Ino squa
re-wavel and may bum the LCD display if left in this mode for several minutes. 

NNC 
11116 TO LCD 

IIDHAI. POINT 

Figln 5: Sinple lnv.rt.r b' Fixed Decinal Pailt 

DIGITAL SECTION 

v• 
r--

♦ y 
BP 

f 
NNC DECIMAL 
1106 P011fT 

SELECT 

TEST 

f9" 6: Exclusive 'OR'Gall! far Decinal Point Drive 

Figures 7 and 8 show the digital section for the MMC 7106 and MMC 7107. respect1vely. ln the MMC 
7106, an internai digital ground ia generated from a 6 volt Zener diode and a large P channel source 
follower. This supply is made stiff to absorb the relative large. capacitive currents when the back 
plane IBPI voltage is switched The BP frequency is the clock frequency div1ded by 800. For three rea
dings/second this is a 60 Hz square wave with a nominal amphtude of 5 volts. The segments are driven 
at the same frequency and amplitude and are in phase with BP when OFF, but out of phase when DN. ln 
all cases negligible d-c voltage exists across the segments. 

Figure 8 is the Digital Section of the MMC 7107. lt is 1dentical to the MMC 7106 except that the regu
lated supply and back plane drive have been eliminated and the segment drive has been increased from 
2 to 8 mA, typical for instrument size common an ode LED displays. Sin ce the 1 OOO output (pin 191 
must sink current from two LED segments, it has twice the drive capability or 16 mA. 

ln both devices, the polarity indication is .on" for negative analog inputs. lf IN LO and IN HI are reversed, 
this indication can be reversed also, if desired. · 
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MO< PLANE 

To swikh Drivars-------+--------, 
fraot Comparator Output ------+----, 

I 

l 
i 

37 ! 
--+------t--..,_---ţ---------------r--r'W\flr~TEST 

osc, 

~------ 3!_ ___ _ 

osc 2 OSC3 

' 26 I 

------------....... ,v-
31 ____________ •- _______ • _______ • _ I 

Figure 7: 01g1tal Sect,on 71 06 

40 

osc, 

-I: 

I 
I 
I 
I 
I 

" 
TESi 

'---1--.J.-t----------------L---'-'El)I ~~ 
31 __ --- -- --- _ ---- ----- __ -- _ .J 39 

05[2 OSC3 

F1gure 8: 01g1tal Sect,on 7107 
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SYSTEM TIMING 

Figure 9 shows the clocking arrangement used in the 7106 and 7107. Three basic clocking arrange
ments can be used: 

1. An externai oscillator connected to pin 40 
2. A crystal between pins 39 and 40 
~-- An R--C oscillator using all three pins. 

' I 
L--------

EXTIRNAL 
OSCILLATOA 

TESTIHMC 7106) 
orGND IMMC 71071 

MMC 7106/7107 

TO 
CIUITIR 

The oscillator frequency Is divided by four before it clocks the decade counters. lt is then further div1-
ded to form the three convert-cycle phasess. These are signal integrate 11 OOO countsl, reference 
deintegrate 10 to 2 OOO countsl and auto-zero 11 OOO to 3 OOO countsl. For s1gnals less than tuli scale, 
auto-zero gets unused portion of reference deintegrate. This makes a complete measure cycle of 
4 CXX) (16 OOO clock pulsesl independent of input voltage. For three readings/secod an oscillator fre
quency of 48 kHz would be used. 
To achieve maximum rejection of 50 Hz pickup, the signal integrate cycle should be a multiple of 50 Hz. 
Oscillator frequencies of 200 kHz, 100 kHz, 66 2/3 kHz. 50 kHz. 40 kHz etc. should be setected. 
Nota that 40 kHz 12.5 readings/secondl will reject both 50 and 60 Hz Caiso 400 and 440 Hzl. 

COMPONENT VALUE SELECTIDN 

1. INTEGRATING RESISTOR 

Both the buffer amplifier and the integrator have a class A output stage with 100 µ.A of quiescent 
current. They can supply 20 µ.A of drive current with negligible non-linearity. The integrating resistor 
should be large enough to remain in this very linear region over the input voltage range, but small 
enough that undue leakage requirements are not placed on the PC board. For 2 volt tuli scale, 470 KO 
îs near optimum and similarly a 4 7 KO for a 2000 mV scale. 

2. INTEGRATING CAPACITOR 

The integrating capacitor should be setected to give the maximum voltage swing that ensures tole
rance build-up will not saturate the integrator swing lapprox. 0.3 volt from either supplyl. ln the MMC 
7106 or the MMC 7107, when the analog COMMON is used as a reference, a nominal ±2 volt full 
scale integrator swing is fine. For theMMC7107 with ±5 volt supplies and analog COMMON tied to 
supply ground, a ±3.5 to ±4 volt swing is nominal. For three readings/second 148 kHz clockl nominal 
values for C1Nr are 0.22 µ.F and 0.1 O µ.F, respectively. Of course, if different oscillator frequencies are 
used, these values should be changed in inverse proportion to mentain the same output swing. 
An additional requirement of the integrating capacitor is it have low dielectric absorbtion to prevent 
rollover errors. While other types of capacitors are adequate for this applicaliion, polypropylene capa
citors give undetectable errors at reasonable cost. 

3. AUTO-ZERO CAPACITOR 

The size of the auto-zero capacitor has sOIT_le influence on the noisE! of the system. For 200 mV tuli 
scale where·noise îs very important.a 0.47 µ.Fcapacitor îs recommended.On the 2 volt scale a 0.047 µ.F 
capacitor increases the speed of recovery from overload and is adequate for noise on this scale. 

4. REFERENCE CAPACITOR 

A 0.1 µ.F capacitor gives good results in most applications. However, where a large common mode vol
tage exists li.e. the REF LO pin is not at analog COMMONl and a 200 mV scale is used, a large value îs 
required to prevent roll-over error. Generally 1.0 µ.F will hold the roll-over error to 0.5 count in this in
stance. 

5. OSCILLATOR COMPONENTS 

For all ranges of frequency a 100 kO resistor is recommanded and the capacitor îs selected from the 
.45 

equation f = RC • For 48 kHz clock [3 readings/secondl, C = 100 pF. 
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6. REFERENCE VOL TAGE 

The analog input reequired to generate tuli-scale output C2 OOO countsl is: VIN = 2 VREF· Thus, for the 
2.000 mV and 2 OOO volt scale. Vref should equal 100.0 mV and 1.000 volt, respectively. However, in 
many applications where the A/O is connected to a transducer, there will exist a scale factor other 
than unity between the input voltage and the digital reading. For Instance. in a weighing system, the de
signer might like to have a tuli scale reading when the voltage from the transducer is 0.682 V. lnstead 
of dividing ţhe input down to 2000 mV, the designer should use the input voltage directly and select 
VRJ:F = .341 V. Suitable values for integrating resistor and capacitor would be 120 kn and 0.22 p.F. This 
makes · the system slightly quieter and also avoids a divider network on the input. The MMC 7107 
with ±5 V supplies can accept input signals up to± 4V. Another advantage of this system occurs when 
a digital reading of zero is desired for V1N-# O. 
Temperatura and weighing systems wIth a variable tare are examples. This offset reading can be con
veniently generated by connecting the voltage transducer between IN HI and CDMMON and the varia
ble Cor fixedl offset voltage between COMMON and IN LO. 

7. MMC 71 07 POWER SUPPLIES 

The MMC 7107 is designed to work from ±5 V supplies. However, if a negative supply is not availa
ble, it can be generated from the clock output with 2 diodes, 2 capacitors, and an inexpensive I.C. 
ln tact, in selected applications no negative supply is required. The conditions to use a single + 5 V 
supply are: 
1. The input signal can be referenced to the center of the common mode range of the converter. 
2. The signal is less than ± 1.5 volts. 
3. An externai reference îs used. 

To pln 1--4:-::0------, 

OSC! 
osc2n--,.... 
OSC3 
TEST 

REF HI o-----, 
REF LO D--:-:--:t-,,~::2"!',_. 

C REF 
C REF 

connoN 1.1--::--:9 
IN HI D-..:::+-=-+-----+<>11 
IN LO ~-------+<> 

A/Z 
BUFFD---+ 

!NT 
v-o------~ 
02 
C3 
A3 
03 
BP 

7106 21 

DISPLAY 

•• 

Fig.1 7106 using the Intemal reference. Values • 
shown are for 200.0 mV tuli scale. 3 readings per 
second, floating supply voltageCSV batteryl 

Ta p,n I 
40 

OSCl 
OSC2 .... , 
OSC3 
TEST 

REF HI 
REF LO •IV 

C REF 
C REF •••• 

connoN 
IN HI li 
IN LO 

A/Z 
BUFF 

!NT 
y- -.. 
02 }o C3 DISPLAY 
A3 
03 

GND 

7107 21 

Fig.3 7107 with Zener diode reference. Since low T. 
C. Zeners have breakdown voltage ·a.a V, diode 
must be placeed across the total supply 11 OVJ. IN LO 
may be tied to either COMMON or GND 
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To ptn I -....,4.,,..0 -------, 

OSC! 
osc2a--
osc3 
TEST 

REF HI a-----, 
REF LO a-_....,... _ __,.,_ __ -.o, s , 

C REF 22 ' ~ 
C REF 

connoN 
I N HI a-c=...-:::....,.----0_ 
IN LO I ►-----+o 

RIZ 
BUFF 

!NT 
v- a------"T"O- 5 V 

G2 
C3 
A3 
G-3 

GNO 

Fig.2 7107 using the internai reference. Values 
shown are for 200.0 mV full scale, 3 readings per 
second. INLO may tied to either COMMON for in
puts floating with respect to supplies, or GND for 
single ended inputs. ISee discussion under Analog 
COMMON.J 

To ptn I 40 

OSC! 
osc20---
osc3 •• ·r··· TEST 100 p1 

REF HI .--.-----, 
REF LO a:-..,.......,,..._...,.. __ .., 

C REF 
C REF 

connoN 
I N HI a-~-+-----a 
IN LO a-------o 

A/Z 
BUFF 

!NT -v-
02 
C3 
A3 
03 

BP/OND 
21 

Jo DISPLAY 

Fig.4 7106/7107 Recommended component values 
for 2.000 V full scale 



MMC 91!51 

PUSH BUTTDN TELEPHDN DIALLER 

GENERAL DEBCRIPTIDN 

The MMC 9151 Pi.Jshbutton Oialler performs the 
function of converting input data from a keyboard 
into a series of pulses suitable for loop disconect 
d1aling. lt can be operated directly by the telephone 
line cur'rent and it has a rediai capability. lt has the 
facility of B:M and IOP pin selection. The use of 
CMOS technology results in low voltage and current 
requiremE.,1ts enabling easy interfacing with a va
r1ety of telephones. 

ABSDLUTE MAXIMUM RATINCIS 

FEATURES 

• 2.5 to 5 V and 200 mA plus standby mode 
• frequency of an- chip clock set by externai RC 

network 
• selectable break: make ratio and interdigital pause 
• uses 3 x 4 matrix keyboard with no keyboard 

ground or common contact 
• keyboard inputs have antibounce protection 
• input pull-up or pull-down resistor an-chip 
• rediai controlled from keyboard 
• 22 digit capacity 
• dialler reset for line power breaks > 200 ms 

Voltage an any pin with respect to VSS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -03 to 5.5 V 
Storage temperature range . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65° C to 85° C 

• exceding these ratings could cause permanent damage to the device. This is a stress rating only and 
functional operation of this device at these conditions is nat implied - operating ranges are speci
fied in Standard Conditions. Exposure to maximum rating conditions for extended periods may af
fect device reliability. 

CDNNECTIDN DIAGRAM KEVBDARD CDNNECTIDN 

Kil 
..L 

KS3 

llf.2 · 

v„ 
CI.IUN ttll:;K 

tl li IOP SrLnT 

Lflil: s,n ~ru:cr 
.l.. 
*Î 

STANDARD CDNDITIDNS lunless otherwise notedl 

Vss= O V 
Voo, = V002 = 2.5 V to 5 V IV001 > V002J 
TA= -25° C to +50° C 

..L .l.. 

g 

KS1 
1<S2 
KS3 

K 11 

K12 

K 13 

K14 

Clock frequency = 18 kHz. The device will function correctly from 8 kHz to 50 kHz but all timings will 
be directly dependent an the clock period 
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MMC9151 

ELECTRICAL CHARACTERIBTICB 
---··· 

PARAMETER TEST VALUcS 
CDNDITIONS UNIT 

min. typ. max. 

INPUTS 
V1L 
logic .o· levei -0.3 - 0.2 V 
V1H 
logic .1 • levei Vo02-0.2 - Voo2+0.3 V 
current source to 
V 002 (keyboard inputsJ note 1 2 - 60 /µA 
current sink to 
V55 lk,board 
inputs, OP, BIMJ 3 - 90 /µA 
clock in leakage 
current tA = 25° C 

V,n = V55 or V001 - - 20 nA 
key depression 
period 10 - - ms 
OUTPUTS 
LINE 
loL 
logic „O" output V0 = 1 V 2 - - mA 
current 
loFk 
lea age current V0 = 5 V - - 1 /µA 
MASK 
loL. , 
logic „o· output 
current V0 = 1 V 2 - - mA 
loH 
logic • 1 • output 
current V0 = Vo02-1 V 2 - - mA 
CLOCK FREQUENCY Voo, = 'V:.02 = 3.75 V 17.2 - 18.6 kHz 

Vo01 = 002 = 2.5 V 14.3 - - kHz 
V 001 = V 002 = 5 V - - 19.5 kHz 

SUPPL Y CURRENT 
1001 V001 = 5 V V002 = OV - - 7 /uA 
1002 Voo2 = 5 V note 2 - - 200 /µA 

note 1: the device will function correctly with a maximum logic .o· of 1 Vanda minimum logic .1" of 
V 00-1 V. However use under these conditions may resuit in an increased supply current. 

note 2: measured with 8:M, IDP inputs at V55 and with no keys depressed. 

BL0CK 01AGRAM 

1 Vss 
IDP B,H HS 
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MMC 91151 

FUNCTICNAL CESCAIPTICN 

V 55 - the negative supply of the device. AH voltages are referenced to this pin. 
V002 - the positive supply to the digit stare and write counter. Power must be maintained an this pin if 

the rediai tunction is used. 
V001 - the positive supply to the clock generator and control logic. V□D2 should rise to 2.5 V within 

20 ms of sw~EM~ 
CLOCK IN, CLOCK, - these pins are conected to an externai RC network whick controls the 

frequency of the clock generator and hence the timing of ttie line and mask outputs. 
HANDSET INPUT - the state of the handset input is used to control this input. a logic .1 • an the input 

indicating that the handset is an hook and a logic .o· indicating that the handset is oft hook. 
This input is used to reset the control logic depending an the past history of the input. lf the in
put is taken from logic „1 • to logic .o• and the clock is nat oscillating. a reset puise is produced 
when clock pulses are detected. The device is then ready for operation. lf the input is taken to 
logic • 1" for less than 200 ms and the clock generator is operatin9 throughout this period, a 
reset puise is nat produced when the input is taken back to logic .o . Thus short breaks in line 
power will nat aftect the operation of the circuit. 
lf the input is taken to logic .1 • for more than. 200 ms and clock pulses are presant throu
ghout this period a reset puise will be generated at the end of the 200 ms period. 

LINE OUTPUT - the loop disconect dial pulses appear at this output. lt is an open drain output with the 
source of the outpuţ transistor being conected to V.55:. A break period corresponds to this 
transistor being switched an and a make period or l□P corresponds to the transistor being 
switched oft. 
The first digit of any outdialing sequence is preceded by a pre digit pause equal in length to an 
interdigital pause. 

MASK OUTPUT - this is a push puii output and is used to mute the telephone speech circuit. A logic 
„1" indicates that the speech circuit is tobe muted, this occurring immediately an recognition of 
an input from the keypad. · 

IDP INPUT - this pin is used to select the duration of the interdigital pause. With a clock frequency of 
18 kHz interdigital pauses of 700, 800 ms may be selected. · 

IDP 

700ms 
800ms 
500ms 

Voltage an pin 

Vo02 
Vss 
clock 

BREAK: MAKE RATIO - a choice of four break: make ratio is available as a pin programmable option 
70 : 30, 66.6 : 33.3, 60 : 40 and 50 : 50 

Break: Make Ratio 

ratio voltage an pin 

70 :30 clock 

66.6: 33.3 Voo 

60:40 Vss 

50:50 clock 

KEYBOARD INPUTS - a puise of logic .o• is sequentially switched around the ttiree keyboard scan 
outputs, taking 5 ms for a complete scan cycle. When a key is pressed the puise appears an 
one of the faur key inputs 1 - 4 lprovided w1th pull-up resistors to logic .1 "J and if it occurs an 
the seme input an the next scan cycle, the data is entered into the digit stare. Before a second 
key depression may be recognized, the first key must be released and a tuli scan cycle com
pleted without a puise an any input. lf two keys are pressed during the same scan cycle, the 
data will be rejected and again a tuli scan cycle must be completed without a puise appearing an 
any of the inputs before another key depression may be recognized. lf a key is pressed during 
an inhibit period or two keys are pressed simultaneously, all ttree scan outputs will go to logic 
o· until the key or keys is/ara released. 

REDIAL OPl::RA TION - the 4: button may be used to rediai the number in the digit stare. lf the rediai 
mode 1S uşed, power must be maintained on V□D1 at all times. 



LINE AND MA■K DUTPUT TIMINII 

MASILJ ·--·--i__ 

LINE~···-i_n_r-

11 I I I I I I 
12 3 4 5 6 7 8 

MMC 81151 

The above sequence of events is that wich occur when the digit stare is initially empty. The time inter
vals quoted in the folowing explanation aree valid only for a clock frequency of 18 kHz. The time inter
vals are inversely proportional to the cloclc frequency. 

Event 

1 The first key is depressed and the anti bounce 
timer is started. 

2 The data from the keyboard is accepted. The 
mask output appears and the pre digital pause 
commences. This is the same duration as the 
interdigital pause and is pin selectable. 

3 Dialling of the first digit starts. The example 
shown is a di9it 2. 

4 End of 1 st digit and start of inter digital 
pause. 

5 Dialling of 2nd digit starts. The example shown 
is digit 1. 

6 End of second digit and start of inter digital 

Time interval 

T1_ 2 = 5-10 ms aker end of bounce 

T 2-3 = 700, 800 or 500 ms 

T 3-4 = n x 100 ms where n = digit dialed 

T 4 _ 5 = 700, 800 or 500 ms. 
T 5-a = n x 100 ms where n = digit dialed 

paus~ T 6_ 7 = 700, 800 or 500 ms 
Dialling of further digits continues in a similar manner until the last ~git. 
7 Dialling of last digit commences, in this case a T 7-a = n x 100 ms where n = digit dialed 

digit 2. 
8 End of last digit and end of mask signal. 

TVPICAL.APPLICATIDN 

51K 

2K 
2700. 

MMC 9151 

KEY~ 
47PF 

10 =---"-----+--+--"-...... --___.-------+--.,__ ...... _, AH 
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MMC 229215/B/7 /B 

4-DIGIT CDUNTERB WITH MUL TIPLEXED 
?-SEGMENT OUTPUT DRIVER& 

GENERAL DEBCRIPTIDN 

Theese CMOS counters consist of a 4-counter, an 
internai output latch, NPN output sourcing drivers 
for a 7-segment display and an internai multiplexing 
circuitry with four multiplexing outputs. The multi
plexing circuit has its own free-running oscillator and 
requires no externai clock. The counters advance on 
negative edge of clock. A high signal on the Reset in
put will reset the counter to zero and reset the car
ry-out low. A low signal on the Latch Enable input will 
latch the number in the counters into the internai 
output latches. A high signal on Display Select input 
will select the number in the counter to be displayed; 
a low level signal on the Display Select will select the 
number in the output latch to be displayed. 
The MMC 22925 is a 4-decade counter and has 
Latch Enable, Clock and Reset inputs 116 pins 
packagel. 
The MMC 22926 is like the MMC 22925 except 
that it has a Display Select and a Carry-Out used for 
cascading counters. 

ABBDLUTE MAXIMUM RATINGB 

Voci~ Supply voltage 
V, Input voltage 
I, DC input current lany one inputl 
Ptot Total power dissipation 
TA Operating temperature 
Tstg Storae temperature 

The Carry-Out signal goes high at 6000 and goes 
back low at 0000. · 
The MMC 22927 is like the MMC 22926 except 
that the secound most significant digit divides by 6 
rather than 1 O. Thus, if the clock input frequency is 
1 O Hz, the display would read tenths of seconds and 
minutes li.e., 9:59:91. 
The MMC 22928 is like the MMC 22926 except 
that the most significant digit divides by 2 rather 
than 1 O and the Carry Out is an overflow indicator 
which goes high at 2000, and goes back low only 
when the counter is reset. Thus, this is a 3 1 /2-digit 
counter. 

FEATURE& 

• Supply voltage range 3 V to 6 V 
• Internai multiplexing circuitry 
• High segment sourcing current: 40 mA at V aur = 

'fuo - 1.6 V, V00 = 5 V 
• Guaranteed noise margin 1 V 

-0.3 to 6.5 V 
-0.3 to V00+0.3 V 

±10 mA 
Refer to PoiMAXJ vs TA Graph 

o to 70 C 
-40 to 125 C 

RECDMMENDED DPERATING CDNDITIDNB 

Supply voltage 
Input voltage 
Operating temperature 

~l- Ali voltage voluies are referred to Vss pin voltage 

CDNNECTIDN DIAGRAM - MMC 22925 

MMC 229215 
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g 
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MMC22925/&/7/B 

FUNCTIDNAL DESCRIPTIDN 

Reset 
Display Select 

Latch Enable 

Clock 

- Asynchronous, active high 
- High, displays output of counter 
- Low, displays output of latch 
- High, flow through condition 
- Low, latch condition 
- Negative edge sensitive 

Digit Output 
Carry-out 
Segment Output 

- Current sourcing with 1 mA Vour = 1.75 V. Alsa sink capability = 2 LTTL loads 
- 2 L TTL loads lsee caryy-out waveformsl 
- Current sourcing with 80 mA Vour = V00 - 1.6 V typical CTI = = 25 CI. Alsa sink 

capability = 2 LTTL loads. 

BLDCK DIAIIRAM 

MMC 22925 MMC 2292& 
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STATIC ELECTRICAL CHAAACTERIBTICS 
Cover recommended operating conditionsl 

PARAMETER TEST CONDITIONS 

CMOS TO CMOS INTERFACE 

VIN (11 Logica! "1" Input Voltage Vcc = 5.0V 
VIN (Ol Logica! "O" Input Voltage Vcc = 5.0V 
V our ( 1 I Logica! "1" Output Voltage Va:.= 5.0V, Io= -10µA 

CCarry-Out and Digit Output 
Onlyl 

V0 ~r COI Logica! "O" Output Voltage Vcc = 5.0V, 10 = 10 µA 
IIN 11 Logica! "1" Input Current Vcc = 5.0V, VIN = 5V 
l1N (Ol Logica! "O" Input Current Vcc = 5.0V, VIN = DV 
1cc Supply Current Vcc = 5.0V, Outputs Open 

Circuit, VIN = OV or 5 V 
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MIN TYP MAX 

3.5 
1.5 

4.5 

0.5 
0.005 1.0 

-1.0 -0.005 

20 1000 

'"' 

... 

UNIT 

V 
V 
V 

V 
µA 
µA 

µA 



PARAMETER TEST CONDITIONS MIN 

OUTPUT DRIVE 

Vour Output Voltage laur= -65mA, Vcc = 5V, 
(Segment Sourcing Output! Ti= 25°C 

laur= -40mA, (Ti=100°CVcc-1.6 
Vcc = 5V Ti=150°CVcc-2 

RaN Output Resistance lour = -65mA, Vcc = 5V, 
!Segment Sourcing Output! T1 = 25°C 

lour= -40mA, [T=100oc 
Vcc = 5V T1-150°C i-

Output Resistance ISegmen 
Output! Temperature 
Coeficient 

lsouRCE Output Source Current Vcc = 4.75V, Vaur = 1.75V, -1 
!Digit Output) Ti = 150°c 

lsouRCE Output Source Current Vcc = 5V, V0ur = OV, -1.75 
ICarry-outl rri = 25°c 

lstNK Output Sink Current Vcc = 5V, Vour = Vcc, 1.75 
CAII Outputsl rri = 25°c 

4'JA·U· Thermal Resistance MMC 22925 
MMC f2926/7 /8 

{!- 4>JA measured in free-air with device soldered into printed circuit board 

DVNAMIC ELECTRICAL CHARACTERIBTIC■ 
T1 = 25°C, CL = 50 pF, unless otherwise specified 

PARAMETER TEST CONOITIONS MIN 

fMAX Maximum Clock Vcc = 5.CJV T1 = 25°C 2 
Frequency Square Wave ClockTi = 100°C 1.5 

t,.. tr Maximum Clock Rise Vcc = 5.CJV 
orl=all Time 

twR Reset Puise Width Vcc = 5.0V 
T1 = 25°C 250 
Ti = 100°c 320 

twLE Latch Enable Puise 
Vcc = 5.0V 

T1 = 25°C 250 
Width T, = 100°C 320 

tsETICK,LEPlock Latch Enable 
Vcc = 5.CJV 

T1 = 25°C 2500 
Set-Up Time T, = 100°C 3200 

tLR Latch Enable to 
Vcc = 5.CJV Ti = 25°c o 

Reset Wait Time Ti = 100°c o 
tsETIR.LB Reset to Latch 

Vcc = 5.CJV Ti = 25°c 320 
Enable Set-Up Time Ti = 100°c 400 

fMux Multiplexing Output Vcc = 5.CJV 
Frequency 

. C1N Input Capacitance Any Input 
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TYP MAX UNIT 

Vcc-1,3 V 

Vcc-1,2 V 
Vcc...-1.4 V 

20 n 

30 40 n 
35 50 n 
0.6 0.8 0/o/,OC 

-2 mA 

-3.3 mA 

3.6 mA 

75 100 oc;w 
70 90 °C/W 

TYP MAX UNIT 

4 MHz 
3 MHz 

15 µS 

10 ns 
125 ns 

100 ns 
125 ns 

1250 ns 
1600 ns 

-100 ns 
-100 ns 

160 ns 
200 ns 

1000 Hz 

5 pF 



MMC aaa■II/B/7 /8 

TIMINCI DIACIRAM 

Input Wavefams 

CLOCK 
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((lffl 
9599-0000 

MMC 2 2928 I STAYS H01 
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TVPICAL PERFDRMANCE CHARACTERIBTICB 
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TVPICAL APPLICATIDN 

Conmon c:athode L E O Display 
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MMN2'1D2 

1 024 BIT STATIC RANDDM-ACCESS MEMDRV 

GENERAL DEBCRIPTIDN 

The MMN 2102 is a high speed 1024 word by 1 sta
tic N-channel silicon-gate MOS RAM. The device is 
fully static and therefore does not require clocks or 
refreshing to operate. The data is read out non des
tructively and has the same polarity as the input 
data. 

ABBDLUTE MAXIMUM RATINGB 

FEATURES 

• Power suplly Vcc = 5V 
• TTL compatible all inputs and outputs 
• Three-state output 
• Input protected against static charge 
• Organization 1 024 X 1 bit in 1 6 pin std. package 

Input voltage Cat any pin) 
Total power dissipation 
Storage temperature 

-0.5 to 7 V 

Operating temperature under bias 

AII voltages are referred to GNO pin voltage 

CDNNECTIDN DIAGRAMB 

1W 
-33 to 125 °C 
O to 70 °C 

A6 A7 
AS AB 

R/W A9 

A1 fE 
A2 DATA OUT 

A3 11 DATA 1N 

A4 Voo 
AO Vss 

TRUTHTABLE 

CE R/W D1N Dour MODE 

H X X HIGHZ NOT SELECTE□ 
L L L L WRITE 10" 

L L H H WRITE '1" 

L H X Dour REA□ 
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STATIC ELECTRICAL CHARACTERIBTICB 

CV cc= 4. 75V to 5.25V, TA= O to 70"C unless otherwise specifiedJ 

MMN 2102 
PARAM ETER TEST CONDITIONS MMN 2102-4 

min. typ. 

V1H Input. high 11oltage 2 
V1L Input low voltage -0.5 
Va-t Output high voltage loH= - 100µ.A 2.4 
Vm Output low voltage l□L = 2.1 mA 
ILI Input load current V1= OVto 5.25 V 1 
l□H Output leakage current CE= 2V, Va= v□H 1 
l □L Output leakage current CE= 2~. V~= 0.4·V -1 
1cc Supply current V1- 5. 5V, 

TA=CJ<>C 
Douropen 33 

Note: typical values for TA= 25°C and nominal supply voltage 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

!T"' = O to 70"C, Vcc = 5 V unless otherwise specified) 

max. 

Vcc 
0.8 

0.4 
10 
5 

-10 

55 

MMNl!102 

MMN 2102-2 MMN 2102-6 
UNI T 

min. typ. max. min. typ. max. 

2 Vcc 2.2 Vcc V 
-0.5 08 -0.5 0.65 V 
2..4 2.2 V 

0.4 0.45 V 
1 10 1 10 114 
1 5 1 5 µ.A 
-1 -10 -1 -10 µ.A 

45· 65 33 55 mA 

PARAM ETER TEST 
CONDITIONS 

MMN 2102-2 MMN 21CE MMN 2102-4 MMN 2102-6 UNIT 

ReadCycle 

trc Read cycle 
t„ Access time 
tE CE to output time 

Previous read data 
tnH1 valid with respect 

to address 
Previous read data 

tH2 vali~with ~pject toc Ip ena 

Writ.e Cycle 

twc Write cycle 
Address to with 

tAW setup time 
twp Write puise width 
twR Write recovery 

time 
ts Datş setup time 
tcw Olip en;ihlP. t.n 

write SP.t. up time 

CAPACITANCE 

!TA= 25°C, f = 1 Mhzl 

PARAM ETER 

c, Input capacitance 
Co Output capacitance 

tRtr10 ns 
Load=1 TTL 
gate and 
CL=100 pF 

tRtF=10 ns 
Load=1 TTL 

gate and 
CL=100 pF 

min. max. min. max. min. max. 

250 350 450 
250 350 450 
130 180 230 

40 40 40 

o o o 

250 350 450 

20 20 20 
180 250 300 

o o o 
180 250 300 

180 250 300 

TEST VALUES 
CONDITIONS min. typ. 

v,= ov 3 
Vo= O V 7 

352 

min. max. 

650 
650 
400 

50 

o 

650 

200 
400 

50 
450 

550 

UNIT 
max. 

5 pF 
10 pF 

n 
n 
n 

n 

s 
s 
s 

s 

ns 

ns 

ns 
ns 

ns 
ns 

ns 



•LDCK 01AIIRAM 

8 
ADESS o 

A[IRES5, 14 

AtlRESS 25 

6 
AtlRESS 

~ 
7 

READ 
WRITE 

11 
DATA 
INPUT 13 

L 

WAV■,rORM■ 

Jl■A0 CVCL■ 

ADCRESS 

CtflP 
ENABLE 

DATA 
OUTPUT 

WRIT■ CVCL■ 

AODRESS 

CHIP 
ENAl!.E 

READ/ 
WRITE 

DATA 
INPUT DATA CAN 

ROW 
SELECTOR 

~~ ... "-

ta ). 

-
~ ,. 

I 

~ 
tAW , 

'[ 
I 

CHAt{iE~ ~ 

10 
-v□o 
---!.~ 

CELL ARRAY 
32 ROW.S 
32 COWHNS 

COLlJ1N 1/0 CIRCUITS 
12 

DATA 
OUTPUT 

RC 

J 

tE 

~" 
fe tOiz -

) 
,--

... 11,,. '--
.t0i1 

) ~ "-
tcw tWR 

~ 
~ 

1\,/p 
~ 

~,. 
T5 

lt, 

DATA STABLE 'l(~TA CAN CHANG 
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MMN 8114 

1 D24 X 4 BIT STATIC RAM 

GENERAL CIEBCRIPTION 

MMN 2114 îs a 4096-bit static Random Access 
Memory organized as 1 024 words by 4-bits using a 
high perfomiance MOS technology. lt uses fully DC 
static circuitry throughout, în both array and deco
ding: therefore it requires no clocks or refreshing to 
operate. Data access îs particularly simple since ad
dress setup times are not required. The data îs read 
out nondestructively and has the seme polarity as 
the input data. . 
Common input/output P,ins1_are provided. MMN 2114 
îs designed for memory applications where high per
fom,ance and high reliability, low cost, large bit sto
ra~e. and . simple interfacing are important design 
obIectives. 
MMN 2114 is placed în an 18-pin package for the hi
ghest possible density. lt îs directly TTL compatible 
în- all respects: inputs, outputs, a single +5 V supply. 

A separate Chip Select CCSI lead allows easy selec
tion of an individual package when outputs ·are or
tied. 

ABSOLUTE MAXIMUM RATINCIS 

Pţot 

Temperature under bias 
Storage Temperature 
Voltage on any Pin with 
Respect to ground 
Power dissipation 

COMMENT 

FEATURES 

• single +5 V supply 
• identica! cycle and access times 
• completely static memory - no clock or timing 

strobe required 
• directly TTL compatible: all inputs and outputs 
• common data input and output using three-state 

outputs 
• high density 1 8 pin package 

-1 O"C to BO"C 
-65°C to 150"C 

-0.5Vto +7V 
1.0W 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those in-
dicated in the operational sections of this specification îs not implied. · 
Exposure to absolute maximum rating conditions tor extended periods may affeet device reliability. 

PIN CONN■CTIONB 

A1 

A2 
Es 

GND 

PINNAME■ 
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MMNS114 

D.C. CHAFIACTEAl■TIC■ 

TA= O"C to +70"C, Vcr:; = 5 V± 50/o (Unless otherwise specifiedl 

MMN 2114-2, 
PARAMETER TEST CONDITIONS 2114-3, 2114 

min. max. 

lu Input Load Cummt CAII input pinsl V1N = 0 to 5.25 V 10 

IILol 1/0 Leakage Current CS= 2.4V, 10 
V110 = 0.4 V to Vcc 

lcc1 Power Supply Current Vcc = 5.25 V. l11o = 95 
o mA, TA= 25°C 

lee2 Power Supply Current Vec = 5.25 V. 1110 = 100 
O mA, TA= O"C 

V1L Input Low Voltage -0.5 0.8 
V1H Input High Voltage 2.0 Vcc 
loL Output 1.ow eurrent VoL = 0.4 V 2.1 6.0 

l□H Output f-!igh eurrent VOH = 2.4V -1.0 -1.4 

A.C. CHAFIACTEFll■TICB 

ITA= O"C to 70"C, Vec= 5 V± 50/o IUnless Otherwise Specifiedl 

2114-2 2114-3 2114 
PARAMETER 

1----,,---+----,----+---,-----i 

A■■d cycle 

tRe Read Cycle Time 
tA Access Time 
tec Chip Select to 

Output Valid 
tex Chip Select to 

Output Enabled 
t□TO Chip Deselect to 

Output Off 
t□HA Output Hold From 

Address Change 

Wrlt:a ayal■ 

twc Write Cycle Time 

tw Write Puise Width 
twR Write Release Time 
taiw Write to Output Off 
tow Data to Write Overlap 

t□H Data Hold 

CAPACITANCE 

TA= 2& C, f = 1.0 MHz 

PARAMETER 

c,10 Input/Output Capacitance 
C1N Input Capacitance 

min. max. min. _ max. 

200 300 
200 300 

70 100 

20 20 

60 80 

50 50 

200 300 
1c:O 150 

o o 
60 80 

120 150 
o o 

typ max 

5 
5 

Note:This parameter is periodically sampled &nd not 1 ()()O/o tested. 

355 

min. max. 

450 
450 

120 

20 

100 

50 

450 
200 

o 
100 

200 

I o 

UNIT 

pF 
pF 

UNI T 

µA 

µA 

mA 

mA 

V 
V 

mA 
mA 

UNIT 

ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 
ns 
ns 
ns 
ns 



A.C. TEST CDNDITIDNB 

Input Puise Levels 
Input Rise and Fall fime 
Timing Measurement Levels: 

Q.Jtput Load 

a- re BTDRAGE 

Input 
Output 

O 8 V to 2V 
10 ns 
1.5 V 

0.8 V and 2V 
1 TTL Gate and 100 pF 

MMN 2114 

When ~ is high, the data input buffers are inhibited to prevent erroneous data from being written into 

the array. As long as~ remains high, the data stored cannot be afected by the Address, Chip Select, or 
Data 1/0 logic levels or timing transitions. 

Data storage also cannot be affected by ~. Addresses, or the I/ O ports as long as CS is high. Either CS or 

WE or both can prevent extraneous writing due to signal transitions. 

Data within the array can only be changedduring Write time-defined as the overlap of CS low and WE low. 
The addresses must be properly established during the entire Write t1me plus twR· 
Internai delays are such that address decoding propagates ahead of data inputs and therefore no address 
setup time is required .lf the Write time precedes the addresses, the data in previously addressed loca
tions, or some other location, may be changed. Addresses must remain stable for the entire Write cycle 
but the Data lnputs may change. The data which is stable for tow at the end of the Write time will be writ
ten into the addressed location. 

BLDCK DIAGAAM 

A3 .!tva: 
A4 -Loo 

AS ROW MEMORY ARRAY 

Ai, 
SELECT 64.ROw'S 

64 COLUMNS 
A7 

A8 

(/01 

(/02 
COLUMN 1/0 CIRCUITS 

INPUT 

1/03 
DATA 

CONTRCX. COJJMN SELECT 

1/04 

[s.,.8_.__.,. ... 

WE 1~0:!-..:t..r------------------__,J 
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MMN&-.-.4 

WAV■FO"M■ 

"••d ayal■ c-. J 

t: 

AllORESS 

cs 

Wrlt.e cycle 

AODRESS 

csl2l 

WE(3) 

DCl.JT 

Notes: 1. WE is high for a Read cycle. 
2. lf the CS low transition occurs simultaneously with the WE low transition, the output buffers 

remain in a high impedance state 
3. WE must be high during all address transitions 
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MMN40■7 

4DSS - BIT DVNAMIC RANDOM ACCEBB 
MEMORV 

GENERAL DEBCAIPTIDN 

The MMN 4027 is a 4096 word by 1 bit dynamic 
N-channel silicon gata MOS RAM. The MMN 4027 
uses a single transistor cell utilizing a dynamic sto
rage technique and dynamic control circuitry with 
low power dissipation. A unique multiplexing and lat
ching technique for the address inputs permits the 
MMN 4027 to be mounted in a standard 1 ~in pac
kage. The MMN 4027 incorporates severei flexible 
operating modes. ln addition to the usual read and 
write cycles, read modify write, page mode anc;I RAS
only refresh cycles are available with the MMN 
4027. Page mode timing is very useful in systems 
requiring Direct Memory Access IDMAl. The device 
is available in 16-lead dual in-line plastic or ceramic 
package lmetal-seall, and ceramic package (frit-
seall. 

ABBDLUTIE MAXIMUM AATINII■* 

Voltage on any pin relative to Vaa 
V!>ltage an VoD Vcc relative to Vss 
Vee- Vss CVoo - Vss > Ol 

TA Qperating temperature 
Tatg Storage temperatura for ceramic package 

la 
for plastic package 

Short circuit output current 
Ptot Total power dissipation 

FEATURE■ 

• Power supply V00 = 12 V, Vcc= 5 V, Vee=-5VCall 
with ± 1()0/o t.olerancel 

• Ali inputs are low capacitance and TTL compatible 
• Input latches for addresses, ctip select and data in 
• lnputs protected egainst static cherge 
• Three-state TTL compatible output 
• Output data latched and valid into next cycle 
• EeL compatible an V88 power supply C-5.7 V.I 
• Low power·consumption: 

active power under 4 70 mW 
standby power under 27 mW 

-0.5 to +20 V 
-1 to +15 V 

o V 
Oto +70 oe 

-65to +150 oe 
-55 to +125 oe 

50 mA 
1 w 

• Stresses grater than those li&ted under "Absolute Maximim Ratings" may cause permanent damage to the device. 
Thi& i& a stres& rati"!I only and functional operation of the device at these or any other condition& above those indicated 
in the operating sect1on& of thi& &pecification in not implied. Expo&ure to absolute maximum rating conditions for exten
ded period& may affect device reliability. 

PIN CDNNECTIDNB 

?OWER 1-SVI 

DATA IN 

READ/WRITE 
INF\JT 
ROW RAS 
AllffiE5S STRJBE 
ADDRESS INPUT AO 

ADDRESS INPUT A2 

AnDRESS INPUT A1 

POWER (+12Vl Voo 

358 

16 

15 
14 

13 

\ss GROUND 
[AS (OLLMN 

ADDRESS STROBE 
D(lJT DATA OUT 

~ CHIP SELECT 

A3 ADDRESS INPUT 

11 A4 ADDRESS INPUT 

10 AS ADDRESS INPUT 

Vcc POWER ( +SV I 



MMN4027 

BLDCK DIACIRAM 

WRiTE--------1----------------- wRm -v□o 
O.OCKS : .~ 

f{1w 
ENABl.f 

---vee 

ENAIU 

Oi\TA DATA IN 
1N 

BUFFER 

CAS 

cs 
_.. ______ -+---+-+-------------'-R=E=SET"'""_DATA __ 

Oi\TA OUT 

COLlffi 
ENABLE 

ENABlE 
OUT 

llJFFER 

AS--
AA--A3--
A2----I 
A1--
T~----t 

: 64Rbwt----~~,,_""""""=!""'-1 
32COLlffi urţs l-~I.WL.~~i!!l..---1-:~~ 
SELECT ffS 

Wl,lllilll,lll.lalMl,W 

RECDMMENDED DC DPERATING CDNDITIDNB 
IT A= O to 70"CJ 

VALUES 
PARAMETER UNIT NOTES 

min typ max 

Voo Supply voltage 10.8 12 ! 13.2 V 2 

Vrr, Supply voltage 4.5 5 5.5 V 2,3 

Vss Supply voltage o o o V 2 

Vas Supply voltage -4.5 -5 -5.7 V 2 ----
v,Hc Input high voltage an RAS, CAS, WRITE 2.4 7 V 2 

- ---
V1H Input high voltage, all inputs except RAS, CAS, WRITE 2.2 7 V 2 

V11 Input low voltage, all inputs -1 0.8 V 2 

DC ELECTRICAL CHARACTEAIBTICB 

ITA=Oto70"CJ IV00 =12V±100/ol IVcc=5V±100/o, V55 =0V, V88 =-5.7to-4.5VJ 

PARAMETER 
VALUES 

UNIT NOT 
min. typ. max. 

ES 

1001 Average V00 power supply current 35 mA 5 

1002 Standby V00 power supply current 2 mA 8 -
1003 Average V00 power supply current during „RAS only" cycles 25 mA 

1cc Vrr, power supply current mA 6 
las Average V88 power supply current 150 µA 

l11L1 Input leakage current lany input) 10 µA 7 

IO!LI Output leakage current 10 µA 8~ 
V□H Output high voltage 11s□uRCE= -5mAJ 2.41 V 

V□L Output low voltage llsiNK = 3.2 mA 0.4 V 
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AC CHAAACTEAl■TIC■ AND AECDMMENDED DPEAATINCI 
CDNDITIDN■ 
CT A= O to 70"CJ lVoo = 12V ± 100/o) lVcc == 5V ± 100/o, V ss = OV, Vee = -5. 7 to -4.5VJ 

TYPES 

MMN40■7 

PARAMETER MMN 4027-2 MMN 4027-3 MMN 4027-4 UNIT NOTE 

min. max. min. 

tRc Random read or write cycle time 320 375 
tRWC Read write cycle time 320 375 
tRMW Read modify write cycle time 320 405 
tRAC Access time from row adress strobe 150 
tcAC Access time from column address strobe 100 
taFF Output buffer tum-off delay 40 
tRP Row address strobe precharge time 100 120 
tRAs Row address st.robe puise width 150 10000 200 
tRSH Row address st.robe hold time 100 135 

tcAS Column address strobe puise width 100 135 
tcSH Column addreess st.robe hold time 150 200 
tRCD Row to column strobe delay 20 50 25 
tASR Row address set-up time o o 
tRAH ~w address hold time 20 25 
tAsc Column address set~up time -10 -10 
tcAH Column address hold time 45 55 
tAR Column address hold time referenced 

to RAS 95 120 
tcsc Chip select set-up time -10 -10 

tcH Chip select hold time - 45 55 
tcHR Chip select hold time referel')ced to RAS 95 120 
tr Transition time lrise and fallJ 3 35 5 
ti:c:s Read command set-up time o o 
ti:c:H Read command hold time o o 
twcH Write command hold time 45 55 
twcR Write command hold time referenced 

to RAS 95 120 
twp Write command puise width 45 55 
tRWL Write command to row strobe lead t,me 50 70 
tcWL Write command to column st.robe lead 

time 50 70 
tos Data in set-up time o o 
toH Data in hold-time -- 45 55 
toHR Data in hold time referenced to RAS 95 120 
tcRP Column to row strobe precharge time o o 
tcP Column precharge time 60 80 
tRFSH Refresh period 2 
twcs Write command set-up time o o 
tcwo CAS to WRITE delay 60 80 
tRwo RAS to WRITE delay 110 145 
ta□H Data out hold time 10 10 

CAPACITANCEB 

CTA=Oto70"C 1 V00 =12V±100/o 1 Vss=OV, V88 =-5.7to-4.5VJ 

PARAM ETER 

c,, Input capacitance IAo-As, □,No Os ----
C12 Input capacitance RAS, CAS, WRITE 
Co Output capacitance [) 0 url 

360 

max. min. 

380 
395 
470 

200 
135 
50 

120 
10000 250 

165 
165 
250 

65 35 
o 

35 
-10 
75 

160 
-10 

75 
160 

50 5 
o 
o 

75 

160 
75 
85 

85 
o 
75 

160 
o 

110 
2 

o 
90 
175 
10 

VALUES 
typ. max. 

4 5 

8 10 
5 7 

max. 

ns 
ns 
ns 

250 ns 
165 ns 
60 ns 

ns 
10000 ns 

ns 
ns 
ns 

85 ns 
ns 
ns 
ns 
ns 

ns 
ns 

ns 
ns 

50 ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 

2 ns 
ns 
ns 
ns 
ns 

UNIT 

pF 

pF 
pF 

11-1 
12-1 

14 

15 

16 
16 

17 
17 
17 

NOTE 

18 

18 
8-18 

3 
3 

s 



MMN40117 

NaTE■ 

1. Several cycles are requiered after power-up before proper device operatIon Is achieved. Any 8 cycles 
wich perform refresh are adequate for this purpose. 

2. AII voltages referenced to Vss• Vee must be applied before and removed after other supply voltages. 
a Output voltage will swing from Vss to Vce, when enabled, with no output load For purposes of maintai

ning data in standby mode, Vcc may be reduced to Vss without affecting refresh operations or data re
tention. However, the V o,i (mini specification is not guaranteed in this mode. 

4. T8 m11 is specified for operation at frequencies to tRc 2: ~c !mini. Q>eration at higher cycle rates with re
duced ambient temperatures and higher power dissipation is permissible provided that all AC para
meters are met. 

5. Current is proportional. to cycle rate. 1001 !maxi is measured at the cycle rate specified by ~c (mini. 
6. 1cc depends on output loading. The Vcc·supply is connected to the output buffer only. 
7. AII device pins at O volts except V88 wich is at -5V and the pin under test wich is at +10V. 

8. Output is disabled lhigh-impedancel and -RAS and CAS are both at a logic 1. Transient stabilization is 
requiered prior to measurement of this parameter. 

9. OV S V011c:S +10V. 
1 u. AC measurement assume tr = 5ns. 
11. Assumes that ~co S tRco !maxi. 
1 2. Assumes that tRco 2: tRco !maxi 
13. Measured with a load circuit equivalent to 2TTL loads and 100 pF. 
14. Operation within the tRco !maxi limit insures that tRAC !maxi can be met. ~co !maxi is specified as a 

referance point only; if tRCo is greater than the specified tRco !maxi limit, then access time is control
led exclusively by tcAC· 

15. V 11.c lminlor V1H (mini and V1L !maxi are reference levels for measuring timing of input signals. Also, 
transition times are measured between V1HC or VIH and ViL• 

16. These parameters are referenced to CAS· leading edge in random write cycles and to WRITE leading 
edge in delayed write or read-modifywrite cycles. 

17. tlM:s, tcwo and tRwo are restrictive operating parameters in a read/write or read/modify /write cycle 
only. lf tlM:s 2: ~s (mini, the cycle is an early write cycle and Data Out will contain the data written 
into the selected cell. lf tcwo 2: tcwo (mini and tRWD 2: tRWD lmin. the cycle is a read-write cycle and 
Data Out will contain data read from the selected, cell. lf neither of the above sets of conditions is sa
tisfied, the condition of Data Out lat access timel is indeterminate. 

1 a Effective capacitance is calculated from the equation : 

C = :~ with ~V= 3 volts. 

ADDFIE■■INCI 

The 12 address bits required to decade one of 4096 cell locations within the M 4027 are multiplexed onto 
the 6 address inputs and latched into t11e on-chip row and column address latches. 
Row Address Strobe CRASI latches the sIx row address bits conto the chip. Column Address Strobe icASi 
latches the six column address bits plus Chip Select icsi onto the chip. . 
Since the internai circuitry allows the columns information to be externally applied to the chip before it is 
actually required, the hold time requirements for column address and CS are also referenced to RAS. 
However, this gates CAS feature allows the systems designer to compensate for timing skews that may 
be encountered in the multiplexing operation. 
Since the Chip Select signal is not required until CAS time, which is well into the memory cycle, its deco-
ding time does not add to system access or cycle time. _ 
Additional timing margin is gained because column address is not required until CAS makes its negative 
transition. _ 
The timing is further simplified by the PQSîtive transition of CAS not being referenced to the positive tran
sition of mtS: ln tact, mm need not go HIGH until the beginning of the next cycle. 

DATAINPUT/DUTPUT 

Data to be written into selected storage cell of the memory chip is first stored in the on-chip data latch. 
The gating of this latch is performed with a combination otWRii'E and CAS while RAS is active. . 
The later of this signals ~ or ~ to make its negative transition is the strobe for the Data ln into 
the latch. This f:ermits several options in the ~ cycle timing. ln a write cycle, if the WRITE input ~ti
vated prior to AS, the Data ln is strobe by CAS, and set-up time and hold time are referenced to CAS, lf 
the Data ln inr,ut is not available at CAS time or the cycle is a read-write or readmodify-write, the WRiTE 
signal must be delayed until after ~- ln this "delayed write cycle" the data input set-up and hold times 
are referenced to the negative edge of~ rather than to CAS. !To illustrate this feature, Data ln is re-
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MMN40117 

ferenced to WRITE in the timing diagram depicting the read-write and page mode write cycles while ·the 
"early write" cycle diagram shows Data in referenced to ~I Note that if the chip is unselected ~ high 
at ~ time) ~ comands are nat executed and, consequently, data stored in the memory is unaffec
ted Data is retrieved from the memory in read cycle by maintaining wRi'fE in the inactive or high state 
throughout the portion of memory cycle in which ~ is active. Data read from the selected cell will be 
available at the output within the specified access time. 

DATA DUTPUT CDNTROL 

At the beginning of a memory cycle, the state of the Data Out latch and buffer depend on the previous me
mory cycle. 
Changes in the condition of Data Out latch are initiated by CA5. The negative transition of~ caises the 
Data Oµtput IOoor> to i.mconditionnaly go to its open-circuit st.ate. lf will remain open-circuited until a~er 
the access Door time, the will assume the proper state for the type of cycle performed. 
lf the cycle is read, read-modify-write, or a delayed write and the chip is selected, ther.i the Door latch and 
buffer will contain the data from the selected cell. This output data is the same polarity Cnot inverted)as 
the input data. lf the cycle is a write cycle IWRii'E active low before ~ goes lowl and the chip is selected, 
then Dour will contain the input data. 
Once the Dour goes active, it will remain active until the next negative transition of~-
lf the cycle is a ~ only cycle (no ~ signal), then ..Qwr will assume the open circuit state. 
The same istrue for normal cycles (both 'Rlm and ~ present-when the chip is unselected Dour remains 
in the open-circuit state until the next negative transition of ~-
RAS only refresh cycles (no CAsi have no effect on the Dour• 
However, when Ras only refresh cycles are continued for extended periods of time, Dour may eventually. 
go open-circuit. 
lf the chip unselected, it will not accept a write command and the Door will remain in the open-circuit 
state. 

INPUT /OUTPUT LEVEL■ 

AH inputs, including the two addres:; strobes, interface directly with TTL 
The high-impedance, low-capacitance input characteristics simplify input driver selection by allowing use 
of standard logic elements rather than specially designed driver elements. 
The 3-state output buffer is a low impedance to Vcc. for a logic "1" and a low iml)E!dance to Vss for a logic "O". 
The output resistance to Vcc Ilogic "1" state) is 420 ohm maximum and 135 ohm tipically. 
The output resistance to Vss 0ogic "O" statei is 125 ohm maximum and 35 ohm tipically. 
The separate Vcc pin allows the output buffer tobe powered from supply voltage of the logic to wich chip is 
interfaced. · 
During battery stand-by operation, the Vcc pin may be unpowered without effecting the MMN 4027 
refresh operat1on. 
This allows all system logic, except RAS timing circuitry and r,efresh address logic, tobe turned oft during 
battery stand-by to seve power. 

REFRE■H 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 64 row 
address every two millisecond or less. 
Any cycle in which a RAS signal occurs, accomplished a refresh operation. A read cycle will refresh the se

lected row, regardless of the state of the Chip Select CCSJ input. 
A write or read-modify-write cycle alsa refreshes the selected row, but the chip should be unseleced to 
prevent writing data into the selected cell. 

lf, during a refresh cycle, the MMN 4027 receives a RAS signal but no CAS signal, the state of the output 
will not be affected. However, if "RAS-only" refresh cycles I when RAS is the only signal applied td the 
ctipl are contained for extended periods, the output buffer may eventually lose proper data and go open
circuit. 
The output buffer will regain activity with the first cycle in which a CAS° signal is applied to the chip. 

POWER Dl■■IPATION/■TANDBV MODE 

Most of the circuitry used in the MMN 4027 and most of the power drawn is the resuit of an address 
strobe edge. Because the power is not drawn during the time the strobe is active, the dynamic power is a 
function of operating frequency rather than active duty cycle. 
Tipically, the power is 17CJ mW at 1 µsec cycle rate for MMN 4027 with a worse case power of less than 
470 mW at 320 µsec cycle time. 
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To reduce the overall system power, the Flow Address Strobe IRASi should be decoded and supplied to 
only the selected chips. 
The ~ must be supplied to all chips Ito turn of the unselected output.I. 
Those chips that did not receive a RAS, however will not dissipate any power on the CAS edges, except for 
that requiered to tum oft the outputs. 
lf the RAS signal is decoded and supplied only the selected chips, then the chip select icsi input of all chips 
can be at a logic O. 
Then chips that receive a ~ but no, RAS will be unselected (output open-circuitedl regardless of the 
Olip Select input. 
For refresh cycles, however, either the CS input for all chips must be high or the CAS input111ust be held 
high to prevent severei "wire-OR" outputs from tuming on with opposing force. ~te that the . . 
MMN 4027 will dissipate considerably less power when the refresh operat1on 1s accomphshed wlth a 

~-only" cycle as opposed to a normal RAS/CAS memory cycle. 

PACIE M00E 0PEAATl0N 

The "Page mode" feature of the MMN 4Cl!7 allows tor succesive memory operations at multiple column 
location of the same row address with increased speed without an increase in power. This is dane by stro-
bing the row address into the chip and keeping the RAS signal at logic O throughout all succesive memory 
cycles in which the row address is common. 
This "Page Mode" of operation will not dissipate the power associated with the negative going edge of 
RAS. The time requiered for strobing in a new row address is eliminated thereby decreasing the access 
and cycle times. The chip select input icsi is operative in page mode cycles just as in normal cycles. lt is 
not ecessary that the chip be selected during the first operation in sequence of page cycles. 
Likewise, the CS input can be used to select or disable any cycle lsl in a series of page cycles. 
This feature allows the page boundary to be extended beyond the 64 column location in a single chip. 
The page boundary can be extended by applying RAS to multiple 4K memory blocks and decoding CS to 
select the proper block. 

POWER UP 

The MMN 4Cl!7 requires no particular power supply sequencing so long as the Absolute Maximum Rating 
Conditions are observed Ho111ever, in order to insure compliance with the Absolute Maximum Ratings, 
Microelectronica recommends sequencing of power supplies such that V88 is applied first and removed 
last. V88 should never be more positive than Vss when power is applied to V00. 
Under system failure condiction in which one or more supplied exceed the specified limits significant addi-
tional margin against catastrophic device failure may be achieved by forcing RAS and Data Out to the 
inactive state. After power is applied to the device, the MMN 4027 requires severei cycles before proper 
device operation is achieved 
Any 8 cycles which perform refresh are adequate for this purpose. 
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1 63B4-BIT DVNAMIC RANDDM ACCES& 
MEMDRV 
GENERAL. DESCAIPTIDN 

The MMN 4116 is a MOS dynamic random access 
memory circuit organized as 1 6384 words bv 1 bit. 
The technology used to fabricate the M MN 4116 ie 

double-poly N-channel silicon gate. 
This process, coupled with the use of a single tran
sistor dynamic storage cell, provides the maximum 
possible circuit density and reliability. 
Multiplexed address inputs permit the MMN 4116 
to be packaged în a standard 16-pin OIP. 

ABBDLUTE MAXIMUM AATINCI■ 

Voltage on any pin relative to V 88 
Voltage on V00 \foc supplies relative to Vss 
Vae-Vss CVoo - Vss > OJ 

TA Operating temperature 
T stg Storage temperatura 
10 Short circuit output current 
Ptot Total power dissipation 

FEATURE■ 

• ±1 ()O/o tolerance on all power supPlies C+12 V, ±5 VI 
• low power: 462 mW active, 20 mW standby [maxi 
• all inputs TTL compatible and protected against 

static charge. 
• ECL compatible on ·v88 power supply C-5-7 V1 
• 128 refresh cycles 
• read-modify-write, RAS-only refresh, and page

mode capability 
• output data controlled by CAS and unlatched at 

end of cycle to allow two dimensional chip selec
tion and extended page boundary 

-0.5V to +20V 
-1V to +15 V 

ov 
O"C to +70"C 

-550C to +12S°C 
50mA 

1W 

AECDMMENDED DC DPEAATINCI CDNDITIDNB 

CT A= O to 70"Cl1 

Voo supply voltage 
Vcc supply voltage 
V55 supply voltage 
V88 supply voltage 
Input h1gh voltage an RAS, CAS, WRITE · 
Input high voltage, all inputs except RAS, CAS, WRITE 
Input low voltage, all inputs 

PIN CDNNECTIDNB 

Vee 16 Vss 
lliN 2 15 ~ 

WRITE 3 14 Dan 
RAS 4 

AO 5 12 A3 

A2 6 A4 

Al 7 AS 

Voo 8 Vcc 
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12 V± 100/o 
5 V± 1()0/o 

ov 
-5. 7 V to - 4.5 V 

2.7 Vto 7 V 
2.4Vto7V 

-1Vto0.8V 

PINNAMEB 

Note2 
Note 2,3 
Note 2 
Note 2 
Note 2 
Note 2 
Note 2 

Ao-As ADDRESS INPUTS 

CAS COLUMN ADDRESS STROBE 

DIN DATA IN 

Dour DATA OUT 

RAS ROW ADDRESS STROBE 

WRITE READ/WRITE INPUT 

Vee POWER C-5VJ 

Vcc POWER C+5 Vl 

Voo POWER C+12 VI 

Vss GROUND 



BL0CK DIACIAAM 

A6 
AS 
A4 
A3 
A2 
A1 
A0 

WRITE 
CLOCKS 

-Vro 
-vcc 
-Vss ----~~-=-:-- -vBB 

DATA OUT 

BUFFER 
RELEASE ----

OUMMY CELLS 
MEMORY ARRAY 

ROW 128 128-SENSE--REFRES 
OECOOER ROW AMPS 

6 I Ub!Ll!!JNE~S!.J..:::=::~~=::--rt-
1: 12 t1■-1:t:=:JirM7iEM<Rl'~~AR~RA~':fii 

~ OIJ1MY CELLS 
64 COLUMN 

SELECT LINES 
Cll.UMN OECOOERS 

1 OF 64 

DC ELECTAICAL CHARACTERIBTICB 

ITA= O to 70"Cl1 , IV00 = 12V.±1 □',: V88 = -5.7 to-4.5V; Vss= DV; Vcc= 5V ± 1O0/o) 

MMN411B 

PARAMETER TEST CONOITIONS 
MMN4116-2/~ MMN 4116-4 

UNIT NO TES 
min max min max 

---- -- ---· 
1001 Average operating current RAS, CAS cycling 35 35 mA 4 

lcc1 Average operating current 
I 

5 

1991 Average operating current tR!: = tRc lminl 200 200 µ.A 
----

1002 Standby current RAS= V1Hc 1.5 1.5 mA 

lcc2 Standby current Dour= High impedance -1 O 10 -1 O 10 µ.A 

1992 Standby current 100 µ.A 

1003 Refresh average current Refresh mode: RAS cycling 27 27 mA 4 

lcc3 Refresh average current CAS = V1HC -1 O 10 -10 10 µ.A 

1993 Refresh average current tR!: = tR!: lminl 200 I µ.A 

1004 Page mode average current Page mode: RAS = V1L 27 27 mA 4 

lce4 Page mode average current C-AS cycling A 5 

1994 Page mode average current tpc = tpe !mini 200 µ.A 

l11u Input leakage current V98 = -5V 
DV :5 VIN :5 + 7 V, all other 
pins not under test= DV -10 10 -10 10 µ.A 

l□1u Output leakage current Dour is disabled 
DV :5 Vour :5 +5.5 V -10 10 -10 10 µ.A 

VoH Output high voltage laur= -5 mA 2.4 2.4 V 3 

VoL Output low voltage lour= 4.2 mA 0.4 0.4 V 3 
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AC ELECTAICAL CHAAACTIAl■TIC■ 
AND AIECDMMENDED DPEAATINCI CDNDITIDN■ 

(TA= O to 7Cl"CJ1, CV00 = 12 V± 100/o; Vcc = 5 V± 100/o; V88 = O V; V88 = -5.7 to-4.5 V) 

PARAM ETER 

~ Random read or write cycle time 
l:fflNC Read-write cycle time 
l:ffMw Read modify write cycle time 
~ Page mode cycle time 
tRAC Access time from RAS 
tcAc Access time from CAS 
taFF Output buffer tum-off delay 
t1 Transition time lrise and failJ 
l:ffp RAS precharge time 
~ RAS puise width 
tRSH RAS hold time 
tcsH CAS hold time 
tRCo RAS to CAS delay time 

tcRP CAS to RAS precharge time 
tAsR Row address set-up time 
tRAH Row address hold time 
tASC Qilumn address set-up time 
tcAH Column address hold time 
tAR Column address hold time referenced 

to RAS 

tRcs Read command set-up time 
tRcH Read command hold time 
t\NCH Write command hold time 
t\NCR Write command hold time referenced 

to RAS 
twp Write command puise width 
tRwL Write command to RJtS lead time 
tcwL Write command to CAs lead time 
tos Data-în set-up time 
tDH Data-în hold t1me 
toHR Data-in hold time referenced to~ 
tcP CAS precharge time (for page mode 

cycle only) 
tREF Refresh period 
twcs WRITE command set-up t1me 
tcwo CAS to wRi'i'E delay 
tRwo RAS to WRITE delay 

NCTE■ 

MMN 4116-2 MMN 4116-3 MMN 4116-4 ---------------+-------1 UNll NOTES 
min max min max min 

320 
320 
320 
170 

o 
3 

100 
150 
100 
150 
20 

-20 
o 

20 
-10 
45 

95 
o 
o 

45 

95 
45 
50 
50 
o 

45 
95 

60 

-20 
60 

110 

150 
100 

375 
375 
405 
225 

40 O 
35 3 

120 
10000 200 

135 
200 

50 25 

2 

-20 
o 

25 
-10 

55 

120 
o 
o 

55 

120 
55 
70 
70 
o 

55 
120 

80 

-20 
80 

145 

200 
135 

410 
425 
500 
275 

50 O 
50 3 

150 
10000 250 

165 
250 

65 35 

2 

-20 
o 

35 
-10 

75 

160 
o 
o 

75 

160 
75 
85 
85 
o 

75 
160 

100 

-20 
90 

175 

max 

ns 9 
ns 9 
ns 9 
ns 9 

250 ns 1a12 
165 ns 11,12 
60 ns 13 
50 ns 8 

ns 
1 CXXXJ ns 

ns 
ns 

86 ns 14 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 15 
ns 15 
ns 

ns 
2 ms 

ns. 16 
ns 16 
ns 16 

1. TA is specified here for operation at frequencies to tFC ~ tRc (mini. Operation at higher cycle rates with 
reduced ambient temperatures and higher power dissipation is permissible, however, provided AC 
operating parameters are met. 

2. AII voltages referenced to V58. 
3. Output voltaqe will swmg from Vss to Vcc when activated with no current loading. For purposes of 

maintaining data in standby mode, Vcc ~11ay oe reduced to Vss without affecting refresh operatibns 
or data retention.However, the V□H lminl specificat1on is not guaranteed in this mode. 

4. 1001, 1003 and 1004 depend on cycle rate. 
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5. 1cc, and lce4 depend upon output loading. During read out of high level data Vcc is connected through 
a low impedance to data out. At all other times 1cc consists of leakage currents only. 

6. Severei cycles are required a~er power-up before proper device operation is achieved Any B cycles 
which perform refresh are adequate for this purpose. 

7. AC measurements assume tr = 5 ns. . 
8. Vu-te lminl or VIH lminl arid VIL lmaxl are reference levels for measuring timing of input signals. Also. 

transition times are measured between v,Hc or v,H and Vil· 
9. The specifications for ~c lminl and ~wc !mini tRMw !mini are used only to indicate! cycle time at which 

proper operation over the tuli temperature range lo° C S T amb S 70" CI is assured. 
1 a Assuming that tA'.:D s ~CD lmaxl. lf tA'.:D is greater than the maximum recommended value shown in 

this table, tRAc will increase by the amount that tRcD exceeds the value shown. 
11. Assuming that tRCD ~ tA'.:D lmaxl. 
12. Measured with a load equivalent to 2 TTL loads and 100 pF. 
13. toFF lmaxl defines the time at which the output achieves the open circuit condition and is not referen

ced to output voltage levels. 
14. Operation within the tRcD lmaxl limit ensures that tRAC lmaxl can be met. tRcD !maxi is specified as a 

reference point only; if ~CD is greater than the specified tRcD lmaxl limit. then access time is exclusi
vely controlled by tCAc• 

1 5. These parameters are eferenced to CAS leading edge in early write cycles and to WRITE leading edge 
in delayed write or read-modify-write cycles. 

16 twcs, tcll\/0 and tRIIIIO are nat restrictive operating parameters. They are included in the data sheet as 
electrica! characteristics only: lf twcs ~ twcs (mini. the cycle is an early write cycle and data ootput pin 
will remain open circuit lhigh impedancel throughout the entire cycle; lf tcwo ~ tcll\/0 lminl and tRIIIIO 2:: 
tRIIIIO ·1minl. the cycle is a read-write cycle and the data aut will contain data -read from the selected 
cell; lf neither of the above sets of conditions is satisfied the condition of the data O<'t lat access timel 
is indeterminate. 

17. Effective capacitance calculated from the equation C = ~i with t.v ;= 3 volts and power supplies 

at nominal levels. 
18. CAS = V1HC to disable DoUT• 

D■■CAIPTION 

System oriented features include ±100/o tolerance an all power supplies, direct interfacing capability witti 
hi11h performance logic families such as Schottky TTL, maximum input noise immul'lity to minimize "false 
tnggering" of the inputs la common cause of so~ errorsl, an-chip address and data re1ist~rs which elimi
nate the need for interface registers, and two chip sel'ect methods to allow the L•c;er to determine the 
appropriate speed/power characteristics of his memory system. The MMN 4116 alsa irr.rrporates seve 
ral flexible timing/operating modes. ln addition to the usual read, write, and read-modify-write cycles, the 
MMN 4116 is capable of delayed write cycles, page-mode operation and RAS-only refresh. Prope1 

control of the clock inputs !RAS, CAS and WRITEl allows common 1/0 capability, two dimensional chir 
selection, and extended page boundaries lwhen operating in page model. 

AODIIIE■■INCI 

The 14 address bits required to decade 1 of the 16,384 cetl locations within the M MN 4116 are multiple
xed anto the 7 address inputs and latched into the an-chip address latches by externally applying twn 

negative going TTL-level clocks. The first clock, the Row Address Strobe IRASI, latches the 7 row address 

bits into the chip. The second clock, the Column Address Strobe ICASJ, subsequently latches the 7 colum·1 
address bits into the chip, Each of these signals, RAS and CAS, triggers a sequence of events which are 
controlled by different delayed internai clocks. The two clock chains are linked together logically in such a 
way that the address multiplexing operation is dane outside of the criticai path timing sequence for read 

data access. The later events in the c'A's" clock sequence are inhibited until the occurrence of a delayed 

signal derived from the RAS clock chain, This "gated CAS" feature allows the CAS clock to be externally 
activated as soon as the Row Address Hold Time specification ltRA~ has been satisfied and the address 

inputs have been changed from Row address to Column address information. Note that CAS can be acti
vated at any time a~r tRAH ancl it will have no effect an the worst case data acces time [tRAcl up to I.he 
point in time when the detayed row clock no longer inhibits the remaining sequence of column clocks. Two 

timing end-points resuit from the internai gating of CAS which are called tRCD !mini and tRCC' !max.I 

No data storage or reading errors will resuit if CAS is applied to the MMN 4116 at a point in time beyond 
the tP.cD lmaxl limit. However, access time will then be determined exclusively by the access time fror 1 

CAS ltcAcl rather than from RAS ltRAcl, and access time from RAS will be lengthened ,by the amount that 
tR::o exceeds the tR::D (maxi limit. 
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DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 

~ while RAS is active. The later of the signals IWRITE or CASI to make its negative transition is the 
strobe for the Data ln ID1w register. This permits several options in the wr,te cycle timing. ln a write cycle, 
if the WRITE input is trought low !activei prior to~ the o,N is strobed by CAS. and the set-up and hold 
times are referenced to CAS. lf the input data is not available at ~ time or if it is desired that the cycle be 

a read-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. ln 
this "delayed write cycle" the data input set-up and hold times are referenced to the negative edge of 

WffiTE rather than CAS. !To illustrate this feature, 0 1111 is referenced to WRITE in the timing diagrams 
depicting the read-write and page-mode write cycles wh1le the "early write" cycle diagram shows O1N re-

ferenced to CASI. Data is retrieved from the memory in a read cy~ maintaining WRITE in the inactive 
or high state throughout the portion of the memory cycle in which CAS is active llowl. Data read from the 
selected cell will be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output ID auri of the M MN 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high levei, the Dour pin will be floating. The only time the output 
will tum on and contain either a logic O or logic 1 is at access time during a read cycle. Dour will remain valid 
from access time until CAS is taken back to the inactive lhigh levell condition. lf the memory cycle in pro
gress is a read, read-modify write, or a delayed write cycle, then the data output will go from the high impe
dance state to the active condition, and at access time will contain the data read from the selected cell. 
This output data is the same polarity lnot invertedl as the input data. Once having gone active. the output 
will remain valid until CAS is taken to the precharge Ilogic 1 I state, whether or not RAS goes into 
precharge. 
lf the cycle in progress is an "early-write" cycle IWRITE active before CAS goes activei, then the output 
pin will maintain the high impedance state throughout the entire cycle. Note that with this type of output 
configuration, the user is given tuli control of the Daur pin simply by controlling the placement of WRITE 
command during a write cycle, and the puise width of the Column Address. Strobe during read operations. 
Note also that even through data is not latched at the output, data can remain valid from access time until 
the beginning of a subsequent cycle without paying any penalty in overall memory cycle time lstretching 
the cyclel. 
This type of output operation results in some very significant system implications. • 
Camman 1/0 Operat.lan - lf all write operations are handled in the ·early write" mode, then O1N 
can be connected directly to Dour for a common 1/0 data~ 
Dour will remain valid during a read cycle from tcAc until CAS goes back to a high levei [prechargel, allowing 
data to be ..lls!!iP fi:Q!!) one cycle up until a new memory cycle begins with no penalty in cycle time. This also 
makes the RAS/CAS clock timing relationship very flexible. 

Two Methods of Chip Selection - Since Dour is not latched, CAS is not required to turn oft the outputs of 

unselected memory devices in a matrix. This means that both CAS and/or RAS can be decoded for chip 

selection. lf both RAS and CAS are decoded, then a two dimensional IX, VI chip select array can be realized. 
Extended Page Boundary - Page - mode operation allows for successive memory cycles at multiple 
column locations of the same row address. By decoding CAS as a page cycle select signal, the page boun
dary can be extended beyond the 128 column location in a single chip. ISee page-mode operationl. 

OUTPUT INTERFACE CHARACTERIB.ilCB 

The three state data output buffer presents the data output pin with a low impedance to Vc..c.. fc~ a logic 1 
and a low impedance to Vss for a logic O. The effective resistance to Vcc 0ogic 1 statei is 420 n maximum 
and 135 n typically. The resistance to Vss Ilogic O statei is 95 n maximum and 35 n typically. 
The separate Vc.c pin allows the output buffer to be powered from the supply voltage of the logic to which 
the chip is intertaced. During battery standby operation, the Vcc pin may have powe- removed without af
fecting the MMN 4116 refresh operation. This allows all"system logic except the RAS timing circuitry and 
the refresh address logic tobe turned oft during battery standby to conserve power. 

PACJE MODE OPERATION 

The "Page Mode" feature of the MMN 4116 allows for successive memory operations at multiplie co
lumn locations of the same row address with increased speed without an increase in power. This is done 

by strobing the row address into the chip and maintaining the RAS signal at a logic ·o throughout all suc
cessive memory cycles in which the row address is common. This "page-mode" of operation will not dissi-

pate the power associated with the negative going edge of RAS. Also, the time required for strobing in a 
new row address is eliminated, thereby decreasing the access and cycle times. 
The page boundarv of a single MMN 4116 is limited to the 128 column locations determined by all combi-
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nations of the 7 coIumn aaaress bits. However, m system applicat1ons which utilize more tml!'.L 16,384 
data words, (more than one 1 BK memory blackl, the page boundary can be extended by using ~ rather 
than RAS as the chip select signal. ~ is applied to all devices to latch the row address inta each device 

and the CAS n:i decoded and serves as a page cycle select signal. O,ly those devices which receive both 
RAS and ~ signals will execute a read or write cycle. 

AEFRE■H 

Refresh of the dynamic cell matrix is accamplished by performing a memary cycle at each of the 128 row 
addresses within each 2 millisecond time interval. Although any no!II!.ill.. memory cycle..wfil perform the 
refresh operation, this function is most easily accomplished with "RAS-only" cycles. RAS-Only refresh 
r_esu~ts in a substantial reduction in operating power. This reduction in power is reflected in the 1003 speci
f1cat1on. 

POWER CON■IOEAATIONB 

Mast of the circuitry used in the MMN 4116 is dynamic and most of the power drawn is the resuit of an 
address strobi;, edge. 
Consequently, the dynamic power is pnmaruy a function of operating frequency r-ather than active du&y 
cycle. This current characteristic of the MMN 4116 precludes inadvertent burn aut of the device in the 
event that the clock inputs become shorted to ground due to system malfunction. 
Although no particular power supply noise restriction exists other than the supply voltages remain within 
the specified tolerance limits, adequate decoupling should be provided to suppress high frequency noise 
resulting from the transient current of the device. This insures optimum system performance and reliabi
lity. Bulk capacitance requirements are minimal since the MMN 4116 draws very little steady state IDCI 
w~~ . 
ln system applications requiring lower pow:er dissipations, the operating frequency lcycle ratei of the 
MMN 4116 can be reduced and the lguaranteed maximum) average power dissipation of the device will be 
lowered i~ accordance with the 1001 (maxi spec limit equation. 

Note: The MMN 4116 is guaranteed to have a maximum 1001 requirement with an ambient temperature 
from CI" to 7Cl"C. · 
1 microsecund cycle, results in a reduced maximum 1001 requirement of under 20 mA with an ambient 
temperature range from CI" to 7Cl"C. 
Although RAS and/or CAS can be decoder and used as a chip select signal for the MMN 4116 overall 
system power is minimized if the Row Adcress Strobe cffirnl is used for this purpose. AH unselected devi
ces lthose which do nat receive a RAS! is used for this purpose. AH unselected devices lthose which do nat 
receive a RAS) will remain in a low power !standby) mode regardless of the state of CAS. 

POWER UP 

The MMN 4116 requires no particular power supply sequencing so long as the Absolute Maximum Rating 
Conditions are observed. However, in order to insure compliance with the Absolute Maximum Ratings, 
MICROELECTRONICA recommends sequencing of power supplies such that V.a.a is applied first and re
moved lest. V8 a. should never be more positive than Vss wl:len power is apDlied to Voo-
Under system tailure conditions in which one or more supplies exceed the specified limits significant addi-

tional margin against catastrophic device failure may be achieved by forcing RAS and CAS,to the inactive 
state lhii:ih levell. 
Atter power is applied to the device, the MMN 4116 requIres several cycles before proper device opera
tion is achieved. Any 8 cycles which perform refresh are adequate for this purpose. 

CAPACITANCEB 

ITamb= O to 70"C: Voo= 12 V± 100/o: V88 = -5.7 to -4.5 V: Vss = OVJ 

PARAM ETER 
RATING 

UNIT NOTES 
min typ max 

C,1 Input capacitance IA0-A61 DIN 4 5 pF 17 
C,2 Input capacitance RAS, CAS, WRITE 8 10 pF 17 
Ca Output capacitance IDoun 5 7. pF 17,18 

371 



llllaADCVCL■ 

RAS 

"1HC -
t R 

VIL -
tRCD 

ViHc -CAS VJL -
"1H ~ES 
~ 

~ wm 
\ii. 

tRAC 

VcJ.i -
Drur 

Va. - OPEN 

WIIIITa CVCL■ C■AIIILV WIIIIT■J 

"iHC 
Vil 

AOORESSES 'IH 
vt 

MMN 4"116 

tRC 

t[A( 

10FF 

VALID DATA 

'1H ------·-- .. t==-----..i ~,,,,.,~,,,,77'l-,,,.,,,_,,,, __ _ 
'IL ~-"'~~~~~;.JL!:--....,1,11,1,Q __ ,lf" """""'"'""-I~"""""""""""'"'"""~ 

□aur 
VoH _________ _ 

OPEN 
'tJL 
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REAO WRITE/REAO MDOVFV - WRITE CVCLE 

tRWC / r "'1W 

RAS ~t-K: 
vt 

(AS vtlc 
V1L 

AOORE~ES VIH 
"1L 

WRITE V1HC 
"1L 

0our 
'tJH 
VoL 

---+----OPEN -----,a 
tRAC J--t-t------...--

MMN411B 

~H~""""~.,.,.-rr,.,.,.,..,,.,.,~.,.,.-rr,_,.,.,.,.,.,'"'""'-.ll:t~'l'l""",a_,,r,.,.,.7"7''T'7''T'7''T'7'"T7"T7.,.,. 
"1L-'-"'"""'~"""'""-!-.--"-'-'""-IJJ.--""""'~-'-"-l'----.., ,...,. .......... ...._..._ ___ .,. 

• IIIA&-0NL V 11 lll■lllll■■H CVCL■ 

\bH -------------OPEN --------------
VoL 

0our 

PAGE MODE READ CVCLE 

v~,---l+===~it----i 
~;. s 

i:IJUT 
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PAGE MODE AEAD CVCLE 

PACIE MODE WRITE CVCLE 

CAS '111: -
\\. -

ACOIESSES '1H 
'1L 

WRITE 
"iHC 
VIL 

'1H 
'1L 
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MMN4164 

65536-BIT DVNAMIC RANDDM 
ACCEBB MEMDRV 

GENERAL DEBCAIPTIDN 

The MMN 4164 is a MOS dynamic random access 
memory circuit organized as 65536 words by 1 bit. 
The use of dynamic circuitry throughout, including 
the 512 sense amplifiers, assures that power dissi
pation is minimized without any sacrifice in speed or 
internai and externai operating margins. 
Refresh characteristics have been chosen to maxi
mize yield llow cost to useri while maintaining com
patibility between dynamic RAM generations. 
Multiplexed address inputs permits the MMN4164 
to be packaged in a standard 16-pin OIP with only 15 
pins required for basic functionality. 
The output of the MMN4164 can be held valid inde
finitely by holding CAS active low. This is quite useful 
since a refresh cycle cari be performed while holding 
data valid from a previou cycle. 

ABBDLUTE MAXIMUM AATINCIB 

Vcc Supply voltage relative to Vss 
vI.v0 Voltage an anyl/0 terminal 
TA Operating temperature 
Îs Storage temperature !plastic! 
Ts Storage temperature (ceramici 

Ptot Total power dissipation 

CDNNECTIDN DIACIRAM 

Ne 

WRIT[ DoUT 
m A, 
Af AJ 
A2 Al 
A1 As 
Vcc A, 

375 

FEATURES 

• single +5 V l+/-100/ol supply operation 
• an chip substrate bias generator for optImum 

performance 
• low power 300 mW active max 

28 mW standby max 
• 150 ns access time. 270 ns cycle time IMMN 

4164.11 
• 200 ns access time. 330 ns cycle time IMMN 

4164.2, .31 
• 250 ns access time, 41 O ns cycle time IMMN 

4164.41 
• indefinite Oout hold using CAS/control 
• common 1/0 capability using "early write" 
• Read, Write, Read-Write, Read-Modify-Write 

and Page-Mode capability 
• all inputs TTL compatible, low capacitance, and 

protected against static charge 
• 128 refresh cycles 12 mSJ 

-0.5 V to +7.0 V 
-2.0 V to +7.0 V 

o C to +70 c;:: 
-55 C to +125 C 
-65 C to +150 C 

w 

PIN FUNCTIDNB 

AO ... A7 Address inputs 

CAS Column Address Strobe 

Oin Data ln 

Oout Data Out 

RAS Row Address Strobe 

WRITE Read Write Input 

Vcc Power 1+5 VI 

Vss Ground 



MMN41B4 

RECDMMENDED DC DPERATINCI CDNDITIDNS 
[Î A ::.c O tO 70°CJ 

MMN 4164.2 MMN 4164.1,.3,.4 
PARAMETER UNIT NOTES 

MIN TYP MAX MIN TYP MAX 

Vcc Supplv voltage 4,5 5,0 5,5 4,75 5,0 5,25 

V,,.., Input h1gh Ilogic 11 voltage 2.4 - 5.5 2.4 - 5,25 

V,L Input low Ilogic Ol voltage~l-l -0,3 - 0.8 -0,3 - 0,8 

-:;-J Input low voltage may reach -2V for a time period shorter than 40 ns. 

DC ELECTRICAL CHARACTEAIBTICB 
(TA= O to 70°C, Vcc = 5,0 V ±50/o or 100/o depending on type specified above) 

VALUE 
PARAM ETER CONDITIONS 

MIN MAX 
UNIT 

tco Operat,rig current tRLRL = tRLRLmin - 55 mA 
!RAS - CAS cyclel T = 25°C 

lcc1· Standby current RAS = V,h - 5 mA 
DO= High Z 

11, Input leakage V,= O ... Vcc -10 10 µ.A 

Io Output leakage Vo = 0 ... Vcc -10 '10 µ.A 
DO=~Z 
RAS CAS =V,h 

VnH Output h1gh Ilogic 1 I voltage 10 = -4 mA 2.4 - V 

VnL Output low Ilogic Ol voltage 10 = 4 mA - 0.4 V 

ELECTRICAL CHARACTERIBTICB AND RECDMMENDED AC 
DPERATINCI CDNDITIDNB 
!NOTES 3. 4, 5. 1 51 
IT~ e-- O to 70°C. Vcc = 5.0 V+/- 50/o or 100/o depending on typel 

V 

V 

V 

PARAM ETER 
MMN 4164.1 MMN 4164.2 .. MMN 4164.4 

UNIT 
min. mm. max. m1n. max. max. 

tRIAL Random read or wr1te cycle t1me 270 - 330 - 410 - ns 
----------

tRLRL Read mod1fy wr1te cycle t1me 300 - 375 - 445 - ns 
.. --- --

tcLCL Page mode cycle t1me 170 - 200 - 280 - ns 

tpuJV Access t1me !rom RAS - 150 - 200 - 250 ns 
---
tcLDv Access t1me from CAS - 100 - 11 O - 150 ns 

tcHOX Outnut buffer turn-oft delay - 50 - 50 - 50 ns 

tTHL Trans1t1on time lr1se and falll 3 50 3 50 3 50 ns 
tTLH : 

tRHRL RAS precharge time 100 - 120 - 150 - ns 

tRLRH RAS puise width 150 10000 200 10000 250 10000 ns 

tcLRH RAS hold t1me 100 - 110 - 150 - ns 

tRLCH CAS hold t1me 150 - 200 - 250 - •ns 

tcLCH CAS puise w1dth 100 10000 110 10000 150 10000 ns 

tRLCL RAS to CAS/delay 25 50 45 90 75 100 ns 

S71 

1 

1 

1 

NOTES 

2 

2 

\IOTES 

6,7 

6,7 

6,7 

7.8 

7,9 

10 

5 

11 



MMN41&4 

PARAM ETER 
MMN 4164.1 MMN 4164.2 .. 3 MMN 4164.4 

UNIT NOTES 
min. max. min. max. min. max. 

tRHWL Read command hold time o o o 12 from RAS - - - ns 

tzvRL Row address set-up time o - o - o - ns 

tRLZX Row address hold time 15 - 30 - 45 - ns 

tsvcL Column address set-up time o - o - o - ns 

tcLSX Column address hold time 45 - 45 - 60 - ns 

tRLSX Column address hold time 
95 135 160 

from RAS - - - ns 

twHCL Read command set-up time o - o - o - ns 

tcHWL Read command hold time o o o 12 
from CAS - - - ns 

tcLWH Write command hold time 45 - 40 - 50 - ns 

tRLWH Write command hold time 
95 130 155 

from'RAS' - - - ns 

twLWH Write command puise width 45 - 45 - 50 - ns 

tWLRH Write command to RAS lead 
60 50 60 

time - - - ns 

twLCH Write command to CAS lead 
60 50 60 

time - - - ns 

t,vcL Oata-in set-up time from o - o - o - ns 13 O"AS" 

t,vwL Oata-in set-up time fromWE" o - o - o - ns 13 

tcux Oata-in hold time 45 - 45 - 60 - ns 13 

tRLIX Oata-in hold time from RAS 95 - 135 - 160 - ns 

tcHCL CAS precharge time for page 
60 - 80 - 120 - ns 

mode only 

tREF Refresh period - 2 - 2 - 2 ms -
twLCL Write command set-up time o - o - o - ns 14 

tcLWL CAS to WE delay 70 - 85 - 120 - ns 14 

tRLWL RAS to WE delay 120 - 175 - 220 - ns 14 

tcHCL CAS precharge time 25 - 45 - 90 - ns 

NOTES: 
1. AII voltages referenced to V 55. 
2. 1cc is dependent on output loading and cycle rates. Specified values are obtained with the output 

open. 
3. An initial pause of 100 µs is required after power-up followed by 8 RAS cycles before proper 

device operation is achieved. 
4. AC characteristics assume tr = 5 ns. 
5. VIH min and VIL max are reference levels for measuring t1ming of input signals. Transition times 

are measured between V1H and v,L-
6. The minimum specifications are used only to indicate cycle time at which proper operation over the 

full temperature range CC>°C :s; TA :s; 70°Cl is assured .. 
7. Load = 2 TTL loads and 100 pF. 
8. Assumes that tR~CL :s; tRLCL (maxi. lf tRLCL is greater than the maximum recommended value 

shown in this table, tRLOV will increase by the amount that tRLCL exceeds the value shown. 
9. Assumes that tRLOV ~ tRLCL (Maxi. 

1 O. tcHOX max defines the time at which the output achieves the open circuit condition and is nat refe
renced to VoH or VaL• 

377 



MMN41B4 

11. Operat,on within the tRLCL !maxi limit insures that tRLOV !maxi can be met tRLCL !maxi Is specif1ed 
as a reference poInt only is tRLCL is greater than the specified tRLOV (maxi limit, then access is con
trolled exclusively by tcLOV· 

12. Either tRHWL or tcHwL must be satisfied for a read cycle. 
13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 

edge in delayed write or read modify write cycles. 
14. twLCL• tcLWL and tRLWL are restrictive operating parameters in READ/WRITE and READ/MODIFY / 

WRITE cycles only if twLCL 2! twLCL (mini the cycle is an EARL Y WRITE cycle and the data output will 
remain open circuit throughout the entire cycle. lf tcLWL 2! tc~wL (mini and tR~WL 2! tRLWL lminl 
the cycle Is a READ/WRITE and the data output will contain data read from the selected cell. lf 
neither of the above conditions are met the condition of the data out lat access time and until CAS 
goes back to V1HI is indeterminate. 

15. The transition time specification applies for all inputs signals. ln addition to meeting the transition 
rate spe_cification all input signals must transit between VIH and VIL lor between VIL and VIHl in a 
monotonie manner. 

DPERATIDN 

The 16 address bits required to decode 1 of 65.536 
cell locations within the MMN4164 are multiplexed 
onto the 8 address Inputs and latched into the 
on-chip address latches by externally applying two 
negative going TTL-levei clocks. The first clock. Row 
Address Strobe IRASI, latches the 8 row addresses 
into the chip. 
The h1gn-to-low transition of the second clock, Co
lumn Address Strobe ICASI, subsequently latches 
the 8 column addresses into the chip. Each of these 
signals, RAS and CAS. triggers a sequence of events 
which are controlled by different delayed internai 
clocks. The two clock chains are linked together· lo
gically in such a way that the address multiplexing 
operatIon Is done outs1de of the cr1t1cal tIming path 
for read data access. The later events In the CAS 
clock sequence are 1nh1b1ted unt1I the occurence of a 
delayed signal der1ved from the RAS clock chain. The 
"gated CAS" feature allows the CAS clock to be ex
ternally activated as soon as the Row Address Hold 
specification ltRAHI has been satisfied and the ad
dress inputs have been changed from Row address 
to Column address information. 
The "gated CAS" feature permits CAS to be activa
ted at any time after tRAH and it will have no effect 
on the worst case data access time ltRl\cl up to the 
point in time when the delayed row clock no longer 
inhibits the remaining sequence of column clocks. 
Two timing endpoints resuit from the internai gating 
of CAS which are called tRC□ !mini and tRc□ !maxi. No 
data storage or reading errors will resuit if CAS is 
applied to the M MN41 64 at a poInt In tIme beyond 
the tRc□ !maxi lim1t. However, access time w1II then 
be determined exclus1vely by the access time from 
CAS ltcAsl rather than from RAS ltRAsl, and RAS 
acces tIme w1II be lengthened by the amount that 
tRc□ exceeds the tRc□ (maxi lim1t. 

DATAINPUT/DUTPUT 

Data to be written into a selected cell is latched into 
an an-chip register by a combination of WRITE and 
CAS while RAS is active. The latter of WRITE or CAS 
to make its negative transition is the strobe for the 
Data ln 10INI register. This permits several options in 
the write cycle timing. ln a write cycle, if the WRITE 
input is brought low !activei prior to CAS being 
brought low !activei; the DIN is strobed by CAS, and 
the Input Data set-up and hold times are referenced 
to CAS. lf the input data is nat available at CAS time 
!late writel or if it is desired that the cycle be a read
write or read-modify-write cycle the WRITE signal 
should be delayed until after CAS has made its ne
gative transition. ln this "delayed write cycle" the 
data input set-up and hold times are referenced to 
the negative edge of WRITE rather than CAS. 

378 

Data is retrieved from the memory in a read cycle by 
maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 
both the RAS and CAS are low !activei Data read 
from the selected cell ,s available at the output port 
within the specified access time. The output data is 
the same polarity Inat invertedl as the input data. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output IDourl of 
the MMN41 64 is the high 1mpedance lopen-c1rcuitl 
state, any time CAS is high !inactivei the Dour pin will 
be floating .Once the output data port has gene ac
tive it will remain valid until CAS is taken to the pre
charge !inactive highl state. Note that CAS can be 
left active llowl indef1rntely. Th1s permIts e1ther 
RAS-only or RFSH refresh cycles to occur w1thout 
invaliding Dour-

PAGE MODE DPERATIDN 

The Page Mode feature of the MMN 4164 allows 
for succesive memory operations at multiple column 
locations within the same row address.This is dane 
by strobing the row address into the chip and main
taining the RAS signal low !activei throughout all 
successive memory cycles in which the row address 
is common. The first access within a page mode ope
ration will be available at tRAC. or tcAc time whichever 
is the limiting parameter. However, all successive 
accesses within the page mode operation will be 
available at tcAc time lreferenced to CASI. With the 
MMN 4164 this results in as much as a 500/o Impro
vement in access times. Effective memory cycle ti
mes are alsa reduced when using page mode. 
The page mode boundary of a single MMN 4164 is li
mited to the 256 column locations determined by all 
combinations of the 8 column address bits. Opera
tions within the page boundary need nat be sequen
tially addressed and any combination of read write 
and read modify-write cycles are permitted within 
the page mode operation. 

REFRESH 

Refresh of the dynamic cell matrix is accomphshed 
by performing a memory cycle at each of the 128 
row addresses within each 2ms interval. Although 
any normal memory cycle will perform the required 
refreshing this funct1on is easily accomplished by 
using either RAS-only or RFSH type refreshing. 

RAB-DNL V REFRESH 

The RAS-only refresh cycle supported by the MMN 



4164 requires that a 7 bit refresh address be valid 
at the device address inputs when RAS goes low !ac
tivei. The state of the output data port during a 
RAS-only refresh is controlled by CAS. lf CAS is high 
!inactivei during the entire time that RAS is asser
ted. the output will remain in the high impedance 
state. lf CAS is low (activei the entire time that RAS 

AEADCVCLE 

"111-----.1 
m 

u™ 
m 

IJiL 

'liH 
Ao·· -.A7 

UIL 

ulii 

wr 
IJiL 

UOH 
Dd 

UoL 

WAITECVCLE 

lJiH 
m 

UiL 

UiH 
CAS 

IJiL 

~ 

¼···", 
llIL 

l\tt 
wt 

IJiL 

lJiH 
Dl 

lJiL 

UoH 
DO 

UoL 

ÎRLIX 

MMN4184 

is asserted. the output port will remain 1n the same 
state that it was prior to the issuance of the RAS 
signal. This is useful for single step operation. lf 
CAS makes a low-to-high transition during the RAS
only refresh cycle. the output data buffer will as
sume the high impedance state. 

TIILRI. 
l H TRH 

DATA VALID 

t T 

TCLSX 

ÎWLRH 
T C, 

ÎWLWH 

YtLIX 

VALID 
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PAGEMDDEREADCVCLE 

PAGE MODE READ MDDIFV-WRITE CVCLE 

RAS 

CAS 

UIH 

Ao -- .A7 

U1L 

u 
wi 

lJtL 

U1H 

Dl 

lJiL 

DO 
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MMN4-.&4B4 -----------------------------------------
RAB-ONLY-REFREBH CYCLE 
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MMN271 &, MMN2&1 & 

MMN 271 6:2D4B x B BIT EPRDM 

MMN 261 6:2D4B x B BIT PROM 

GENERAL DEBCRIPTIDN 

The MMN 2716 is a static, electrically programma
ble read-only memory I16k EPROMJ which has a 
transparent lid to allow erasure of the bit pattern 
with ultraviolet light. 
The device is fabricated with N-channel silicon gate 
technology. lt is packaged in a 24-pin dual-in-line ce
ramic package. 
The MMN 2616 is a factory-programmed read-only 
memory I16k PROM! alsa manufactured with N
channel silicon gate technology. The device is packa
ged in a 24-pin dual-in-line plastic pckage. Pin assig
nment; A.C. and D.C. characteristics of both the 
MMN 2616 and MMN 2716 circuits are identica!. 
The two devices feature a 16,384-bit storage capa
city organized as 2048 x 8 bits. 

FEATURES 

MMN271& 

• The device is a 2048 x 8 bit UV erasable PROM 

ABSOLUTE MAXIMUM RATINGS 
IVoltages relative to Vss = □VI 

• Single 5 volts supply in REA□ mode 
• Access Time in Read Cycle: 

MMN 2716-1 tACC1 = 350 ns 
MMN 2716-2 tACC1 = 390 ns 
MMN 2716 tACC1 = 450 ns 

• STANDBY mode of operation reduces the active 
device power by 750/o approx. 

• Tri-state outputs, bidirectional data pins 
• Programming with 50-ms TTL levei pulses 
• Programming by bytes 18 bitsl of data is possible 

MMN 261& 

• The device is a 2048x8 bit factory-programmable 
PROM 

• VCC = 5 V power supply 
• Access Time in Read Cycle: 

MMN 2616-1 tACC1 = 350 ns 
MMN 2616-2 tACC1 = 390 ns 
MMN 2616 tACC1 = 450 ns 

• STANDBY mode of operation reduces the active 
device power by 750/o approx. 

• Tri-state outputs 

PARAM ETER SYMBOL Min. Max. UNITS 

Voltage on any pin except VPP 
VPP Supply Voltage 
Power Dissipation 
Ambient Temperature 
Storage T emperature 

PINNAMEB 

AO A10 ADDRESSES 

00 07 OUTPUTS INP'JTS 

OE OUTPUT ENABLE 

CE CHIP ENABLE 

VU P<.lWER SUPPLY 

VPP PROGRAMMING POWER SUPPLY 

vss GROUNO 

VT 
VPP 
PT 
TA 
TS 

-0.5 
-0.5 

o 
-55 

6,5 
26.0 

1 
70 

125 

CDNNECTIDN DIAGRAM 

MMN 2716 MMN 2616 

A7 Vll A7 

A6 AB A6 

AS A9 AS 

A• 

@] 
VPP A• 

A3 OE Al 

A2 A10 A2 

A1 IT A1 

AO 07 AO 

co 06 00 

01 05 01 

02 o• V55 

vss 03 V'.J'l 
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STATIC ELECTRICAL CHARACTERIBTICB 
!Voltages relative to Vss = OVI 

PARAM ETER SYMBOL TEST 
CONDITION 

Supply Voltage vcc 
VPP Supply Vottage with 
respect to 

MMN271 6 1 MMN261 B 

Min. Typ. Max. UNITS 

4,75 5 5,25 V 

Ground during Read VPP vcc -0,6 vcc vcc +0,6 V 
Input Low Voltage VIL -0,3 0,8 V 
Input High Voltage VIH 2.0 vcc +1 V 
Input Leakage 
Current ILI VI=5,25 V 10 µA 
Output Leakage V0=5.25 V 
Current 1:..0 OE=VIH 10 µA 
Output Law Voltage VUL IOL = 2,1 mA 0.4 V 
Output High Voltage VOH IOH·-=-0.4 mA 2.4 V 
Operating Temperature TA o 25 70 "c 

PARAMETER SYMBOL TEST MMN2616 MMN2716-1 MMN2716-2 
MMN2716 MMN2616-1 MMN2616-2 UNITS 

CONOITION Min. Max. Min. Max. Min. Max. 

VCC Standby Power 
Supply OE=-VIL 
Current ICC1 CE==VIH 25 30 25 mA 
VCC Active Power OE=VIL 
Suppiy Current ICC2 CE=VIL 100 120 100 mA 
VPP Supply Current lin 
REA□ model IPP1 VPP=5,25 5 6 5 mA 
VPP Supply Current 
during Programming 
Puise IMMN27161 IPP2 VPP=25 30 40 30 mA 

NOTES : 1. VCC must be applied s1multaneously or before VPP and removed simultaneously or after VPP 
2. VPP may be connected directly to VCC except during programming. The supply current would 

then be the sum of ICC and IPP1. 
3. The tolerance of 0,6 V allows the use of a driver circuit for switching the VPP supply pin from VCC 

in read to 25 V for programming. 

DVNAMIC ELECTRICAL CHARACTERIBTICB 
IT A = OC - 70C, VCC = 5V ±50/o, VPP = VCC ±0,6 VI 

PARAM ETER SYMBOL TEST MMN2616 
MMN2716 CONDITION Min. Max. 

Addresses to Output 
Delay tACC1 CE=OE=-VIL 450 
CE to Output Delay tACC2 OE=VIL 450 
OE to Output Delay tCO CE=VIL 120 
OE H1gh to Output Hi-2 tDF CE=VIL 100 
Ct High to Output Hi-2 tPF 100 

384 

MMN2716-1 MMN2716-2 
UNITS MMN2616-1 MMN2616-2 

Min. Max. Min. Max. 

350 390 ns 
350 390 ns 
120 120 ns 
100 100 ns 
100 100 ns 



MMNl!71 B, MMN261 B 

CAPACITANCEB 
--

PARAMETER SYMBOL TEST Min. Max. UNITS 

Input capacitance CIN f = 1 MHz 6 pF 
IAD-A 1 O, CE, OEI V=OV 
Output capacitance COUT TA= 25°C 12 pF 

PROGRAM DPEAATIDN 

PARAM ETER SYMBOL Min. Typ. Max. UNITS 

VPP Supply Voltage VPP 24 25 26 V 
Operating Temperature TA 20 25 30 C 
Address Setup Time tAS 2 µS 

OE Setup Time tCSS 2 µS 
Data Setup Time tDS 2 µS 

Address Hold Time tAH 2 µS 

OE Hold Time tCSH 2 µS 

Data Hold Time tDH 2 µS 

OE = VIH to Output Hi-2 Delay ICE = VILI tDF o 120 ns 
OE = VIL to Output Delay ICE = VILI tCO 120 ns 
Program Puise Width tPW 45 50 55 ms 
Program Puise Rise Time tPRT 10 ns 
Program Puise Fall Time tPFT 10 ns 

NOTES : 1. VCC must be applied simultaneously or before VPP and removed simultaneously or after VPP. 
The 2716 must not be inserted into or removed from a board with VPP at 25±1 V to prevent 
damage to the device. 

2. The maximum allowable voltage which may be applied to the VPP pin during programming is +26 V. 
Care must be taken when switching the VPP supply to prevent overshoot exceeding this 26 V 
maximum specification. 

BLDCK DIAGRAM 
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DEVICE DPEAATIDN 

The modes of operation of the MMN2716 and 
MMN2616 are listed in Table 1 and Table 2. 
The power supplies required are VCC and VPP. The 
VPP power supply must be at 25 V during the three 

Table 1 MMN271& MODE SELECTION 

Mode vcc VPP 
1241 1211 

Read +5 +5 
Outputs Deselected +5 +5 
Standby Mode +5 +5 
Programming +5 +25 
Program Verity +5 +25 
Program lnhibit +5 +25 

Table 2 MMN2&18 MODE SELECTION 

Mode vcc VPP 
1241 1211 

Read +5 +5 
Outputs Deselected +5 +5 
Stabdby Mode +5 +5 

Read Mode 
The 2716 has two control functions, both of which 
must be logically satisfied in order to obtain data at 
the outputs. _ 
CHIP ENA8LE ICEI is the power control and should 
be used for device selection. OUTPUT ENA8LE lffi 
is the output control and should be used to gate data 
to the output pin, independent of device selection. 
Assuming that addresses are stable, addres~c
cess time ltACC11 is equal to the delay from CE to 
output ITACC2I. Data is available at...1!:le outputs 
120 O.§. ltCOJ after the falling edge of OE, assuming 
that CE has been low and addresses have been sta
ble forat least tACC1 - tCO. 
Standby mode 
The 2716 has a standby mode which reduces the ac
tive power dissipation by 750/o, from 525 mW to 132 
mW. The 2716 is placed in the St.5!!ldby mode by ap. 
plying a TTL high signal to the CE input. When in 
standby mode, the outp4",_ are in a high impedance 
state, independent of the OE input. 
Programming 
The EPROM MMN 2716 is in the programml!!9. 
mode when the VPP power supply is at 25V and OE 
Is at VIH. The data to be programmed is applied 8 
bits in parallel to the data pins. These should be trea
ted as a tri-state bus: during program operatIon, the 
outputs become the data inputs. When the adresses 
and data are stable, a 50 ms, ~tive high, TTL pro
gram puise is applied to the CE input. A program 
puise must be applied at each address location to be 
programmed. You can program any location at any 
time, either indiv1dually, sequentially or at random. 
lnit1ally, and after each erasure, all bits of MMN 
2716 are in the „1" state. Data is mtroduced by se
tectively programmmg .o·s· Into the des1red bit lo
catIons. Although only .O's" will be programmed, 
both „ 1 's" and „O's" can be pressented in the data 
word. 
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programmmg modes and must be at 25 V 1n the 
three modes. 
AH input signals are fully TTL compatible during both 
read and program modes. The data outputs are 
three state to facilitate memory expansion by OR 
tving. 

CE OE OUTPUTS 
1181 1201 9: 11: 13-17 

VIL VIL Data Output 
VIL VIH High impedance state 
VIH VIL/VIH High impedance state 
VIH VIH Data Input 
VIL VIL Data Output 
VIL VIH High impedance state 

CE OE OUTPUTS 
(181 1201 9: 11: 13-17 

VIL VIL Data Output 
VIL VIH High impedance state 
VIH VIL/VIH High impedance state 

Program inhibit 
Programming of multiple MMN 2716 in parallel 

with different data is alsa easily accomplished. A TTL 
level program puise applied to a MMN 2716's CE in
put, with VPf..jlt 25V will program that MMN 2716. 
A low level CE input inhibits the other MMN 2716 
from being programmed. 

Program verify 
A verify should be performed an the programmed 
bits to determine that they were correctly program
med. The verify may be performed with VPP at 25V 
Note that the device should be placed within a d1s
tance equal to or less than one inch from the top 
edge of its package to the lamp tube. Depending an 
the type of lamp used the time required for an effec
tive erasure is three times the latent erasure time. 
The latent erasure time is the time after the elapse 
of wich the memory contents are just no longer de
tectable. The erasure time should not be less than 
ten minutes. 
Contamination of the transparent lid will deteriorate 
the transparency and hence affect the erasure tIme. 
At least 20 programming/erasure cycles are possI
ble. The erasure time will increase with a greater 
number of programming/erasure cycles. 

ERASURE CHARACTERISTICS 
The only way to change a „o· to a „ 1" is by ultraviolet 
light erasure. The window provided in the package al
low the programmed bit pattern to be erased 
through exposure to ultraviolet light. 
The recommended erasure procedure for the MMN 
2716 is exposure to shortware ultraviolet hght wich 
has a ware length of 2537 Angstroms IAI. The Inte
grated dase IU.E. UV intens1ty {l- exposure t1mel, for· 
erasure should be: 

-'min = 15 watt seconds/cm - for quartz hds. 
Amin= 30 watt seconds/cm - for ceramic hds. 
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MMN425 

GUAD 215/32 BITS STATIC SHIFT REGISTER 

GENERAL DE■CRIPTIDN 

The MMN 425 contains four similar N channel sili
con gate MOS static shi~ registers, controlled by a 
common clock. The length of registers can be 25 or 
32 bits each, depending on the voltage leve! applied 
Cil the 25/32 SEL pin. When the 25/32 SEL pin is 
tied 
to VJ;P four 25 bits registers are obtained. When 
the 2~/32 SEL pin is tied to ground the length of re
gisters is extended to 32 bits each. The 25/32 SEL 
pin is internally tied to Vcc through a pull-up resis
tor, so the default setting is that of four 25 bits 
registers. 
The data is transfered to the output on the positive 
going transition of the clock. 
The registers have been produced to store streams 
of parallel BCD information in decimal or binary 
bytes or to provide 8 bits of parallel storage, when 
used in pairs (typically in CXJmmunications equip
ments where 8 bit cade is standard!. 

ABSOLUTE MAXIMUM RATINGS 

Vi 
Ptot 
Tstg 
Top 

Input voltage lat any pini 
Total power dissipation 
Storage temperature 
Operating temperature under bias 

AII voltages are referred to GND pin voltage 

CDNNECTION DIAGRAM 

Ycc 

DATA llJT 1 

"ss 
Nt 

DATA IN 1 

CLDCK 

11 

• 

NC.anat c.om1.d1d 
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FEATURE& 

• Power supply V cc = 5 V 
• TTL compatible inputs and outputs 
• Input protected against static charge. 

DATA CUT 3 

DATA OUT 4 

DATA IN 4 

25/32 SEL 

DATA IN 3 

DATA IN 2 

-0,5 to 7 
1 

-33 to 125 
O to 70 

V 
w 
oe 
oe 

■ 



MMN425 

BLDCK DIAGAAM 

CLOCK 25/32SEL 

DATA IN 1 STATIC REGISTER DATA OUT 1 

DATA IN 2 STATIC REGISTER DATA OUT 2 

DATA IN 3 STATIC REGISTER DATA OUT 3 

DATA IN 4 STATIC REGISTER DATA our „ 

STATIC ELECTRICAL CHAAACTEAIBTICB 

IV cc = 4 . 75 to 5. 25 V, TA= O to 70° C unless otherwise specifiedl 

TEST VALUES 
UNITS PARAM ETER CONDITIONS 

min. typ. max. 

V1H Input High Voltage 2 V 

VIL Input Low Voltage -□.3 0.8 V 

VaH Output High Voltage l □H = -1 DO/ µa 2.4 V 

V□L Output Low Voltage lt1L = 2.1 mA 0.4 V 

l~H 
lu ~~ut rroad C~reit ta nputs, loc Input V1 = O to 5.25 V 1 10 /µA 

25/32 SEL Input 100 /µA 

C-:~J. 
1cc Supply Current V1 = 5.25 V 

TA= 25° C 
50 mA 

-:,- Typical values for TA= 25° C and nominal supply voltage. 
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DVNAMIC ELECTAICAL CHAAACTEAIBTICB 

IT A= O to 70° C, Vcc = 5 V unless otherw,se specified tr, t 1 = 20 nsl 

TEST 
PARAM ETER CONOITIONS 

min. 

tPHL Propagation Delay Time 

tPLH Propagation Oelay Time 

tTHL Transition Time 

tTLH Transition Time 

twL Minimum Clock 
Puise Width 250 

tser uP Set-Up Time 

tH HoldTime 

fel Maximum Clock Frequency 

c, Input Capacitance TA= 25° C 
f = 1 MHz 
V1=0V 
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VALUES 
UNITS 

typ. max. 

400 ns 

400 ns 

40 ns 

400 ns 

ns 

100 ns 

300 ns 

2 MHz 

5 pF 



MMN aasaac 

INFRARED RECEIVING CIRCUIT 
FOR REMOTE CONTROL 

GENERAL DEBCAIPTIDN 

MMN 806 is designed to process 63 commands re
ce,ved Cin mfrared or by cablel from the emitting 
MMC 807, its pair circuit. The circuit is also provided 
w1th 5 command inputs !LOC A, LOC B, LOC C, LOC 
O, LOC El which enable the seif generating of 31 
commands out of the possible 63, named "Local 
commands". 
The data, sent by the emitter are applied at the 
RSIGI input and then are checked and decoded in the 
bit recognition and word forming block. 
The obtained signal is transmitted to the internai 
bus IIBUSl where depending on the command type is 
ronted to one of the output blocks. Functionally, 
MMN 806 is structured into two parts: a receiving 
one for processing the commands LOCAL or remote 

for 
control) from the emitter and an emitting one for 1tIng 
processing the commands of IBUS and generatIng by a 
the output signals. The two parts are connected by a al 6 
12 bit IBUS, out of which 6 bits are for data and 6 th:l E 
are inverted. 
The commands of the internai bus are valid at the the 
DATA output when OLEN is LOW. 
MMN 806 is synchronized by applying a 62.5 kHz kHz I; 
frequency at the C input. 
The clock frequence is the same respectively to the kHz 
emitter operating mode !local or infrared remote 
control! and in order to perform the correct recep-
tion and decoding of the command words the follo
wing ratio should be observed. 
The MMC 807 emitter oscillator frequency 14 MHz! Iz!. 
or 62.5 kHz. 
The MMN 806 receiver clock frequencv 162.5 kHz!. 

TABLE 1 - MODE SELECT TABLE Iii! - PIN FUNCTIDN 

TYPE MODE 

MMN 806 code ASCII 
MMN 806.1 local 
MMN 806.2 local 

CDNNECTIDN DIACIAAM 

PRIN No. PIN FUNCTIDN 

RSIGI Serial input 

2 C Clock 

3 RSVD 

10 RSVA lnputs/outputs for reservation 

11 RSVB 

4 MDDEP Selecting input/output 

5 ANAL2 

6 ANAL 3 

7 ANAL 4 

8 VDLU 

9 OFF 

12 Va□ 

13 DLEN 

14 DATA 

15 PAG□ 

16 PRGC 

17 PRGA 

18 PRGB 

19 LOCE 

20 LOCO 

21 LOCC 

22 LDCB 

23 LOCA 

24 Vss 
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OPEN-DRAIN outputs 

STAND-BY input/output 

Power supply 

VALID DATA OPEN DRAIN 

Serial data output OPEN-DRAIN 

lnput/outout for programm memory 

Outputs OPEN-DRAIN for programm 
memory 

Local commands inputs 

Ground 



MMN aaa 

AB■DLUTE MAXIMUM RATINII■ 

Voo Supply voltage: -0.3 ... 7 V 
V1 Input voltage -0.3 ... 15 V 
I, Input current -2 ... 2 mA 
Io Output current o ... 10 mA 
P O Output power 50 mW 
Ptot Total power dissipation 500 mW 
TA Operating temperature o ... 70 oe 
T stg Storage temperature -55 ... 125 oe 

BLDCK DIAIIAAM 

OUTPUT1S DATA 

CONTROL DDEN 

RSIGI OECODER 
HODEP 

PROGRAHS PRGA 

REGISTER 
PRGB 

PRGC 

PRGD 
LOCA 

LOCB INPUT'S 

LOCC 
CODER VOLU 

LOCO ANALOGIC ANAL 2 
LOCE 

BLOCK ANAL 3, 

ANAL4 

I AUTO-RESET I 
Off 

CONTROL 
C 

FUNCTION 
RSVA 

uoo~ RESERVE RSVB 

USS--'<- RSVC 
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MMN BOB 

TABLE 3 - IBUB CODE 

IBllS CODE I STATUS 

NO F E O C 8 A 11 .... ~ ~ 
ID o 

ODE ID o a. ... u 

:t 
... :::, _, .... _, 

I!) I!) MMN 806 > ~ .... C > ... I!) I!) a: 
o "' o C C z "' o B: IE a: a. a: a: > z ~ a: o a. 

C C :c 

o o o o o o o s 19/64 31/64 31 /64 31 /64 ANALCHi POSJTION 

1 o o o o o 1 S o o P4UTE / ON 

2 o o o o 1 o s 1 1 OFF 

3 o o o o 1 1 s 0/1 RE ~ERVE A 

4 o o o 1 o o R8 o 1 ON 

s o o O 1 o 1 s o (J,j 

6 o o o 1 1 O s o J"1.. RE SERVE B / ON 

7 o o o 1 1 1 s o iJ"L RE SERVE C / ON 

8 o O 1 ~ o ORB "t.r RESERVE O 21 

9 o O 1 O O 1 R8 -
10 o o 1 O 1 O R8 -
11 o O 1 O 1 1 RB -
12 o O 1 1 O C R8 -
13 O O 1 1 o 1 R8 -
14 o o 1 1 1 o R8 -
15 o O 1 1 1 1 R8 ... 

16 o 1 o o o o s o i.r 1 1 1 1 ON/PROuRAM 16 

17 o 1 o o o 1 s o u l _r o o o o ON /PRO GRAM 1 

18 o 1 o o 1 o s o u u 1 o o o ON /PROGRAM 2 

19 o 1 o o 1 1 s o u u o 1 o o ON/PROGRAM 3 

20 o 1 o 1 o o s o u 1 1 o o ON /PROGRAM 4 

21 o 1 o 1 o 1 s o o o , o ON /PROGRAM s 
22 o , o 1 , o s o -

~ 

, o 1 o ON / PROGRAM 6 

23 o 1 o 1 , 1 s o - o 1 , o ON / PROGRAM 7 ~ 

24 o 1 , o o o s o - - - 1 , , o ON / PROGRJ.1'1 8 
~ ~ 

25 o 1 1 o o 1 s o ~ 

~ 
o o o , ON I PROGRAM 9 

26 o 1 1 O 1 o s o , o o , OH I PROGRAM 10 

27 o , , o 1 , s -o o 1 o 1 OH I PROGRAM 11 

28 o , , 1. o o s o· - , 1 o , ON / PROGRAM 12 

29 o , , , o , s o 
~ o o 1 1 OH I PROGRAM 13 ~ 

30 o , 1 , , o ~ o u "V" .1 o , , ON / PROGRAM .14 

31 o 1 1 1 1 1 .s o "1..I" "1..I" o 1 1 1 ON / PROGRAM 15 

32 1 o o o o o s -
33 1 o o o o 1• s -
n 1 o o o 1 d s o ON 

35 1 o o o 1 1 s o ON 

36 1 o o 1 O O R2 o u u X IX X X ON / PROGRAM • 

37 1 o o 1 o 1 R2 o --u- 1 :X: .:X: X X ON / PROGRAM -
. 38 1 o o 1 1 O R2 o ON 

39 1 o o 1 1 1 A2 o ON 

40 1 o 1 o o O 118 -1 INTENSITATEA !I.JNEI\JLIJI • 

41 1 o 1 o o 1 Al -~ NT&lSITAIEA !IWETUWI • 

42 1 o 1 o 1 O A8 _, 
ANALOG 2 • 

43 1 o 1 o 1 1 A8 -o ANALOG 2-
44 1 o 1 1 o O A8 -1 ANALOG 3• 
45 1 o 1 1 o 1 R8 -o ANALOG 3 • 

46 1 o 1 1 1 o R8 -, ANALOG 4• 
47 1 o 1 1 1 1 Al -o ANALOG 4-
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iaus ct:rE 1,0 

F E O C B A 11 ,c CI) 
.. ~ _, 

CODE ... > > 3 ...J ...J ...J ... "' "' ~ 1 -~ ,c 
NO o a: a: ~ ,c ,c 

48 1 1 o o o o s 
49 1 1 o o O 1 s 
50 1 1 o O 1 o s, 
51 „ 1 o O 1 1 s. o 
52 1 1 O 1 o o R8 o 

•SJ 1 1 o 1 O 1 RI o 
54 1 , o 1 1 o Ila o 
55 1 1 O 1 1 1 R8 o 
56 1 1 1 o o o R8 o 
57 1 1 1 O O 1 R8 o 
58 1 1 1 O 1 o R8, o 
59 1 1 1 o 1 1 R8 o 
60 1 1 1 1 o O R8 o 
61 1 1 1 1 O 1 RII o 
62 1 1 1 1 1 O R8 o 
63 1 1 1 1 1 1 R8 O 

:::x= Program register change 

L..J MUTE command for VDLU !output puise for other 
pinsl 
11 S: single command 

R2: Repeated command 2/s 
RB: Repeated command 8/s 

21 MDDEP: LDW 

TABLE4-LDCALCDMMAND■ 

o 
> 
"' a: 

.. ou CI) < IBUSCOOE. 
u u 

I~ u u 
99 g 9 F E D C B , 1 , 1 1 - - - - -

o o 1 , , o o o o o 
1 1 1 o o o o o o o 
O 11 1 1 o o o o o 1 
1 O 1 1 1 o o o 1 o 
1 11 o 1 1 o o o 1 o 
o o 1 1 o o o o 1 1 

10 10 1 o 1 o o o 1 1 
10 o o 1 o o 1 o o o 
1 O 1 1 o 1 o o o o 
1 1 1 o 1 1 o o o o 
1 O O o o I o o o I 
o o o o 1 1 o o o 1 
1 1 1 1 o 1 o o 1 o 
O 1 1 1 1 1 o o 1 o 
1 1 O 1 o 1 o o 1 1 
1 O O o 1 1 o o 1 1 
1 1 o o 1 1 o , o o 
1 1 o o o 1 o 1 o o 
1 O 1 o 1 1 o 1 o 1 
1 O 1 o o 1 o 1 o 1 
1 O 0 1 1 1 o 1 1 o 
1 O O 1 o 1 o 1 1 o 
O 1 o 1 1 1 o 1 1 1 
O 1 o 1 o 1 o 1 1 1 
O 1 1 o 1 1 1 o o o 
O 1 1 o o 1 1 o o o 
0 IA 0 o 1 1 1 o o , 
O 1· O o o 1 1 1 o o 
o o , o o 1 1 1 o o 
o o o 1 1 1 1 1 o 1 
o o o o o 1 1 1 o , 
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STATUS 

o. .c CI) u o ... c:, c:, c:, c:, 
o a: a: a: a: HHN 806 o C. o. o. o. 
lC 

-
-
-

ON 
ON" 
ON 
ON 
ON 

o QN 

o ON 
o ON Pr:;gram 
o ON memo~ 
o ON nat 
o ON affected 

o ON 
o ON 

No. 

A Code 

- -
o o 
1 , 
o 2 
o 4 
1 5 
o 6 
1 7 
1 17 
o 32 
I 33 
o 34 
1 35 
o 36 
1 37 
o 38 
1 39 
o 40 
1 41 
o 42 
1 43 
o 44 
1 45 
o 46 
1 47 
o 48 
1 49 
o so 
o 56 
1 57 
o 58 , ~9 



MMCBD6 

BTATIC ELECTAICAL CHAAACTEAIBTICB IT A= 25°CI 

PARAMETER TEST CONDITIONS 
VALUES UNIT 

min. max. 

IL Ouiescent current V,=OV: V,L=O.BV 35 mA 
V,H=3.5V: V0=12V: Voo=5V 

VIL Input low voltage Voo=4.5V -0.3 1,2 V 

V1H Input high voltage Voo=5.5V 3.5 12 V 

11 Input leakage current at Voo=5.5V: -10 ~ 
RSGI andC -3.5<V;<15V 

11 Input current at LOCA, Voo=5V:V,=OV: 250 p.A 
LOCE V tRSGI.Cl=OV 

11 Input current at DLEN: Voo=5,5V: V,=OV; 250 p.A 
PAG□: MODEP: OFF; V1~3.5V 
RSVD 

Io Output leakage current Voo=5V: V0=15V 25 p.A 
at low to high transition 
for OFF: RSVD; MODEP: 
DLEN DATA: PRGA: 
PRGB: PAG□: RSVA: 
RSVB: PRGC: ANAL2, 3, 
4: VOLU 

DVNAMIC ELECTAICAL CHAFIACTEAl■TIC■ 

PARAMETER TEST CONDITIONS 
VALUES UNIT 

min. max. 

fc Clock frequency 56.25 68.B kHz 
Duty cycle 0.4 0.6 O/o 

t, Rise time clock at input 1 p.S 
t, Fall time at clock input 1 µS 

FUNCTIDNAL DESCFIIPTIDN 

The input for remote control receiving of 
signal■ lRSIGIJ. 

From the modulated signal received from the emit
ting circuit MMC 807 lconsisting at least of two 7 
bit - wordsl the following tests are. 

The serial date generated by MMN 807 loperated in 
local mode or infrared remote control! are applied at 
the RSIGI input Where they are checked and deco
ded. Then the bus is validated and thus the input ope
rating Is started. 
The signal structura at the RSIGI input is the same 
with that of the signal at the REM□ output of MMC 
807. 
Thus only the signals consisting of sequences of 7 
bit-words lout of which a command bit or start bit 
noted S and 6 data bits neted A, B, C. □, E. FI are re
cognized by th11 receiver and can be decoded. 
8y inserting dle start bit in the command word recei
ver could be controlled by two emitters, the selection 
of one of them could be made by connecting the 
RSVD pin at LOW or HIGH. 

396 

• the test of the space between words 
• the bit number in the command word 
• the word comparing 
• the observance of the minimal pause between the 

synchronization signals l"burst"J 

TABLE& 

RSVD 

Start bit 
logic level 

HIGH LOW 

o 



The local keyboard inputs: LOC A, LOC 8, 
LOC C, LOC D, LOC E. 

By _means of the command inputs: LOC A, LOC 8, 
LOC C, LOC D, LOC E could be generated up to 31 lo
cal commands. The command realization is made by 
applying a parallet code on the five connexions. 
ln "stand-by" the LOC A, LOC B. LOC C, LOC D, LOC 
E inputs are pulled by "pull-up" transilitors at V00 
Each local command represents a 5 bit-code in wh1ch 
at least one bit is "O" logic. Then all local command 
inputs are connected at a potential that corresponds 
to "1" logic signifies the absence of a local corn
mami 
When a local command exists, it has priority and ap
pears at the end of the command on the IBUS. The 5 
bit code for the local command is obtained by means 
of a diode matrix and which îs presented in table 4. 
The signals on the IBUS, resulted after applying the 
local commands. are tobe found at DATA, as long as 
the signal at the DLEN output is at LOW. 

The internai bus outputs, DATA and DLEN. 

AH the signals reaching the internai bus are presen
ted at the DATA output synchronized with the 
system clock. as long as the DLEN signal is LOW. A 
received command is repeated on the IBUS during 
the key pressing. The repeating period Tr is diffe
rent according to the selected output mode and ac
cording to the emitter operating mode. 
The values of Tr are specified in table 6. 
MMN 806 has 3 command output modes according 
to the subsystem optiopns. 
They are: 
• singular command: e.g. the figure: 
• repetitive command with a repeating rate of 

2/sec: e.g. stop functions lin stepsl: 
• repetitive command with a repeating rate of 

8/sec: e.g. analogue functions. 
A command on the IBUS has 7 bits: a bit for a com
mand and 6 bits for data and it is synchronized with 
the clock system (fig. 41. The command is tobe found 
inverted at the DATA output. Thus if the start bit is 
"O" logic in the command word, at the DATA output 
it will have the value "1" logic. The duration of a bit is 
two clock periods. 
The command action especially influences the sub
systems which are activated by this command Be
cause the subsystems are able to give commands to 
words the IBUS, the DLEN output should be checked 
before the IBUS output. When DLEN = LOW (the 
ws is busyl the command output is delayed with a 
duration: 32 x Te= 512 µs. 

TABLE& 

Repeat rate Smgle Repeated commands 
command 21sec 8/sec 

Local command n. 131 524 131 

Remote command n. 109 436 109 

397 

MMNaaa 

The command output• of th• analogu• signale: 
VOLU, ANAL I, ANAL 3, ANAL 4. 

The analogue part contains 4 registers series of 6 
bits for binary counting the analogue values, each 
one with the D/ A converter of 63 steps. The analo
gue values are obtained by modifying the duty_ cicle 
at a signal with the frequence fc: 32 = 1 , 95 kHz. 
These pulses are integrated with a filter cirruit RC, 
thus resulting a continuous voltage proportional to 
the ratio HIGH/LOW. 
Both the passing time from one step to another and 
the passing duration between "O" and "1" logic are 
different for the two operating modes and are spe
cified in table 7. 
When connecting the power supply, the cirruit is in 
Stand-BY, at the analogue outputs, there are the re
ference analogue values (where the signals at the 
ANAL 2, ANAL 3, ANAL 4 outputs have the duty fac
tor 31 /64 and VOLU. 19/64, respectivelyl which 
corresponding to the main configuration setected by 
the "O" command in the table. 3. 
The duty cycle values for the analogue command sig
nals · are modified by applying the corresponding 
commands specified in table 3. 

TABLE7 

MODE 

LOCAL 
REMOTE 

Passing time for 
one step 

131 ms 
109ms 

Passing duration 
betwenn 

.o· to .1 • logic 

a3s 
6.9 s 

Also, at the volume command output IVOLUI it could 
be established the mode MUTE !VOLU=LOWI for 
the following situations: . 
• for a short time, Ts. at the program switching, 

when the program memory is coupled IMODEP= 
HIGHI. The value of Ts is 260 msec. for the local 
commands and 200 msec for the infrared remote 
control instructions: 

• through the command 1 when the flip flop is set 
its output is the VOLU connection. The flip flop 
could be reset by means if the following com
mands: 

- a new command 1 or a command 2 IOFF statei 
when the sound nominal value is maintained 

- command 40: "sound intensity growth" lthe vo-
lume begins to grow from 0/641. 

- a new command O. 
ln stand by, the analogue memories cannot be chan
ged. The output VOLU=LOW, irrespective of the 
memory values. 

Input/output OFF. 

The OFF connexion is the output of a flip flop and 
shows the circuit operating state. Thus: 
e for OFF=HIGH. it is selected the mode STAND-BY. 
• for OFF=LOW. it is selected the mode DN. 
MMN 806 could also be brought in stand-by by con
nectmg the power supply, V00 
The flip flop whose output is the OFF pin could be re
set Cbrought in LOWI by one of the commands specI
fied in table 3. 



As an input. the OFF conm,xIon allows the comman
ding of the flip flop in both states ILOW or HIGHI. 
For this the durat1on of the setting signal should be 
longer, than two clock periods. 

Program selecting outputs IRSVA, RSVB and 
RSVDI. 

RSVA is the output of a flip flop and It changes Its 
state after each command of this type lcommand 3 
in table 31. 
RSV8 generates a single positive puise of 1 msec 
receiv1ng the command lcommand 61. 
A RSVC command generates a HIGH levei at the 
RSV8 output as long as the key is pressed. 
The RSVD output operation depends an the MODEP 
output state. For MODEP=LOW. the RSVD output= 
LOW as long as the command 8 is received. The cor
responding to the command should be pressed for 
minimum 100 msec. 
lf MODEP=HIGH, during the modification of the 
program memories through the commands 16-31, 
36 and 371, a LOW puise is generated at the RSVD 
output. 
The MMN 806 behaviour at the RSVA, RSV8, RSVD 
Is shown In timing d1agram. 

TABLE a - DN CONDITION 

PIN 

RSVA 
RSV8 

OUTPUT 

O=V□L 
O=V□L 

INPUT 

1=Voo 
1=Voo 

TABLE !I - OFF CONDITION 

PIN 

RSVA 
RSV8 

OUTPUT 

1=V□H 
1=V□H 

INPUT 

O=Vss 
O=Vss 

TEST 

MODE1 
MODE2 

TEST 

MODE1 
MODE2 

RSVD could alsa be used as an input, by ground con-

MMN BD& 

When a subsystem is selected or when MODEP=
LOW lbrought by an externai commancll the com
mands 16-31, 36 and 37 do nat influence either 
the program memory contains or the VOLU and 
RSVD outputs. RSVD state is modified only by the 
command 8. 
At the commands 210FFI or 410NI or after the po
wer supply connection, MODEP=HIGH, PRGD could 
operate as an input; by its connection at the ground 
IV551 the program cycle decreases from 16 to 12. 

Stand-by state. 

MMN 806 is provided with an auto-reset circuit. Af
ter the circuit supply in the following 2, ... .4 clock pe
riods the stand-by mode is established. 
This means that the circuit will have the following 
characteristics at the output: 
e VOLU=LOW 
• ANAL 2 ANAL 3, ANAL 4 presents the reference 

analogue values lwith the cudy cycle 31 /641 
• the program register selects the program 1 
e the OFF output=HIGH . 
• the MUTE mode lcommand 11 is passive 
• all intervalls outputs are in LOW, excepting RSVD 
After the clock frequence connection for the circuit 
synchronization the supply voltage value should be 
and nat smaller than Vno = 4.5 V in order to make 
possible the operating ot the auto-reset circuit. 
ln it is presented the application diagram for genera
ting a delav start nlock. 

nectIon IV ssl, the circuit will be prepared to receIve 6BK,... 
command words from distance with the start bit va- .. c. 

'+SV 

lue "1" logic. 
The RSVA and RSV8 outputs, could operate as well 
as test Inputs. 14 1/ 
The test modes are sw1tched to ON/OFF by connec-
ting these 1nputs at antivalent s1gnals through a ___ 6 __ ___, ____ __ 
small value resistor. ln ordes to avoid the operating ID---+-4~--- ( 
of test modes, the IOL output current of the RSVA j_ 
and RSV8 outputs should be smaller than 2.5 mA. 1ipF 
ln tables 8 and 9 it is presented the operatIng of the 
RSVA and RSV8 connexions as test modes. 

Program addressing memory outputs PRGA, 
PRGB, PRGC, PRGD and subsystem selecting 
input/output, MODEP. 

PRGA, PRG8. PRGC. RPGD are the outputs of a 
program memory whose content Is mod1fied by the 
commands 16-31 lprograms 1-161 or the com
mands 36 and 37 lincrementat1011/decrementat1on 
of the program numberl. 
MODEP showns whether a subsystem Is selected 
IMODEP=LOWI or nat IMODEP=H1ghl. A sub
system w1II be selected by one of the commands 
56!·63. 
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TIMING DIAGRAM 

ls=260ms (LOCAL) 

R=130ms 

MMN 806 

fNTEAN 

Jt----T R_:_=_T..:.,:_s/_2_ J: = 1~s 

--------,1~----'~ ..... ----1._---
22 =7x39s 

D.EN 

VOLU 
li + 1 

PRG _......, ____ ~"'~---x..__ ________ _ 

ttl)EP 
OFF 

(H-LJ 

OFF 
(L-H) 

=~ ... 4_ms ________________ _ 

RSVA ~o,512ms 
( C01MANO 3 l • 

1,024ms 

RSVB 
(CCH-1ANO 6) -----------------

RSVB 
( CCH-tAND 7 l ~ 

RSVO 
( C01MAND 8 l ~----------~~ 

Ts ~ MODE ~TION 
ÎR COMMANO REPEAT Ml~Lt1 PERIOO 

Te CLOCK PERIOD 
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T 

LOCA 
la LOCE 

224 s 

DLEN 

Tsi Tn•Tr 

C Mn 
DLEN 

Canmand 
bit Data bits 

DATA 

14•Tc= 4 s 

TLOc = LOCAL KEYBOARD ACTION DURATION 
T p = KEY PRESSING DURA TION 
T s1 = SECURITY TIME 
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Testing 
new action 

16 

3 s 
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MMC B07 

INFRARED EMITTING CIRCUIT FOR REMOTE 

CONTROL 

GENERAL DESCRIPTIDN 

MMC 807 is an infrared emitting CMOS polysilicon 
gate integrated circuit with puise width modulation. 
The circuit is available in 24 pin dual-in-line package. 
The operating modes are INFRAREO and LOCAL. 
The circuit functions allow both the emitting in LO-

ABBDLUTE MAXIMUM RATINGB 

Voo Supply voltage: 
v, Input voltage 
I, Input current 
Io Output current 
Pmax Total power dissipation 
Pa Oissipation per output buffer 
TA Operating temperature 
Tstg Storage temperature 

CAL mode of the corresponding ASCII codes. parallel 
applied on the SEN0, SEN7 inputs and the transm,t
ting in LOCAL mode or infrared of 64 different com
mands. 
For special applications there is the possibihty to ex -
tend up to 128 commands by settIng the start b,t 

-0.3 11 V 
-0.3 +Voo V 

2 mA 
10 mA 

400 mW 
50 mW 

o 70 oe 
-55 ... 125 cc 

RECDMMENDED DPERATING CDNDITIDNB 

Voo Supply voltage 

CDNNECTIDN DIAGRAM 

iiiii 

MMC 807.1 
MMC 807 

401 

class 1 
class 2 

4.3 ... 11 
7 ... 11 

PIN NAMEB 

PIN No. SYMBOL 

1-8 QCL 

9 QCL 

10 QCLS 

11 REMO 

12 Vss 

13 MOC 

14 MOA 

15 MOB 

16-23 ORVO-ORV7 

24 Voo 

V 
V 

FUNCTION 

Sensorial Inputs 

Oscillator output 

Clock input 

Output 

Ground 

Selecting mode 
control inputs 

OPEN-ORAIN output~ 

Power pupply 



BLDCK DIAGRAM 

HOA 14111 1111( 

CICLS ~-+---tPRESCALER 
OSClATOR 

0.CL <>-_ __, 

PUI.SE 
OURATION 
H!XU.ATIR 

OUTPUT 
SIGNAL 
C<JfTROL 

MMCBD7 

-->----oAEHO 

KEYBOARD SCANNER 

ll'UNCTIDNAL DEBCRIPTIDN 

MMC 807 Is an 1nfrared emIttIng remote control cIr
cuIt des1gned to generate 128 commands for recei
ver control. 
ln the receIver decod1ng and demodulat1on are per
formed by MMN 806. 
MMC 807 could be operated In LOCAL mode, where 
the REN□ output Is d1rectly connected at the MMN 
806 receIver input and at the QCLS pin 1s coupled an 
externai frequence, f = 62.5 kHz, common w1th that 
of the rece,ver. ln thls conf1guration the two cIrcuIts 
are synchronously operatIng. 
8es1des there Is the poss1b1hty to send In LOCAL 
mode the ASCII comb1nat1ons parallel apphed at the 
SEN0-SEN7 Inputs. 
For selecting the operatIng mode the cIrcuIt has 
three command Inputs: MOA, MOB. MOC: 
- by the states of the MOA and MOB connectIons 

the operatIng mode ,s selected as follows: 
- for MOA=HIGH land MOB=HIGHJ the LOCAL 

mode Is selected 
- for MOA=LOW land MOB=H1ghl the infrared 

remote control mode Is selected 
- for MQA=-cLOW land MOB=LOW; MOC=LOWI 

the circuit Is In stand by mode 
- for MOA=0 don't care and MOB=LOW Is sr· 

lected one of the modes of test used b~ tt1e 
manufacturer. Th1s case has no interest for 
the users. 

402 

The logic levei apphed at the MOC input Is the logic 
state of the command bit noted 8 (start b1tl. 
MOC=LOW: S="O" logic 
MOC=HIGH: S="1" logic 
Us1ng of the add1t1onal MOC pin offers two advan
tages to the circuit: 
1. Extent1on of the poss1ble command number from 
64 lwhich Is the d1mens1on of the keyboard matrIx: 8 
rows x 8 columnsl up to 1 28, by alternative connec
tIng of the MOC pin to LOW or HIGH 

MDDEBELECT 

MOA MOB MOC FUNCTION s 
o o o Stand-by 
1 o o Test 0/1 
o o lnfrared i-emote 

control o 
1 1 o Local o 
1 o 1 Test 
o o Test 0/1 
o 1 lnfrared remote 

contrnl 1 
Local 1 



2. Poss1ble control of 2 receIver systems from the 
same emItter. 
The two receivers will be selected by the state of the 
start bit in the command word. 
After push1ng and 1dent1fying the key by scanning all 
command outputs: ORV0-DRV7, the key analyser 
generates a binary word. 
The cod1f1cat1on of the b1nary cade elements Is made 
by combining the LOW and HIGH logic states w1th 
two d1fferent per1ods of time, noted t00 and tD 1. 
Both per1ods are preceded by a (puise! "burst" wh1ch 
enables the bit separatIon In the command word and 
the operating mode 1dent1ficat1on at receptIon. At 
emIssIon the encoded word will be formed of a suc
cesIon of "bursts", separated by periods of tIme 
t00 or t01. 
The number and the per1ods of the pulses In the 

REM□ PIN OUTPUT SIGNAi 

COWO BIT 

tPW 

LOCAL REMOTE CONTROL TIMINC 

t 

CLOCK PERIOD 
TIME UNIT 
PULSE WIOTH 
BURST PERIOD 

H 

REMO 

L 
tPW 

INER/l.R!.:O REMOTE CONTROL TIMINl 

tp 

REMO 

L 
___!_~_ 

--------i 

t 

t 

CLOCK PERIOD 
TIME UNIT 
PULSE WIDTH 
BURST PERIOD 

t 0 = 250 ns 
tuo = 4096 t 0 
tp = 56 t 0 
tM = 112 t ri 
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MMCB07 

burst are d1fferent at the local transmIssIon mode 
from the infrared remote control mode. 
ln figures bellow Is presented the "burst" structurP 
spec1fy1ng the mast important values (period. puise 
number, logic state codesl. Each seven b1t-word Is 
followed by a period wh1ch represents the code ol 
the space between words, noted tDW. 
At the disconnect1on of a key for a short tIme. 
t<19~~tUD, tollowed by the 1mmed1ate push1ng of 
the same key or of another one In the output signal 
1nstead of the simple space between words Is inser
ted the double space between words. Thus the receI
ver w1II be able to d1fferent1ate between a long pres
sIng of the emIssIon key and a repeated pressIng. 
The faur coding periods: t00, tO 1, tDW and tDS be
have both at the 1nfrared operatIon and at the locc1I 
mode w1th1n the ratIons: 5:7" 14: 19 In comparIso11 
w1th the time tUO. 

\ttmO C01MAND BrT 
INTERVAL 

t t 

BURST DURATION 
L□W„WIDTH 
.HIGH" WIDTH 

REPEAT WORD 

SIMPLE WORDS INTERVAL 
□DUBLE WORDS INTERVAL 

BURST DURATION 
„LOW„WIDTH 
„HIGH" WIOTH 
SIMPLE WOROS INTERVAL 
□DUBLE WORDS INTERVAL 

tl-'\N c.· 4,5 tM 
t 00 = 5 tuu 
tu,~ 7 tuo 
t 0 w 0 --14t 1Jl 

t 05 • 19 tu11 

tpw cc 5. :> tM 
too = 5 tuo 
t 01 = 7 tuo 
t 0 w~ 14tu1 
tos·~ 19 tuo 



MMCBD7 

STATIC ELECTRICAL CHARACTERIBTICB CT A= 25°CI 

TEST CONDITIONS VALUES 
PARAMETER CLASS Vss v, Voo V1L V1H Vo Io min. max. UNIT 

CVI CVI CVI CVI CVI CVI CmAI 

lo0o Quiescent 1 o - 10.5 o 10.5 - - 10 µA 
current 2 o - 10.5 o 10.5 - - 10 µA 

VoL Output low voltage: 1 o - 4.5 o 4.5 - 1.0 1 V 
QCL, REM□ 2 o - 7 o 7 - 0.8 1 V 

DRVO-DRV7 1 o - 4.5 o 4.5 - 0.8 1 V 
2 o - 7 o 7 - 0.6 1 V 

VoH Output high 1 o - 10.5 o 8 - 2.7 9.5 - V 
voltage: REM□ 2 o - 10.5 o 8 - 2.7 9.5 - V 

QCL 1 o - 10.5 o 8 - 0.6 9.5 - V 
2 o - 10.5 o 8 - 0.6 9.5 - V 

I 

V1L Input low voltage: 1 o - 10.5 o 10.5 - 103 - 2.1 V 
SENO-SEN7 2 o - 10.5 o 10.5 - 10 3 - 2.1 V 

QCLS 1 o - 4.5 o 4.5 - 10 3 - 0.9 V 
2 o - 7 o 7 - 10 3 - 1.4 V 

V1H Input high voltage: 1 o - 10.5 o 10.5 - 10·3 8 - V 
SENO-SEN7 2 o - 10.5 o 10.5 - 1 □-3 8 - V 

QCLS 1 o - 4.5 o 4.5 - 10·3 3.6 - V 
2 o - 7 o 7 - 10·3 5.6 - V 

l1L Input low current 1 o - 10.5 o - - - 5 250 µA 
SEN0-7 2 o - 10.5 o - - - 5 250 µA 

l,R Input leakage current: 1 o - 10.5 o - - - 1 µA 
SEN0-7; MOA: 2 o - 10.5 o - - - 1 . µA 

MOB: MOC 

DVNAMIC ELECTRICAL CHARACTERIBTICB 

PARAMETER TEST CONDITIONS 
VALUES UNIT 

min. max. 

FQLS Osc1llator frequency lnfrared remote control - 4.5 MHz 

Duty cycle lnfrared remote control 45 55 O/o 

t,., t, Rise and fall timeat I nfrared remote control 50 US 

FGLS 

Duty cycle Local 60 O/o 

t„ Rise t1me Local 50 US 

t, Fall t1me Local 70 US 

404 



MMCB07 

FUNCTIDNAL ELECTRICAL 
CHAAACTEAIBTICB 

Depend1ng an the selected operating mode, the 
MMC 807 synchronizing frequency is differently 
generated and has other values. 
Thus in the infrared mode the clock frequency ,s 4 
MHz obtained by a quartz connected between the OCLX 
QCLS and QCL pins. tJ---,---..J 

MMC 807 

CLS CL 

R>10M.n. 

4MHz 
----□ -----1 

24pFI 128pF 

EXTERNAL NETWORK 

OF EMITTER1S OSCILLATOR 

..._......___-oOCLX 

ELECTRIC DIAGRAM OF INTERNAL OSCILATOR 

ln the LOCAL mode, MMC 807 and MMN 806 are 
operating at a 62,5 kHz frequency. 
The circuit has 8 "OPEN-DRAIN" outputs: 
DRV0-DRV7 and 8 inputs SEN0-SEN7 which 
enable the realisation of the input matrix (8x8=641 
and which together with the keyboard decoder per
form the key recognition. 
ln STAND-BY mode, all SEN inputs are HIGH. being 
connected at VD.D• while the DRV outputs consisting 
of n-channel OPl:N DRAIN transistors are succes1-
vely activated. 
At REM□ output a serial sequence of words is obtai
ned. Each word consists of 7 bits: S,A,B,C,D,E,F. S is 
thP. r.ornmand bit and A,B,C,D,E,F represent the 6 bit 
commano of the internai bus UBUSI. 

CODIFICATION KEY NUMBER TO BUS CODE 

SEN .N:IDRV .N 
IBUS CODE NUMEMBER OF CODE 

F E D C B A MOC= LOW MOC= HIGH 

o o o o o o o o o 64 
1 o o o o o o 1 1 65 
2 o o o o o 1 o 2 66 
3 o o o o o 1 1 3 67 
4 o o o o 1 o o 4 68 
5 o o o o 1 o 1 5 69 
6 o o o o 1 1 o 6 70 
7 o o o o 1 1 1 7 71 

O la 7 1 o o 1 OOO la 111 8 la 15 72 la 79 
O la 7 2 o 1 o OOO la 111 16 la 23 BD la 87 
O la 7 3 o 1 1 OOO la 111 24 la 31 88 la 95 
O la 7 4 1 o o OOO la 111 32 la 39 96 la 103 
O la 7 5 1 o 1 OOO la 111 40 la47 104 la 111 
O la 7 6 1 1 o OOO la 111 48 la 55 112 la 119 
O la 7 7 1 1 1 OOO la 111 56 la 63 120 la 127 
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BUAD 2 - INPUT NOR GATE 
GENERAL DEBCRIPTIDN 

The MMP 1 06 is a monolithic integrated circuit, 
available in 1 6 - lead dual in line plastic package. 
The MMP 106 is manufactured in P-channel MOS 
technology. 

ABSOLUTE MAXIMUM RATINCIB 

Gate supply voltage 
Drain supply voltage 
Input voltage 
Operating ambient temperature 
Storage temperature · 

FEATURES 

• High input resistance 
• lnputs fully protected 
• Two supply voltage 

RECDMMENDED DPERATINCI CDNDITIDNB 

Gate supply voltage 

Drain supply voltage 

PIN CDNNECTIDNB 

122 

02 

'ei 
\4ss 

406 

TRUTHTABLE 

ln, ln2 Dn 

H H L 

H L H 

L H H 

L L H 

MMP10& 

-30 .. .+0.3 
-30 ... +0.3 
-25 ... +0.3 

o ... +70 
-55 ... +150 

-27- 1 
-t- 2 

-13-0.5 
+1.5 

n = 1, 2, 3, 4 

V 
V 
V 

oe 
oe 

V 

V 



MMP10B 

STATIC ELECTAICAL CHAAACTEAIBTICB 

ITA= 25°CI unless otherwise specified 

TEST CONDlTIONS 
VALUES 

UNIT PARAMETER min. typ. max. 

11 Input current Vi=-25 V 10 µA 
VoL Low level output voltage V1H ~-2 V; v,Ls-9 V: 10 V 

RL= 1 M 
VoH High level output voltage V1H ~ -2 V: V1L:::;; -9 V: 1 V 

RL = 100 K 
VOL Low level output voltage at V1H ~ -2 V: V1L:::;; -9 V 5 V 

Io= +1 mA 
VoH High level output voltage V1H~ -2 V; V1LS -9 V 4 V 

at 10 =-1 mA 

DVNAMIC ELECTAICAL CHAAACTEAIBTIC■ 

IT A = 25°CI unless otherwise specified 

TEST C0NDITIONS 
VALUES 

UNIT PARAMETER min. typ. max. 

tPHL Propagation delay time 320 ns 

tPHL Propagation delay time 
120 ns 

C1N Input capacitance V00 = Vo0 = 0V 1 pF 
VI ~ 0.2 V 
f = 0.5. .. 2 MHz 

Cst Stray capacitance 30 pF 

SCHEMATIC DIAGRAM 

li 

131 

4r')1 



BUAD 2 - INPUT AND l:NANDJ GATE 

GENERAL DEBCRIPTIDN 

The MMP 107 is a monolithic integrated circuit, 
available in 16 - lead dual in line plastic package. 
The MMP 107 is manufactured in P-channel MOS 
technology. 

ABBDLUTE MAXIMUM RATINCI■ 

VGG Gate supply voltage 
V00 Drain supply voltage 
V1 Input voltage 
TA Operattng ambient temperature 

1 ,v orage temperature 

FEATURE■ 

• High input resistance 
• lnputs fully protected 
• Two supply voltages 

RECDMMENDED OPERATINCI CDNDITIDNB 

Voo 

Gate supply voltage 

Drain supply voltage 

PIN CDNNECTIDNB 

03 
l31 

l32 

Voo 
¼2 
l41 
~4 
04 

TRUTHTABLE 

ln1 ln2 Dn 04 
H H H L 

H L H L 

L H H L 

L L L H 

408 

-31 ... +0.3 
-31 ... +0.3 
-25 ... +0.3 

Q .. +70 
-55 ... +150 

-1 
-27 +2 
-13-0.5 

+1.5 

MMP107 

V 
V 
V 

oe 
oe 

V 

V 

n = 1, 2, 3, 4 



MMP107 

■TATIC ELECTAICAL CHAAACTEAl■TIC■ 

IT A = 25° Cl unless otherwise specified 

TEST CONOITIONS 
VALUES 

UNIT PARAMETER min. typ. max. I 

11 Input current VI =-25 V 10 µA 
VOL Low level output voltage V1H ~ -2 V: V1L s -9 V; 10 V 

RL= 1 MO 
VOH High level output voltage v,H ~ -2 v: v,Ls-9 v: 1 V 

RL= 100KO 
VOL Low level output voltage V1H ~ -2 V; V1L s -9 V 5 V 

at lo=+1 mA 
VoH High level output voltage V1H ~ -2 V; V1L s -9 V 4 V 

at 10 =-1 mA 
- -

0VNAMIC ■L■CTAICAL CHAAACTIEAl■TIC■ 

IT A= 25°Cl unless otherwise specified 

TEST CONDITIONS 
VALUES 

UNIT PARAMETER min. typ. max. 

tPLH Propagation ~elay time 
320 ns for 01 ... 03, 04 

t,,,H Propagation delay time for 04 150 ns 

lplll. Propagat1on delay tune 200 ns 

C1N Input capacItance Voo= V00 = O V 6 pF 
VI ~0.2 V 
f= 0.5 ... 2 MHz 

c.i: Stray capacitance for 01 ... 03, Cl4 30 pF 
Cat Stray capacitance 04 20 PF 

■CHEMATIC ICHACIAAM 

o, 

40~ 



MMR1BD 

DIGITAL MUL TIMETER LOGIC 
GENERAL DESCAIPTIDN 

MMP 190 is a digital multimeter logic integrated cir
cuit fabricated in PMOS enhancement-depletion 
aluminium gate technology. The circuit consists of 2 
int.ernal oscilators Cone for multiplexing, one for 
countingl, a 4 decades BCD counter, an output mul
tiplexer which can drive a LED or LCD 3 3/4 digit dis
play and an autoranging and dual-slope A/O conver
sion control logic. 
MMP 190 is supplied in 28-lead dual-in-line plastic 
packages. 

ABSOLUTE MAXIMUM RATINCIS 

Supply voltage 
Voltage between any pin and ground 
Input current CV1 = 0.3 V; Vss = O VI 
Dperating ambient temperature 
Storage temperature 

PIN CDNNECTIDNB 

PIN SYMBOL 

1 Vss 
2 OF 
3 CL 
4 CR 
5 F2s 
6 8, 
7 8:3 
8 82 
9 F, 

10 Ba 
11 84 
12 F3 
13 s, 
14 S3 

PIN FUNCTION 

Supply voltage 
LCD frequency output 
Externai clock input 
Counting clock input 
Range select input 
Measuring range output 

" 

" 
Range select input 
Measuring range output 

" 
Range select input 
Dual-slope control output 

" 

CL 

CR 
F2S 

B1 
83 
B2 
F1 

IO 
ar. 
F3 

4'1(i 

FEATURES 

• 3 3/4 digit digital multimeter logic (max. 599.91 
• autoranging 
• multiplexed BCD output 
• dual-slope int.egration 
• overrange indicated Cblinkingl 
• low-power dissipation 
e CMOS compatibility 

APPLICATIDNS 

• digital multimeter 
• decade counter 

-20 to +0.3 V 

PIN 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

H 

Dl 

02 

SYMBOL 

Sa 
S4 

Voo 
K 
p 

Go 
Gc 
Gs 
QA 
04 
03 
D2 
o, 
M 

-20 to +0.3" V 
1 mA 

O to +70 °C 
-55 to +125 °C 

PIN FUNCTION 

Dual-slope control output 

" 
Su pply voltage 
Analog input 
Polarity output 
BCD output 

" 
" 
" 

Digit selection output 

" 
" 
" 

Sean oscilator input 



■TATIC ELECTAICAL CHAAACTEAIBTICB 

IT A= 25°C, unless otherwise specifiedl 

PARAMETER TEST CONDITIONS 

Voo Supply voltage reference 

Vss Supply voltage Voo= O V 

V1L K input low voltage V00 = O V 
fN = 30 kHz 

V1H K input ~igh voltage V00 = ov 
fN = 30 kHz 

V1L Input low voltage V00 = O V 
lexcept K input) fN = 30 kHz 

V1H Input high voltage Voo= O V 
lexcept K input) fN= 30 kHz 

VoL Output low 111oltage Io= 25 µA 
(QA, ~. Clc, QO, □,, 
0 2• 0 3, 04, P outputsl 

VoH Output high voltage lo=-200µA 
(QA, ~. Clc;, QO, 0,, 
0 2, 0 3, 04, P outputsl 

VaL Output lgw .voltage Io= 50,_A 
180, 81, 82, 8a,84o S,, 
S2, S3, S4 outputsl 

·VOH Output high voltage lo=-200µA 
180 81, 82, 83, 84, S,, 
S2o S3, S4 outputsl 

VOL OF output low voltage Io= 50 µA 

VOH OF output high voltage lo=-50µA 

pd Power dissipation V00-V55 = 12 V 
open outputs 

DVNAMIC ELECTAICAL CHAAACTEAl■TIC■ 

ITA= 25°C, unless otherwise specifiedl 

PARAMETER TEST CONDITIONS 

td Defay time between CL = 200 pF 
K input and S outputs RL = 10 Mohm 

fN Counter oscilator frequency Voo-Vss=-12 V 

F111vi Counting frequency stability Vss= 12±1 V 

!=Nm Counting frequency stability Vss = 12 V 
To= O to 7D°C 

fM Multiplexing frequency Vss = 12 V 

VALUES 
UNIT 

MIN. MAX. 

o o V 

8 14 V 

o Vss-7 V 

Vss-2 Vss V 

o Vss-7 V 

Vss-0.5 Vss V 

o 1 V 

Vss-1 Vss V 

o 1 V 

Vss-'1 Vss V 

o 1 V 

Vss-1 Vss V 

70 mW 

VALUES 
UNIT 

MIN. MAX. 

4 µS 

o 100 kHz 

±3 O/o/V 

±0.8 D/o/°C 

o 800 Hz 



MODE& OF OPERATION 

'tIJ•OVl-l2VI 

CL 

CA COUNTER 
OSCILLATOR t---• "'1.JU\r 

R1-SOO.n. 

\ţ& = 12VI 0V I 

• Input CI op1,orr 

M 

EXTERNAL 
H CLOCK !DERA'IIRI--__ _,. 

EXTERNAL 
'ţxJ=OV1-12VI 

C.LOCK CL 

GENERATOR 7.J"1.j 

CA COUNTER ·- OSCILLATOR 

\ss=12V(OV) 

* Input CH r.:1ir1111~r:t.t•1l I.o 

'trf0V(-12V I 

MULTIPLEX 
OSCILLATOR 

-400Hz 

~s=12V(0V) 

'b)=OVl-12VI 

lt.lLTIPLEX 

OSCILLATOR 

,nr 
To r1rg counter 

,__ _______ __,Vss=12V(0V) 

• D,ly for testing purposes and R1 O 
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FUNCTIDNAL DESCRIPTIDN 
GENERAL 

MMP190 

The circuit comprises the logic functions for a digital multimeter, on the basis of dual-slope method, with 
automatic range switching. By means of four measuring-range outputs, small units with 3 3/4 digits and 
four measuring ranges can be realized without additional externai components for the range selection. By 
switching the logic range, up to eight different measuring ranges can be switched automatically; however, 
decoding of these ranges must be done externally. • · 
The maximum display is 6000. 6000 steps mean a relatively small analog circuit requirement, however, 
that permit the measuring of voltages between 100 µA and 600 V in four measuring ranges. When the 
highest measuring range is exceeded, the value 6000 is displayed. Through an additional blinking circuit, 
which does nat require an additional connection pin, the user is made aware of the measuring range being 
exceeded. 

FUNCTIDN 

The block diagram shows a simple unit with four automat1cally selected measuring ranges. The e~ternitl 
m1alog port1on consists of only the analog amplifiers, reterence voltage source, and the analog sw1tches for 

the measuring phase and range switching. 
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The sequence control and generation of the value measured is done by the MMP 190. The main portion of the 
circuit is made up of a four decade BCD counter which is driven by a counting oscillator contained on the 
chip, together with an externally connected RC-circuit. The counting oscillator may be replaced by con
necting a clock generator. At particular periods of timing, the contents of the counter is transferred into 
the 4 x 4-bit memory by means of a strobe puise derived from the K-input. 
The information contained in the memory is transfered by means of a multiplexer in a bit-parallel mode to 
outputs ~ through Q0 , whereby outputs 0 1 through 0 4 indicate the just transferred decimal place 
CQ,._ = LSB, Q0 == MSB; 0 1 == units digit, 0 4 = thousands digit, active condition = high levell. To ensure 
reliable driving of the memories in the display interface, e.g. liquid crystal display, the correct BCD-infor
mation is maintained at the Q outputs until after the end of the active condition of the 0-outputs. The indi
cation of the decimal position occcurs in the sequence 1-3-2-4, to avoid flickering when the display units 
are driven directly. 
For the generation of scan-frequency for the multiplexer a second oscillator has been provided on the 
MMP 190. Replacement by an externai clock generator is possible but should be used only for testing pur
poses. The display frequency OF of about 50 Hz required by liquid crystal displays is also derived from the 
multiplex oscillator. 

MEABUAING-BEGUENCE 

The measuring sequence is also controlled by the BCD-counter, via measuring-phase outputs S1 through 
S4 (compare timing diagram and principie circuit diagraml. 

EXTERNAL 
ANALOG 
CIRCUIT 

TIMING DIAGRAM 
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INTEGRATIDN DF THE MEABURING VDL TAGE 

The measuring cycle starts at counter position 7000; at this point output S, becomes high, whereby the 
input voltage is switched to the integrator until counter position 0000 has been reached. 
At the moment when the counter jumps from 9999 to 0000, the signal levei of the comparator (input kl is 
stored. At this moment phase li is started. 
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PHA■E 11, 
INTECIRATION OF REFERENCE VOL TAGE 

Depending on the condition of the comparator, only Se or S4 is activated whereby the reference voltage is 
switched to the integrator with a polarity opposite to the previously applied input voltage. With this refe
rence voltage the integrator is reduced until the sensitivity threshold of the comparator has been rea
ched and the signal condition at the input K changes. This change of signal activates S3- The number of 
counting pulses between counter position 0000 and X is proportional to the measuring voltage. Through 
the low-high transition of S3 the counter contents is loaded into the display memory; at this point of time 
phase III is started. 

~~:~,~~ULATION 

ln this process the input of the AD-converter is set to zero and the resulting error voltage is stored in ca
pacitor Cf, An error voltage is compensated by a feedback loop. The duration of phase I is determined by 
the counter frequency and the fixed number of 3000 countinQ steps. For a 30 KHz counting frequency, 
phase I lasts exactly 1 00 ms. The longer the integration time, the better the suppression of noise 
voltages superimposed on the measuring signal. lf the duration of the noise voltage period is contained in 
the integration time •s an even number, this noise is suppressed completely. As noise voltages can be ex_
pected to occur especially at lin~ frequency, 1 00 ms integration time constitute a favourable compromise 
between integration time and noise voltage suppression. The duration of phase li is determined by the level 
of the measuring voltage. lf the measuring voltage is too large, the integrator cannot be discharged during 
the 6000 counting steps availa.ble as. a maxil'Ţlum; consequently, at steo 6000 phase III 1.s initiated Hence. 
the integrator will have assumed the correct starting position at the begining of phase I wh,ch follows. 
For excessive measuring voltages the display is therefore 6000. ln order to bring the incorrectness of 
this display to the user's attention, the pseudo-decade HHHH is made active at the outputs, aynchro
nousl~ to signal S1; thereby a blinking effect of approx. 3 Hz is obtained. 

AUTOMATIC RANCIE BWITCHINCI 

The measuring range is changed whenever the measuring resuit has been ~ 5500 or < 500. For n ;_. 5500 
the range counter_ [3 bit up/down counterl is stepped by one count, for n < 500 stepped down by 6ne, whe
reby the counter 1s blocked on the lowest or highest digit position, respectively. The range select{on cen be 
controlled through control inputs F1, F25 and F3. 

TRUTHTABLE Nr Q3 Q2 Q1 F1 F2S F3 BO B1 B2 B3 B4 
o L L L L L L H 

1 L L H L L L H 
2 L H L L L -L H 

3 L H H L L L H 

4 H L L L L L H H 

5 H L H L L L H H 
6 H H L L L L H H 
7 H H H L L L H H 

10 L L L H L L H 
11 L L H H L L H 
12 L H L H L L H 
13 L H H H L L H 

14 H L L H L L H 
15 H L H H L L H 
16 H H L H L L H 
17 H H H H L L H 
2X Q3 Q2 n1 X H L X 01 X Q2 Q3 
30 H -H H L L H H H 
31 H H H H L H H 
32 H H H X H H X H X .H H 
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When the control inputs F,, F25 and f:, are in a low condition, the counter can move within the lower 5 
positions up or down. Should it be în a higher position, it can step only downward until the "free zone" has 
been reached; the decoder produces correct values alsa for counter positions outsside the "free zone" 
so that the system pdjusts itself. 
8y an H-signal at irllput F, the correlation between the counter position and decoder output can be chan
ged. Thereby it is made possible to perform range setting for the voltage and resistance renges and the 
control of the decimal point în a simple unit with faur measuring ranges without externai decoding. Input 
F3 is used to set the counter to the highest level. The highest measuring range îs activated and maintained 
as long as Fe is kept at a high levei. For example, thereby the range 500.0V îs activated, which îs an advan
tage for quick overview-measurements. 
A hiAh l~el at inout f~.._ has the effect that the outouts of the ranoe counter arP. directly transferred tn 
tl'le outputs 8 different ranges are then available which must be decoded by externai means. ln the oase of 
F~s = H, the "frea zone" of the counter îs expanded to the tuli counting range; the prevention of "running 
w1ld" Is maintained. ' 

THE TRUTH TABLE FOR SETTING THE MEABURING RANGES 
SHDULD BE UNDERSTDDD AS FDLLDWS: 

The range outputs 80 ..• 84 are intended to directly drive the five possible decimal places of a 4 decade dis
play. Simple units with 4 measuring ranges have been taken into consideration. For example, in the case of 
voltages -tfie measuring ranges with F, = low are: 

80 .5000 V 
8 1 5.000 V 
82 50.00 V 
8 3 500.0 V 

The total measuring range therefore comprises 0.1 mV through 599.9 V. For resistance measuring, ho
wever, F, must be high: 

8 1 5.000 kohm 
82 50.00 kohm 
8 3 500.0 kohm 
8 4 5000. kohm 
The total rneasuring therefore comprises 1 ohm through 5.999 Mohm. Hence, using control input F,, a 
choice of one of the two groups îs basically possible. 
The range outputs are alsa intended to directly drive the appropriate faur selection relays without additio
nal logic gatinţi. When the automatic range selection le.g. after tum-onl has nat yet found the correct range, 
some measunng range expected to be shown anyway. This side-condition is considered in the truth table 
of vectors 0 ... 17. 
lt should be noted, however, that 0 1, 02, and 0 3 in the truth table are internai outputs of the built-in up
down counter. lt is alsa possible to select one of 5 measuring ranges automatically. To do thi~ the 4th and 
the 5th measuring ranges are separated by externai gating at F, = low lwhereby M84 = 83; 84 and M8s = 
8 41. M84 is measuring range 4, M85 îs measuring range 5. 
F25 = high causes an extension of all eight possible measuring ranges. The range selected appears at out
puts 8 1 1=011, 83 l=~l. and 8 4 l=O~ dual-coded Hence, vectors 20 ... 27 of the truth table are fixed. 
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PRDGRAMMABLE CIRCUIT. FOR CONTROL 
OF THVRISTDRS, TRIACS DR TRANSISTDRS 
GENERAL DEBCRIPTIDN 

MMP 708 Is a PMOS programmable integrated cIr
cuIt for control of thyristors, tr1acs or transIstors. 
Ali inputs are protected with clamp1ng· diodes. 
The circuit can be used for phase or burst control 
with fixed reference. The reference voltage is inter
nally generated and has the value: 

V.-el = -3 + -5 V 
For phase control, the RC network Is connected to 
IOTSY pin and generates a voltage slope that leads 
to a delay. 
T_his delay is detected by connectIng ly pin to IOTSY 
pin. The adiustment of the firing angIe is made by 
mod1fy1ng the RC value. For a negative feedback, the 
R resIstor could be replaced by a transistor in a com
manded current generator conf1guration. 
The P01 O, P011, P1 O programs are designed to 
avo1d the DC components in the network as a resuit 

ABSOLUTE MAXIMUM RATINGB 

Voo Supply voltage 
VI Input voltage 
VIM Peak input voltage 

Ptat Total power dissipation 

CL Load capacitance 

10 Output current 

10 Peak output current 

TA Operating temperature 

T stg Storage temperatu re 

of thyristors or triacs sw1tching. Thus is used the 
burst control and is poss1ble only the command of aii 
even number of semiper1ods. 
ln the P011 and P1 O programs, at 01 and 02 out
puts are generated signals for control of trIacs, ma
king possible the s1multaneous command of two in-
dependent loads. · 
ln the P011 program both the commands at 01 and 
02 are given for an even number of sem1periods. At 
01 the commands can startat L - H transition at IS1 , 

1f IS2 = L lsee table 1 I. 
ln the P1 O program at the 01 output are generated 
signals for the phase control of a triac. At the 02 
output are gIven commands for an even number of 
semiper1ods, under the same cond1t1ons as in the 
PD 11 program. 
ln the P11 program the channel selectIon is made by 
puise command from a ring counter. The IS, and IS2 

pins are connected to the Q and Q outputs. 

-31 ... +.3 V 11 
-25 ... +.3 V 1 l 

-31 V 11=1 :1 O 
tpMAx=10µs 

.6 w TA=25-t-45°C 

10 nF at 01,02 21 

5 mA at 01,02 

20 mA at 01,02 31b=1 :4 

80 mA at 01,02 

31b=1:100 

0 .. 70 cc 
-55 ... +125 -c 

NOTES: 1 l Ali voltage va lues are referred to V 55 pin voltage 
21 Maximum load capacitance is: 

al CL1=100 nF+100/o at IOSY, IOTSY pins 
bl CL2= 25 nF+100/o at IOTP, IOTI pins 

31 When supplied from mains with frequency f=50+60 Hz 

CDNNECTIDN DIACIRAM 

lt1P 706 

417 

PIN NAMEB 

110 = input for null current signal 
IOTP = input-output for settIng the pause tIme at 

the f1ring pulses 
IOTI = input-output for setting tlle puise w1dth of 

the fir1ng puise 
02 = output for the control signal 2 
01 = output for the control signal 1 
ICH = chopper input 
ISP = 1nhib1t input 
IOSY = output for the horizontal syncronizat,,m pul

ses for the phase concurrance/progran1m1ng 
input 3 

IOTSY = input-output for settIng the pulse-w1dth 
for the sy11Cronizat1on signal 

IP2 = programming input 2 
IP1 = programming input 1 
IS1 = synchronizing and pos1tioning input 
IS2 = synchronizing pos1tioning or controlling input 
IV= delay/phase control/burst control input 
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TABLE 'I • - PROGRAM TVPES 

PROG PROGR!\M CONTROL PINS 
OUTPUT 

· PIN::, NAME SIGNAL 
NUM. IP; IP2 IV 110 ISP ICH IS1 IS2 IOSY IOTSY 01 02 

P00/1 H H Zero phase control L L H H S 11 
y 

S 11 
y RC SSP, SSP? 

P00/2 H H Phase control by a L L H H S 11 y S 11 y RC SSP1 SSP.,, 
zero current signal SPC, SPC 1 

P00/3 H H Phase control L L H H S 11 
y 

S 11 y Rc21 RC SSP 1 SSP,_, 
SPC1 DC, oe,., 

POO/4 H H Phase control by a L L H H S 11 y S 11 
y 

RC21 RC SSP1 SSP~ 
zero voltage 01· SPC 1 SPC2 
current signal 

P00/5 H H Control of commands L L H H se, SC112 R:JI L,R41 cc, CCII 
DC, DC2 DC3 DC4 SPC, SPC 1,2O3 RC 

P010 H L Burst control by zero L L H H S 11 S 11 IP3=H R SSP 1 SSP,_, 
SPC1f:>1SPC2 

y y 
current signal for RC 
thy1·1stors 

P011 H L Burst control by zero L L H91 H Sy L IP3=L RC SSP, 1 2 SSP, 1 ,, 

current signal (011 and SPC, SPC 1 SPC3 CCI CCI C 

zero voltage signal 
1021 for triacs 

P10 L H Phase control (011 and L L H91 H Sv L Rc21 RC SSP, 12 SSP,12 
burst control by a zero SPC, SPC,_, CCI CCII 
voltage signal 1021 for 
triacs 

P11 L L Control of trans1Stors/ L L H H sc,s1 SP2a1 R31 LR41 CCI CCII 
control of comands/ DC, oe~ DCa OC4 03 LC 
static inverter 

TABLE ■. -OUTPUT CURRENT ■HAPE 

PROGR. CURRENT SHAPE AT 01 CONTROL PINS 
NUMBER ANO 02 OUTPUTS IV 110 ISP ICH 151 

P00/1+5 One puise RC H RC 1rn H L 

One puise lchoppedl RC H Rc101 Chopping L 
signal 

Signal 1180"1 H H RC 1rn H L 

Ground of pulses 1180"1 RC RC RC 10l H L 

H H RC 10l Chopping L 
. signal 

PO1O See P00/1+5 

PO11 See P0O/1 35 : CCI Operate an 

One puise: CCII RC 
CCI andCCII - - simultanmeously 

P1O See PO11 

P11 See POO/'I 35 CWithout IVI Modulating 
signal for 

the currents 
at outputs 

418 



MMP70B 

NOTES: 

11 The channel switching is made at the concurrence of the synchronization s,gnals from IS 1 and IS, 
ISSP,: H,HI. 

21 The RC network generates a voltage slope in order to obtain a delay. 
31 IOSY becomes the 03 output. 
41 The L logic level should be applied by the R resistor. After the channel switching, IOTSY stays 1n the 

H state. 
51 SPC, will maintain during the synchronization puise setat IOTSY and should stay at IV for a time tP 

after this puise is over. 
61 The synchronization puise width at IOTSY should be small as compared to the puise w1dth al IS,. 

SPC, and SPC2 operate at 01 and SPC3 at 02. 
71 SPC, operates at 01 and SPC:., at 02. 
81 The channel selection is made by a H level at SP, ~ SP2 lfor CC1, SP, = L, SP2 = HI IS, and IS2 are 

internally connected at V00 through a resistor and thus they could be controlled by open-drain out
puts. 

91 ln case that ISP is in a L state, only the 01 output is inh1bited. 
1 Ol The RC network determines the synchronization puise width. 
111 The abbreviations in tables 1 and 2 have following significances: 
RC - RC network with C at H and R at L CCI - control channel I 
R - resistor connected at L CCII - control channel li 
SC - control signal H, L - logic levels 
Sy - synchronization signal k. n - indexes 
SP - pos1tioning signal 
SPC, - main control signal 
DC - signal with influence upon the command time 
ssi9, - signal controlled by synchronization or positioning of 1 type IIS,=IS2=HI 
SSP2 - signal controlled by synchronization or positioning of 2 type IIS, =IS2=LI 
SSP 112 - signal controlled by synchronization or positioning of alternative type IIS,.H - L nr 

IS,:L-HI 

STATIC ELECTRICAL CHARACTERl■TICB TA=25°C 

TEST CONDITIONS VALUES 
PARAM ETER 

Voo V1H VIL v, Va Io 
UNIT 

IVI IVI IVI IVI IVI lmAI 

11 - Input leakage current 
at IOTI. IOTP pins -28 - - -25 - -

1, Input leakage current at 
IP1 ,IS1 ,IS2,110,IV,ICH,IPS 
pins - - - -25 - -

V□H Output voltage at IOSY pin --25 -2 -9 - - -2 

VaH Output voltage at IOTSY 
pin -25 -2 -9 - - -1 

V□H Output voltage at 01,02 
pins -25 -2 -9 - - -5 

VoH Output voltage at IOTl,IOTP 
pins -25 -2 -9 - - -1 

l □L Quiscent output current at 
IOSY,IOTSY,01 ,02 pins -28 -2 -9 - -28 -

1uo Static suoply current -28 -2 -9 - - -

c, Input capacitance -, - - - - -
Co Output capacitance 

I - - - - - -
V□H Output high voltage -25 -2 -9 - -25 -

-28 -2 -9 - -28 -
Val Output low voltage -25 -2 -9 - -25 -

-28 -2 -9 - -28 -
NOTES: 1 I AH inputs at VIH: IOSY, IOTSY, IOTP, IOTI, 01, 02 nat connected. 

21 At 01 and 02 outputs is allowed: C11 <. ,m pF 
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Min. Max. 

--10 - µA 

-10 - µA 

-.4 - V 

-.4 - V 

-1 - V 

-2 - V 

-10 - µA 

-6 - µA 

- 10 „F 

- 40 pF 

-2 - V 

- - V 

NOTE: s 

11 

21 
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MMP 708 can be used 1n the power electronic c1rcu1ts control. Some poss1ble apphcations are: 
- monophased rect1fiers w1th sw1tching oft by network 
- tr1phased rect1fiers w1th switching oft by network 
- electronic protect1on 
- AC regulators 
- adjustable-speed DC motor dr1vers 
- static inverters 
- s1multaneous dr1ving of two independent loads 

MMP7DB 

01 

02 

ln fig. 4-8 are presented some simple diagrams using the MMP 708 integrated c1rcu1t. The recom
rnended values for the supply voltages and some possible values of passive components are shown in 
table 3. 
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ln hg. 4 ,s presented a AC regulator. The RC network from the IOTI pin sets the flr,ng puise w1dth. The 
flring angle ,s obtamed by generating a voltage slope at the IOSY pin and by compar,ng the voltage levei 
at the !.v pin with the internai reference voltage. The firmg current 1s prov1ded by a hmiting res,stor. The 
output u2 is nat used. 
ln t,g. 5 is presented a small power speed regulator. ln th1s regulator an inhibit puise appears at the po
wer supply applying. 
A tahogenerator provides inforri,ation about the motor revolutions by the voltage U1111. The error vol
tage U„e, - U1o,i commands in base a transistor connected for current generator. which prov1des the 
voltage slope at the IOSY pin. 
The synchronizat,on puise w1dth is set by connect1ng a RC network at IOSY. 

R3 
,----t---c=1--~ 

(z c, 

Fig.4 Simple AC regulator 

.R 

R, R, 

Fig.5 Smoli power speed regulata-
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ln fig. 6 ;5 presented a temperature stabihzer. S1nce temperature control requ1res long time constants 
complete ma1ns per1ods are used. 
MMP 708 takes over the following functions: generating of the inhibit puise at power an, synchroni
zation and generat,ng of firing pulses when the control voltage at the IV pin has a proper levei. 
The c1rcu1t /3 555 dehvers at the pin 7 a voltage slope synchronized with the ma1ns with a duration, 

t = nT ma1ns 
ad1ustable by a RC network 
The c1rcu1t {3M 393 contains two comparators. ln the first one the reaction voltage obtained by means 
of a therm,stor 1s compared w1th a reference voltage, thus an error voltage is obtained at the output. 
Th,s error voltage 1s compared in the second comparator with a voltage slope generated by the circuit 
{:IM 393. The compar,son resuit drives the circuit MMP 708 at the pin IV. 
ln f,g. 7 is presented a AC switch for comanding the low power asynchronous motors or other loads 
:.,,at require c1 h1gh current consumption. 

T1 

o 

Uo-
Fig.6 Temperature stobilizer 

R 

Fig. 7 AC Switch 
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The advantages of this circuit are the following: 
- noise 1mmunity 
- no overshoots and DC components on the mains, although at start the triac Is commanded in phase 
- extension of the starting puise until the certain f1ring of the traIc 
- occurance of an inhibit puise at power on 
ln fig. 8 is presented a control system for two independent loads. The synchrornzation Is performed on 
the edges of the signal applied to the 1S1 pm. At the 01 output Is obtained phase controlled signal. 
Therefore this output could be used for controlling a motor by means of a triac. At the 02 output is de
hvered ·a command signal active an even number of mains semiper1ods, when the command voltage at 
the IV pin has the proper levei. Thus both the power dissipated by the resistor and the fan rotation 
speed m a heating system could be controlled. 

Uo u-
C2 C1 c, 

Rs 

R, 

o u-

Uo 

Fig.a Sistem with phose control 1011 ond burst 
control 102 I for two independent loods 

TABLE 3. Recommended •upply volt:ege• and poaeibla valu•• 
for t:he component:• ln flgure• 4 •.• a. 
uD+ = 13.5±.sv 
UD-= -13.5±.5V 
UD = 25.5+27V 
R1 = 1001<11 
R2 = 18o+220kU/1W 
R3 = 33kU 
R4 = 10+33kU 
R5 = 270H 
RS = 2.5MU 
R7 = . 1+4. 7kU 
RB = 1 ... kJl 
R9 = 4.7kU 
R10 = 10+20kJl 
C1 = 10nF 
C2 = 47+100nF 
C3 = 2.2+4.7nF 
C4 = .47+3.3µF 
C5 = 2 ... µF 
CS = .1 ... µF 
C7 = 47µF/16V 
CB = .1µF 

Note: The values of RB,C5 and CS set the answer of the loop. 
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B CHANNEL TOUCH CONTROL CIRCUIT 
FOR TV PROGRAM BELECTION 
GENERAL CIE■CRIPTIDN 

The MMP 71 O circuit is used as input circuit toget
her with the MMP 711 decoder circuit for electronic 
touch plate switching of 8 or 16 channels for TV 'pro
gram selection. 
The MMP 71 O circuit contains a 3 bit counter în 
p-channel high voltage technology. By any of the 8 in
puts 11 to 18 it can be fixed în each state (parallel ope
rationl. The serial operation is iaccomplished on the 
H-L transitions of the clock puise from the ls input 
Cclock impulses input). The binary coded output infor
mation îs obtained from the pusti-puii output stages. 
When power-on, the counter îs set on the 1 prefe
rential state CHHHl. ln this basic operating mode the 
lcL connection îs tied to the V00 ·potential and 04 to 
that of the background, Vss- A 4 bit counter can be 
obtained by interconnecting 2 MMP 71 O circuits. 1n 
this connection · 04 has a combined input-output 
function. lt controls by flip-flopping the operation of 
the 2 connected circuits. The d1sconnection of one of 
the 2 circuits is made by an internai connecting logic. 

AB■DLUTE MAXIMUM RATINCI■ 

(TA= O to 70"C) 

ln this situation the ICL connection of the first circuit 
îs tied to the V00 potential while that of the second 
circuit is tied to the background. The 01 ... 04 out
puts and the 15 inputs of the 2 circuits are connected 
together. 
AII inputs are provided with integrated protective 
diodes. 
The circuit îs delivered în a 16 lead dual-in line plastic 
pac:kage .. 

FEATURE■ 

• Parallel and serial operation modes 

• Preferencial output state at power-on 

• Input protective diodes 

Voo 
V, 

Supply voltage relative to Vss 
Input voltage relative to Vss 
Operating ambient temperatura 
Storage temperatura 

-31V to 0.3V 

T __ 
T 

PIN CDNNECTIDN■ 

-25V to 0.3V 
O"C to 70"C 

-55°C to 125°C 

PIN NAMEB 

11 18 PARALLEL INPUTS 

Sl SERIAL INPUT 

01 04 OUTP\JlS 

ICL INTERNAL CONNECTING LOO IC 

Voo POWER 
-1 

SUfR. Y 1-27 t 2 VI 

V$ GR<Ull 

426 
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MMP 710 

BL0CK 01AGIAAM 

11 - - - - - - - IR 

ELECTRIC.AL CHARACTEllll■TIC■ 

1-Voo = 27~~ V, TA= 25°C) 

PARAMETER TEST CONDITION 
VALUES 

UNIT 
min max 

-11 Input leakage current -Vi= 25V 10 "A 

-V1H Input h1gh voltage 2 V 

-V1L Input low voltage 9 V 

-VDH Output high voltage RL - 1UU k 1 V 

VoH -Io= 1 mA 3 V 

-VoL Output low voltage AL= 100 k 10 V 

VOL -Io= 1 mA 9 V 

-11 Supply curTent 10 =0 2.3 mA 

0UTPUTDATA 

STATE 
OUTPUT DATA 

o, 02 03 04 

1 H . H H H 

2 L H H H 

3 H L H H 

4 L L H H 

5 H, H L H 

6 L H L H 

7 H L L H 

8 L L L H 

9 H H· H L 

10 L H H L 

11 H L H L 

12 L L H L 

13 H H L L 

14 L H L L 

15 H L L L 

16 L L L L 

427 



TVPICAL APPLICATIDNS 

Yoo si-----, 
11 --i--1r-----, 
12 --=-----oun 
l3 OUT2 l4 __ _ 

l5 OUT3 
16--+--I 
~ . 1,-,-;..-~.J 

"ss 
4 Bl'TS ClUITER 

CLDCK PULSE 

CHARACTERISTICS 

av 
-'N--

-9V--

r,.s;soµs 
tz=60 .211,-

pau se width ;i, 2Cllps 

428 

s I 

1 

12-
l3-

1,.-
15-
16 

1, 
--., 

4 

I SI 7l(L 

MMP 710 

_._Vss 

3 91TS crum:R 

01 

07 

o~ 

04 -

MMP 7410 

-

OUT1 

OUT2 

OUT3 

INPUT CDNNECTING 

TO TDUCH PLATES 

t--+--t---c=i---.-----1, 
+--+-C:::J-+--,..----12 

t--C=H1--t-...---•l3 

I 1 
1,SnF • I .... : 



MMP71""1 

1 DF B BINARV DECDDER 
GENERAL DESCRIPTIDN FEATURES 

The MMP 711 is a 1 of 8 binary decoder manufactu- • The outputs consist of open drain transistors. 
red în PMOS-AI gate high voltag_e technology. • AH inputs are protected against static charge. 
MMP 711 together with MMP 71 O can be used as 
qutput circuit for TV switch channels 18 or 16 chan-
nelsl. 
The binary input infonnation from the 4 inputs îs 
transferred to the decoding matrix. ln this basic or;ie
ration mode the la. connexion îs tied to V00 and 14 to 
the background potential IV ~"'-1-
Assembling together two MMP 711 integrated cir
cuits to form a 1 of 16 binary decoder rieeds with the 
proper connection of the input lcL• 
ln this case the input la. of the first circuit (1 ... 81 iş 
tied to V 00 and the input lcL of the second circuit 
19 ... 161 to the background potential IV5 ,:;J. 
The inputs l.1'. . .14 of both circuits are tiea together. 
The MMP 711 is supplied în a 16 lead dual în line 
plastic package. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
ln put Voltage 
DC Output Current 
Operating Ambient Temperature 
Storaga Temperature 

PIN CDNNECTIDNB 

BLDCK DIACIRAM 

05 
06 

07 
08 

Vss 
ICL 
Vil) 

NC 

01 02 03 Olt 05 06 07 08 

MATRIX 

11 12 13 14 

429 

-31 ... +0.3 V 
-25 ... +0.3 V 
- 3 mA 
o ... +70 °C 

-55 ... +125 °C 



ELECTAICAL CHAAACTEAIBTICB 

C-V00 = 27~; V, TA = 25°Cl unless otherwise specified 

VALUES 
PARAM ETER TEST CONDITION 

min max 

~IH Input High Voltage 2 
-V1L Input Low Voltage 9 
-VD-1 Output High Voltage RL = 100 K 0.5 
-VoH -Io= 3 mA 2 
-loo Voo Supply Current Io= O 0.6 

.iCVocrVow D.Jtput High Voltage TA= 10 ... 500C 1 
,HA Differential Ori~ AL= 100 K 

OUTPUT CDNNECTING DECDDEA INPUT DATA 

MMP711 

UNIT 

V 
V 
V 
V 

mA 

mV -oe 

Used together with the MMP 710 for electronic 
touch plate switching of programs for television re
ceivers. 

OUTPUT DATA 

I 
I 
I I 

I I 

TVPICAL APPLICATIDNS 

from 
MMP710 

1 of 8 

i1 11 

l2 
12 

i3 
13 

14 

Binary Decoder 

STATE ,, 
1 H 

2 L 

3 H 

4 L 

5 H 

6 L 

7 H 

8 L 

9 H 

10 L 

11 H 

12 L 

13 H 

14 L 

15 H 

16 L I 

-voo 
voo 

,.... ............. 'Ul----001 

MMP 711 

Vss 

430 

l-""----02 
----03 
.,... ___ -004 

t-=----<>s 
.,.._ ___ ..,06 
..,..._ ___ ...,07 

11-""-----o 05 

12 13 14 

H H H 

H H H 

L H H 

L H H 

H L H 

H L H 

L L H 

L L H 

H H L 

H H L 

L H L 

L H L 

H L L 

H L L 

L L L 

L L L 



~ 

iz 
~ 

frGm it. 
Pff1710 

14 

1 ot 16 Binory Decoder 

431 

01 
02 
°3 

Pffl,711 04 
gs 
~ 
08 

"ss 

ICL -\ba 
14!.--""'09 
t'!!'---0010 
l-4+--- 011 

012 ----ao13 
H!!----0014 
~--015 
.-.--016 ___ ..... 

MMP 711 



Tiparul executat la Combinatul poligrafic 
„Casa Scinteii" sub comanda nr. 80511 
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