


ISSUED MARCH 1981 

INTRODUCTION 

This databook contains data sheets on the SGS-ATES range of products in MaS and COS/MaS 
technology. 
The information on each product has been specially presented in order that the performance of the 
product can be readily evaluated within any required equipment design. 
The databook also contains a summary of the processes available in SGS-ATES for the development 
and production of the products listed. 
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NUMERICAL INDEX 

Type Page Type Page 

M054 11 M752 169 
M055 11 M754 173 
M082/A 15 M755 177 
M083/A 15 M756 177 
M086/A 15 M760/A 185 
M089 19 M761/A 195 
M090 27 M764/A 205 
M091 35 M1024 215 
M099 19 M1l24 219 
M106 43 M2102A 223 
M108 51 M2102AL 223 
M110 61 M2114 229 
M120 73 M2316E 233 
M142/A 79 M2716 237 
M190 83 M4015 245 
M191 35 M4027 251 
M192 89 M4116 263 
M193/A/C/D 95 M5156 279 
M208 51 M5912 291 
M258 109 M22100 303 
M259 109 M36000 307 
M268 117 

M269 117 

M274-XCARD 125 

M702 131 

M706 135 
M714 139 
M730 143 
M731 147 

M738 151 

M740 151 

M741 151 
M747 151 

M750 155 

M751 159 
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FUNCTIONAL INDEX 

Type Technology Function Page 

MUSIC 
M082/A N channel MOS Tone generator 15 
M083/A N channel MOS Tone generator 15 
M086/A N channel MOS Tone generator 15 
Ml08 N channel MOS Single chip organ (solo + accompaniment) 51 
Mll0 N channel MOS Monophonic synthesizer 61 
M208 N channel MOS Single chip organ (solo + accompaniment) 51 
M258 N channel MOS Rhythm generator 109 
M259 N channel MOS Rhythm generator 109 
M268 N channel MOS Rhythm generator 117 
M269 N channel MOS R'hythm generator 117 
M738 COS/MOS 7-stage divider 151 
M740 COS/MOS 7-stage divider 151 
M741 COS/MOS 7-stage divider 151 
M747 COS/MOS 7-stage divider 151 

TV& RADIO 
M054 N channel MOS 1 of 16 decoder 11 
M055 N channel MOS 1 of 16 decoder 11 
M091 N channel MOS On-screen tuning scale and band display 27 
Ml06 N channel MOS TV microprocessor interface 43 
M190 N channel MOS 16 key keyboard encoder and latch 83 
M191 N channel MOS On-screen tuning scale and band display 35 
M192 COS/MOS 4-bit binary 7-segment decoder driver 89 
M193A/C/D N channel MOS EPM 16-Electronic Program memory (16 stations) 95 
M755 COS/MOS Clock/display interface for microprocessors 177 
M756 COS/MOS Clock/display interface for microprocessors 177 
M1024 COS/MOS 30-channel remote control transmitter 215 
M1124 COS/MOS 30-channel remote control transmitter 219 

TELECOMMUNICATIONS 
M089 N channel MOS 2x8 crosspoint matrix 19 
M090 N channel MOS A4/1W single channel PCM CODEC 27 
M099 N channel MOS 2x8 crosspoint matrix 19 
M751 COS/.MOS Dual tone multifrequency generator 159 
M760/A COS/MOS Loop disconnect dialler 185 
M761/A COS/MOS Dual tone multifrequency generator 195 
M764/A COS/MOS Tone ringer 205 
M5156 COS/MOS A-Law companding codec 279 
M5912 MOS PCM transmit/receive filters 291 
M22100 COS/MOS 4x4 crosspoint switch with control memory 303 
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FUNCTIONAL INDEX (continued) 

Type Technology 

MEMORIES 
M120 N channel MOS 
M274-XCARD N channel MOS 
M2102A/AL N channel MOS 
M2114 N channel MOS 
M2316E N channel MOS 
M2716 N channel MOS 
M4015 N channel MOS 
M4027 N channel MOS 
M4116 N channel MOS 
M36000 N channel MOS 

CLOCKS & TIMERS 
M702 COS/MOS 
M706 COS/MOS 
M714 COS/MOS 
M730 COS/MOS 
M731 COS/MOS 
M750 COS/MOS 
M752 COS/MOS 
M754 COS/MOS 

SHIFT REGISTERS 
M142/A N c.hannel MOS 

Function 

1 024--bit non-volatile RAM 
Programmable electronic credit card 
1 024-bit static RAM 
1024 x 4-bit static RAM 
16384-bit read only memory 
16384-bit UV Erasable Prom. 
4096-bit dynamic RAM 
4096-bit dynamic RAM 
16384-bit dynamic RAM 
64K-bit read only memory 

16-stage counter 
16-stage cou nter 
23-stage counter 
23-stage counter 
16-stage cou nter 
23-stage counter with intermediate output at the 16th stage 
16-stage counter 
23-stage counter with intermediate output at the 16th stage 

Quad 80-bit static shift register 
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223 
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MOS PROCESSES AND PRODUCTS 

N-channel is the major MOS process at SGS. This process was developed independan+ly and has signifi
cant advantages, but it remains compatible for production of true second source products. Current pro
duction uses 5 }1m and 4 11m features for products such as the M3870, Z8, Z80 and Z8000 microproces
sors, 16K and 64K ROMs. 

The SGS NV-RAM (Non-volatile memory) process which is compatible with the N-channel process 
allows integration of non-volatile memory blocks on the same chip as other random logic. This NV
RAM process provides better reliability than competitive MNOS products and an extrapolated' data 
retention of over 100 years. Products using this compatible process include the M120 256x4 non-vol
atile RAM, the 16 and 32 channel Electronic Program Memories for voltage synthesised TV tuning, a 
new Phase Locked Loop and 32 word x 16 bit NV-RAM tuning circuit and the XCARD electronic credit 
card: this type of electronic credit card is forecast to replace existing magnetic cards and open up new 
markets in credit based POS applications. 

THE TECHNOLOGY 

Circuit design and layout on graphic terminals includes direct on-screen design for LSI products, ad
vanced design rule check and process electrical layout check. Master mask production from the com
puter tapes is by automated electron beam exposure which eliminates the step-and-repeat mask produc
tion stage. Projection lithography machines are used for wafer exposure to extend working mask life and 
reduce defects. Ion implant, is used extensively for deposition and an Arsenic ion implant is planned for 
high speed circuits. 

LOW VOLTAGE AND HIGH DENSITY CMOS 

Three advanced technologies are in production at SGS: a Low Voltage Aluminium Gate process used for 
telephone MF and loop disconnect diallers, a High Density silicon gate process used for CODEC and TV 
remote control products and a High Density Low Voltage silicon gate process, operating on 1.5-2V sup
plies, aimed at pacemakers, microprocessors etc. The HD CMOS process, using a 4 }1m technology in
creases random logic gate density by a factor of 4 and gives a 0.1 pJ power/speed performance which 
exceeds that of HMOS 211m devices. 

TELECOMMUNICATIONS CMOS 

CMOS is a major technology for Telecommunications products. The speed/performance of High Density 
circuits closely matches the applications such as telephone diallers, tone ringers, CODEC's and cross 
point switches. The digital filters and analogue circuits integrated on the Multifrequency Tone Dialler 
chips provide a clean tone output meeting worldwide specifications. The low power consumption and 
high output drive allows a tone ringer to drive a transducer directly from the telephone line, the circuit 
uses a digital filter to detect the ringing tone from the line. The' CMOS CODEC circuits integrate both 
analogue and digital blocks of the CODEC function and use little power. 
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SGS-ATES MOS PROCESSES 

1. Low threshold N-channel enhancement/depletion mode with an N-type polycrystalline silicon gate 
Threshold voltage: 0.6 to 1.2V 
Supply voltage: Vcc= +5V 
Used in static and dynamic systems (Z80/M3870/M36000) 
Compatible with bipolar circuits 

2. N-channel enhancement/depletion mode with an N-type polycrystalline silicon gate 
Threshold voltage: 0.8 to 1.2V 
Supply voltages: Voo= +12V, Vcc= 5V 
Used in static and dynamic systems 
Compatible with bipolar circuits 

3. N-channel enhancement/depletion mode with double N-type polycrystalline silicon gate 
Threshold voltage: 0.8 to 1.2V with V BS = -5V 
Supply voltages: Voo= +12V, V BB = -5V, Vcc= 5V 
Used for dynamic RAMs 
Compatible with bipolar circuits 

4. N-channel enhancement/depletion mode with double N-type polycrystalline silicon gate 
Threshold voltage: 0.8 to 1.2V 
Supply voltage: Vcc= 5V 
Used for UV erasable and electrically programmable ROMs (M2716) 
Compatible with bipolar circuits 

5. N-channel enhancement/depletion mode with double N-type polycrystalline silicon gate 
Threshold voltage: 0.8V to 1.2V 
Supply voltages: Voo= +12V, Vcc= +5V 
Used for NON VOLATILE RAMs (M120/M193/M293) 
Compatible with bipolar circuits 

6. COS/MaS Aluminum Gate A & B process 
Threshold voltage: 1 to 2V 

- Supply voltage: Voo= +3 to +18V 

7. COS/MaS Aluminum Gate - low threshold voltage 
- Threshold voltage: 0.5V to 1V 
- Supply voltage: V OD= 1.5 to 5V 

8. COS/MaS Silicon Gate High Density 
Threshold voltage: 0.8V to 1.2V 

- Supply voltages: Voo= +3 to 12V 
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DATA-SHEETS 
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MOS 
INTEGRATED 
CIRCUITS 

1 OF16 DECODER 

• SPECIFICALLY DESIGNED FOR TV APPLICATION 
• MINIMIZATION OF THE EXTERNAL COMPONENTS 
• INTERNAL PULL-UP FOR USE WITH LIGHT PRESSURE SWITCHES (M054) 
• OPEN DRAIN OUTPUTS FOR TOUCH CONTROL (M055) 

The M 054, M 055 are monolithic integrated circuits specifically designed to act as interface between 
M 1025 (30 channel ultrasonic receiver) and H 580/590 (quad analog switch) in TV applications. The 
inputs A,B,C,D,E are driven directly from the corresponding outputs of the M 1025.lf G input is high the 
circuits decode the binary combinations from 0 to 15, if G is low the combinations from 16 to 31 are 
decoded instead. The M 054 has an internal pull-up circuit on the outputs to minimize the number of 
external components when light pressure switches are used. The M 055 has open drain outputs for touch 
control applications. The circuits are constructed with N-channel silicon gate technology and are supplied 
in a 24-lead dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

Supply voltage 
I nput voltage 
Off state output voltage (M 055 type) 
Total power dissipation 
Storage temperature 
Operating temperature 

-0.5 to 20 
--0.5 to 20 

20 
1 

-65 to 150 
o to 70 

V 
V 
V 
W 
°C 
°C 

• 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

. ** All voltages values are refered to V ss pin voltage. 

ORDERING NUMBERS: M 054 B1 
M 055 B1 

MECHANICAL DATA Dimensions in mm 
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PIN CONNECTIONS BLOCK DIAGRAM 

OUT 1 

our 2 

our 3 

OUT 4 

OUT 5 

OUT 6 

OUT 7 

OUT 8 

OUT 9 

OUT 10 

OUT 11 
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[ . 
9 

10 

11 
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20 
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I. 
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I N A 

IN B 

IN C 

IN D 

IN G 

DUT16 

OUT15 

OUr14 

OUT 13 

IS Pi 
I. Pi 

OUT12 13pl 

5185311 

TRUTH TABLE (positive logic) 

INPUTS 
M 1025 output code 

.------.... ------
E A B C D G 

0 0 0 0 0 1 
1 0 0 0 0 1 
0 1 0 0 0 1 
1 1 0 0 0 1 
0 0 1 0 0 1 
1 a 1 0 0 1 
0 1 1 0 0 1 
1 1 1 0 0 1 
0 0 0 1 0 1 
1 0 0 1 0 1 
0 1 0 1 0 1 
1 1 0 1 0 1 
0 0 1 1 0 1 
1 0 1 1 0 1 
0 1 1 1 0 1 
1 1 1 1 0 1 
X X X X 1 1 
0 0 0 0 1 0 
-1 0 0 0 1 0 
0 1 0 0 1 0 
1 1 0 0 1 0 
0 0 1 0 1 0 
1 0 1 0 1 0 
0 1 1 0 1 0 
1 1 1 0 1 0 
0 0 0 1 1 0 
1 0 0 1 1 0 
0 1 0 1 1 0 
1 1 0 1 1 0 
0 0 1 1 1 0 
1 0 1 1 1 0 
0 1 1 1 1 0 
1 1 1 1 1 0 
X X X X 0 0 

1 2 3 4 5 6 

0 1 1 1 1 1 
1 0 1 1 1 1 
1 1 0 1 1 1 
1 1 1 0 1 1 
1 l' 1 1 0 1 
1 1 1 1 1 0 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
0 1 1 1 1 1 
1 0 1 1 1 1 
1 1 0 1 1 1 
1 1 1 0 1 1 
1 1 1 1 0 1 
1 1 1 1 1 0 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage 
Input voltage 
Off state output voltage (M055 type) 
Operating temperature 
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OUTPUTS 

7 8 9 10 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 1 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 1 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 
1 1 t 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 

11 12 13 14 

1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 1 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
0 1 1 1 
1 0 1 1 
1 1 0 1 
1 1 1 0 
1 1 1 1 
1 1 1 1 
1 1 1 1 

15 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 

VDD 1 

MD54J(Pull-uP ~nabl .. dl 

1~ -_-_~1:PUll-uPd, .. abl~d 

,\laO? : -t -: t ~T,PUl 0 

I ,I I .... ' I , 

!VOD : 
l_ -tL~_) 

--- --~:OUTPUT15 

16 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
'I 
1 
1 
1 
0 
1 

17 to 19 
o to V DD 

19 
o to 70 

v 
V 
V 

°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Values at 25° C 
Parameter Test conditions Unit 

Min. Typ. Max. 

V 1H High level input A-8-C-D-E Inputs Voo-1 Voo V voltage G Input 3 Voo 

V 1L Low level input A-8-C-D-E Inputs 0 Voo-4 V voltage G Input 0 0.3 

IOL Low level output current V oo- 17V VoL-OAV 1.6 mA 

IOH High level output current (M 055 Typel M 054 Type Voo 19V -200 JJ.A 
VOH~ 8V 

IO(off) Off state output current (M 054 Typel M 055 Type 
Voo~ 19V VO(off)~ 8V 1 JJ.A 

100 Supply current V oo-19V 25 mA 
All input to Vss 

TYPICAL APPLICATIONS 
Fig. 1 and 2 show a typical application of M 054 and M 055 respectively in a TV remote control system. 

Fig. 1 - M054 with light pressure switches 
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TYPICAL APPLICATIONS (continued) 

Fig. 2 - M055 with direct touch controls 

O ___ "~MW~ ____________________________________ ' ___________ ~J-__________________ ~-' 
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5 •• 
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MOS 
INTEGRATED 
CIRCUITS 

TONE GENERATOR 

• SINGLE POWER SUPPLY 
• WIDE SUPPLY VOLTAGE OPERATING RANGE 
• LOW POWER DISSIPATION < 500 mW 
• 13 (M082/A, M083/A) OR 12 (M086/A) TONE OUTPUTS 

• HIGH OUTPUT DRIVE CAPABILITY 

PRELIMINARY DATA 

• HIGH ACCURACY OF OUTPUT FREQUENCIES: ERROR LESS THAN ± 0.069% 
• INPUT PROTECTED AGAINST STATIC CHARGES 

• LOW INTERMODULATION 

The M082/A, M083/A and M086/A are monolithic tone generators specifically designed for electronic 
organs. The only difference between the M082, M083, M086 and the M082A, M083A, M086A is the 
maximum input clock frequency, which is 4500 KHz for the standard types and 2500 KHz for the" A" 
types. Constructed on a single chip using low threshold N-channel silicon gate technology they are 
supplied in a 16 lead dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS' 

Vi 
Top 
Tstg 

Voltage on any pin relative to Vss (GND) 
Operating temperatu re 
Storage temperature 

+20 to -0.3 
o to 50 

-·65 to 150 

• 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS: M082B1 
M083B1 
M086B1 

MECHANICAL DATA 

M082A B1 
M083A B1 
M086A B1 

. ' .• ~ .. "" .......•........ ~.-... f;r .. ~ . ;.". '. ." I.ri 

. ~ 

ad,s· . . . ·54 ... -== 
15 

Dimensions in mm 

~.1.l.'~' ... '.,.,:,' , ", 

.. ' '2 " . 

,~:: .. , 
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PIN CONNECTIONS 

*vOD 16 F13 

CLOCK 2 15 F 1 

**VSS 14 F2 

F12 M082/A 13 F3 

M083/A 
F11 12 F4 

FlO 11 F5 

F9 10 F6 

F8 F7 

5- 298911 

*VOD 16 F11 

CLOCK 2 15 FlO 

F12 14 F8 

F9 13 ~ F 7 
M086/A 

F6 12 ~ F 4 

F5 11 ~ F 3 

F2 lOU V55" 

Fl N.C. 

5-2990/1 

* V DO is the highest supply voltage 

*' Vss is the lowest supply voltage 

CLOCK 
INPUT 

BLOCK DIAGRAM 

r-~O ·~F12 

r~-O-~FlI 1--8 -[]-.", 
r-~O-+F9 
~-~ D-~F6 

~~-[]-" 
f---G-{]- ~ F6 

~--~ G-·-~ F5 

I 

~ .. ~ D-~F4 
I 

t--~-D--- F3 

1--~·····G-~F2 

BffiG----F1* * F1 is the highest output frequency 
and its musical equivalent is: C .. 2 

*. For the M082/A, M083/A, only. I 

~FI3** 
5-2991/\ -U ~ 

OUTPUT DRIVER 

RECOMMENDED OPERATING CONDITIONS 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

Vss Lowest supply voltage a a V 

Voo Highest supply voltage +10 +12 +14 V 
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ELECTRICAL CHARACTERISTICS (O°C';;;Tamb ';;;50°C;VsS=OV;VDD=+10V to+14Vunless 
otherwise specified) 

Parameter Test conditions 

V IL Input clock, low 

V IH Input clock, high 

t r , tf I nput clock rise and fall times 4.5 MHz 
10% to 90% 

ton. toft Input clock on and off times 4.5 MHz 

CI I nput capacitance 

V OH Output high 0.75 rnA 

VOL Output low 0.70 mA 

t ro • tfo Output rise and fall times 
500 pF load 

ton, toff Output duty cycle M 082 

. M 083, M 086 

IDD Supply current 

fl Input clock frequency M082, M083, M086 

ct~ I nput clock frequency M082A,M083A,M086A 

• Output unloaded. 

Fig. 1 Input clock waveform 

Fig. 2 - Output signal d.c. loading 

MAX SOURCE CURRENT. 0.75mA 

Va r-.-~-r----~--~~~ 

14 

1] 

12 

11 

10 1-1=i~~/7m~ 
9 

8 

I 50URCE Vs. Vo 
s~ 2993 

~ (OPERATING AREA) 

° 

17 

Values 
Unit Fig. 

Min. Typ. Max. 

Vss Vss+l V 1 

VDD-l VDD V 

30 ns 1 

111 ns 1 

5 10 pF 

VDD-l.5 V DD V 2 

Vss Vss+l V 2 

250 2500 . ns 3 

30 
% 

50 

24 35 mA * 
100 4000.48 4500 kHz 

100 2000.24 2500 kHz 

MAX 51NK ClJ'lRENT .0.70mA 
t 

I 51NK Vs. Vo 
s- 2994 

~ (CURRENT OVERLOAD AREA) 



Fig. 3 - Output loading 

+14 

Voo 

M083/A 

5- 2995/1 

.14 

18 
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Voo 

M083/A 
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MOS 
INTEGRATED 
CIRCUITS 

2 x 8 CROSSPOINT MATRIX 

• VERY LOW ON RESISTANCE 
• HIGH CROSS-TALK AND OFF-STATE ISOLATION 
• SERIAL SWITCH ADDRESSING, JL-PROCESSOR COMPATIBLE 

The M089 and M099 are 2x8 crosspoint matrices consisting of 16 N-channel MOS transistors. Both 
devices are similar in operation, the only difference being that in the M099 the "all switches reset" 
function is implemented by a microprocessor command. 
Both devices have been specially designed to provide switches with low cross-talk, high off-state iso
lation (both better than -90 dB) and low on-resistance. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DD 
VI 

VIN-VOUT 

Ptot 

Top 

Supply voltage 
Input voltage pins 4, 5, 12,13 
Differential voltage across any disconnected switch 
Total power dissipation 
Operating temperature range: for plastic 

for ceramic 
T 5tg Storage temperature range 

-0.5 to 17 V 
-0.5 to 17 V 

10 V 
640 mW 

o to 70 °C 
-40 to 70 °C 
-65 to 150 °C 

• 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity . 

•• With respect to Vss (GND) pin. 

ORDERING NUMBERS: 
M089/M099 B 1 for dual-in-line plastic package 
M089/M099 D 1 for dual-in-line ceramic package 
M089/M099 F 1 for dual-in-line ceramic package, frit seal 
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MECHANICAL DATA (dimensions in mm) 

Dual-in-line plastic package 

~~~~ 9a r~~ 
17.78 I 8.3~oo.J 

Dual-in-line ceramic package 
747ma~ 

II 
.~ 
L~ 

PIN CONNECTIONS 

INA 16 o. 

-0, 15 07 

VDD 14 06 

CP 4 13 E2 

DATA 5 12 ~ Ei 

02 II ~ VSS (GNDl 

03 10 05 

04 INS 

5-3360 

20 

Dual-in-line ceramic package frit seal 

~~~ o;~ 'r-- 17.78 

LOGIC DIAGRAM 

EI 

E2 

DATA 

CP 

IN 
A 

IN 
B 

~
~O. 

0.25 

I 10.4mo. 

o. 
07 

Os 

Os 

04 

03 

02 

01 

5-3361 



M089 BLOCK DIAGRAM 
08 07 

~ 
I '-----I~. 

05 04 03 02 01 

MATRIX 

10t8 DECODER 

IN 
B 

~=:o)---t ---~·--I~l 
I I I ~---r----T""---' 

DATA---------t- SHIFT REGIS-ER 

L~ 

M099 BLOCK DIAGRAM 

~E12~·· --<L/-r--
DATA -------.-_.-

I 

I 

lot 2 
DEC 
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CIRCUIT DESCRIPTION 

The M089 and M099 are capable of forming any combination of switch conditions in an 8x2 matrix. 
Each switch is individually set and a latch maintains it in its set condition. 
The switch address and control bits are loaded serially into an internal shift register (5 bit for M089, 6 
bit for M099) when inputs E 1. and E2 are low. The address bits in both matrices consist of: 3 input 
selection bits (XO-x 2) and a single output selection bit (Yo). A fifth (control) bit (D) defines whether 
the chosen switch is to be opened or closed. 
In the M099 a sixth bit (R) is an "all switch reset". Reset occurs on the low to high transition of the 
enable inputs when both 0 and R are zero. 
During normal selection the R bit must be a 1. 

M089 Shift Register Bit Allocation 

M099 Shift Register Bit Allocation 

[O]x[x[xlx[O 
M099 Reset Word. 

Data bits are clocked into the shift register on the high to low transition of the clock input (ep). If more 
than 5 (or 6 in the case of the M090) clock transmission are applied during loading of the shift register 
the last 5 (or 6) data bits are loaded into it. The status of the switch addressed changes on the low to 
high transition of one or both enable inputs. 

ENABLE INPUTS TRUTH TABLE 

E1 E2 
FUNCTION 

M089 M099 

L L Data Load 

S L addressed 
addressed switch 

L S switch changed or 
changed all switch 

S S reset 
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DATA BIT TRUTH TABLE 

- MOB9-

Data Switch status 
after enable transition 

L disconnect 

H connect 

DATA AND RESET BIT TRUTH TABLE 
~-----------------------

- M099 only -

~-h---f----L L 

H L 

Switch status 

all switches reset 

no change 

, ~,_L~ addressed switch disconne;:jted 

addressed switch connected 
----- ---- --------------------

DATA BITS TRUTH TABLE FOR SWITCH SELECTION 

I Va 
°1 °2 03 

X2 X1 Xo C 

I 
1111 1011 1101 

0111 I 0011 0101 

IN A 

IN B 

~ 05 

--f--

1001 1110 

0001 0110 

06 

1010 

0010 

r- 07 Os I 

+--1-1-0-0-l---1-00-~ 
0100 0000 

For example to address the switch connecting IN A to 0 5 the shift register must be loaded with the 
code: 

MOS9 M099 

D va X2 X1 Xo D Vo X2 x, Xo R 

to connect 11110 111101 

to disconnect 01110 011101 
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ELECTRICAL CHARACTERISTICS (Tamb= 0 to 70°C for M089/M099 B1; -40 to 70°C for 
M089/M099 F1, D1; Voo= 14V to 16V unless otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

RON* ON-resistance Tamb= 25°C 
Vi (A, S)= 3.5V 10 15 n 
Voo= 14V lo(min)= 10 mA 

!>RON ON-resistance variation in Tamb= 25°C 
any package Vi= 3.5V 

± 2 % Voo= 14V 
lo=10mA 

100 Supply current 7 mA 

ILl I nput leakage pins 4,5 Vi= 5V 1 p.A 
12,13 

ViA, ViS= 4.5V 0.2 p.A 
V01 ,Voa=1.5V 

pins 1,9 
ViA, ViS= 6V 1 p.A 
VOl- Voa= 1,5V 

ILO Output leakage VOl- V08= 4.5V 0.2 p.A 
pins 2, 6, 7 ViA, ViS= 1.5V 
8, 10, 14 
15,16 VOl, VOS= 6V 1 p.A 

ViA, ViS= 1.5V 

Vlow Logic 0 input level All inputs -0.3 0.8 V 

V hi9h Logic 1 input level All inputs 4.5 VOO V 

CT Cross-tal k attenuation See fig. 4 90 95 dB 

10 Off isolation See fig. 5 90 95 dB 

feL Maximum clock input frequency 1 MHz 

T LG Lag time 100 ns 

T LOI Lead time See fig. 6 for M089 400 

See fig. 7 for M099 ns 
T L02 150 

TWR Write time 3 p.s 

tw Clock pulse width 0.4 100 p.s 

* See fig. 1 and 2 for RON variation with temperature and V S1AS. 
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Fig. 1 - RON derating VS. temperature typo Fig.2 - RON derating vs. V SIAS . 

- r- ~;:.O.026I1/°C 

/' 

V 
V 

/' 

~40 -20 20 

TEST CIRCUITS 

Fig.3 - RON measurement 

ION=10mA 
~ 

/:;v 

./ 
,/ 

40 

R -~ 
ON-'OmA 5-3823 

Fig.5 - Off isolation measurement 

VIN~(~RMS)rA~~g~:;11(RM~S)) VOUT 
L ___ ...J 

600n 600n 

rv 1 VRMS 
3KHz . . T 2.5VDC 2.5VDC I 

10 = 20 LOG (VOUT)d B 
VIN 

5-3364 

. , , 

20 

16 

/ 
/ 

12 

V 
r--

Fig.4 - Crosstalk measurements 
SAME INTEGRATED CIRCUIT 

,-______________ A _______________ -, 

V I r---.., r---' I v 
IN (RM5) ANY"ON" 9 ANY OTHER ~:r(RMS) OUT 

L ':"W2C~ ....l fL~::.w~c~ 
60011 60011 60011 60011 

rv 1 VRMS 
3 KHz . . 

T25VDC Z.5VDC

r 

r2.5VDC 2.5VDC1 
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TIMING DIAGRAMS 

Fig. 6 - M089 timing diagram 

(LOCK CP 

__________ +-______________ ~PR~E~"O~O~S~S~M~W~S ________________ _r~----------------______ -';}NEWS~TUS 
~ SHIFT REGISTER _+ tWR ...J 

Fig.7 - M099 timing diagram 

'WR 
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MOS 
INTEGRATED 
CIRCUIT 

A - LAW SINGLE CHANNEL PCM CODEC 

• ± 5V SUPPLY 
• FOLLOWS CCITT A-LAW COMPANDING CODE 
• EXCEEDS CCITT SPECIFICATIONS 
• INDEPENDENT RECEIVE AND TRANSMIT SECTIONS 
• FULLY ASYNCHRONOUS 
• ON-CHIP AUTOZERO 
• LOW EXTERNAL COMPONENT COUNT 
• SEPARATE ANALOG AND DIGITAL GROUNDS 
• SINGLE 16-PIN PACKAGE 
• TTL COMPATIBLE 

ADVANCE DATA 

The M090 is a monolithic N-channel silicon-gate PCM CODEC (coder-decoder) which performs analog
to-digital conversion (coding) and digital-to-analog conversion (decoding) using the A-Law companding 
code. It is intended for use as a per-channel voice frequency CODEC in telephone systems but features 
completely independent ADC and DAC sections to permit asynchronous transmission/reception. Trans
mission and reception is in form of 8 bit words at a data rate up to 2.048M bits/sec using audio sam
pling at 8 KHz. Capacitive network AD and DA converters are used to ensure high long term stability 
and immunity to temperature variations. The maximum power consumption is 90 mW (70 mW typ). 
The M090 is available in a 16-lead dual in-line plastic and ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

V+** 
V
VDI 

VAl 

+V ref 

-V ref 
Ptot 

Top 
T stg 

Positive supply voltage 
Negative supply voltage 
Digital inputs 
Analog inputs 
Positive reference voltage 
Negative reference voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 

+7.5 V 
-7.5 V 

-0.3to 10 V 
V-<"VI<"V+ V 

-0.3 <,. VI <,. V+ V 
V-<,. VI <,. 0.3 V 

400 mW 
o to 70°C 

-55 to 125°C 

* 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** With respect to Analog or Digital ground. 

ORDERING NUMBERS: M090 B1 for dual-in-line plastic package 
M090 F1 for dual-in-line ceramic package (frit seal) 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package 

I I 
~:::::::I 

PIN CONNECTIONS 

'J 
AI 16 + VrE'f 

v+ 15 - Vr~f 

v- 14 AGND 

NC 13 AD 

MCK 12 01 

TXSYN 11 DGND 

TXCK 10 RXCK 

DO 9 D RXSYN 

5-3186 

Dual in-line ceramic package, frit seal 

BLOCK DIAGRAM 

AI 

RXSYN 

01 

RXCK 

1- -- -------- - - - - -- ----- - -- - - -- -- -- - --, 

) TRANSMIT I 
I SECTION : 

cO&~o1P. I 

1 

1 

1 

1 

1 

1 

1 

A,Z. I 

~----------------------
I CONTROL 

1 

I 
I 

1 

______ J 
1 

1 

DO 

TXCK 

I SECTION 

-----4 MCK 

I 
1 

f-----
-- .JrXSYN 

------------------------~ 
I 

1 

I 
I 

: Ra8~ I 
I SECTION I 
1 1 
~ _______ - - ____________ ----- ______ 1 

':>-3767 
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FUNCTIONAL DESCRIPTION 

Data word format 
The eight bit words used for transmission and reception consist of a sign bit and seven magnitude bits. 
The magnitude bits are further divided into three chord bits and four step bits. The sign bit, which 
indicates the polarity of the analog signal, is the first to be transmitted and is thus the first to be received. 
The division of the seven magnitude into chord and step bits is to obtain higher ADC resolution at low 
(analog) signal levels. The analog value of each step bit is doubled for each successive chord, i.e. for the 
first two chords the step bit value is 1.2 mV; for the third chord the step value is 2.4 mV; for the fourth, 
4.8 mV etc. 

~ 
SIGN 
BIT 

Analog Input (AI), pin 1 

2 3 4 5 

~'--~ 
CHORD STEP 

BITS BITS 

The audio signal supplied to this input is sampled at 8 kHz and coded. The input level on this pin must 
always be between +V ref and -V ref. 

Master Clock (MCK). pin 5 

The Master Clock is used to time conversion operations and is completely independent of the transmit 
and receive clocks (TXCK and RXCK). 

Transmit Sync (TXSYN), pin 6 

This input enables the transmission output register. The TXSYN signal is synchronised to the transmit 
clock and lasts eight TXCK periods. 

Transmit Clock (TXCK). pin 7 

This determines the transmission rate and may be up to 2.1 MHz. 
Each of the eight bits in the output register is transmitted when the logic AND of TXSYN and TXCK 
is true. 

Digital Output (DO). pin 8 

The eight bit word stored in the transmission register is shifted out via the Digital Output by TXCK 
when TXSYNC is high. When TXSYNC is low this output is in the high impedance condition .. 
The M090 also provides inversion of the even bits (bits 2,4,6,8). 

Receive Sync (RXSYN), pin 9 

This input is synchronised with the receive clock and lasts eight RXCK periods, enabling the PCM input 
to the receive register. 

Receive Clock (RXCK), pin 10 

Each of the 8 bits of the input word is loaded by the receive clock when RXSYNC is high. RXCK may 
be completely asynchronous with the transmit clock. 
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FUNCTIONAL DESCRIPTION (continued) 

Digital Input (DI), pin 12 

The eight bit receive register is loaded via the Digital Input. 

Analog Ground and Digital Ground (AGND, DGND), pins 14, 11 

Separate grounding pins are provided for the digital and analog parts of the circuit to prevent signal 
degradation. The same criteria should be applied during the design of the P.C. board on which CODEC 
and filters are mounted. 

Analog Output (AD), pin 13 

The PCM word loaded into the input register is transferred to the DAC for conversion to the analog 
signal. This signal, in the form of 100% duty cycle voltage steps, reaches the Analog Output via a low 
impedance buffer. A low-pass filter must be connected to this output to recreate the voice signal. 

Reference Voltages (+V rel ' -V rel ), pins 16,15 

The D(A converter reference voltages are connected to these pins. The difference between the absolute 
values of +V rei and -v rei must be less than 1 %. 

ELECTRICAL CHARACTERISTICS (All parameters are tested at Tamb =25°C, V+=5V, V-= 5V) 

Parameter Test conditions 

STATIC ELECTRICAL CHARACTERISTICS 
~. ~---~--~- ---r~ --------~-----~ --,,--- ----

V+ Positive supply voltage 4.75 5.0 5.25 V 

V- Negative supply voltage -5.25 -5.0 -4.75 V 
l--

+Vrel Positive reference voltage 2.375 2.5 2.625 V 

-V rel Negative reference voltage -2.625 -2.5 -2.375 V 
l------

R,S AI resist. during sampling 200 n 

R,NS AI resistance non 10 Mn 
sampling 

~--~-------- ---------
Ro AO resistance 50 n 

>--~---. 
VOH Digital output IOH= 5 mA 4.5 V 

VOL Digital output IOL= 5 mA 0.5 V 

V,H Pins 5,6,7.9,10 2 V 
--f-------~-------~ f------ ,----

VIL' Pins 5. 6.7.9.10 0.8 V 

1+ Positive supply current 9 11 mA 

1- Negative supply current 5 7 mA 
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ELECTRICAL CHARACTERISTICS (continued) 

IL ______ p_a_ra_m_e_t_e_r ____ T_-'-__ T_es_t_co_n_d_i_ti_o_ns_---''-_M_in_._.L.-_T_y_P_. _G~ Unit I Note I 
DYNAMIC ELECTRICAL CHARACTERISTICS (see Fig. 1) 

tws TXSYN, RXSYN width 8/FXIFRI 

txcs TXCK to TXSYN delay 25 

tSOON DO to TSYN on delay 

tSOOFF DO to TXSYN off delay 
----~-~~- -_ .. --_._---

tCOXH DO high to TXCK delay 

tCOXL DO low to TXCK delay 

tOOR DO rise time 40 

tOOF DO fall time 20 

tSRC RSYN to RXCK delay 50 
~- ---- f----

tCORS DI to RXCK set up time 10 

tcoRH DI to RXCK hold time 60 
r-----

AO to RXSYN delay tSAO for sample n - 1 800 
~-

tRC Clock rise time 

tFC Clock fall time 

MCKF MCK frequency 

FX, FR TXCK, RXCK, frequency 0.064 

CK D.C. TXCK, RXCK duty cycle 40 50 

SLEW AO positive slew rate 

SLEW~ AO negative slew rate 

SYSTEM CHARACTERISTICS (see Fig. 2 and 3) 

S/G Total distortion AI =-1 dBm 0 30 

AI=-15dBmO 38 
r--------------r-

AI = -34 dBm 0 35 

AI = -50 dBm 0 20 

toG/G Gain traking AI = +3 dBm 0 0 

AI =, -20 dBm 0 0 

6""""00'" 
--

AI = -50 dBm 0 

AI = -55 dBm 0 

Note: 11 FR and FX are expressed in Hz. 
21 Driving one 74 LS TTL load plus 30 pF. 
31 The signal at the analog input is a pseudorandom noise 1350 -;- 550 Hz). 
41 The signal at analog input is a 840 Hz sinewave. 
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±0.15 

±0.2 

-80 

~~--

!,S 

l/FX-80 ns 1 
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70 ns 2 
-~-~~ 

200 ns 2 
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ns 2 

ns 2 

1/FR-50 ns 1 

ns 

ns 

ns 

50 ns 

50 ns 

2.1 MHz 

2.1 MHz 

60 % 

5 V/!'s 

5 V/!'s 

dB 3 

dB 3 

dB 

dB 3 

dB 4 

i dB 4 

I dB 4 

dB 4 
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Fig. 1 - Transmit and receive sections 

TRAN5MIT 5ECTION 

DO 

RECEIVE 5ECTION 

RXCK 

01 

AO 

s- 434811 

Fig. 2 - 5/Q ratio vs. input level. 

30 

20 

- 21 -11 

ANALOG INPUT (dBmo) 
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Fig. 3 - Gain tracking performance 

+3 

+1 

~~~----------~~~~--------~--------+o 
~0'7'====0'7':m:mwW0'7';:;:f' ~WW=W~-0.5 

~W?'m~ -I 

-3 

-55 -50 -40 -30 - 20 -10 -5 o .J 

ANALOG INPUT (dBmo) ::'-£,353,1 
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MOS 
INTEGRATED 
CIRCUITS 

ON-SCREEN TUNING SCALE AND BAND DISPLAY 

• DIGITAL TUNING BAR DISPLAY WITH MINIMUM EXTERNAL PRESETS 
• ON-SCREEN DISPLAY OF THE BAND 
• VERTICAL POSITION ON THE SCREEN EXTERNALLY ADJUSTABLE 
• AUTOMATIC DISPLAY AT SEARCH COMMAND 
• DESIGNED FOR USE WITH THE M193 ELECTRONIC PROGRAM MEMORY 
• M191:STANDARDVERSION 
• M091: FOR AUTOMATIC SEARCH IN FRENCH STANDARD APPLICATIONS 

The M091 and M191 are monolithic integrated circuits designed to display on the screen of the television 
receiver a variable length strip corresponding to the voltage applied to the varicap tuner. 
A variable number of rectangles symbolizing the selected band can also be displayed. 
The circuits operate in conjunction with the M193 (Electronic Program Memory), from which they take 
the voltage and band information in a digital serial mode. 
The 7 most significant digits of voltage information coming from the M193 are digitally converted into a 
64 step variable pulse width giving either positive and negative polarity outputs for easy and versatile 
interfacing. 
The variable length strip is displayed over 11 lines of a half frame picture with nine vertical graduations 
of 31 lines. 
The vertical position of the strip can be adjusted with an external potentiometer over the whole screen. 
The 2 digits of band information determine the number of rectangles appearing on the screen under the 
tuning strip. The rectangles are displayed over 11 lines of a half frame picture. 
Automatic display is provided when the Electronic Program Memory is in the Search Mode; display on 
manual command is also possible. 
The M191 is the standard version. The M091 is alternatively for displaying the tuning voltage when the 
automatic search is made by scanning the band in a reverse way (i.e. from 30 to OV) as is required by the 
French standard. 
The M091 displays 30V (maximum length of the strip) when the M193 Electronic Program Memory 
transmits information corresponding to OV. It displays OV when the M193 transmits information corre
sponding to 30V. 
It displays OV when the M193 transmits information corresponding to 30V. 
The M091 and M191 are constructed in N--channel silicon gate technology and are available in a 16 pin 
dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

Voo 44 Supply voltage -0.3 to 20 V 

VI Input voltage -0.3 to 20 V 

II Input current -5 mA 

Vo (off) Off-state output voltage 20 V 

10 Output current (except pins 12-13) 5 mA 
(pins 12-13) 15 mA 

Ptot Total package power dissipation 500 mW 
T stg Storage temperature -65 to 150 °C 
Top Operating temperature o to 70 °C 

* 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to Vss (GND). 

ORDERING NUMBERS: M191 B1 
M091 B1 
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MECHANICAL DATA (dimensions in mm) 

I 20
ma

, I 

[::::::1 
BLOCK DIAGRAM 

VDD2O-=-T-+--J·---->.r--'---, 

VERT FLYBACK 

VERT POSITION 
VDD2 G--C::::J--r' 

::;= 
.!.. 

DELAY TIME 

VDD2 0 - C ·::J-r 
I 

HORIZ. RYBACK _ ~------L-

-;-2 CLOCK 

BLANKING 

OUTPUT 

PIN CONNECTIONS 

HORIZ. 5YNCH. 

----~-

HORIZ. SYNCH. 

FIELD 
BLANKING OUT 

DISPLAY TIME 

112 CLOCK 
FREQlIENCY OUT 

CLOCK osell. 

Voo 

BAND DI SPLAY 
ENABLE 

64 STEPS SYNCHRONOUS COUNTER 

I 
VDD2 0 -C:-.J i LATCHING TIME I CONSTANT 
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Ie ~ 

15 n 

'4 

'J 

10 

S-JV91! 

vss (GND) 

VERTICAL 
POSITION 

VERT. SYNCH. 

DISPLAY OUT 

DISPLAY OUT 

DATA I FROM 

M 193 
CLOCK 

LATCHtNG TIME 
CONSTANT 

BAR AND BAND 

OUTPUT 

BAND DISPLAY 

ENABLE 

.- DATA t FROM 

___ +_ CLOCK I M 193 



RECOMMENDED OPERATING CONDITIONS 

Parameter Min. Typ. Max. 

Voo Supply voltage 11.5 13 14.5 V 

VI Input voltage 14.5 V 

Vo (off) Off-state output voltage 14.5 V 

10 Output current - all pins except 4-6-12-13* 1 mA 
- pin 6 3 mA 
-pins 12-13 10 mA 

f Clock frequency 1.8 2.2 MHz 
Top Operating temperature 0 70 °C 
Ptot Total package power dissipation 500 mW 
Cg Capacitance at pin 9 330 390 pF 
C6 Capacitance at pin 6 68 100 pF 
CI5 Capacitance at pin 15 270 330 nF 
C4 Capacitance at pin 4 ** 10 12 JJ-F 
R4• I5 Resistance at pins 4-15 220 270 Kn 

* 104 The output current of pin 4 is internally limited. 
** C4 Values up to 100 J1F are allowed using a 1 Kn resistor in series with pin 4. 

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions). 
Typical values are at Tarnb = 25°C, Voo= 13V. 

Values 
Parameter Test conditions Pins Unit 

Min. Typ. Max. 

VIL Low level input voltage Voo= 11.5to 14.5V 1-2-10-11-14 0.8 V 

V1H High level input voltage Voo= 11.5 to 14.5V 1-2~10-11-14 3.5 V 

VOL Low level output voltage Voo=11.5V 12-13 
V 

10L = 10 rnA 1 

Voo= 11.5V V 
10L= 1 rnA 3 1 

VT Threshold voltage Voo= 11.5 to 14.5V 6-9-15 4 
V 

4-8 2 

II Input current VI = 14.5V 10 JlA 

10 (off) Off-state output current Voo = 14.5V 3-4-5-9-15 20 
JlA 

12-13 100 

100 Supply current Voo= 14.5V 25 rnA 
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DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb= 25°C) 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

tTLH, Transition time 80 ns 
tTHL Pins 12-13 See fig. 3 

to Delay time 50 ns 

TYPICAL APPLICATION 
VERT, HORIZ HORIZ. 

Fig. 1 SYNC. SYNC SYNC. 

•• vss-.[L-- -fl_ l..f 

~PM ~:~ ~~~ .---:"~~_t,--_t,--~_,,-I VS-,s {::~~n ~ ~ WRITE 

M193 --t ---. Q~!L 11 13 O-.lll-I-i-1JJIr-8l.ANK'NG ---4---- CLOCK 10 

~~ + 

Fig.2 

LATCHING 

CONSTANT 330pF I 
5.6kD_¢ 

CL~~'LL ':1.68 6 
27kIl.· !pF 

+ ~.-c=:J--------, --
--,.1--

1 f2 CLOCK FREQUENCY 
OUTPUT 

15~n.. 180k~ r 

M 091 n>15kn 
LyJ 

o r £I"l,,-+--_.r_ 
BLANKING 

M 191 ~, 
Y>l.5kIl 

12 OUT 

BAND ... 
_ lDISP-.l~6 DISABLED 

+ -.-{~-~---r;::zJ-~ 
VERTICAL POSITION DISPLAY "1 MANUAL 9 ENABLED 

27~:;:: TIME J 1 DISPLAY ~ 
nF ENABLE 

t--------l /-IF t ~-10}JF --

r-------..,' -.l 
1+++1111 r 31LINES* ------T 

+ ... 

Fig 3 

I pln4 

,l, 
lilko 

i i2~F to 100~f' 
..i.. 

s- 323013 

tTLH tTHL 

11"'- --~' 
PIN i~; 

13~5COi. "---
10"'. ! I . 

r '2V 

~RL = 1.2kll 

,~ 
,-r-~'NS 12 -13 

--I L_ 30pF 

q '-3234 

5-- 2906 

• :THE LINES CORRESPOND TOA 
HALF FRAME 

PIN 

I - S- 323)11 
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DESCRIPTION 

Pins 1,2 - Horizontal synchronization 
Two Horizontal sync inputs are provided to allow for positive or negative pulses from the TV receiver. 
Pin 1 is designed to accept a positive pulse derived from the line flyback through an interface. 
The circuit is triggered on the negative edge of the incoming pulse. 

Fig.4-Pin1 > 3 5V n TRIGGER EDGE 

<D.8V~ L 
s- 32351' 

The negative flyback pulses must be applied to pin 2. In this case the circuit is triggered on the positive 
edge of the pulse. 

Fig.5-Pin2 >3.5V LJ 
TRIGGER EDGe 

< 0.SV 

The display is delayed for a time corresponding to 32 clock periods after the triggering. 
With a clock frequency of 1.8 MHz the delay is 9 f.1sec. 
When pin 1 is used, pin 2 must be connected to Vss (GND); when using pin 2, pin 1 must be at Voo. 

Pin 3 - Field blanking output 

An open drain transistor is disabled during the lines which correspond to the display of the tuning scale 
and band information. This makes it possible to write the tuning scale and the band identification rec
tangles on a dark or alternative colour area. The signal is present for the full line period. 

Pin 4 - Display time input 

The display is automatically enabled when the M 193 (Electronic Program Memory) is in the Search mode. 
The RC network applied to pin 4 determines the time the display will last after a station is found. 
When identification occurs the capacitor is unclamped and allowed to be charged by the external resistor. 
The display is disabled when an internal threshold is reached. 
The display is also enabled if the capacitor is discharged by connecting this pin to Vss (GND) with an 
external clamp. 
If a capacitor> 10 f.1F is used a 1 KS1 resistor must be placed in series with pin 4. 

Pin 5 - 1/2 frequency clock output 

The clock frequency divided by two is present on this pin for measurement purposes. To allow this, con
nect temporarily pin 1 to Vss and pin 2 to V[lD The output is open drain and an external pull-up re
sistor is needed. 
I t the output is not used it must be connected to V S5. 

39 



DESCRIPTION (continued) 

Pin 6 - Clock oscillator input 

This pin is connected to a RC network as shown in fig. 1. 
The clock frequency determines the horizontal width on the screen of the tuning scale, of the rectangles 
and the distance of the display from the left edge of the screen. 
Fine adjustment of the clock frequency is obtained by the trimming resistor. Typical clock frequency is 
1.8 MHz. 

Pin 7 - Voo 

Pin 8 - Band display enable 
When this pin is connected to Vss (GND) a band display with the following format is enabled, on com
mand, together with the tuning voltage display. 

Fig.6 BAND VHF I -
BAND AV - -
BAND VHF III - - -

BAND UHF - - --5-3237 

.If this pin is connected to Voo only the tuning voltage will be displayed. 

Pin 9 - Latching time constant 
An RC time constant must be applied to this pin to generate the internal latching signal. 
The content of the internal shift register is transferred to the internal decoding circuit only at the end of 
the clock burst to avoid noise on the display during data transfer. 
This is made by integrating the incoming clock burst with the RC time constant connected to pin 9 as 
shown in fig. 7. 

Fig.7 

PIN 10 

PIN 9 

INTERJ STROBE 
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DESCRIPTION (continued) 

Pin 10 - Clock input 
This pin accepts the burst containing the 15 clock pulses available from the M193. The burst is used to 
load the serial Data on pin 11 into the internal 15 bit shift register (see fig. 8). 

Fig.8 

t" t w 5=1.3j.Js- \-... I 

TS -13.6)4 

16 = 1.69ms -- --- - --------------- -----------
REPETITION TIW[ 

BAND 
____ t 

5 3222/2 

Pin 11 - Data input 
This pin accepts the 15 bit serial Data information available from the M193 EPM. 

----If 

I I 

---J 

The burst contains 2 bits for band information, 4 bits for program, 8 bits for tuning voltage and 1 bit 
which indicates if the system is in the Search mode. 

Pin 12 - Inverted video signal output 
The signals of pin 13 are inverted and presented on this pin to allow easy interfacing in some chroma 
kits. The output is open drain. 

Pin 13 - Video signal output 
The tuning scale and band information video signal is available on this pin, a load resistor is connected 
between the open drain output transistor and Voo.White level corresponds to disable of the internal 
transistor. 

Pin 14 - Vertical synchronization 
The frame flyback pulse must be applied to this pin by means of an interface. The signal must be positive. 
The circu it is triggered by the negative edge of the pulse. 

Fig.9 >3.5V ------~ n 
<O.BV . L.. ---

TRIGGER EDGE 

S - 323911 
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DESCRIPTION (continued) 

Pin 15 - Vertical position input 
An internal monostable is triggered by the frame pulse applied on pin 14. 
The display is allowed at the end of the cycle of the rnonostable. The RC network applied to this pin 
gives the time constant of the monostable determining the position of the display on the screen. 

Pin 16 - Vss (Gr~D) 
All voltages quoted are referred to Pin 16. 
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MOS 
INTEGRATED 
CIRCUIT 

TV MICROPROCESSOR INTERFACE 

• 6 PWM D/A CONVERTERS, WITH 64 STEP RESOLUTION, FOR ANALOGUE CONTROLS 
• 13 BIT (8192 STEP) PULSE WIDTH-RATE MULTIPLIER D/A CONVERTER FOR TUNING 

VOLTAGE. BUILT IN ANALOGUE SWITCH. 
• CRT DISPLAY SECTION BASED ON A 64 x 64 FULLY PROGRAMMABLE MATRIX, UNDER 

SOFTWARE CONTROL, WORKS WITH ANY TV STANDARD 
• OPEN DRAIN OUTPUTS RATED UP TO 13.2V 
• MAIN 5V POWER SUPPLY (12V USED FOR BIAS) 
• STANDARD 40 PIN PLASTIC PACKAGE 

The M 106 is a programmable LSI device for microprocessor controlled applications in TV and industrial 
control fields. The M 106 uses state-of-the-art N-Channel MOS Silicon gate technology, with a single 
+5V power supply and TTL compatible inputs and outputs. A + 12V supply is used for bias of the 
analogue switch circuit built on the chip. 
The microprocessor interface includes a single phase clock input, a bidirectional 8 bit system bus, two 
strobe inputs and an interrupt request output. A total Qf 7 variable duty cycle output signals are avail· 
able. After simple RC filtering these signals become the analogue outputs of the system. One blanking 
and three colour outputs are provided to display alphanumeric or graphic data on a CTV screen. Eight 
general purpose digital outputs are provided with open-drain configuration. 
The M 106 is available in a standard 40 pin dual-in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V DD ** Supply voltage -0.3 to 7 V 

V ref Reference voltage -0.3 to 7 V 

VGG Bias voltage -0.3 to 14 V 
VI Input voltage -0.3 to 7 V 

Va (off) Off-state output voltage: PO to P6; 00 to 07 -0.3 to 14 V 
all other outputs -0.3 to 7 V 

10 Output current: all outputs except pins 25, 26, 27,28 max. 5 mA 
pins 25, 26, 27,28 max. 15 mA 

Ptot Total package power dissipation 0.8 W 
Top Operating temperature 0 to 70 °C 
Tstg Storage temperature -65 to 150 °C 

• 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity . 

•• All voltage are referred to VSS1= VSS2· 

ORDERING NUMBER: M 106 B1 
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MECHANICAL DATA(dimensions in mm) 

,~,~ 
i 4826 _ g 

5r" 

RECOMMENDED OPERATING CONDITIONS 

V DD 

V ref 

VGG 

VI 

Va (off) 

f 
R 
C 
Top 

Supply voltage 
Reference voltage 
Bias voltage 
Input voltage 
Output off voltage: PO to P6; 00 to Q7 

a II other outputs 
Output current: all outputs except pins 25, 26, 27,28 

pins 25, 26, 27, 28 
Clock frequency (selectable) 

Oscillator frequency 
Resistance of the clock oscillator 
Capacitance of the clock oscillator 
Operating temperature 
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PIN CONNECTIONS 

VSS1 - 1 40 Q2 

Di ~ 2 39 i52 
Q) - 3 38 Q3 

00 - 4 37 53 
QO 36]- Q4 

VGG 35 D4 

P6 - 7 34 Q5 

Vre-f - 8 33 55 
VSS2 - 9 32 Q6 

P5 - 10 31 -.-.. D6 

P4 - 11 30 Q7 

P3 - 12 291_ D7 

P2 - 13 28 -
P1 - 14 27]- G 

PO - 15 261-
STS - 10 25J- SLK 

STA - 17 24J- IN 'I" 

% - 18 23]_ HS 

2/4 MHz---+- 19 22)- Vs 
RC 20 21 J-4--- VDO 

5-300911 

4.5 to 5.5 V 
5 to 6 V 

10.8 to 13.2 V 
0 to VDD V 

max 13.2 V 
maxV DD V 

max 2 mA 
max 8 mA 

(pin 19 at VDD ) 2 MHz 
(pin 19atVss ) 4 MHz 

3.2 MHz 
2.2 to 10 kn 
10 to 30 pF 
o to 70 DC 



BLOCK DIAGRAM 

1 RO S ----.. PO 

1 RI ~. 6 
~PI r 

R2 ~-~ CO~~~TER ~P2 
DO to07 

P3 

M 

U 

L PI. 

STA 
T 

I 
STB P 

L 

E VGG 

X Vref 

E 
P6 

R 

HS 
f(r 

VS 
R 

OPTION 2/4 MHz 
G CRT 
B 

BLK 

VOO 

C 

INT IvSS 
8 

~ 

5 - 3010/2 00 toQ7 
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STATIC ELECTRICAL CHARACTERISTICS (Over recommended operating conditions 
Typ. values are at Tamb = 25°C, Voo= 5V; V Ref= 5V; VGG= 12V) 

Values 
Parameter Test conditions 

Min. Typ. Max. 

V IH Input high voltage All input pins 
exce\9' 22-23 2.5 Voo 
(Hs- s) 

pins 22-23 
(Hs-Vs) , 3 Voo 

V IL I nput low voltage All inputs excepts 0 0.8 
pins 22-23 
(Hs-Vs)) 

pins 22-23 
( Hs-Vs) 0 0.4 

II 'Input leakage current All inputs except VI = 0 to 5.5V 10 
pin 18 

I", Input bias current pin 18 V", = 5.5V 10 70 

VOL Output low voltage All outputs IOL-1.6mA 0.4 
except pins 
25-26-27 -28-7 

pins 
25-26-27 -28 

IOL=8 mA 1 

pin 7 IOL= 0.25 mA 30 45 

VOH Output high voltage pin 7 IOH= -0.25 mA V oo-30 Voo-45 

IO(Off) Leakage current All output except V O(off)- 5.5V 10 
pins 
3-5-25-26-27-28 
30-32-34-36-38-40 

pins VO(off)- 13.2V 50 
3-5-25-26-27-28 
30-32-34-36-38-40 

100 Supply current pins 3-5-25-26-34 Voo= 5.5V 60 

IGG Bias current VGG- 13.2V 300 

Note: The Vs and Hs inputs have Schmitt-trigger action for accepting slow transition time signals. 

DYNAMIC ELECTRICAL CHARACTERISTICS 

Values 
Parameter Test conditions 

Min. Typ. Max. 

110 Loading time of the.lirst byte from the strobe 
display command (ST A and STB both low) 26 

tl Loading time of any successive byte from the end 
see fig. 1 24 of the previous load time 

t~elUP Setup time 4 

thold Hold time 4 
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Unit 

V 

V 

!-'A 

!-'A 

V 

V 

mV 

mV 

!-,A 

!-'A 

mA 

!-'A 

Unit 

!-,S 

!-,S 

!-,S 

!-,s 



Fig. 1 

"'~l-. -----'-/------~/ 
SlB 

60100"7 

ISt"tuptl"lo\d 

DESCRIPTION 

<p - System clock 
The cp input (pin 18) must be connected to the microprocessor clock, or to the clock oscillator pin in the 
case where the microprocessor has a built in clock generator. 
The clock signal can be 2 or 4 MHz. Pin 19 must be connected to VDD if the frequency is 2 MHz, to Vss 
if it is 4 MHz. 

Internal registers load and read operations 
M 106 can be fully programmed by loading a set of internal registers. 
Table 1 shows the binary address code and function of each internal register. 
The loading of each register, as shown by fig. 2, is performed in two steps: in the first phase, the four 
bit address code (DO to D3) is sent on the bus, and latched by the ST A strobe signal; in the second phase 
the bus carries the 6 to 8 bit register content which is transferred to the addressed register by the STB 
strobe signal. 
When both STA and STB are in the HIGH state, the content ofthe addressed register will be read back 
to the bus. The read operation is not allowed for registers 8 to 12. 

Table 1 - Summary of the internal registers 

N° 
ADDRESS Number 

D3 D2 D1 Do of bit Function 

0 H H H H 6 Converter n. 0 (PWM) 
1 H H H L 6 Converter n. 1 (PWM) 
2 H H L H 6 Converter n. 2 (PWM) 
3 H H L L 6 Converter n. 3 (PWM) 
4 H L H H 6 Converter n. 4 (PWM) 
5 H L H L 6 Converter n. 5 (PWM) 
6 H L L H 6 Converter n. 6 MSB (PWM) 
7 H L L L 7 Converter n. 7 LSB (BRM) 
B L H H H 6 Window upper side position 
9 L H H L 6 Window lower side position 

10 L H L H 6 Window left side position 
11 L H L L 6 Window right side position 
12 L L H H 6 CRT display control 
13 L L H L 8 Open drain digital outputs 
14 L L L H - Reset (only for testing) 
15 L L L L - Not used 
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Table 2-Loading and reading of 
the internal registers 

STA STB Function 

the content of the 

addressed register 
H H 

is read back (except 

for R8 to R12) 

L H address loading 

H L data loading 

L L 
pattern loading for 

CRT display 



Fig. 2 

_/ ADDRESS "- 1/ DATA (LSB) ) -STABlE / I'.. STABLE 001003 

54 toi57 
1/ DA.TA(MSB) ) r----I'.. STABLE 

, st PHASE 2nd PHASE 

NOTE: TIMING IS NOT CRITICAL: EVERY }lP HAS INSTRUCTION CYCLE LARGER THAN MINIMUM SET UP 
AND HOLD TiMES F,OR THE SHOWN OPERATION. 

O/A converters for analogue controls 
The 6 bit contents of registers 0 to 5, after a pulse-width conversion and external filtering, are used for 
analogue commands as volume, brightness, colour saturation, contrast, tone and fine tuning. 
The pulse width modulated output has a fixed period of64 microseconds and variable width. The output 
is open drain, can be filtered by a simple RC network and can be varied from OV to the reference voltage 
(13.2V max) in 26 = 64 steps. 

Tuning voltage 0/ A converter 
Registers 6 and 7 may be considered as a single 13 bit register. The corresponding outputs value is normally 
used as a tuning voltage for a varicap tuner. The conversion uses a double modulation system, in order to 
minimize the ripple after the filter. The 6 most significant bits (register 6) are converted using the same 
pulse width modulation technique as registers 0 to 5. 
The 7 least significant bits (register 7) generate a series of pulses with variable width and frequency (bit 
rate multiplier). 
This approach greatly reduces the amplitude of the low frequency components in the output voltage, 
and allows an easier and more efficient filtering. 
The converter's output, P6, uses an internal analogue switch, operating in a push-pull mode, and switches 
a very precise reference voltage, which is connected to the V ref pin. 
The 0 volt level, in order to minimize the ground noise, is supplied through a dedicated pin V 552, that is 
externally connected to ground. 
A 12V bias voltage must be connected to the V GG pin in order to operate the output stage in the push
pull mode. 

On screen display 
The on-screen display interface uses a vertical sync signal applied to the \is input and horizontal sync 
signal applied to the Hs input. 
A "vertical clock" is internally generated by dividing the line frequency Hs by a number N which 
defines the height of the matrix element. 
Assigning to N a value of 4/5/6 the height of the corresponding matrix element becomes 4/5/6 lines. 
The choice of one of these values of N will adapt the M 106 to display on any video standard. 
An internal RC oscillator, synchronized by the Hs input, gives a "horizontal clock", whose period 
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DESCRIPTION (continued) 

defines the width of the matrix element. The frequency must be adjusted in order to have a width equal 
to 1/64th of the actual width of the screen. 
The data to be displayed on the screen is normally contained in a rectangular "window". Inside the 
window the BLK output generates a blanking signal, thus creating a black rectangular background for 
the image. Position, height and width of the window are programmable by loading in registers 8-9-10-
II a 6 bit position value of each side of the window. The value is calculated in terms of the number of 
vertical or horizontal clock pulses from an origin. 
The origin (0, 0) corresponds to the trailing edge of the Vs and Hs pulses and is therefore located in 
the upper left corner of the screen. 
Inside the M 106, a dual 64 bit shift register synchronized by the horizontal clock, repeats the same 
pattern over N lines using the first shift register, while the IlP can load the second one with the new 
pattern to be used in the next lines. Afterwards the new pattern content is transferred in parallel into the 
first register. The loading of the second shift register is synchronized by the ¢ clock. This takes 8 sequen
tial bytes, with the timing shown in fig. 1. The loadinq time for each byte is 24 microseconds. 
The loading begins when both STA and STB go LOW. The corresponding state is decoded as a "strobe 
display" command. 
If the "strobe display" state is terminated by the IlP before the internal shift register is completely 
loaded, the remaining bits are zero-filled. 
The display control register (12) defines the start and the end of the display function, the combination 
of the colour outputs enabled (and therefore the colour of the image) and the timing signals used during 
the load operation. 
Table 3 shows the function of each bit of the display control register. 
No timing signals are used if the pattern doesn't change from line to line of the display (vertical or hori
zontal bands). In this case the pattern can be loaded asynchronously only at the beginning, and will be 
automatically repeated until the window is completely scanned. 
The timing signals must be enabled for displaying character, because the line pattern is variable and must 
be loaded in synchronism with the screen scan. The STA pin, normally used as a strobe input, becomes 
bidirectional and generates for each frame a single pulse, negative going, and approximately 45 micro
seconds long, N lines before the beginning of the window. 
This signal is used by IlP to initiate the first load operation. 
The INT gives a series of pulses for each frame, with a period of N lines, starting N lines before the be
ginning of the window and stopping N lines before the end of the window. 
During the STA output pulse no control register loading is permitted and only the "strobe display" 
state is accepted. 

Table 3 - CRT display control register (N° 12) 

Bit Function Logic level L Logic level H 

0 Output R (Red) disabled enabled 

1 Output B (Blue) disabled enabled 

2 Output G (Green) disabled enabled 

3 Nr. of lines each dot 5 (4*) 6 
----

4 Timing outputs I NT -STA disabled enabled 

~ Display control stop start 

* Available with metal option (contact local SGS-ATES sales office). 
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MOS 
INTEGRATED 
CIRCUITS 

PRELIMINARY DATA 

SINGLE CHIP ORGAN (SOLO + ACCOMPANIMENT) 

• SIMPLE KEY SWITCH REQUIREMENTS FOR 61 KEYS, IN A MATRIX OF 12 x 6 
• LOW TIME REQUIRED FOR A SCANNING CYCLE OF 57611sec. 
• ACCEPTANCE OF ALL KEYS PRESSED 
• TWO KEYBOARD FORMATS: 61 KEYS (SOLO) OR 24+37 (M108), 17+44 (M208) KEYS (ACC. + 

SOLO) WITH POSSIBILITY OF AUTOMATIC CHORDS OF THE "ACCOMPANIMENT" SECTION 

• TOP OCTAVE SYTHESIZER INCORPORATED FOR GENERATION OF 3 "FOOTAGES" 
• MORE THAN ONE CHIP CAN BE EMPLOYED WITH SYNCHRONIZATION THROUGH THE 

RESET INPUT 
• SEPARATED ANALOG OUTPUTS (FOR EACH FOOT) FOR "SOLO", "ACC." AND "BASS" 

SECTIONS (SQUARE WAVE 50% D.C.) WITH AVERAGE VALUE CONSTANT 
• INTERNAL ANTI-BOUNCE CIRCUITS 
• KEY DOWN AND TRIGGER OUTPUTS FOR "SOLO", "ACC." AND "BASS" SECTIONS 
• SUSTAIN FOR THE LAST KEYS RELEASED IN THE "SOLO" SECTION 
• CHOICE OF OPERATING MODE IN "ACC." SECTION 

MANUAL,WITH OR WITHOUT MEMORIZATION OF THE SELECTED KEYS(FREE CHORDS 
WITH ALTERNATE BASS} 
AUTOMATIC, WITH OR WITHOUT MEMORIZATION OF THE SELECTED KEY (PRIORITY 
TO THE LEFT FOR AUTOMATIC CHORDS AND BASS ARPEGGIO) 

• MULTIPLE CHOICE POSSIBILITY ON THE CHORDS IN AUTOMATIC MODE 
- MAJOR OR MINOR THIRD 
- WITH OR WITHOUT SEVENTH 

• LOW DISSIPATION OF";;;; 600 mW 
• STANDARDSINGLESUPPLYOF+12V ±5% 
• INPUTS PROTECTED FROM ELECTROSTATIC DISCHARGES 

The M108 and M208 are realized on a single monilithic chip using N-channel silicon gate technology. 
They are available in a 40 lead dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DO 
V·** I 

10 
T st9 

Top 

Source supply voltage 
I nput voltage 
Output current (at any pin) 
Storage temperatu re 
Operating temperature 

-0.3 to +20 
-0.3 to+20 

3 
-65 to 150 

o to 50 

V 
V 

mA 

*' 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** This voltage is with respect to Vss (GND) pin voltage. 

ORDERING NUMBERS: M 108 B1 for dual in-line plastic package 
M 208 B 1 for dual in-I ine plastic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package 

t::::: :::::::: ::: :: 
BLOCK DIAGRAM 

PIN CONNECTIONS 

*VSS 40 MCK 

RESET 39 TCK 

8th/7th 38 Bl 

4'/5th 31 B2 

e13rd 36 B3 

16'/ROOT 35 B4 

BASS 34 B5 

A 33 B6 

l2 Fi 
10 31 F2 

NPA 11 30 IT 
TOA 12 29 1'4 

TOS 13 28 IT 
KPA 14 21 n 
KPS 15 26 F'i 
16' 16 25 Fe 
8' 11 14 F9 
4' 18 13 FlO 

TEST 19 11 FTi 

**VOD 10 11 m 
5-3367 

* VSS is the lowest supply voltage 
** Voo is the highest supply voltage 
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GENERAL CHARACTERISTICS 
The caracteristics of the M208 are similar to those of the Ml08; the only difference is the keyboard 
split, which is 24+37 for the Ml08 and 17+44 for the M208 when used in "accompaniment + solo" 
mode. 

The circuit comprises: 

a) 2 pins for clock input: one for the matrix scanning, the other for the incorporated T.O.S.;by connect
ing both the clock inputs to· the same matrix scanning clock (1000.12 KHz), the three "footages" 
generated are 16',8' and 4'. 

b) 6 inputs from the octave bars (keyboard and control scanning 

c) 3 multiplexed data inputs for addressing the bass selection. These inputs normally come from the out
puts of an external memory (negative or positive logic with control inside the chip) 

d) 8 signal outputs divided by section: 3 for the "SOLO" section (16',8',4'),4 for the "ACC." section 
(16' or root, 8' or 3rd, 4' or 5th, 8th/7th according to operating mode), 1 for the bass 

e) 12 outputs for the matrix scanning 

f) 5 "trigger" and "key down" outputs: KPS (key pressed "SOLO"), TDS (Ligger decay "SOLO"), KPA 
(key pressed "ACC."), NPA (pitch present in "ACC." outputs), TDB (trigger decay "BASS") respec
tively. These outputs, in conjunction with 'an external time constant, allow the formation of the en
velope of the sustain and percussion effects. The duration of the trigger pulses is ~ 9 msec. 

g) 1 input (reset) to synchronize the device or more than one device (with the same keyboard scanning 
and using a single contact per key). 
The reset action, provided by an external circuit, is of the "POWER ON RESET" (high active) type 
and its duration must be ~ 0.5 msec. 

h) 1 TEST pin (in use it must be connected to V DD) 

j) 2 supply pins. 

MATRIX ORGANIZATION (Keyboard and controls) 

M108/208 M108/208 Octave bar inputs 
Matrix 
outputs B} B2 B3 B4 B5 B6 

Fl c} C2 C3 C4 C5 C6 

F2 C}# C2# C3# C4# C5# 7th OFFl7th ON 

F3 D} D2 D3 D4 D5 3rd+/3rd-

F4 D}# D2# D3# D4# D5# Sust.OFF/Sust. ON 

F5 E} E2 E3 E4 E5 Latch/Latch 

F6 F} F2 F3 F4 F5 Man/Auto 

F7 F 1 # F 2# F3# F4# F5# 61/24 + 37 (17 + 441 

Fa G1 G2 G3 G4 G5 Antibounce ON/Antibounce OFF 

F9 G1# G2# G3# G4# G5# ROM Low/ROM High 

FlO Al A2 A3 A4 A5 -------

F11 AI# A2# A3# A4# A5# -------

F }2 BI B2 B3 B4 B5 -------

C} is the first key on the left, C6 is the last key on the right of the keyboard. 

The main feature of this chip is the possibility of formating the keyboard either with 61 keys (only 
"SOLO" without automatism) or separating it into two sections ("ACCOMPANIMENT + SOLO") 
with the possibility of chord and bass automatic in the first section. 
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FEATURES 

a) The "61/24 + 37" (17 + 44) control chooses the keyboard operating mode, i.e. the whole keyboard 
dedicated to "SOLO" or 24 (17) keys dedicated to "ACCOMPANIMENT" and 37 (44) to "SOLO". 

b) The "Man/Auto" control, which operates only in case of "ACC.+ SOLO", chooses the manual or the 
automatic accompaniment. 

c) The "Sust OFF/Sust ON" allows the storage of the "SOLO" section and handles the whole keyboard 
or 37 (44) keys depending on the operating mode. 

d) The "Latch/Latch" similarly allows the storage of the "ACC." section and operates in "ACC.+ SOLO" 
only. 

e) The "3rd+/3rd-" which operates only in case of "ACC. + SOLO" and "AUTOMATIC", changes the 
automatic chord generated from major to minor or viceversa. 

f) The "7th OFF/7th ON" adds the seventh to the automatic chord generated. 

g) The "Antibounce ON/Antibounce OFF" disables the antibounce circuit which is usually enabled. 

h) The "ROM Low/ROM High" selects between ROMs with return to "1" (Low active) or with return to 
"0" (High active). Usually the chip is enabled for ROMs with return to '''I'' (Low active). 

"SOLO" Operation 
In this case the chip recognizes the whole keyboard as "SOLO" and does not read the controls which 
concern the" ACC. + SO LO" operation. 
The chip identifies all the keys pressed and transfers to the outputs of each section (ACC. and SOLO) 
the analog sum of corresponding pitches. 
The outputs are current generators with average value constant, therefore it is sufficient to connect the 
pins to one load and send the signals on to the filters. 
In the case of"SustainOFF"each new key pressed or released is accepted or deleted in a time~576J.lsec. 
In the case of "Sustain ON" the chip has a different operation according to whether the new key (keys) 
is pressed or released: each new key pressed is aiways accepted in a time ~ 576 J.lsec., whereas each key 
released is deleted with a delay of 73 msec. and only if there are still keys pressed. 
In fact, if after the 73 msec. there are no keys pressed, the last key (or keys) released remains stored 
until new keys are pressed. 
In this mode it is possible to have Sustain, with external envelope shaping, for the last keys (or key) 
released. 
The pitch envelope is controlled by a D.C. signal KPS (any key pressed) and there is also an A.C. signal 
TDS (trigger decay "SOLO") which provides a pulse whenever a key is pressed. 
An appropriate antibounce circuit, inside the chip, solves the problems associated with the keyboard 
contacts. 

"SOLO + ACCOMPANIMENT" Operation 
In this case the chip identifies the "ACCOMPANIMENT" on the first 24 (17) keys on the left, and the 
"SOLO" on the remaining 37 (44) keys and reads all the controls which concern the "ACC." section. 
The "SOLO" function is identical to "61 keys" mode, but for the "ACC." section there are two pos
sibilities: 

A) MANUAL 
The chip identifies which keys are pressed in the "ACC." section, and transfers to the "ACC:' outputs 
the analog sum of the corresponding pitches. 
The "ACC." section is fully independent of the"SOLO"section and the signals(if there is no"LATCH") 
remain at the output only while the keys are pressed even if there is "SUSTAIN ON". 
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The "BASS" section gives at the bass output an alternating bass between the first on the left and the 
first on the right of the keys pressed in the "ACC." section; the pitch switching timing is dependent on 
an external ROM (3 bits). 
The "LATCH" control stores the last keys released and the output signals, including the bass output, 
remain until new keys are pressed. 
The TDB (trigger decay "BASS") output gives a pulse corresponding to every output change; there are 
also two D.C. signals, KPA (any key pressed accompaniment) and NPA (pitches in output accompani
ment) relative only to the "ACC." section. 
The first of these signals (analogous to kpS) concerns the keyboard and does not consider the 
"LATCH" condition. 
The second on the contrary concerns the "ACC." output and considers the " LATCH" condition. 

B) AUTOMATIC 
The chip recognizes in the "ACC." section only the first on the left of the keys pressed and, according 
to the setting of the following controls,produces a major or mi nor chord with or without seventh only 
the 4' footage but with separated outputs for root, third, fifth and eighth (or seventh if the chord is 
with seventh). 
The bass section gives the bass arpeggio among root, third, fourth, fifth, sixth, seventh and eighth 
with pitch switchinq dependent on an external ROM (3 bits). 
In automatic mode the two octaves of the "ACC:' section inside the chip are connected in parallel 
both for the chord and for the bass; therefore by pressi ng anyone of the two keys of the same note 
the ch ip generates the same chord. 
The "LATCH" control stores the major chord and the bass pitches (until new keys are pressed); the 
modification of the chord stored {from major to minor, addition of seventh} is always possible by 
operating the proper controls: by releasing these controls the chord becomes major again. 
It is possible to delete the stored pitches both is manual and in "AUTOMATIC" mode by a Latch 
control signal. 
Once again there are KPA, NPA, and TDB information; however the TDB pulse, which normally 
appears at each arrival of the ROM codes, does not appear if there are no pitches in the "ACC." 
(and bass) outputs or, in the case of alternate bass (in manual mode) if the codes indicate conditions 
of indifference. 

RECOMMENDED OPERATING CONDITIONS 

Parameter Test cond itions Min. Typ. Max. Unit 

VSS Lowest supply voltage 0 0 V 

Voo Highest supply voltage 11.4 12 12.6 V 
~-
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BASS TRUTH TABLES 

LOW ACTIVE 

External 

Memory Code 
Bass Arpegg io Output Alternate Bass Output 

I 
(Automatic mode) (Manual mode) 

C B A 

1 1 

I 
1 No change No change 

1 1 0 Root 1 st on the left 

1 0 1 3rd ---

1 0 

l 
4th ---

0 1 5th 1 st on the right 

0 1 6th ---

0 0 7th ---

0 0 8th ---

HIGH ACTIVE 

External 

Memory Code 
Bass Arpeggio Output Alternate Bass Output 

(Automatic model (Manual model 
C B A 

0 0 0 
~ 

No change No change 

0 0 1 Root 1 st on the left 

0 1 0 3rd ---

L 
0 1 1 4th ---

1 0 0 5th 1 st on the right 

1 0 1 6th ---

1 1 0 7th ---

1 1 1 8th ---

--1 

56 



STATIC ELECTRICAL CHARACTERISTICS (Positive Logic, Voo= +10 to +14V, Vss= OV, 

Tamb= 0 to 50°C unless otherwise specified) 

Parameter Test conditions 

INPUT SIGNALS 

V 1H Input high voltage Note 1 Voo-1 

Note 2 4 

Note 3 Voo-2 

V 1L I nput low voltage Note 1 Vss 

Note 2 Vss 

Note 3 Vss 

ILl Input leakage current VI~ +14V T amb~ 25'C 

LOGIC SIGNAL OUTPUTS 

RON Output resistance with respect 

to Vss 

RON Output resistance with respect VOUT~ Voo-1 

to Voo {driver offl 

V OH Output high voltage Voo-OA 

VOL Output low voltage 

POWER DISSIPATION 

Supply current 

ANALOG SIGNAL OUTPUTS (the external load must be connected to V 00/2) 

IOH Output current with respect Outputs loaded with 1 KS1 

to V oo/2 resistor versus V oo/2 

IOL Output current with respect Outputs loaded with 1 

to Vss resistor versus V 0 0/2 

Note 1 : Refers only to the clock inputs. 
Note 2 : Refers only to the inputs from the external memory. 
Note 3 : Refers only to the reset input. 
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KS1 

35 

-35 

Voo V 

18 V 

Voo V 

V ss+1 V 

Vss+0.6 V 

V ss+2 V 

10 /lA 

300 500 S1 

15 25 kS1 

Voo V 

Vss+0.2 Vss+OA V 

30 45 mA 

50 70 /lA 

-50 -70 /lA 



DYNAMIC ELECTRICAL CHARACTERISTICS 

Parameter Test conditions 

MASTER CLOCK INPUT 

fi I nput clock frequency 1000.12 KHz 

t" tf Input clock rise and fall time 1000.12 KHz 40 ns 
10% to 90% 

ton,toft Input clock ON and OFF times 1000 KHz 500 ns 

T.O.S. CLOCK INPUT 

fi Input clock frequency 100 1000.12 2500 KHz 

t r, tf Input clock rise and fall times 1000.12 KHz 40 ns 
10% to 90% 

ton, toff Input clock ON and OFF times 2000 KHz 250 ns 

TOS and TOB OUTPUTS 

ton Pulse duration 1000 KHz 9.216 ms 

t r, tf Outputs rise and fall times 1000 KHz 100 ns 
10%to 90% 

INPUT CLOCK WAVEFORM 

If ton 5·3368 
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FREQUENCY RANGE OF EACH OCTAVE (16',8',4' footages) 
32 61 65 123 130 246 261 493 523 987 lC46 

16' - - - - - I 
C 8 C 8 C 8 C 8 C 8 C 

65 123 130 246 261 493 523 987 1046 1975 2093 
8'_ - - - - I 

C 8 C 8 C 8 C 8 C 8 C 

130 246 261 493 523 987 1046 1975 2093 3951 4186 
4' >---< - - - - I 

C 8 C 8 C 8 C 8 C 8 C 

81 -~8-2- 1 
83 84 85 86 

ACC. SECTION 
(ONLY M108) 

SOL.O SECTION 
(ONLY MlOB) 

s 3369(1 

CONNECTION OF THE KEYBOARD AND CONTROL SWITCHES 
1st OCTAVE on LAST KEY 

THELEFT 2nd OCTAVE 3rd OCTAVE l.th OCTAVE 5th OCTAVE t CONTROLS 

Fl Fl1 F12 Fl m Fl F12 FT m F1 F2 F3 F4 IT Fa F9 

II III II II II 11111111 

H~-1 ' r~~f, t~-1 r-~:(, r, --f,' ( ( f, ! '. ( r t--, ft--+t'~f-tt--~fft, **f 
,-1--4 L~ '1 :~ '1 L" '-1 '~,.~ ,1 !,LLL, ~,~ 

606 6 
OCTAVE BAR Bl 82 

---- -~-----

AU SECTION (ONLVM10B) 
(2 acta ""s:: 24 key'S) 

83 84 85 

SOLO SECTION (ONLYM108) 
(3 octaves ",37(36.1 )keys) 

o 
86 

Note: The switch "OPEN" corresponds to "KEY NOT PRESSED" or "CONTROL IN THE FIRST CONDITION" (see 
the drawing "MATRIX ORGANIZATION"), 

TYPICAL APPLICATION 

" 
;1 

" Fl TO ru 
FTI \r'-----

5,6 

'" 

" 
.3 ~------------~~,--~~ 

" " J9 

21 " 
J2 " 

15 K'P? 
3.. 13 --0 fDS 

--om 
11 --0 m>l 

--------- ---------4----------0 BASS OUTPUT 

., ~-,-----,--------~,~+"-.~J1 ::~=;~=-~~-:=B 

., 
L3_8 __ ~ l 
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TIMING DIAGRAMS 

RE~~ ________________________________________________________ ___ 

11 ___ ....J 

f2 ________ ~ 

1l _________________ -J 

5-3370 

L 

L 

Note: MCK is the master clock input Imatrix scanningl, ",1, ",2, ",3 are internal phases to generate FT -0- FT2. 

RESET IL _________________________________________________________ _ 

LJ 
I 

LJ I 

~r----------------~:-~ 
LJ I 

I 
LJ I 

I 
LJ I L 

LJ I 
I 

LJ I 

LJ 
I 

LJ 

LJ 
I 

LJ 5-3371 

Note: The matrix scanning starts lafter the power on resetl at the second arrival in output of n 1*1 from B1 to B6 in 
continuous sequence. 
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MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

MONOPHONIC SYNTHESIZER 

• LOW POWER DISSIPATION < 500 mW TYP. 
• N-CHANNEL SILICON GATE PROCESS 
• DIGITAL PORTAMENTO EFFECT 
• EXTERNAL CONTROL (WITH RC) OF THE PORTAMENTO SPEED IN THE 100!J.s to 150 ms 

RANGE FOR EACH HALF TONE 
• EXTERNAL OSCILLATOR FOR PORTAMENTO (EXT. OSC.) 
• STANDARD SUPPLY (12V, GND) 
• MATRIX ORGANIZATION 12 x 6 WITH 61 POSITIONS FOR THE KEYBOARD AND 6 COM· 

MANDS 
• RESET INPUT FOR FREQUENCY CLAMP 
• PRIORITY LEFT OR RIGHT OF THE PRESSED KEYS 
• 3CODED OUTPUTS FOR THE OCTAVE INFORMATION OF THE PLAYING FREQUENCY 
• 2 TRIGGER SIGNALS TP AND TS FOR PERCUSSION AND KEY PRESSED 
• 1 OUTPUT WITH DC CURRENT PROPORTIONAL TO THE PLAYING FREQUENCY 
• 1 OUTPUT WITH PULSE FOR FALLING EDGE OF THE EXTERNAL SAWTOOTH WAVEFORM 

(20 !J.s) 
• SAWTOOTH WAVEFORM SELECTABLE (4',8',16',32') 
• PROVISION FOR OBTAINING SAWTOOTH WAVEFORMS WITH FEW EXTERNAL COM· 

PONENTS ON THE 4',8',16',32' FOOTAGES 
• 1 OUTPUT WITH FOOT AND DUTY CYCLE ON FOLLOWING COMMANDS 
• 4 OUTPUTS WITH 50% DUTY CYCLE (2',4',8', 16') 

The Ml10 is realized on a single monolithic silicon chip using low threshold N-channel silicon gate MOS 
technology. It is available in a 40 lead plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DO 
VI 
10 
Tstg 

Top 

Supply voltage 
Input vo Itage 
Output current (at any output pin) 
Storage temperature 
Operating temperature 

-0.3 to 20 V 
-0.3 to 20 V 

3 mA 
-65 to 150°C 

o to 50°C 

'* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

•• All voltages are with respect to Vss (GND). 

ORDERING NUMBER: Ml10 B1 for dual in-line plastic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package (40 lead) 

14-

~ _~Jm 0.25. 

'1.:L 046JL ~ _25<, ~ I 
'---. 4826 10-_ .1524 . ..J 
~---

52m .. 

t: :::::::: ::~:::::: J 

BLOCK DIAGRAM 

PIN CONNECTIONS 
vss 
F7 
IT 
F9 

F10 
F11 
ru 
RC 

EXT,DSC. 

RESET SYNC 

CLOCK 

LIR 

'is 
r;; 
BC 

RESET 

VOO 

Vreg 

OC 
PULSE 
20 }.IS 

" KE'iI!JOARD 

'00< 
OCTAVE 
EIlTERNAL 

H±J±======: ~~ ISELECT10N 
--04 CLOCK 

U----O~ 
---06 
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40 F6 
39 F5 
38 F4 
37 F3 
36 F2 
35 F 1 

34 86 
33 B5 
32 B4 

10 31 ii3 
11 30 Bz 
12 29 81 
13 28 0' 

" 27 OB 

15 26 OC 

16 25 FOOT AND DUTY 
CYCLE PRO GR. 

17 24 16' 

18 23 8· 

19 22 4' 

20 21 " 



STATIC ELECTRICAL CHARACTERISTICS (Voo= 12V t 5%, Vss= av, T amb = a to5aoC 
unless otherwise specified) 

Parameter Test conditions 

CLOCK INPUT (pin 11) 
V,H Clock high voltage 

Clock low voltage 

Voo V 

Vss+2 V 

10 J"A 

DATA OUTPUTS (pin 13, 14,21,22,23,24,25,26,27,28) 
(2 3 4 5 6 7 35 36 37 38 39 40 with external pull-up) 

ROUT Output res. to V ss for Vo=Voo-1 300 500 12 

Output res. to V DO Idriver OFF) 15 25 K12 

V OH Output high voltage Voo -O.4 Voo V 

VOL Output low voltage V ss+0.2 Vss+O.4 V 

POWER DISSIPATION 

1~IO~O~ ____ S_U_P_P_ly __ cu_r_re_n_t ______________ -L_T~a~m~b~= __ 2_5c_'C ____________ ~ ____ . __ _L ___ 3_0 ____ I~~ 

INTERNAL OSCILLATOR (pin 8) 
RC external 

OUTPUT PULSE 20 J.1s (pin 20) 
V OH Output high voltage 

VOL Output low voltage 

ROUT Output res. to V ss 
Output res. to V DO 

C=4.7nF 
C = 4.7 nF 

IOH= 0 

IOL = 300 J"A 

for Vo= 6V 

R= 2.2M12I*) 
R= 1 KHI*) 

1*) Max. admissible value of R = 2.2 Mrl; min. admissible value of R = 1 Krl. 

1n 125 

8 9 V 

Vss Vss+0.3 V 

0.5 1 
K12 

5 8 

DYNAMIC ELECTRICAL CHARACTERISTICS (Voo= 12V t 5%, Vss= av, Tamb=O to 
50°C unless otherwise specified) 

Parameter Test conditions 

CLOCK INPUT (pin 11) 

fi I nput clock frequency 1600 I 2000.240 2500 KHz 

t r , tf Input clock rise and fall time 
! 

40 ns 

10 to 90% 

ton, toff I nput clock ON and 0 F F times 2 MHz 200_L~~0 ns 
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GENERAL CHARACTERISTICS 

The circuit includes: 

Pin 2, 3, 4, 5, 6, 7, 35, 36, 37, 38, 39, 40 
F1 to F12: outputs for selection of notes with 22 Kn external pull-up. The maximum allowable ex
ternal capacity must be < 500 pF. When not selected these outputs are at the high state (+ 12V). 

Pin 29, 30, 31, 32, 33, 34 
Efi to 86: inputs for selection of octave with 5.6 Kn external pull-up so that these are at the high state 
when not selected. 

Pin 12 

L/R input for selecting priority to the left or right. 

if priority to the right is selected the note relative to the key farthest to the right of those pressed is 
suppl ied at the output 

priority to the left gives the possibility of choosing one key out of the first 12 pressed, starting from 
the left 

the internal pull-up is between 200 and 350 Kn. 

Pin 15 
BC: input for selecting priority key in the case of priority to the left. 

Pin 11 
Clock: input frequency for generating notes. 
(The internal logic of the system provides a precision equal to that of the TOS-MOS7-MOS3). 

Pin 9, 8 

Ex Osc-RC of Clock for portamento: 

an external oscillator with square wave can be connected at the first input (pin 9) limiting the max. 
frequency to 160 KHz. The duty cycle can be as desired provided that the minimum duration of the 
"0" and of the" 1" is 2 jls. 

the 2nd input (pin S) foresees the use of an external RC with the possibility of varying the frequency 
of the internal oscillator by regulating R. 
The maximum frequency value which can be measured on the pin must have a period T = 6 jlsec. 
With values of R= 2.2 Mn (potentiometer) and C = 4.7 nF, we obtain T min""S jls and T max"" 14 ms. 
The corresponding portamento time between the 2 keys at the two extremes of the keyboard is: 
min. time"" 7 ms, max. time'" 12 sec. 

the portamento time between 2 semitones can be defined by applying the following formula: 

Portamento time = 16 x oscillator frequency period 

The two oscillators must not be switched on simultaneously; use of one must exclude the other. The 
pin for the osci lIator not in use is connected to V ss. 

The portamento time between 2 keys is proportional to the distance between them; this means that 
the law of portamento/keys variation is linear. 
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GENERAL CHARACTERISTICS (continued) 

Pin 10 

Reset Sync.: input required when several SGS-ATES devices are used, all having the same type of scan
ning, so that only one contact need be used per key. Ohterwise it is connected to Vss. 

Pin 16 

Reset input (active high) active on outputs 2',4',8', 16', output with foot duty cycle programmable, 
output pulse 20 }1s. 

Pin 28, 27, 26 
OA-OB-OC: used in binary code of the octave to which the note selected belongs. The'highest weight 
code is relative to the lowest octave. The 3 outputs are of the push-pull type. 

Pin 25 
Output with foot and duty cycle programmable; digital output with possibility of 4 functions: 8', 12.570, 
8' 25%,16' 6.25%,16' 12.5%. 
Only one function can be selected at a time with the commands inserted in the matrix of the keyboard 
(push-pull). 

Pin 20 
Output 20 }1s pUlse: output for zeroing the sawtooth whose duration is between 16 and 24}1s at 2 MHz 
of clock (push-pull). 

Pin 13 

TS: output of key pressed: high in absence of keys pressed, low in presence of keys pressed (push-pull) 

Pin 14 

TP; output of priority key; high in absence of keys inserted, low in priority conditions (in this case the 
output goes to zero for a time equal to 8 ± 0.6 ms with clock 2 MHz) (push-pull). 

- The conditions required to make a pulse appear at this exit are: 
a) insertion of at least 1 key 
b) insertion of a new priority key 
c) release of a priority key when another key pressed previously acquires priority. 

Pin 21, 22, 23, 24 

2'-4'-8'-16': square wave outputs (push-pull) with 5070 of duty cycle on 4 different footages: 2', 4', 
8', 16' corresponding to the following max frequencies: 8372 Hz; 4186 Hz; 2093 Hz; 1046 Hz. 
These outputs switch on the rise front. 

Pin 19 

DC: output which generates a current proportional to the frequency output therefore exponential with 
the position of the key. 

Pin 18 
Vreg: Input necessary for calibration of current (OUT DC) and amplitude of sawtooth for different 
devices. 
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GENERAL INFORMATION 

Updating of a key between insertion and relative output information occurs in 0.5 ms. 

On release of all the keys pressed the last key released in order of time is memorized: consequently 
the relative frequency (on the 4 footages) and current (OUT DC) are memorized at the output. 

Each internal between 2 adjacent semitones is divided into 8 frequencies. 
96 

The ratio between two contiguous frequencies is"" -..;:j""2. 

Binary representation of octave codes 

OA OB OC 

1 1 1 lowest octave 

0 1 1 

1 0 1 

0 0 1 

1 1 0 

0 1 0 highest octave 

Function with selectable foot and duty cycle 
Selection of one of the 4 possible functions occurs via commands connected to the diode matrix of the 
keyboard. 

P2 

0 

1 
P2 ==> 

0 

1 

0 

r" r "0" "0" 

F6 F5 

P1 

0 

1 

1 

0 

16~6.25"1o --
8'- 25"10 --
8'-12.5 "10 --
16'-12.5 '/, --

5-3447/. 
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MATRIX ORGANIZATION (Keyboard and controls) 

Mll0 Mll0 

matrix Octave bar inputs 

output Iff B2 Iff B4 B5 B6 

"IT (*) Cl C2 C3 C4 C5 (.) C6 

IT Cl# C2# C3# C4# C5# 

F3 Dl D2 D3 D4 D5 

F4 Dl# D2# D3# D4# D5# 

F5 El E2 E3 E4 E5 PI (***) 

F6 Fl F2 F3 F4 F5 P2 (***) 

F7 Fl# F2# F3# F4# F5# 

FS Gl G2 G3 G4 G5 

F9 Gl# G2# G3# G4# G5# (**) sawtooth 32' 

FlO Al A2 A3 A4 A5 (**) sawtooth 16' 

FTf Al# A2# A3# A4# A5# (**) sawtooth S' 

F12 61 62 63 64 65 (* *) sawtooth 4' 

(*) Cl is the first key on the left; C6 is the last key on the right of the keyboard. 
(* *) This control selects the correct pulse of the sawtooth generated by OUT DC (pin n° 19). 
(***) PI and P2 are the controls for the output with foot and duty cycle programmable. 

Selection for the 
priority on the left 

Be 

1st key on the left 

2nd key on the left 

3rd key on the left 

4th key on the left 

5th key on the left 

6th key on the left 

7th key on the left 

Sth key on the left 

9th key on the left 

10th key on the left 

11th key on the left 

12th key on the left 

12 x6 MATRIX F5 FS f7 FS F9 FlO Fl1 F12 

-

T1 ~_t df,- - -- - - - -- -- _ .. _- .. - - -- - - - --Jt· 
T13 .J! ~t - -- - - - . -- - . - - - -- - -- ... --.Jt 
T25.J! wt - - - - I-- -- - - --- - - - - - - - - - .J1" 
T37~! ~t - - -- - -- -- - - -- - - - - - - ~J. 
T49~! ~t -- - -- - - - - - - - - - - - - -.t 

~~60 

T61~! 5th ,th ,th 8th 4th 

\ 
9th 

3,d 10th 

,nd L:...o 
~ 

~ 
12th 

0---

\"---;.~6C 5-31076/1 

If the device is used with selection of the first key to the left connect the contr-ol bar Be to V 55. 

-

62 

65 

6' 

SELECTION 
PRIORITV 
TO THE LEFT 

For different priorities of the first key to the left connect Be to the selection frequency for the selected 
priority key. In this case Be must have a pull-up of 5.6 Kn. 
The selection sequence is: FT selects the first key to the left. 

F 12 selects the twelfth key to left. 
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POWER ON RESET 
The device must have an external circuit for the power-on reset (pin 16) high active. In the application 
diagram a power-on reset time of 0.5 sec is used and the circuit also connects, when active, the Efi bar 
to Vss. 

ANTIBOUNCE CIRCUIT 
The antibounce circuit eliminates bounce caused by the contact springs of the keyboard. The bounce 
may supply wrong information at outputs TS and TP. 
The diagram is as follows: 

The anti bounce time can be regulated by acting on constants R 1-C1 (antibounce on pressing a key) 
and R2-C2 (antibounce on release of key). In the application diagram of the device an antibounce of 
18 ms is established C1 = C2 = 18 nF and R1 = R2 = 1 Mn. The time constants must not however be 
12 ms. 
The antobounce circuit supplies the high or low active priority key and key pressed outputs compatible 
with the technical requirements requested. 

GENERATION OF SAWTOOTH 

The four sawtooth signals (4',8', 16',32' corresponding, for the last key on the right, to 4186 Hz; 2093 
Hz; 1046 Hz, 523 Hz) are analog and are obtained by loading (with constant current) and unloading 
four external capacitors. A current mirror of the type shown below is produced. 

OUT DC 

OUTDC I--~-"""'-...I 

Mll0 

,-+-"OUT 

5-3449 
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The reference of the sawtooth is V ss. 

The best results are obtained using Tl and T2 matched with hFE high while resistances R must have 
0.5 to 1% precision. 
The maximum variation in the amplitude of the sawtooth (over the whole keyboard) is ± 4%. 

CALIBRATION 

a) Press key 61. 

b) Regulate Vreg until OUT DC is 9V (± 3%). 

c) In these conditions the sawtooth assumes an amplitude of 4V and Vreg= 5V ± 30%. 
d) In these conditions value of R must be 160052. 

e) The OUT DC voltage must not fall below 9V (± 3%); this means that the maximum voltage excursion 
between the 1 st and 61 st key is 3V. 

f) If OUT DC excursions lower than 3V are required for the whole keyboard, the value of R must be 
reduced in proportion to the new value of OUT DC. 
let us consider come practical values of OUT DC: 

OUT DC R 

3V 1600 n 

2V 1066 n values of R proportional to OUT DC 

1.5 V 800 n 

Thisrule must be applied to avoid frequency/voltage linearity errors. 

The value of R must be between 100 to 1600 n. 

The current/frequency conversion and therefore the variation in amplitude of the sawtooth for the 
whole keyboard have a precision of 4%. 

When the value of R and the maXllum value of OUT DC have been establ ished the latter can be 
ma intained constant for any device simply by acting on Vreg. 

The resistive divider from wh ich the Vreg is taken should be established respecting the following rules: 

1) Pl//Rl < 5 Kn 
2) Pl max = 4 to 5 

Rl 

Pl 

Mll0 
Vreg I----.-.-~ 

5-3450 

The values suggested for the four capacitances are respectively: 

4'C = 0.107 IlF, 9'C = 0.214 IlF; 16'C = 0.429 IlF; 32'C = 0.858 IlF. 
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Outputs with simultaneous sawtooth on footages 4',8',16',32' 
The sawtooth can also be obtained simultaneously on 4 different footages: the diagram to be used is 
shown below. 

The zeroing pulses for 4', 8', 16' pulses are obtained by means of the rising fronts of the relative 
square wave outputs; for 32' however the 20 /1s pulse is used, with the command for selection of the 
sawtooth on 32'. 

PULSE 
16-24,us 

M110 

*TRANSISTORS MATCHED WITH hFf HIGH 
RESISTANCES R MUST HAVE A PRECISION OF 0.5 10 ,.,. 

c ~ 0.107)J 
2C=O,214).1 
4C=0.1.29/J 
8C:0.6581J 

USE OF THE Ml08 AND M110 SIMULTANEOUSLY WITH ONLY ONE CONTACT 
FOR KEY 

Application 
The M108 and the M110 have the same connection with the keyboard therefore ~ one contact per 
key is sufficient to drive both the devices: one is the master, with outputs F1 to F12 connected to the 
keyboard switches, the other is the slave and will receive the information in bus B1 to B6 together with 
the master. 
The synchronization is made by the reset (sync.) pin. 

I 

I 
______ --"--___ ---"1 ..... " 
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TIMING DIAGRAMS (KEYBOARD SCANNING) 

~L~ __ ~ ____________________________ ~ ________________________________ ___ 

* 04 

u-
F2 ------~LJ~----------------------------'-Ll· 
F3--------~L-J ~ 

F4------------~LJr---------------------

F5----------------~LJr------------------

F6------------------~LJr--------------~ 

A----------------------,U 
Fa ------------------------;LJr--------
F9 --------------------------~U • 
FlO ------------------------------~u___: 

FI1 ----------------------------------LJ"] m n m_n 

F12 -------------------------------------U--. 

.. -~. ~ 

~ 
~ 

, 

, .., 
, 

:, ~r----_-_-_-.---.. ---. -96-"'-. _-----.. -. -.. ---_-.--.--.--i_~ 
82toB5(384,us) ~-- ------=r-= t6 ...:.'---------------------------------------'-;+-.---.-- --- -- -- -~ 96.05 

I S·~JSOI' 

*Signals InSide thE:' M'10 

INPUT CLOCK WAVEFORM (pin 11) 

tott 

10'/, 

tr ton 5-4391 
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I\J 

EXTERNAL COMPONENTS FOR 101110 

KEVBOARD .12V 

T61 I T49 I T37 I T251 T13 I T1 100 g - -- 35 FI 

3. i'2 
37 F3 

~I #~ : T2 ~~ 22M 

I-.Pli R E #lJiKU 38 F4 
IIMI ~ 3. Fs 

40 Fe 
F1 
Fe 

FA ~ 
FA#~ 
SOL ~ 
SOL#~ 

I ILA ~_~F9 
5 FlO 

rujijl~ __ F12 

f-CJ-J 15 

T601 1481 T36\ T24 I Tt2 I ~Kft. BC 29 Bi 
5. 

30 

Qg'Q 31 I"' -

~ 321 83 

~ 33 IB4 
@OJ 3' IB5 

~ 7UR 

2' 4' 8' 16' 
.I2V I 

M110 

1+ 12V 4·~07JJF 
n2lt;J 

8· ..... fj 
16.~~9"F 

!J2y56/J 

, 
, 

B6~ S'(>----- ~ BC44016 ~4'~ -I 
16'0---- _ SELECTION 

32' ~ SAWTOOTH 

TS 

fS 

TP 

15Kll 

~F9 

MANUAL 
RESET 

t1BC207.12. 

.12Y 

8'-12.5'. lKJl 
.~, I to ~, " .. 

OJ "FMRlGHT 

d l086 P: Pl 

P2 PI ==> : 
OrO l' I 

~B6 

16'-6.25°,. 

8'-25"" 

Fe F5 
SELECTION 

FOOT ANO DUTY CYCLE 

*RESISTORS WJTH PRECISION O.s°J..f1°'. 



MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

1024 BIT - NON VOLATILE RANDOM ACCESS MEMORY (NV-RAMl 

• 256 x 4 ORGANIZATION 
• OPTIMUM DATA RETENTION: ONE ORDER OF MAGNITUDE GREATER THAN MNOS 

DEVICES 
• MORE THAN 10 4 MODIFY OPERATIONS PER BIT 
• THREE VERSIONS WITH DIFFERENT READ AND MODIFY ACCESS TIMES: 

M120-2:450 ns - M120 : 700 ns --- M120-4 : 950 ns 
• INTERNAL WORD MODIFY TIME LESS THAN 100 msec 
• "MODIFY END" OUTPUT LINE 
• TTL COMPATIBLE: EASY CONNECTION TO AI'.N MICROPROCESSOR 
• COMMON DATA INPUTS AND OUPUTS 
• ON CHIP LATCHES FOR ADDRESSES AND DATA 
• POWER SUPPLIES Voo= 12V ± 10% 

Vpp= 25V ± 5% 
• STANDARD 18-PIN DUAL-iN-LINE PACKAGE 

The M120 is a new Non Volatile Random Access Memory (NV-RAM). Contents of every word (256 x 4 
available on-chip) can be erased and written electrically and data is retained without power supply for 
100 years (calculated from test results). SGS-ATES proprietary n-channel, Si-gate, double Polysilicon 
MOS Technology insures maximum reliability and data retention and allows any number of read oper
ations and more than 10.000 modify cycles per bit. Thanks to an internal circuitry taking care of the 
modify sequence, access times for both read and modify operations are short enough to allow use with 
most microprocessors without insertion of wait states. The M120 is available in three different versions. 
The slowest M120-4 in particular, with 950 ns access time, is intended for applications where the M120 
is used in combination with a single chip microcomputer. In these applications all the signals are supplied 
by the microcomputer 1/0 ports, and the access time required is always in the range of microseconds. 
The M120 is available in a standard 18-pin dual-in-line plastic or ceramic package (frit-seal). 

ABSOLUTE MAXIMUM RATINGS* 

input or output voltages (except V DO and V pp) -0.5 to 15 V 
V DO Supply voltage -0.5 to 20 V 
V pp Supply voltage -0.5 to 28 V 
Ptot Total power dissipation 1 W 
T5t9 Storage temperature range -65 to 150 °C 
Top Operating temperature range o to 70 °C 

* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stresses rating only and functional operation of the device at these or any other conditions above those indicated 
in the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS: M120Fl 
M120Bl 
M120-2Fl 
M120-2Bl 
M 120-4F 1 
M120-4Bl 

for dual in-line ceramic package (frit seal) 
for dual in-I ine plastic package 
for dual in-line ceramic package (frit seal) 
for dual in-line plastic package-
for dual in-line ceramic package (frit seal) 
for dual in-I ine plastic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package, frit-seal 

~CUl~ 
~ 

PIN CONNECTIONS 

A3 

"'2 

A5 

A6 

A7 

AD 

A1 

Voo 8 

AS 9 

18 GND 

17 A4 

16 R/W 

15 ME 

'4 DO 

13 D1 

12 D2 

11 03 

10 U Vpp 

s- 2972/3 

PIN NAMES 

DO-D3 

AO-A7 

AS 

R/W 

ME 

Vpp 

Voo 

GND 

Dual in-line plastic package 

LOGIC DIAGRAM 

AD 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

DO 

D1 

- D2 

D3 

ME 

DATA INPUTS/OUTPUTS (OPEN DRAIN) 

ADDRESS INPUTS 

ADDRESS STROBE INPUT 

READ/WRITE INPUT 

MODIFY END OUTPUT (OPEN DRAIN) 

POWER (+25V) 

POWER (+12V) 

GROUND 
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DC AND OPERATING CHARACTERISTICS (Tamb = ooe to 70o e, voo= +12V ± 10%, 
VPP= +25V ± 5%) 

Values 
Parameter Test conditions Unit 

Min. Typ.* Max. 

10m V 00 supply current 30 mA 

IpPl V PP supply current 20 mA 

1002 Sta~dby V 00 supply current AS@ V IH 20 mA 

IpP2 Standby V PP supply current AS@ V IH 10 mA 

V IH I nput high voltage 2.4 5 V 

V IL Input low voltage -0.3 0 0.6 V 

VOL Output low voltage IOL= 1.6 mA 0.4 V 

ILl I nput leakage current 10 /LA 

I LO Output leakage current 10 /LA 

* TYPical values are at +25°C and nommal voltages. 

AC CHARACTERISTICS 
M 120-2 M 120 M 120-4 

Parameter Unit 
Min. Max. Min. Max. Min. Max. 

ts Set-up time 50 50 100 ns 

th Hold time 150 150 250 ns 

tASL AS active time 450 lOOK 700 lOOK 950 lOOK ns 

tASH AS inactive time 350 500 500 ns 

tR AS .!,to R/W t (Read) 100 150 200 ns 

tACC Access time from AS .j, 450 700 950 ns 

tOOFF Data output turn-off delay 150 250 300 ns 

tM Modify time (1) from R/W t 100 100 100 ms 

tWHE AS .j, to R/W .j, (Early write) (2) (3) 100 150 200 ns 

tWE AS.j, to R/Wt (Early Write) 450 700 950 ns 

tMHE ME turn-on delay from R/W.j, (Early Write) 400 500 600 ns 

tAS R/W .j, to AS t rising edge (Read/Write) 250 400 500 ns 

tWH AS .j, to R/W .j, (Read/Write) 100 200 250 ns 

tWL R/W Low time (Read/Write) 350 lOOK 500 lOOK 650 lOOK ns 

tOF Data Float from AS .j, (Read/Write) 150 250 300 ns 

tMH ME turn-on delay from R/W .j, (Read/Write) 250 350 450 ns 

Notes: 
1) tM max is 2 ms for the first 10 modify operations and increases to a maximum of 100 ms after 104 operations. 
2) If tWHE "tWHE max then DOUT remains floating and there is no conflict between DOUT and DIN' 
3) tWHE can be < O. 

75 



TIMING WAVEFORMS 
Read Cycle 

----, 

's 
AO-A? J.. 

R/W -
00-03 

Modify Cycle (Early Write) 

'h 
l: 

-'Y 
--1 

--

~ 

'S 'h 

AO-A? I -
RfW , \ 

~ 
00-03 

ME 

Modify Cycle (Read/Write) 

1---
AS ~ 

.~ ~ 
AO-A? J .x 

'WH 

R/W 

'ACC 

ASL 

tACC 

tASl 

X 
'WE 

tMHE 

, S A L 

'AS 

t \ tOOFF 

ASH 

~ 
\ 

tOOFF 

VALID DATA OUT 
5-1.47411 

A~ =T * 
I 

's th 

VAllO DATA IN 

'M 

\ V--

ASH * 
I --L I 

(~ 

f~ -
'WL 

's 'h 

00-03 
~ 

: ( ( ( (KVALID DATA OUT VALID DATA IN 

~ 'MH 

'" 
I r-

fj-J 

ME 

5-4475 

*" The first falling edge of AS following the end of a modify cycle must occur at least tASH after the positive edge 
of ME. 
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DESCRIPTION OF OPERATION 
M120 operation is controlled by the Address Strobe (AS) control input (active lowl, which also per-
forms the device selecting function. . 
The device is deselected (Stand-by Mode) by a high level on AS input. 
The falling edge of AS latches Address lines (AO 7 A7) contents into the chip and starts both read and 
modify cycles. . 
If R/W remains high while AS is active a Read Cycle occurs. The contents of addressed memory location 
will be available on the Data lines (DO 7 D3) after an access time (tACC ) from the leading edge of AS. 
The trailing edge of AS three-states Data lines after tOOFF delay. 
If RM is or becomes low while AS is active a Modify Cycle starts. 
Depending on timing relationships between AS and R!W leading edges, there are two possible modify 
sequences. 
If R/W falling edge occurs either before or a maximum of tWHE after AS falling edge, an Early Write 
Modify Cycle proceeds. • 
All timing relationships are related to AS falling edge and Data lines are not driven by the M120 thus 
avoiding any possible bus contention in this mode. 
If R!W falling edge occurs a minimum of tWH after AS~lIing edge a Read/Write MOdifY. Cycle procedes. 
Most timing relationships are in this case related to R!W falling edge. Because until R/W becomes active, 
the M120 assumes a read cycle is in process, the device will output addressed location contents on Data 
lines according to t OF , t ACC and tWH timing specifications. 
This allows a read/write operation to be performed but might also generate some contention on data 
lines. 
However if set-up time requirements are satisfied, the M 120 will operate properly since it floats data 
lines before latching data input. 

INTERNAL MODIFY OPERATION AND "ME" OUTPUT 
At rising edge of R/W in a modify cycle the contents of data lines are latched and the internal modify 
cycle starts. 
The ME output, which indicates Modify Cycle End, goes false (low) after a delay of either tMHE from 
AS leading edge (Early Write Modify Cycle) or tMH from R/W falling edge (Read!Write Modify Cycle). 
As long as ME is false the device is internally disconnected from buses and control lines, data outputs 
are floating and no further external operation will be acknowledged by M120. 
During internal modify cycle an on-chip circuitry performs a bit by bit comparison between "old" and 
"new" data word and according to this result writes, erases or leaves unchanged each single bit of the 
addressed location. 
At modify completion (tM) ME line becomes true again and M 120 is again available for extp.rnal access. 

POWER-UP 
In order to avoid a spurious modify cycle, care should be taken during the power up sequence to ensure 
that AS and R/W are at the non-active (high) level before V DO and V pp reach half their operating value. 
The opposite sequence should be followed during the power-down. 
Power-on and power-down sequences can start arbitrarily with either V DO or V pp. 
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MOS 
INTEGRATED 
CIRCUITS 

QUAD 80-BIT STATIC SHIFT REGISTER 

• SINGLE VOLTAGE SUPPLY: Vee = 5V ± 5% 
• DC to 3 MHz OPERATION GUARANTEED 
• FULLY TTL COMPATIBLE 
• FULLY DC OPERATION 
• SINGLE LINE CLOCK 
• PIN-FOR-PIN REPLACEMENT for MK 1007P-TMS 3409 - 2532 - 3347 
• LOW POWER DISSIPATION: 250 mW (TYP.) 
• INPUT GATE PROTECTION 
• M142A IS A HIGH SPEED SELECTION 

The M142 and M142A are quad 80-bit fully DC shift register constructed on a single chip using very low 
threshold N-channel silicon gate technology which allows high speed (3 MHz guaranteed) and fully TTL 
compatibility without using any external resistor. 
Each of the four 80-bit registers has an independent input, output and recirculate control. The single 
clock I ine is common to all four registers. 
Transferring data into the register is accomplished when the clock is high (logic "1 ") Shifting of data 
occurs when the clock goes low. Output data appears on the negative going edge of the clock. 
When the recirculate line is high, data recirculates, while input is inhibited. When data is entered, the 
recirculate line is at logic "0". 
Output data attain the same logic state that was shifted into the register 80 clocks prior. Available in 
16-lead dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Vee Supply voltage -0.5 to 7 V 
Vi Input voltage on any pin -0.5 to 7 V 
T stg Storage temperature range -65 to 150 °C 
Top Operating temperature range 0 to 70 °C 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS; 

M142 B1 
M142 D1 
M142A B1 
M142A D1 

for dual in-line plastic package 
for dual in-line ceramic package 
for dual in-line plastic package 
for dual in-I ine ceramic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package 
for M142 D1 and 142A D1 

~ 
l .. S.38;ool.J 

PIN CONNECTIONS 

OUTPUT 1 I. 'cc 
RECIRCULATE 1 2 15 INPUT '-

INPUT I 14 RECIRCULATE 4 

OUTPUT 2 13 OUTPUT 4 

AECIRCUlATE2 5 12 N,C. 

IN.PUT 2 11 CLOCK 

OUTPUT 3 10 INPUT 3 

GNO 9 RECIRCULATE 3 

80 

Dual in-line ceramic package 
for M142 B1 and M142A B1 

BLOCK DIAGRAM 
(one of four shown) 

CLOCK 

r- - - - - ----- - ----- - - --------- - - - ------- - - - -- -----, 

I : 
: INPUT : 

i OUTPUT 1 
I I 
I I 
I I 
I I 
I I 
t RECIRCULATE I 
I I 
I I 
I I L _______ ~ ____________________________ .J 



TRUTH TABLE 
(positive logic) Recircu late 

"0" 
"0" 
"1" 
"1" 

"0" = OV, "1" = 5V 

Input 

"0" 
"1" 
"0" 
"1" 

Function 

"0" is written 
"1" is written 

Recirculate 
Recircu late 

STATIC ELECTRICAL CHARACTERISTICS (Vee= 5V ± 5%, Tamb = 0 to 700 e unless 
otherwise specified) 

Parameter Test conditions 

V 1H 
, 

Input high voltage 

V 1L 
, 

I nput low voltage 

V OH Output high voltage IOH= -100 f.lA 

VOL Output low voltage IOL=1.6mA 

ILl' Input leakage current Vi = Vee 

Icc Supply current 

* These parameters apply to all inputs including clock . 
•• Typical values at T amb= 25°C and Vee= 5V. 

Values" 
Unit 

Min. Typ. Max. 

2 Vee V 

-0.3 0.8 V 

2.4 V 

0.4 V 

10 f.lA 

48 mA 

DYNAMIC ELECTRICAL CHARACTERISTICS (Vee= 5V ± 5%, Tamb = 0 to 700 e unless 
otherwise specified) 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

f Clock repetition rate 3 MHz 

tq, pwl Clock high pulse width 110 ns 

tq, pwo Clock low pulse width 220 ns 

t r , tf Clock rise and fall time 5 f.Ls 

tsetup Setup time 100 ns 

thold Hold time 80 ns 

tsR Recirculate setup time 100 ns 

thR Recirculate hold time 80 ns 

tDr, tDf Delay time to rise and fall TTL load for M142 type 230 ns 
CL= 10 pF for M142A type 160 ns 

CiR Recirculate input capacitance Vi =OV f = 1 MHz 8 pF 

Cq, Clock capacitance Vq,=OV f = 1 MHz 12 pF 
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WAVEFORMS 

90'1. K / 
CL OCK 1.5V ~1.5V 1.5 V 

10',,1 / l lpwl lpwO 

lr If 

r---- --I 
1 \ 

OAT A INPUT 1.5V 1.5V 

11\ / \ -----------.....! 
L _________________ 

Is lh 

1 Dr 
~ 

A OUTPUT 

~-------------

------------------1-_--1 

OAT 

~ 

RECIRCULATE 1.5V 

\ '--_I--' i L ________________ _ 
I 

1 hR i 5-06"'2 
--~ 

82 



MOS 
INTEGRATED 
CIRCUIT 

16 KEY KEYBOARD ENCODER AND LATCH 

• ANTIBOUNCE AND ANTINOISE CIRCUITRY 
• INTERLOCK PREVENTS INCORRECT SELECTION 
• OPERATES WITH SINGLE POLE PUSH-BUTTONS 
• SELECTION OF PROGRAM 1 AT POWER ON 
• MUTING OUTPUT AVAILABLE DURING PROGRAM CHANGES AND POWER SUPPLY 

SWITCHING 
• STEP-BY-STEP PROGRAM CHANGE INPUT 
• KEYBOARD LOCKING 
• OUTPUTS DIRECTLY COMPATIBLE WITH M 193 (ELECTRONIC PROGRAM MEMORY), M 192 

(7-SEGMENT DECODER DRIVER), H 770/1/2/3 (QUAD ANALOG SWITCHES) 

The M 190 is a monolithic integrated circuit which automatically scans an up to 16 Key keyboard, gen
erating continuous sequential pu Ises on X outputs and detecting key closure on Y inputs. 
A key closure is retained as valid when the key remains closed for all the time corresponding to one scan 
pulse (i.e. when the bounce is over). 
When it occurs an internal flip-flop is set but the key closure is accepted only if it is detected on a 
second scan cycle. At this point a 4 bit word corresponding to the key closed is internally latched and a 
pulse is available on the Muting output. 
During the time this pulse lasts, no other key closure will be recognized. The new output code follows 
the Mute signal with a delay. 
All the timing for the circuits is determined by the clock oscillator whose frequency is externally fixed 
by an RC network. 
The M 190 also includes a "step-by-step" program change input that, when connected to Vss (GND), 
advances by one the selected channel and a Lock which blocks the circuit on the last selected channel. 
The circuit is produced in N-channel silicon gate technology and is available in a 18 pin dual in-line 
plastic package. 

ABSOLUTE MAXIMUM RATlNGS* 

V ** DD Supply voltage -0.5 to 20 V 

VI Input voltage -0.5 to 20 V 

VO(off) Off state output voltage (pins 1-2-3-4-11) 20 V 
10 Output current 151 mA 
Ptot Total package power dissipation 500 mW 
Tstg Storage temperature -65 to 125 °C 
Top Operating temperature o to 70 °C 

• 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 condition above those indicated in 
thp operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

•• \11 voltage are referred to Vss pin voltage. 

ORDERING NUMBER: M 190 B1 
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MECHANICAL DATA (dimensions in mm) PIN CONNECTIONS 

CID~"'ILj m 10 

I 9 

1T1TULTLJ 

BLOCK DIAGRAM 

>-I~ 
: y 

10 11 

4 X I 

8 X2 

12 X3 

.2 

_~1~3 __ ~~14~+-~15~~1~6~X~'~~'~;---->-~KEVBOARD 
SCANNER 

AND 
INTERLOCK 

v. 

v3 

Y2 

Vi 

10 

-fANTIBOUNCE 
AND 

ANTINOISE 

i 

" 
Xl 

OUTPUTS 
Xl 

X4 

VI 

Y2 r 6 

INPUTS 

Y J [ 7 

Y4 r 8 

5TEf-'-BY-SHY [9 
INPUT 

4 BIT 
ADDRESSABlE 

CO~~~ER i---+ 
ENCODER I ... _ LATCH I 

AND DELAV I 
~"'-t-' 

'8 PV5S(GNOI 

17 ~ VOQ 

16 P Po 

IS Pc 

14 P8 

13 P, 

I' 
MUTE 
OUTPUT 

" OSCILLATOR 

10 llOCK INPUT 

<,-3018 

BUFFERS 

L-______ -I---<~'6~~PD 

I L....---., 
__ OSCILLATOR 

SUPPLY 
ON/OFF ~ -< 12 .... MUTE MUTE 
CONTROL 

18 

+-__________ +--____ C.7=k=fif---__ -.JJ • I 0.8 10 13.5V VSS ..... 
STEP BY STEP>-I fLI ___ ) ..... LO_C_K ______ -.<.!39nF 

S-J01~ 
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RECOMMENDED OPERATING CONDITIONS 

V DD Supply voltage 10.8t013.5 V 
VI Input voltage o to 13.5 V 
Vo (off) Off state output voltage (pins 1-2··3-4-11) max 13.5 V 
10 Output current max 121 mA 
Top Operating temperature o to 70 °C 
Rt Timing resistor 8 to 47 Kn 
Ct Timing capacitor 1 to 330 nF 

STATIC E lECTR ICAl CHARACTER ISTICS (Over recommended operating conditions) 

Values at 25° C 
Parameter Test conditions Unit 

Min. Typ. Max. 

V IH · High level input voltage pins 5, 6,7,8,9,10 3.5 V 

V IL Low level input voltage pins 5, 6, 7, 8, 9, 10 0.8 V 

IIH High level input current VDD~ 13.5V, VIH~ 13.5V 10 I1A 

pins 5,6,7,8,9,10 

IlL Low level input current VDD~ 13.5V, VIL~0.8V 0.1 0.8 mA 

pins 5, 6, 7, 8, 9, 10 

V OH High level output voltage VDD~ 10.8V IOH~ -1 mA, 2.4 
pin 12 

V 

VDD~ 10.8V IOH~ -1 mA, 4 
pins 13.14,15,16 

VOL Low level output voltage VDD~ 10.8V IOL~ 0.8 mA 0.4 
pins 1,2,3,4, 11 

V 

VDD~ 10.8V 10L~ 2 mA, 0.4 
pins 13, 14, 15, 16 

10(Off) Output leakage current VDD~ VO(off)~ 13.5V, 20 I1A 
pins 1,2,3,4,11 

IDD Supply current VDD~ 13.5V 18 mA 
lall inputs and outpu Is open) 
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TRUTH TABLE 

Output code (positive logic) 

Key Connection 
PA PB PC PO 

1 Xl - YI L L L I L ! 
2 XI - Y2 H L L L I 

3 Xl - Y3 L H L L 

4 XI - Y4 H H L L 

5 X2 - YI L L H L 

6 X2 - Y2 H L H L 

7 X2 - Y3 L H H L 

8 X2 - Y4 H H H L 

9 X3 - Y I L L L H 

10 X3 - Y2 H L L H 

11 X3 - Y3 L H L H 

12 X3 - Y4 H H L H 

13 X4 - YI L L H H 

14 X4 - Y2 H L H H 

15 X4- Y3 L H H H 

16 X4 -Y4 H H H H 

DESCRIPTION 

Pins 1, 2, 3, 4-X1, X 2 , X3, X4 outputs 
The internal open drain transistors on these outputs are sequentially switched on. 

[

TYPICAL --I X OUTPUT 

5-3020 

Pins 5,6,7, 8-V1, V2 , V3 , V4 inputs 
These inputs correspond to the columns of the keyboard matrix. When a key is pushed, one of the X 
output signal is present on one of the 4 rows, putting a low level on the Y input. 
An interlock circuit rejects more than one key pressed at the same time. 
To increase the noise immunity of the system and to avoid bouncing problems, the key closure is con
sidenid valid only when it is present for all the time correspondirig to the scan pulse. With this system 
spurious noise signals are also rejected. 
Another increase in the noise immunity is given by detecting key closure over two consecutive scanning 
cycles. 
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DESCRIPTION {continued) 

After the key bounce time, the acceptance time of a command is between 35T and 63T, where T is the 
period of the clock pulse. 
When any input is open it is pulled-up to logic H by an integrated MOS load of about 50 Kn and 
protected by a diode. 

'DO 

PUll-UP 
RESISTOR 

O.2k n 1.8kfi 

TYP'CAL Y INPUT 

Pin 9 - Step-by-step program change 

INPUT 
PROT. 
DIODE 

5-3021 

Th is input advances by one the previously selected channel every time ti is connedted to ground. 
This input can be considered as a 17th key and follows all the rules of command acceptance time and 
partially of interlock. 
The unput is pulled-up to logic H by an integrated resistor of about 50 Kn ; if the input is not used, it 
should be connected to Voo. 

Pin 10 - Lock 

If this input is connected to Vss (GND) the circuit is locked on the selected channel. 
If the input is not used, it must be connected to Voo. 

Pin 11 - RC network (clock oscillator input) 
An internal clock provides all the timing for the circuits. 
The frequency of the clock oscillator is controlled by two external components, resistor Rt and ca
pacitor Ct. 
The period of the clock pulse is approximately given by T = RtCt . 
The oscillator works in the following way: assuming the capacitor Ct is discharged, the resistor Rt 
charges the capacitor till an internal threshold is reached. At this point the capacitor is discharged by an 
internal transistor. 
Afterwards the internal transistor is switched off and the cycle can restart. 
With R t = 22 Kn and Ct = 39 nF a clock frequency of about 800 Hz is obtained, corresponding to a 
scan cycle of the keyboard of about 40 ms. 
In these conditions the mute signal will be present for about 100 ms before the program changing and 
will last 300 ms. 
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Pin 12 - Mute 
The mute signal is available as a high level output (source follower transistor!. 
It is present during power ON/OFF and program changes. 

YoD-=;r 
-I 1 MUTE OUTPUT 

5-3023 

When a command is given the Mute signal and the program information are available in the following 
way: 

COMMAND 
ACCEPTED 

MUTE ----l--{ 

PROGR. CHANGE 

PA.PB.PC.PD. 
25TI BOT , 

---.-.I 

~ ____ 250L-_~ 

The Mute signal is not available when the same program is selected again. 

Pins 13, 14, 15, 16 - PA, PB, PC, PD outputs 
These static outputs select the program according to the truth table. 
They interface directly with the inputs of M 193 (Electronic Program Memory), M 192 (7 segment 
Decoder/Driver!, H 770/1/2/3 (Quad Analog Switches). 
The program 1 is internally selected at power ON. 

Vee 

c '" 
TVPICAL OUTPUT 5·3025 
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MOS 
INTEGRATED 
CIRCUIT 

4-BIT BINARY 7-SEGMENT DECODER DRIVER 

• 4-BIT BINARY CODE INPUT GENERATES 1 TO 16 NUMBERS ON OUTPUT 
• DIRECT DRIVING OF 1 AND 1/2 DIGIT 7-SEGMENT (COMMON CATHODE) LED DISPLAY 
• WIDE SUPPLY VOLTAGE RANGE 
• TTL COMPATIBLE INPUTS 
• SMALL QUIESCENT SUPPLY CURRENT 
• SPECIFICALLY DESIGNED FOR TV OR RADIO APPLICATIONS 

The M 192 is a monolithic integrated circuit which direct drives a 1 and 1/2 digit 7-segment LED (com
mon cathode) display to present the numbers 1 to 16. The inputs accept a 4-bit binary code having TTL 
levels. This device is especially designed to show the program number in TV or radio sets in conjunction 
with M 190 keyboard encoder, M 1130 ultrasonic remote control receiver, M 193 electronic program 
memory or H 770/1/2/3 analog switches. All outputs are designed to supply and sink current, except 
the additional UrU output (pin 1) which is designed for a brightness control in a current generator con
figurations. The circuit is produced in COS/MOS technology and is supplied in a 16-pin dual in-line 
plastic package. 

ABSOLUTE MAXIMUM RATlNGS* 

V ** DO 
VI 
Vo 
IOH 

IOL 
Ptot 
Tstg 

Top 

Supply voltage 
Input voltage 
Output voltage (pin 1) 
Output source current 
Output sink current (except pin 1) 
Total package power dissipation 
Storage temperature 
Operating temperature 

-0.5 to 16.5 
-0.5 to VDD +0.5 

-65 to 
o to 

VDD +0.5 
-25 
10 

400 
150 

70 

V 
V 
V 

mA 
mA 
mW 

°C 
°C 

* 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 condition above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to Vss (GNDl. 

ORDERING NUMBER: M 192 B1 

MECHANICAL DATA 

89 

Dimensions in mm 
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PIN CONNECTIONS 

OUTPUT r 16 VOO 

0 2 15 i 

14 h a 
INPUTS 

B 4 13 9 hi 
-

fig I b -A 12 f OUTPUTS 

VSS (GNO) II • i I ·1 Ie -d 

OUTPUT. 10 d 
5- 282311 

OUTPUT b 9 e 

s- 2822 

TRUTH TABLE 

INPUTS Number OUTPUTS 

A B C D displayed a b c d e f 9 h i r 

L L L L 1 L H H L L L L L L H 

H L L L 2 H H L H H L H L L H 

L H L L 3 H H H H L L H L L H 

H H L L 4 L H H L L H H L L H 

L L H L 5 H L H H L H H L L H 

H L H L 6 H L H H H H H L L H 

L H H L 7 H H H L L L L L L H 

H H H L 8 H H H H H H H L L H 

L L L H 9 H H H H L H H L L H 

H L L H 10 H H H H H H L H H H 

L H L H 11 L H H L L L L H H H 

H H L H 12 H H L H H L H H H H 

L L H H 13 H H H H L L H H H H 

H L H H 14 L H H L L H H H H H 

L H H H 15 H L H H L H H H H H 

H H H H 16 H L H H H H H H H H 
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INPUT CONFIGURATION OUTPUT CONFIGURATION 

I 
I 
I 
~--- ______ I 

INPUT 
PROTECTION 

Note: pin 1 has not the pull down N-channel transistor. 

RECOMMENDED OPERATING CONDITIONS 

Voo 
VI 
Vo 
IOH 
IOL 
Top 

Supply voltage 
Input voltage 
Output voltage (pin 1) 
Output source current 
Output sink current 
Operating temperature 

-it 
5-2825 ~vss 

10.8 to 15 
o to Voo 

Voo 
max -10 
max 0.5 
o to 70 

ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 
typical values are at Tamb= 25°C unless otherwise specified 

Parameter Test conditions 
Values 

Min. Typ. Max. 

V ,H High level input voltage 3.5 Voo 

V IL Low level input voltage 0 0.8 

I'H High level input current Voo~ 15V V'H~ 15V 10 

IT+ Input current at positive Voo~ 15V ~ 200 
threshold 

V OH High level output voltage IOH~-10mA Voo~ 10.8V Voo-3 
Voo~ 13V 

VOO -3 Vo o-2 
V oo~ 13V, T amb~ 70°C VOD""2.5 
VOO~ 15V VOD""1.5 

VOL Low level output voltage Voo~ 13V IOL~ 0.5 mA 1 1.5 
(except pin 1) 

100 Supply current Voo~ 15V 2 2,4 
Input to Voo 
Outputs open 
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V 
V 
V 

rnA 
rnA 
°C 

Unit 

V 

V 

/LA 

/LA 

V 
V 
V 
V 

V 

mA 



APPLICATION INFORMATION 

Fig. 1 - Light emitting diode readout 

a - Current generator configuration b - Standard configuration 

'55 

M 192 

1--- ---------- -----1 
.13V I A I B ci 0' 

j 

VDD 

M 192 

Fig. 2 - Liquid crystal readout Fig. 3 - Fluorescent readout 

M192 
M 192 

Sl.SL 5DHz I. I I I -r-U 
VHBF40708 

I .-L'--~ 

I I 

I I 
I 

Fig. 4 - Incandescent redout Fig. 5 - Gas discarge readout 

.V 
M 192 M 192 

5-2860 
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TYPICAL APPLICATIONS (continued) 

Program display with stand-by indication 
This application is useful in a remote controlled set. The stand-by condition of the set, i.e. when only 
the remote control is supplied, is shown by two dots. 
The program display number is controlled by the same output of the remote control receiver as that 
which drives the mains relay. 

Fig.6 
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Fig. 7 - M 192 interfacing 
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MOS 
INTEGRATED 
CIRCUITS 

EPM 16-ELECTRONIC PROGRAM MEMORY (16 STATIONS) 
• ONE CHIP SOLUTION INCLUDING CONTROL AND NON VOLAT. MEMORY FOR 16 PROGR. 
• 10 YEARS MEMORY RETENTION 
• UNLIMITED NUMBERS OF READ CYCLES 
• AUTOMATIC AND MANUAL STATION SEARCH 
• EXTERNALLY ADJUSTABLE SEARCH SPEED 
• FINE TUNING IN 8 STEPS, STORABLE FOR EACH,PROGRAM SEPARATELY 

• MUTE OUTPUT 
• 4.43 MHz QUARTZ REFERENCE FREQUENCY 
The M193 is a monolithic integrated circuit constructed in N-channel silicon gate technology, designed 
to control digitally via a D/A converter, with a resolution of 8192 steps, a TV or Radio varicap tuner. 
A 17 bit x 16 words NV RAM is also integrated in the chip. Each memory word contains information for 
1 program, i.e. band (2 bit), tuning voltage (12 bit) and fine tuning offset (3 bit). The circuit is able to 
operate either in automatic or manual search. The search speed is externally controlled by a simple RC 
network. In the automatic mode the M193 works in conjunction with the TDA 4431, which provides 
TV station recognition and converts the AFC-S-curve into a digital command. This command controls 
the 13 bit up/down counter in the M193, whose position determines the tuning voltage. Amute output 
is provided to avoid noise on the audio during automatic search, program change or when the supply 
volta~e is switched on/off. The circuit accepts standard program selection on 4 bus lines. 7-segment 
program display is possible using the M 192 circuit connected at the same lines. A serial information 
output is provided to display on the screen, via the M191 integrated circuit, the varicap voltage in the 
form of a linear tuning bar and the band. The M193 is available in a 28 lead dual in-line plastic package. 
Three different types are available which differ as specified below. 
M193A - The automatic search is implemented with two commands which provide to scan the bands 
I + UHF and III + S respectively. 
M193C - The search, either automatic or manual, is done only in the selected band. The band can be 
changed with a separate step-by-step command. 
M 193D - Same search function characteristics of the C type. The only difference consists in the threshold 
of discrimination of pulses applied at pin 4 (fine tuning from remote control). This version interfaces 
with the "T" output of the SAA 1251 remote control receiver. 

ABSOLUTE MAXIMUM RATINGS* 

V 001, V 002 ** Supply voltages -0.3 to 20 V 
V pp Memory supply voltage (pin 9) -0.3 to 31 V 
VI I nput voltage -0.3 to 20 V 
Vo (off) Off-state output voltage (except pin 14) 20 V 

(pin 14) 31 V 
IOL Output current (except pins 15-19) 5 mA 

(pins 15-19) 15 mA 
IOH Output cu rrent (pin 27) -5 mA 
Ptot Total package power dissipation 1 W 
Tstg Storage temperature -25 to 125 °C 
Top Operating temperature o to 70 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to Vss (GND). 

ORDERING NUMBERS: M193A B1 
M193C B1 
M193D B1 
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MECHANICAL DATA (dimensions in mm) 

14ma • 

r'=oil· 
, I 

:- 1524 J 
c·OO<J~ 

PIN CONNECTIONS 

V55 (GNO) 

BAN(. STEP ~ BV
STEP/STORE 
ON PANEL 
FINE TUNING 

RC. FINE lUNING 

PA 

PB 

PC 

PO 

vPP 
(MEMORV SUPPLY')-

"001 

CLOCK -......... 

SEARCH SPEED 

"002 

MEMORY TiMING 

10 

" 

AUlD SEARCHI 
MAN.UP-OOWN 

MUTE 

AV 

UHF 

VHF m 
VHF I 

STOPIAFC 

TEST PIN 1 

- AuTO/*NUAl 

FINE TUNING 

DATA BURST 

CLOO<' BURST 

TUNING 

NOTE. TEST PINS must b~ cO'nnect~d to "55 (OND) 

RECOMMENDED OPERATING CONDITIONS 

VDD1 Supply voltage 17 to 19 V 
VDD2 Supply voltage 10.8 to 13.5 V 
Vpp Memory supply voltage (pin 9) 28 to 30 V 
VI Input voltage o to 19 V 
VO(Off) Off-state output voltage (except pin 14) max. 19 V 

Off-state output voltage (pin 14) max. 30 V 
IOL Output current (except 15--19) max. 2.5 mA 

(pins 15-19) max. 10 mA 
IOH Output current (pin 27) max. -2.5 mA 
tpd Delay between memory timing and memory supply pulses max. 5 Ils 
f Clock frequency 4.4 MHz 
Rs Serial resistance of the quartz max. 50 n 
Cd Dynamic capacitance of the quartz max. 20 fF 
Cp Total parallel capacitance of the quartz max. 8 pF 
Rp Total parallel resistance of the quartz min. 10 Mn 
twl Fine tuning + pulse width (pin 4) M193A, C > 1.8 ms 

M193D > 120 Ils 
tw2 Fine tuning - pulse width (pin 4) M193A, C < 1.7 ms 

M193D < 80 Ils 
Top Operating temperature o to 70 °C 
R12 Search speed resistance (pin 12) 18 to 330 Kn 
C12 Search speed capacitor (pin 12) max. 100 nF 

Notes: 1) The oscillator of the M193 cannot be used to drive external circuits. 
2) ·See the "General information" at the end of this data as far as the power-on supply sequence is concerned. 
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BLOCK DIAGRAM 

EPM SYSTEM CONFIGURATION 
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STATIC ElECTR ICAl CHARACTER ISTICS (over recommended operating conditions) 
Typical values are at Tamb = 25°C, V001 = 18V, V002 = 12V unless otherwise specified 

Values 
Parameter Pins Test conditions 

Min. Typ. Max. 

V ,L Low level input 4-5-6-7-8 0.8 
voltage 

2-3-20-22-28 1.3 

V ,H High level input 4-5-6-7-8 3.5 
voltage 

2-3-28-20 V002-2 

22 V002-1 

V,M Middle level input V002~ 10.8V 4,5 7.5 
voltage 22 

V002~ 13.5V 5 9 

VOL Low level output 23-24-25-26 V002~ 10.8V IOL~1mA 3 
voltage 

15-19 V002~ 10.8V IOL~10mA 1 

16-17 V002~ 10.8V IOL~ 1 mA 0.5 

14 VOOl~ 17V 8 
V002~ 10.8V IOL ~ 2.5 mA 

V OH High level output 27 V002~ 10.8V IOH~ -1 mA 2.4 
voltage 

IO(off) Output leakage 27 V002~ 13.5V VO(off)~ Vss -50 
current 

23-24-25-26 V002~ 13.5V VO(Off)~ 19V 100 

15-16-17-19 
V002~ 13.5V 

50 
VO(0ff)~ 13.5V 

14 
Vr:lDl~ 19V V002~ 13.5V 

V O(off)~ 30V 
100 

I, I nput current 4-5-6-7-8-22 V, ~ 0 to 19V 1251 

1001 Supply current 10 V001~ 19V 3 

1002 Supply current 13 V002~ 13.5V 32 45 

Ipp Memory supply peak 65 
current write 

average 16 
9 V,~ 30V 

peak 1 
erase 

average 0.5 

R, 1 nput resistance 2-3-28 See Fig. 1 a 0.5 
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V 

V 

V 

V 

V 

pA 

pA 

mA 

mA 

mA 

Mn 



DYNAMIC ELECTRICAL CHARACTERISTICS (fclock = 4.43 MHz) 

Parameter Test conditions 

fa Fine tuning output repetition Pin 19 (see also fig. 9) 
rate 

0 Fine tuning output duty cycle 

tW3 Width of eraSe pu Ises Pin 14 

T3 Period of erase pulses See also fig. 3 and 6 

I t3 
Total time for one erase cycle 

I (about 500 pulses) 

tw4 Width of write pu Ises Pin 14 

T4 Period of,write pulses See also fig. 2 and 5 

t4 Total time for one write cycle 
about 950 pulses) 

tW5 Width of clock pulses Pin 16 

T5 Period of data and clock pulses Pin 17 
See also fig. 8 

t5 Total time for one display burst 
(15 pulses) 

t6 Burst repetition time 

t7 Acceptance time of the Pins 2-3-28 
commands 

t8 Acceptance time of the Pin 20 
commands 

Input and output configurations 
All outputs (except the Mute one) have open drain configuration. 
The Mute output has a source follower. 
Inputs have the following configurations: 

Fig. 1 

a) Pins 2, 3,28 b) Search speed c) Clock input 
(Din 12) (pin 11) 

VOO 2 

VCD2 

o?r~: ~ 
IN l 

5-321611 
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Values 
Unit 

Min. Typ. Max. 

17305 Hz 

1/8 8/8 

115 p.s 

231 p.s 

I 115 ms 

115 p.s 

462 p.s 

440 ms 

1.3 fl.S 

3.6 p.s 

54 P.S 

3.69 ms 

31 ms 

3.6 p.s 

d) Other inputs 
(pin 4-5·6·7-8-12-20'21-22) 



DESCRIPTION 
The circuit description will be made following both pin sequence and pin function. 

Pin 1 - Vss (GND) 

The substrate of the integrated circuit is connected to this pin. It is the reference point for all voltage 
parameters of the device and must be connected to the lowest potential of the supply voltage, normally 
ground. 

Pin 2 - Store/sequential band change input 

If this input pin is briefly connected to Vss the 12 bits of the digitized tuning voltage, the 2 bits for 
band selection and the 3 bits of fine tuning information are stored. 
The command is disabled during search and the execution of the store cycle. 
The store cycle consists of two operations: at first the old word is cancelled and afterwards the new 
content is written. 
If this input pin is briefly connected to Voo , the selected band output changes in the sequence written 
below, to obtain a step-by-step band selection. 

VHF III 
UHF 
VHF 
S 
VHF III and so on 

Pin 3 - Fine tuning +/- (on panel) 
This input accepts the Fine tuning +/- commands given from the panel. 
The commands are accepted according to the following rules: 

Input levels 

M (input floating) 
H 
L 

Command 

No command 
FT + 
FT -

Each command corresponds to one step change; to have more changes the key must be released and the 
command repeated. 

Pin 4 - T input (fine tuning +/- from remote control) 
The Fine tuning +/- commands given from Remote control are applied to this input in the form of a 
series of positive pulses. The threshold of discrimination of the pulses is different for the M193A, C and 
the M1.93D. 

TVpe tw1 1FT +) tw2 1FT - .. ) 

M193A and C > 1.8 ms < 1.7 ms 
M193D > 120JJs <80JJs 

The M193A and C are compatible with the M1130 remote control receiver. 
The M193D interfaces with either the M1130 and the SAA 1251 receivers. 
When the Fine tuning command is given, the duty cycle of the output of pin 19 (Fine tuning output) is 
changed at the rate of one step every 0.56 sec. 
If the pulses are present for less than 0.56 sec. step-by-step operation can be obtained. 
If this input is not used it must be connected to Vss (GND). 
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Pins 5-6-7-8 - Program inputs 

This 4-line bus selects the program according to the truth table given below: 

Program PA PB PC PO 

1 L L L L 
2 H L L L 
3 L H L L 
4 H H L L 
5 L L H L 
6 H L H L 
7 L H H L 
8 H H H L 
9 L L L H 

10 H L L H 
11 L H L H' 
12 H H L H 
13 L L H H 
14 H L H H 
15 L H H H 
16 H H H H 

Pin 9 - Vpp - Memory supply 

A series of pulses is applied to this pin during the store cycle. The timing of these pulses is given by the 
output of, pin 14 and it is different during erase and write cycle as shown in fig. 2 and 3. 
During a store cycle the old word is at first cancelled and the new one is written afterwards. 

Fig. 2 - Memory Erase supply Fig. 3 - Memory Write supply 

~F-I1-
" I 

5-3217/1 

Pin 10 - V001 

This pin has to be connected to a power supply with the characteristics shown in the recommended 
operating conditions. 

Pin 11 - Clock input 
When the device is used alone the internal oscillator operates with a 4.43 [111Hz crystal connected be
tween pin 11 and ground. 
It can also operate with a single crystal together with M 1130 as shown' in fig. 4. 
It is not suggested to use the oscillator of the M193 to drive external circuits. 

Fig.4 

M1130 171-+--111--1 

5.6Mn 

" 
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Pin 12 - Search speed 

An external RC network is connected to this pin in order to set the frequency of the internal oscillator 
which, in turn, sets the scan speed during Search mode. 
The scan speed can be adjusted over a wide range. 
The relationship of search speeds between UHF, VHF and S is a follows: 

Automatic: 
FAST UP VHF = the frequency externally fixed 
FAST UP UHF = S = 1/2 FAST UP VHF 
MEDIUM DOWN VHF = 1/4 FAST UP VHF 
MEDIUM DOWN UHF = S = 1/4 FAST UP UHF (1/8 FAST UP VHF) 
SLOW UP VHF = UHF = S = 67.7 Hz 
SLOW DOWN VHF = UHF = S = 8.4 Hz 

Manual: UP or DOWN UHF = S = 1/2 UP of DOWN VHF 

The manual Fast up or down speed is obtained by changing the frequency of the oscillator. The maxi
mum capacitance which should be connected to this pin is 100 nF. 

Pin 13 - V002 

This pin has to be connected to a power supply with the characteristics indicated in the recommended 
operating conditions. 

Pin 14 - Memory write timing output 
This output gives the timing for the pulses to be applied on pin 9 during the store cycle. The output 
consists of an open drain transistor. 
The waveforms are shown in fig. 5 and 6, and are different during erase and write cycle, as already 
described for pin 9. 

Fig.5 - Memory Erase Current Fig. 6 - Memory Write Current 
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Pin 15 - Digitized tuning voltage output 

The output consists of a variable frequency/variable width pulse train which, after filtering, provides the 
tuning voltage to the varicaps. 
This signal carries 13 bits of information (only 12 bits however are stored in the memory). 
The output circuit consists of an open drain transistor which offers a low impedance to ground when in 
the on state. 
The output waveforms are shown in fig. 7. 

Fig.7 

"L' 
O<A ~ .. VARICAP 

CONVERTER 1 
.J.. 

~ : I • 
, I I 
, v. v. vc 

v. 

vc 

---------'------- DOWN ~ UP ---------+-

Pin 16 - Clock output for external display 

A burst containing 15 clock pulses is available on this pin. These clock pulses are synchronized with 
Data Information as described in fig. 8. 

Pin 17 - Data output for external display 

A 15 bit burst is available on this pin. 
In contains the 8 most significant bits of the digitized tuning voltage, 2 bits for band information, 4 bits 
for program information and 1 bit which indicates whether the system is in the Search mode (both in 
automatic and manual). This data is in complementary form (see fig. 8). 
These two outputs (pins 16 and 17) work in connection with the M191 (On screen tuning bar display). 
When the burst is not transmitted, the output transistor is in the off position. 

Fig.8 

DATA 
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------~ 
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Pins 18 - 21 - Test pins 
These pins must be connected to Vss (GND). 

Pin 19 - Fine tuning output 

Fine tuning information is available on this pin in the form of a square wave having a frequency of 
17305 Hz and duty cycle variable in 8 positions as indicated in fig. 9. 
The voltage generated after filtering is fed to the AFC loop and detunes the receiver by a small .6.f while 
maintaining the action of the AFC. 
The Fine tuning function operates as follows: 

during the search the output is set at mid-range (see fig. 9). 

when the search has been completed it is possible to operate on the Fine tuning +/- commands (pin 3 
for Remote control operation or pin 4 for panel operation). The Store command memorizes this 
information together with the 12 bit tuning voltage and 2 bit band information 

when a memorized program is recalled it is still possible to act on the Fine tuning commands. 

Any change in Fine tuning is only memorized by the Store command. 

Fig.9 

PIN 19 
--------"'1 

! i --I 
: Va , ---------

Pin 20 - Automatic/manual selection 

FINE TUNING OUTPUT 

I" 51.78J.1. "I 
JJ r 
~ 

~ 

--1 '""--_ ..... r 
-.J, ___ LJ" 

-.J L.J 
--1 U-

*-MID RANGE 
FT+ 

S-l22J 

This pin is used to change the Search mode. When it is connected to Voo the system operates in Auto· 
matic mode; when it is at Vss (GND) the system works manually. The change Auto-manual or viceversa 
can be made at every time without precluding the right operation of the system. 

Pin 22 - Stop/afc input 
This pin is used only in automatic search mode. 
When the EPM is in manual operation this pin is internally disabled. 
The Stop/afc is also internally disabled during any program change for the time the Mute signal lasts. 
This input can have three different levels: high (H), middle (M), low (L). The middle level, unlike the 
other three level inputs of the circuit, is not internally generated and has to be externally determined 
according to the recommended operating conditions. If this input is not used it has to be connected to 
Vss (GND) or to V002 . 
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The input has two different functions depending on whether the system is in the search or in normal 
operation (AFC control). 

A) Search mode: after depressing the Search start key, the transitions and level s of the signals com ing 
from the TDA 4431, applied to this pin, control the search function and determine when the search 
must stop, i.e. a TV station has been recognized. 
The circuit operates with the following sequence (see fig. 10 for reference and explanation of pin 12 
for speed definition): 

1 - after pressing the search start key the search occurs in the Fast up mode 

2 subsequent transitions on pin 22 Stop/afc input are ignored during the first 15 search steps. 
After that the first M-H transition on the input preceded by at least one M-L transition will set 
the search into the Medium down (fast up/4) mode. 
The acceptance delay of15 search steps has been introduced to avoid the condition where the 
system could stop on the previous station (for example in the case the search start command 
has been given just before an AFC control command). 

3 - the next M-L transition will switch the search to Slow up speed (67.7 Hz). 
At this point the system is in normal AFC operation. 

Fig. 10 - Automatic station capture diagram 
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B) AFC operation: when a station is perfectly tuned, the input signal coming from TDA 4431 is at 
middle level. 
If the tuning moves lower than the threshold (below 38.9 MHz), the pin 22 goes low and the 13 bit 
internal counter is moved with Slow up speed to determine an increasing of the varicap voltage. 
When a detuning occurs in the opposite direction the input will go high and the tuning voltage is de
creased with Slow down speed (8.4 Hz). 
The increase or decrease of the tuning voltage is stopped as soon as the input returns to M level. 
Therefore during normal ope'ra~ion pin 22 acts as AFC control command. 

C) Recall from memory: when the circuit is in automatic operation mode and a pre-memorized program 
is recalled from Memory, a fixed value of 8 steps (== 31.2 mV) is subtracted from the tuning voltage. 
This corresponds to a detuning of about 0.6 MHz (UH F) and of 0.3 MHz in VH F III into that part of 
the I F response curve which corresponds to the fully transmitted sideband. 
At this point the AFC operation takes over as described in point B) above and the exact tuning is 
reached in about 0.2 sec. 
Due to this feature the AFC capture ratio will be increased and the requirements for stability of the 
tuner, of the reference voltage sources and of stability of the Dj A converter are less severe. 
In manual operation mode the memory content is instead read without any change. 

Pins 23-24-25-26 - Band drive outputs 

The information for band selection is present or. these outputs, consisting of open drain transistors, one 
of which, in connection with the selected band, is conducting (see fig. 11). 
The relations between pins and bands are as follows: 

Pin23=VHF I 
Pin24=VHF III 
Pin 25 = UHF 
Pin 26 = S 

Pin 27 - Mute output 

Fig. 11 

A source follower transistor is provided to give a high level output during mute function. 
The mute is present in the following cases: 

during automatic search. The mute is present 110 msec before the start of the search. 

during any program change for 320 msec. 
The mute is active 110 msec before the program change takes place. 

when the supply voltage V 002 is applied, for about 320 msec. 

when the supply voltage V 002 is removed. 
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Pin 28 - A) Automatic operation: search start 
.8) Manual operation: up/down search 

This input is a three level one, i.e. it is normally in the middle level and the above mentioned functions 
are activated when it is connected to V DD2 or to GN D. 
The input is kept at a voltage corresponding to about the half of the supply voltage by all internal divider 
made with two resistors of about 1 Mohm. 

A) Automatic operation 
M193A - When the pin 28 is briefly connected to GND the search starts on the bands VHF III-UHF 
which are scanned in sequence. If it is connected to VOD2 the search is made on band VHF I and S. 
If the key is kept pushed, another search can start only by releasing the key and connecting is again 
to GND or VDD2 . If a Search start command is given while the system is already in search operation, 
the search is immediately stopped and after restarted on the new group of selected bands; the band 
where the system will search is that which has the same search speed of the previous one. 
M193C, D-When the pin 28 is briefly connected to GND or to VDD2 , the search starts and remains in 
the previously selected band. 
All types work as follows: if the key is kept pushed, another search can start only releasing the key 
and connecting it again to GND or V DD2. During the search the tuning voltage is always changi"ng 
from lower to higher voltage levels. The search is automatically stopped when the first station is 
found. The search is also stopped whenever a program change command is given. When the upper 
limit of the tuning voltage is reached, the search restarts from the lower limit of another band 
(M193A) or of the same band (M193C, D), after 210 msec of temporary stop. The search speed is 
determined by the RC network connected to pin 12. 

B) Manual operation 
When the input is connected to V DD2 the content of the internal counter is changed in such a way to 
have an increasing of the varicap voltage. 
If the input is connected to GND the varicap voltage is decreased. 
The search speed is determined by the RC network applied on pin 12. 

Fast/low search speed is possible by changing the value of the same RC network (see fig. 12). 
In manual operation the search is always made in the same band. 
No inhibit of the search is provided when the lower or the upper limits of the varicap voltage are reached. 
Step-by-step band selection is possible by temporarily connecting pin 2 to VDD2 . 

Fig.12 

'---~~-I12 

I 5-3225 
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GENERAL INFORMATION 
Command acceptance rules 

1) When a manual command at pin 2, 3, 28 is given, an internal counter is immediately started. The 
command is accepted only after about 31 msec. of its continuous presence. If the command disap
pears before (for example in consequence of contact bouncing), the counter is immed iately reset. 
When a command has been accepted, no other manual command is accepted until the previous com· 
mand has been released. 

2) Program change commands are immediately accepted and if the circuit is in the automatic search 
position, the search is stopped. 
Manual commands given during the execution of the program change are not accepted except the 
automatic search start command. 
This one is internally stored and executed at the end of the program change. 

3) During the store cycle only the program change and the search start commands are accepted and 
executed at the end of the cycle. 
The other commands are ignored. 

Power-on sequence of supply voltages 
To guarantee the correct reading of the memory at power-on the supply voltages must be applied as 
follows: 

V001 (+18V), V002 (+12V) 

The + 18V must be higher than 16.5V 110 msec after the 12V is passed through the power-on reset 
threshold ("'" 6V). 
From 0 to 6V the slew rate of the 12V is not important, from 6 to 10V the slew rate must not ex
ceed 110 ms. If it is not possible to guarantee the availability of the 18V supply before the 12V we 
suggest using the following application. 
It is recommended that the 29V is not applied when the 12V is not present. However there are no 
reliability problems if at power on and power off the 29V exists for a few seconds without the 12V 
supply being present. 
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MOS 
INTEGRATED 
CIRCUITS 

RHYTHM GENERATORS 

PRELIMINARY DATA 

• 16 PROGRAMMABLE RHYTHMS (CODED FOR THE M258; ALSO AVAILABLE IN COMBI-
NATION FOR THE M259 

• 16 OUTPUTS (2 SECTIONS BY 8) 
• MASK PROGRAMMABLE RESET COUNTS (24 or 32) 

• DOWN BEAT OUT 
• SYNC OUT 
• EXTERNAL RESET 
• TWO CHIP SELECTS (CS1, CS2) FOR SEPARATE TRISTATE CONDITION OF THE TWO OUT-

PUT SECTIONS 
• INTERNAL PULL-UP ON THE INPUTS 
• OPEN DRAIN OUTPUTS WITH RETURN TO "1" STATUS 
• CHOICE BETWEEN RETURN TO "1" OR NOT ON 8 OUTPUTS (OUT 1,2,3,4,9,10,11,12) 

SEPARATELY 
• ONLY ONE POWER SUPPLY (+5V) 
• VERY LOW POWER CONSUMPTION (150 mW TYP.) 

The M258, M259 are monolithic rhythm generators specifically designed for electronic organs and other 
musical instruments. 
Constructed on a single chip using MOS N-channel silicon gate technology, they are supplied in a 28 lead 
for (M258) or 40 lead for (M259) dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DD 
V·** I 

10 
VOH 
Tstg 

Top 

Source supply voltage 
Input voltage 
Output current (at any pin) 
Output voltage 
Storage temperature range 
Operating temperature range 

-0.3 to +7 
-0.3 to +7 

3 
12 

-65 to +125 
o to 50 

V 
V 

mA 
V 

°C 
°C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to V ss (GND). 

ORDERING NUMBERS: M258 BllEBl for dual in-line plastic package 
M259 BllEBl for dual in-line plastic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package (28 lead) Dual in-line plastic package (40 lead) 

PIN CONNECTIONS 

VDD VDD VDD .0 VDD 

GND CLOCK 
GND 39 CLOCK 

OUTPUT 1 RESET/SYNC. 
INPUT 1 38 ~, NPUT 16 

INPUT 2 37 INPUTIS 
OUTPUT 9 OUTPUT 16 

OUTPUT 1 * 36 RESET /SYNC. 

OUTPUT2 DOWN BEAT OUTPUT 9 35 0U'fP1Jfl6 

OUTPUT10 OUTPUT 8 OUTPUT2 [ 7 ** 3. DOWN BEAT 

INPUT 1 OUTPUT 15 OUTPUT10 [ B 33 OUT PUT 8 

OUTPUT3 
M258 

OUTPUT 7 
INPUT 3 32 OUTPUTIS 

INPUT 4 10 M259 31 OUTPU T 7 
INPUT 2 INPUT 4 

OUTPUT3 11 30 INPUT 14 

OUTPUTll 10 INPUT 3 INPUT S 12 29 INPUT 13 

OUTPUTI 11 OUTPUT 14 OUTPUTil 13 28 INPUT12 

OUTPUT 12 OUTPUT 6 INPU T 6 11. n INPUT 11 

OUTPUTl3 
OUTPUT4 15 26 OUTPUTl. 

CS 1 
OUTPU T 12 16 25 INPUTlO 

CS2 00fPUf5 INPUT 7 17 24 OUTPUT 6 

'3-]375 INPUT B 18 23 INPUT 9 

CS1 enables the outputs 01 to 08 CS 1 19 22 OUTPUTl3 

CS2 enabl es the outputs 09 to 16 C S2 20 21 OUTPUT 5 
5_3376 

* This is a bidirectional pin. Used as an input it allows the chip reset; used as an output it can reset other devices. 

** This pin generates a down beat trigger which can be used to drive an external lamp to indicate the first beat of the 
first bar of each rhythm. 
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RESET AND DOWN BEAT TIMING WAVEFORMS (POSITIVE LOGIC) 

ELEMENTARY TIMES 

EXTERNAL RESET 

(USE D AS AN OUTPUT) 

DOWN BEAT 

BLOCK DIAGRAM 
~-

i 
I 

I 

I 

31 32 

u 
S-JJ77/\ 

~----f--~---,--+-----------J (I n the M259 the rhythm 

RHYTHM, SE LECTION (for M258 only) 
Rhythm IN4 

, 1 
2 , 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 0 

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 

111 

selections enter the chip 
already decoded) 

IN3 Irii2 -
IN' 

1 , 1 
1 , D 
1 0 , 
1 0 D 
0 1 1 
0 1 0 
0 0 1 
0 0 0 
1 1 1 
1 1 0 
1 0 

I ~ I 1 0 
0 1 
0 1 lLJ 0 0 
0 0 



STATIC ELECTRICAL CHARACTERISTICS(positive logic, Voo= 4.75 to 5.25V, Tamb = 0 to 
50°C unless otherwise specified) 

Values 
Parameter Test cond itions 

Min. I Typ. I Max. 
Unit 

CLOCK INPUT 

V ,H Clock high voltage I 2.4 I I Voo r V 

V,L Clock low voltage I 0 I I 0.4 I V 

DATA INPUTS 

V ,H Input high voltage 2.4 Voo V 

V ,L I nput low voltage 0 0.4 V 

R'N Internal resistance to Voo V, =OV Voo=5V 100 180 Kn 

IOL(*) Input load current V, = V ,L -50 f.lA 

EXT. RESET 

V ,H Input high voltage 4.5 Voo V 

V ,L Input low voltage 0 1.5 V 

ROFF Internal resistance to Voo 
Vo=O Voo=5V 100 180 Kn (inactive sync) 

RON Internal resistance to Voo Vo=lV Voo= 4.75V 260 300 n 
(active sync) 

OUTPUTS (Oi. Down beat) 

RON Vo=lV 260 300 n 

VOL Source current = 1 mA 0.26 0.3 V 

ILO Vo=12V Tamb= 25°C 10 f.lA 

POWER DISSIPATION 

I Supply current T amb= 25°C 30 mA 

(*) The "High Level" is clamped by the internal pull-up. 

5-338211 
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DYNAMIC ELECTRICAL CHARACTERISTICS (positive logic, Voo= 4.75 to 5.25V, 
T amb = 0 to 50°C unless otherwise specified) 

Parameter 

CLOCK INPUT 
f Clock repetition rate 

tw Pulse width 

tr Rise time 

tf Fall time 

EXT. RESET 

tw R Pu Ise width 

te R Clock delay with respect to reset 

TIMING WAVEFORMS 

BIT SEQUENCE 

CLOCK 

EXTERNAL RESET 

OUT SIGNAL 

WITH RETURN TO'I" 

OUT SIGNAL 

WITHOUT RETURN TO"I" 

EX TERNAL NOISE 

GENERATOR 

SYNC. 

DOWN BEAT 

Values 
Test condistions 

Min. I Typ. I Max. 
Unit 

DC 100 KHz 

Measured at 50% of the swing 5 !1S 

Measured between 10% and 90% 
100 

of the swing !1S 

Measured between 10% and 90% 
of the swing 

100 !1S 

STOP 32 

~ , 

~L....-____ _ 

~ 
U 

5-3381 
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Note 1: This additional pulse, to reset the outputs without return to "1 ", can be obtained by using a 
clock generator as shown in the following diagram: 

P-----)~ C LO C K 

S-3378 

Ext. Reset/Sync. is a bidirectional pin. Used as an input it can reset the circuit as shown in the timing 
diagram and used as an output it can drive the reset of other devices. 

Using the clock generator shown in the above figure, when the switch is closed asynchronous with 
respect to the clock, it is possible to have to two cases (see the following diagrams); in both the cases the 
output reset can be obtained by CS1 and CS2. 

CLOCK 

EXTERNAL RESET 

(a) ____ ~-+:_n ________ __ 

---ul.fl-
Ii , , 

--~:r--OJ (WITHOUT RETURN TO'",,) • , , 
: ' 
T 

( b) 

---uT1~--
I!-": ____ _ 
---+11-1 ---

S-3J79/1 

T 

I n both the cases the delay 7 (in the outputs without return to "1 ") is defined through the constant 
R1 C1 ::> 10 /lsec. 
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INSTRUMENT BEATS VERSUS RHYTHM PROGRAM 

'" w 
:l: 
;:: 

4 
> cr 
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w 
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32 

TRUTH TABLE EXTERNAL DEVICE OUTPUT 
RESE T SIGNAL·S 

0 0 0 0 
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I 

* ** l-

X X 
> 
I 

0 cr r w 
...J 

! 00 
« 

X z 
w ! -
I~ 

i I 

X 
l-

i 
> 
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5 
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I 

~~ 
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------ r--r 
- ----- - - r--

----

*OUT 1 WITHOUT RETURN TO "'" - **OUT 5 WITH RETURN TO"'" 

SYNC. 

t- -

f-f-

-

I 

0 
0 

> 

I 
I 

I 
I 
I 
I 

....... 

---

-

DOWN 
BEAT 

--r---
--C---_ 

! 

! 

I 
I 

__ ..L. -
'~ 
I~ , 

I 

5-3353/1 

Note: The outputs 01 to 08 are enabled by C51; the outputs 09 to 16 are enabled by C52. The outputs 01 to 04 and 
09 to 12 are programmable separately without return to "1 ". 

115 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



MOS 
INTEGRATED 
CIRCUITS 

RHYTHM GENERATORS 
• 16 CODED PROGRAMMABLE RHYTHMS FOR THE M268 

PRELIMINARY DATA 

• 8 PROGRAMMABLE RHYTHMS (ALSO AVAILABLE IN COMBINATION) FOR THE M269 
• 12 OUTPUTS (2 SECTIONS 8 + 4) 
• MASK PROGRAMMABLE RESET COUNTS (24 or 32) 
• EPROM TECHNOLOGY PIN-TO-PIN COMPATIBLE DEVICE AVAILABLE FOR THE M268 
• DOWN BEAT OUT 
• SYNC OUT 
• EXTERNAL RESET 
• TWO CHIP SELECTS (CS1, CS2) FOR SEPARATE TRISTATE CONDITION OF THE TWO OUT. 

PUT SECTIONS 
• INTERNAL PULL-UP ON THE INPUTS 
• OPEN DRAIN OUTPUTS WITH RETURN TO "1" STATUS 
• CHOICE BETWEEN RETURN TO "1" OR NOT ON 8 OUTPUTS (OUT 1,2,3,4,9,10,11,12) 

SEPARATELY 
• ON L Y ONE POWE R SUPPLY (+5V) 
• VERY LOW POWER CONSUMPTION (150 mW TYP.) 

The M268, M269 are monolithic rhythm generators specifically designed for electronic organs and other 
musical instruments. 
Constructed on a single chip using MOS N-channel silicon gate technology, they are supplied in a 24 lead 
dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DO 
V·** I 

10 
VOH 
T stg 

Top 

Source supply voltage 
Input voltage 
Output current (at any pin) 
Output voltage 
Storage temperature range 
Operating temperature range 

-0.3 to +7 
-0.3 to +7 

3 
12 

-65 to +125 
Oto 50 

V 
V 

mA 
V 

°C 
°C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to Vss (GND). 

ORDERING NUMBERS: M268 B1/EB1 for dual in-line plastic package 
M269 B1 for dual in-line plastic package 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package (24 lead) 

PIN 

c--
I 

I~= 

CONNECTIONS 

GND VDD 

Oi VDD 

09 CLOCK 

62 

010 DOWN BEAT 

1m 66 

53 07 

lN2 IN4 

on IN3 

04 66 

0i2 05 

csi CS2 

eSl enables the outputs 01 to 08 
eS2 enables the outputs 09 to 12 

,~=~I f uQ251 
15.24 

GND VCC 

Ri CLOCK 

Oi R8 

09 

i52 58 

0i0 07 

53 R7 

R3 R6 

on R5 

04 66 

0i2 05 

R2 R4 

• This is a bidirectional pin. Used as an input it allows the chip reset; used as an output it can reset other devices . 

•• This pin generates a down beat trigger which can be used to drive an external lamp to indicate the first beat of the 
first bar of each rhythm. 
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RESET AND DOWN BEAT TIMING WAVEFORMS (POSITIVE LOGIC) 

ELEMENTARY TIMES 

EX TERNAL RESE T 

(USED AS AN OUTPUT) 

DOWN BEAT 

BLOCK DIAGRAM 

i 

r::l-G -~ OIYIDEFl_ 

RHYTHM, SELECTION(for M268 only) 

31 32 

u 

-
Rhythm 1N4 

1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 0 

10 0 
11 0 
12 0 
13 0 
14 0 
15 0 
16 0 
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5-3377{1 

(I n the M269 the rhythm 
selections enter the ch ip 
already decodedl 

iN:! Iiii2 IN1 

1 1 1 
1 1 0 
1 0 1 
1 0 0 
0 1 1 
0 1 0 
0 0 1 
0 0 0 
1 1 1 
1 1 0 
1 0 1 
1 0 0 
0 1 1 
0 1 0 
0 0 1 
0 0 0 



STATIC ELECTRICAL CHARACTERISTlCS(positive logic, Voo= 4.75 to 5.25V, T amb = 0 to 
50°C unless otherwise specified) 

Values 
Parameter Test conditions 

Min. I Typ. r Max. 
Unit 

CLOCK INPUT 

V I H Clock high voltage 

V IL Clock low voltage 

DATA INPUTS 

V IH Input high voltage 2.4 Voo V 

V IL Input low voltage 0 0.4 V 

RIN Internal resistance to V DO VI = OV Voo=5V 100 180 Kn 

IOL(") Input load current VI = V IL -50 }lA 

EXT. RESET 

V IH I nput high voltage 4.5 Voo V 

V IL Input low voltage 0 1.5 V 

ROFF Internal resistance to Voo 
Vo=O Voo=5V 100 180 Kn (inactive sync) 

RON Internal resistance to Voo V()=1V Voo=4.75V 260 300 n 
(active sync) 

OUTPUTS (Oi, Down beat) 

RON Vo=1V 260 300 n 

VOL Source current = 1 rnA 0.26 0.3 V 

ILO Vo= 12V T amb= 25°C 10 }lA 

POWER DISSIPATION 

I Supply current T amb= 25°C 30 mA 

(") The "H igh Level" is clamped by the internal pull-up. 

5-3382/1 
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DYNAMIC ELECTRICAL CHARACTERISTICS (positive logic, Voo= 4.75 to 5.25V, 
T amb = 0 to 50°C unless otherwise specified) 

Parameter 

CLOCK INPUT 

f Clock repetition rate 

tw Pulse width 

tr Rise time 

tf Fall time 

EXT. RESET 

tw R Pulse width 

tCR Clock delay with respect to reset 

TIMING WAVEFORMS 

BIT SEQUENCE 

CLOCK 

EXTERNAL RESET 

OUT SIGNAL 
WITH RETURN TO .• ,., 

OUT SIGNAL 

WITHOUT RETURN TO"I" 

EXTERNAL NOISE 

GENERATOR 

SYNC. 

DOWN BEAT 

I 

Values 
Test condistions 

Min. I Typ. I Max. 
Unit 

DC 100 KHz 

Measured at 50% of the swing 5 IlS 

Measured between 10% and 90% 100 IlS of the swing 

Measured between 10%and 90% 100 IlS of the swing 

STOP 32 

, 

JLnsuu-

~ 

~'------

~ 
U 

'------', 5-3381 
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Note 1: This additional pulse, to reset the outputs without return to "1 ", can be obtained by using a 
clock generator as shown in the following diagram: 

+ 

10 KiL 
R1 

P--~---l~ C L 0 C K 

Ext. Reset/Sync. is a bidirectional pin. Used as an input it can reset the circuit as shown in the timing 
diagram and used as an output it can drive the reset of other devices. 

Using the clock generator shown in the above figure, when the switch is closed asynchronous with 
respect to the clock, it is possible to have to two cases (see the following diagrams); in both the cases the 
output reset can be obtained by CSl and CS2. 

CLOCK 

EXTERNAL RESET 

(a) ____ ~_+i-n __ --------

---u-tD-----
I: , , ___ ~: 11------

OJ (WITHOUT RETURN TO"l") • 
, , 

~-"~--

T 

( b) 

--~-------------

LJ1"-----, ' 

~!-'-~------J-: ----
, , , 

~~ 

T 
5-3379/1 

In both the cases the delay T (in the outputs without return to "1 ") is defined through the constant 
R 1 C 1 ? 1 0 Msec. 
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INSTRUMENT BEATS VERSUS RHYTHM PROGRAM 
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1 

c......, 

VSS VSS 
*OUT1WITHOUT RETURN TO"1"-**OUT5WITH RETURN TO"'" 5-33531' 

Note: The output 01 to 08 are enabled by CS1; the outputs 09 to 12 are enabled bV CS2. The outputs 01 to 04 and 
09 to 12 are programmable separately without return to "1", 
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MOS 
INTEGRATED 
CIRCUITS 

PRELIMINARY DATA 

PROGRAMMABLE ELECTRONIC CREDIT CARD 

• LOW COST PLASTIC CREDIT CARD STYLE PACKAGING 
• BUILT-IN CHIP WITH 105 CREDIT CELLS, ALL SEPARATELY ADDRESSABLE 
• ONE SECURITY KEY WORD OF 8 BITS PROTECTED BY A SECURITY FUSE 
• ONE MASK-PROGRAMMABLE 8-BIT CODE FOR USER IDENTIFICATION 
• TYPICAL 10V POWER SUPPLY, 25V PROGRAMMING VOLTAGE 
• LOW POWER CONSUMPTION: 115 mW (READING MODE), 320mW (PROGRAMMING MODE) 
• WELL PROVEN NON-VOLATILE MEMORY DESIGN WITH 100 YEAR DATA RETENTION 

This device is a remarkable new programmable memory product designed for electronic credit and identi
fication cards. The product has only 7 connections (6 for user interfacing) and is essentially an EP ROM 
of 17x8 bits. 
If the XCARD is used as a credit card, the bit cells of the EPROM are all erased (content logic high) 
when the device is first delivered, and represent credit for services. Each time the card is used some bi{ 
cells are written, becoming useless. At any time the card can be checked for the amount of credit re
maining and the reader can display this value. 
When the XCARD is used as an identity card, it can be programmed with anyone of several different 
codes (up to 2105 ). This code can be read at any time by using an appropriate reader. 
Row 16 of the matrix holds a mask programmable 8 bit code which can identify up to 256 different users. 
Since it is programmed during fabrication this code word is unerasable. 
A second 8 bit word is used as a security key to detect fraudulent erasure and prevent re-use of the card. 
This device is available in a plastic credit card style format (XCARD) or in a 14-lead plastic DIP for 
sampling and prototyping purposes (M274). 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin (except PRJ -0.5 to 20 V 
VPR Voltage on PR -0.5 to 27 V 
10 Output current 4 rnA 
P Power dissipation 500 mW 
Top Operating temperature range (XCARD only) - 30 to 60 °C 
T,tg Storage temperature range (XCARD only) -30 to 60 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS 

XCARD for credit card style package 
M274B1 for dual in-line plastic package (samples only for evaluation) 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package 

! 

c:::J'~==-O . i 
~e 

, , 

PIN CONNECTIONS 

PIN DESCRIPTION 

ADD Address code input 

CP Clock input 

PR Programming signal input 

OUT Output 

Voo Supply 

GND Ground 

FUS' Protection fuse 

NC Not connected 

* Not connected 
(see security key description) 

Plastic credit card style package 

85.6 

===>==1 

BLOCK DIAGRAM 
CP ADD 

126 

B 81T 
SHIFT 

REGISTER 

FUS PR 

5-4162 

GND Voo OUT 

o o 

5-4167 



OPERATION 
The matrix of 17 words by 8 bits must be addressed by serially loading an internal 8 bit shift register. 
The parallel outputs AO-A7 are decoded by the column and row decoders to address a sinqle bit cell of 
the memory matrix. The content of this cell is output via an internal buffer. The logic of the M274 

output is: output = logic low « 0.8V) = cell bit debited (written) 
output = logic high (output transistor off) = cell bit in credit (unwritten) 

The output is an open drain MOS transistor. During read operation the PR input is externally connected 
via a diode to the supply as shown in the application circuit, the current consumption is 10 mA (max) 
for Voo= 10V. 
The address data is loaded using an external clock of up to 100 kHz to read in the address bits A7 to AO 
with clock pulses 1-8. When a frequency of less than 100 KHz is used, it is important to ensure that the 
mark time (i.e. CP pulse width) lies within the range 3 to 6 IlS. 

After the 8 th clock pulse the output data isvalid in 2 IlS. Writing a bit cell is achieved by the application 
of a single +25V/l0 mA pulse, of length 50 ms, to the PR input (> 10 IlS after clock bit 8). 

ADDRESSING 
The serial address is obtained by generating a 1 or 0 in correspondence with one of 8 consecutive clock 
pulses. If for example cell number 44 is to be addressed (i.e. R5, C4 - see 17x8 BIT MATRIX ORGAN
IZATION), the correspondence between the two signals CP and ADD must be as shown below: 

BINARY WEIGHTING 128 6L. 32 16 

(P 

AOD 

SECURITY KEY 

The 8-bit word corresponding to address 44 is 
therefore: 

A7 A6 A5 A4 A3 A2 A1 AO 

o 0 1 0 1 1 o 0 

Note: The first cell li.e. RO, CO) is considered number O. 

One row of the matrix is written with an 8 bit word at manufacture, after writing this word - or security 
key - the write circuits to this row are destroyed by blowing an on-chip fuse and it is rIOt possible to 
mend this fuse. 
If any attempt is made to erase the card, to regain the credit value, the security key will also be erased: 
since the service point is normally designed to check for a valid security key before providing services, and 
before debiting the card, this is a complete method of protection against fraudulent re-use of the card. 

APPLICATION CIRCUIT 

VOO ADO 

PR CP 
M .27 4 

OUT GNO 

S -4141 

~ 

~ 

127 

17x8 BIT MATRIX ORGANIZATION 

MATRIX 

SECURITY KEY 

CODE WORD 

*C7 IS USED BY THE MANUFACTURER FOR TESTING 



READING CHARACTERISTICS (see also timing waveforms) 

Parameter Test conditions Min. Typ. Max. Unit 

VOO Supply voltage 9 11 V 

VIL(AOO) Address input low voltage -0.3 0.5 V 

V1H(AOO) Address input high voltage 8 Voo V 

V1L(CP) Clock input low voltage -0.3 0.5 V 

V1H(CP) Clock input high voltage 8 Voo V 

V1L(PR) Voltage on PR during Voo-0.8 Voo-0.4 V 
verification 

VOL Output low voltage IOL= 2 mA 0.8 V 

Icp Clock input current 
(logic 0 and 1) 100 IJA 

IAOO Address input current 
(logic 0 and 1) 100 IJA 

IOL Output leakage current in 
OFF state 

Vo = VOO 100 IJA 

IIL(PR) Input current on PR during V pR= V 1L 5 mA 
verification 

100 Supply current 5 mA 

fcp Clock frequency 100 kHz 

ts(AOO) Address set-up time 0.5 IJS 

th(AOO) Address hold time 0.5 IJs 

tr(AOO) Address rise time 2 IJs 

tf(AOO) Address fall time 2 IJs 

tACC Access time Note 1 2 IJs 

trCP) Clock rise time 2 IJS 

tf(CP) Clock fall time 2 IJS 

tW(CP) CP pulse width 3 6 IJS 

Note 1 - tAcc test conditions: 

RL=5kn., CL=100pF, Voo=9V 

CP 

OUT 

5-"172 
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PROGRAMMING CHARACTERISTICS (see also timing waveforms) 

Parameter Test conditions Min. Typ. Max. Unit 

VDD Supply voltage 9 11 V 

V1L(ADD) Address input low voltage -0.3 0.5 V 

V1H(ADD) Address input high voltage 8 VDD V 

V1L(CP) Clock input low voltage -0.3 0.5 V 

V1H(CP) Clock input high voltage 8 VDD V 

V1H(PR) Voltage on PR during 
programming pulse 

24 26 V 

Icp Clock input current 100 ,.A 
(logic 0 and 1) 

IADD Address input current 100 ,.A 
(logic 0 and 1) 

IIH(PR) Input current on PR VpR= V1H 10 mA 

IDD Supply current 5 mA 

fcp Clock frequency 100 kHz 

ts(ADD) Address set-up time 0.5 ,.s 

th(ADD) Address hold time 0.5 ,.s 

tr(ADD) Address rise time 2 ,.s 

tf(ADD) Address fall time 2 ,.s 

tr(CP) Clock rise time 2 ,.s 

tf(CP) Clock fall time 2 ,.s 

tw(CP) CP pulse width 3 6 I'S 

tr(PR) Programming rise time 10 100 ,.s 

tf(PR) Programming fall time 10 100 ,.S 

tw(PR) PR pulse width 50 ms 

tCP-PR Time between last CP pulse 10 
and PR 

,.S 

tpR-CP Time between last PR pulse 10 
and CP 

,.s 

tV-PRo Time between valid output 0 data and P R pu Ise 1" 

tpR-V Time between end of PR' pulse 
3 and valid output data ,.s 
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TIMING WAVEFORMS 
Reading LOADING READING 

CP 

r f-.DD 'RJADD i 
A7 ,---A_' r1{ AO_ I 

_________________ N_O_T_"_L1_0 _________________ DO_"~ 
OUT 

Programming 
CP ~------

ADD A7 \ DON'T CARE 

PR 

OUT ~ VALID 

Programming pulse 
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MOS 
INTEGRATED 
CIRCUIT 

16-STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 
• WIDESUPPLYVOLTAGERANGE:3t015V 
• HIGH NOISE IMMUNITY: 45%of Vee (TYP.) 
• INPUTS FULLY PROTECTED 
• INVERTER AVAILABILITY IN CRYSTAL OSCILLATOR IMPLEMENTATION FOR TIMING 

APPLICATIONS 

The M 702 02 (extended temperature range) and M 702 D1/B1 (intermediate temperature range) are 
16-stage binary counters constructed with COS/MOS technology in a single monolithic chip. The devices 
may be used as timing circuits the chips consists of 16-flip-flop, input inverter for use in a crystal oscilla
tor, and an output buffer capable of driving standard stepping motors. 
The device is available in 8-lead dual in-line miniature plastic package and 8-lead metal-can. 

ABSOLUTE MAXIMUM RATINGS * 

V ** DD 

Vi 
Ptot 
Tstg 

Top 

Supply voltage 
Input voltage (at any pin) 
Total power dissipation (per package) 
Storage temperature 
Operating temperature: for D2 type 

for D1/B1 type 

-0.5 to 15 V 
-0.5 to VDD +0.5 V 

200 mW 
-65 to 150 DC 
-55 to 125 DC 
-40 to 85 DC 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

•• This voltage value are referred to Vss pin voltage. 

ORDERING NUMBERS: 
M 702 D2 for TO-99 metal can 
M 702 D1 for TO-99 metal can 
M 702 B1 for dual in-line plastic package 

MECHANICAL DATA 

TO~99rnetal can 

Dimensions in mm 
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CONNECTION DIAGRAMS 

NC 
S·1076/2 

LOGIC BLOCK DIAGRAM 

F/F F/F ~ F/F 

L 
16 

¢INVERTER VSS 
5-107712 

RECOMMENDED OPERATING CONDITIONS 

VDD Supply voltage: for general applications 
for crystal oscillator in clock applications 

Input voltage 
Operating temperature: for 02 type 

for 01/81 types 

132 

7 ¢INVERTER 

6 ¢ INVERTER 

5-107512 

'55 

3 to 15 
7 to 15 
o to V DD 

-55 to 125 
-40 to 85 

v 
V 
V 

°C 
°C 



STATIC ELECTRICAL CHARACTERISTICS (Over recommended operating conditions) 
02 type (extended temperature range) 

Test conditions Values 
~- .. r----.-- --.---

Parameter Vo Voo -55°C 25°C 125°C 

(V) (V) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

IL Quiescent sup- 5 15 0.5 15 900 
ply current 10 25 1 25 1500 

15 50 1 50 2000 

VOH Output high 5 4.99 4.99 5 4.95 
voltage 10= 0 

1 10 9.99 9.99 10 9.95 

VOL Output low 5 0.01 a ! 0.01 0.05 
voltage 10= a 

10 0.01 a 0.Q1 0.05 

V NH Noise immunity 5 1.4 1.5 2.25 1_5 

10 2.9 3 4.5 3 

V NL Noise immunity 5 1.5 1.5 2.25 1.4 

10 3 3 4.5 2.9 

ION Output drive cur- 0.5 5 12.5 12 15 i 8 
rent N-channel 0.5 10 18.5 18 20 14 

lop Output drive cur- 4.5 5 -12.5 -12 -15 -8 
rent P-channel 9.5 10 -18.5 -18 -20 -14 

II H,II L Input leak.current Any input 15 I ±1 ±1O-5 ±1 ±1 
! 

01/B1 types (intermediate temperature range) 

Test conditions Values 
-- ----- -------

Parameter 
Vo Voo 

-40°C 25°C 85°C 

(V) (V) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

IL Quiescent sup- 5 50 1 50 700 
ply current 

10 100 2 100 1400 

15 900 10 900 5000 

V OH Output high 5 4.99 4.99 5 4.95 
voltage 10H=0 

10 9.99 9.99 10 9.95 

VOL Output low 5 0.Q1 0 0.01 0.05 
voltage 10L=0 

10 0.01 a 0.01 0.05 

V NH Noise immunity 5 1.4 1.5 1.5 

10 2.9 3 4.5 i 3 

V NL Noise immunity 5 1.5 1.5 2.25 I 1.4 

10 3 3 4.5 2.9 

ION Output drive cur- 0.5 5 12.5 12 15 8 
rent N-channel 0.5 10 18.5 18 20 14 

lop Output drive cur 4.5 5 -12.5 -12 -15 -8 
rent P-channel 9.5 10 -18.5 -18 -20 -14 

IIH,II L Input leak.curren Any input 15 ±1 ± 10-5 : ± 1 ±1 
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IJA 

V 

V 

V 

V 

mA 

mA 

IJA 

Unit 

IJA 

V 

V 

V 

V 

mA 

mA 

IJA 



DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb= 25°C, CL = 15 pF, typical temperature 
coefficient for all Voo= 0.3%/oC values, all input rise and fall time = 20 ns) 

T est conditions Values 

Parameter Voo M702 D2 M702 D1/B1 Unit 
r-- -_. 

(V) Min. Typ. Max. Min. Typ. Max. 

tWH, Minimum input 5 100 115 100 140 
tWL pulse width ns 

10 50 60 50 75 

t r, Input clock rise and 5 15 15 
tf fall time !J.S 

10 10 10 

f max Maximum clock 5 4.4 5 8.5 10 
frequency MHz 

10 3.5 5 6.5 10 

C, I nput capacitance Any input 5 5 pF 

TYPICAL APPLICATIONS 
Digita( equipment in which ultra-low dissipation and/or operation using a battery source are primary 
design requirements. 
Accurate timing from a crystal oscillator for timing applications such as wall clocks, table clocks, auto
mobile clocks, and digital timing references in any circuit requiring accurately timed outputs. 
Driving miniature synchronous motors, stepping motors, or external bipolar transistors in push-pull 
fashion. 

Electronic watch application circuit 
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COS/MOS 
INTEGRATED 
CIRCUIT 

16-STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 
• WIDE SUPPLY VOLTAGE RANGE: 3 to 16V 
• FULLY PROTECTED INPUTS 

PRELIMINARY DATA 

• INVERTER AVAILABILITY IN CRISTAL OSCILLATOR IMPLEMENTATION FOR TIMING 
APPLICATION 

The M 706 is a 16-stage binary counter constructed with COS/MOS technology on a single mono
lithic chip. The device may be used as timing circuit. It consists of 16 flip-flop~. input inverter for use in 
a crystal oscillator and two output buffers providing push-pull bridge operation. The device is available 
in 8-lead minidip. 

ABSOLUTE MAXIMUM RATINGS* 

Supply voltage 
Input voltage (at any pin) 
Total power dissipation (per package) 
Storage temperature 
Operating temperature 

-0.5 to 16 V 
-0.5 to VDD +0.5 V 

200 mW 
-65 to 150°C 
-40 to 85°C 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

•• This voltage is with respect to Vss (GND) pin voltage. 

ORDERING NUMBER: M 706 B1 

MECHANICAL DATA Dimensions in mm 
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PIN CONNECTIONS 

LOGIC BLOCK DIAGRAM 

vss6s 
6 

_ 0-----' 
<t;INVERTER 

NC 

OUTPUT 

NC 4 

F/F X F/F 

2 

X 

RECOMMENDED OPERATING CONDITIONS 

Voo Supply voltage: for general applications 

8 1 

<t; INVERTER 

6 ~ CP INVERTER 

5~ VSS 

5-2951' 

~- F/F 

16 

X 
5-2952 

for crystal oscillator in clock appl ication 
Input voltage 
Operating temperature 
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2 JLJL 
DUTY CYCLE-SOOt. 

JLJl.. 

3 to 15 
7 to 15 

Oto Voo 
-40 to 85 

v 
V 
V 

°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test conditions Values at 25° C 
Parameter Unit 

Va (VI Voo(VI Min. Typ. Max. 

IL Quiescent supply current 5 1 50 

10 2 100 
J.i.A 

V OH High output voltage 5 4.99 5 
10= 0 V 

10 9.99 10 

VOL Low output voltage 5 0 0.01 
10= 0 V 

10 0 0.01 -
ION Output drive current N-channel 0.5 5 6 7.5 

mA 
0.5 10 9 10 

lop Output drive current P-channel 4.5 5 -6 -7.5 
mA 

4.5 10 -9 -10 

TYPICAL APPLICATION 
Digital equipment in which ultra-low dissipation and/or operation using a battery source are primary 
design requirements. 
Accurate timing from a crystal oscillator for timing applications such as wall clocks, table clocks, auto
mobile blocks, and digital timing references in any circuit requiring accurately timed outputs. 
Driving miniature synchronous motors, stepping motors, or external bipolar transistors in push-pull 
fashion. 

220n 
NC 8 

+ 

M 706 
3 61--+--1 

NC 4 
S-29!3 
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COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

23-STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 
• WIDE SUPPLY VOLTAGE RANGE: 3 to 15V 
• HIGH NOISE IMMUNITY: 45% of Voo (TYP.) 
• INPUTS FULLY PROTECTED 
• OUTPUT WAVEFORMS SHAPED for a 25% DUTY CYCLE 

The M714 (standard temperature range) is 23-stage binary counter constructed with MOS-P channel 
and N-channel enhancement mode devices in a single monolithic chip. The device may be used as 
timing circuit. It consist of 23 flip-flops, two output buffers, providing push-pull operation one zener 
diode providing transient protection at ~ 10V, and input inverters for use in a crystal oscillator. The 
device is available in 14-lead dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DO 
Vi 
P tat 

Tstg 

Top 

Supply voltage 
Input voltage (at any pin) 
Total power dissipation (per package, including zener diode) 
Storage temperature 
Operating temperature 

-0.5 to 15 V 
Vss';; Vi';; Voo 

200 mW 
-65 to 150 °C 
-40 to 85 °C 

* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is 
a stress, ating only and functional operation of the device at theseJr any other conditions above those indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** With respect to Vss (GND) pin. 

ORDERING NUMBERS: M714 D1 for dual in-line ceramic package frit seal 
M714 B 1 for dual in-line plastic package 

MECHANICAL DATA Dlmensions in mm 

Dual in-line ceramic package,frit seal Dual in-line plastic package 

~ ..• ~~. 
o~ ' •. ,' .' ',,2.541 " 

, ,,_,-,-I"'~ , S.l8",,} 

139 



PIN CONNECTIONS 

NC 

OUTPUT 2 l 

VSS 

* 
OUTPUT 5 [ 

NC 6 [ 

NC 1 [ 

* ZEJ£R CATHODE 

14 NC 

13 Voo 

12 NC 

II NC 

OSCILLATOR 
10 INVERTER 

OUTPUT 

OSCILLATOR 
INVERTER 

INPUT 

OUTPUT 
12 STAGE 

5-108011 

BLOCK DIAGRAM and OUTPUT WAVEFORMS 

LOGIC DIAGRAM 

9 

100------' 

10 

.ci8. " ii 

PIN 13 = ¥OO 

PIN 3 =Vss 

PIN 4 -ZENER 

Vo (PIN2l 

Vo (P::;IN,::;5l,+_+---! 

1/4 t 

RECOMMENDED OPERATING CONDITIONS 

Voo 

9179 

Supply voltage: for general applications 
for oscillator starting 

I nput voltage 
Operating temperature 
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8 

4 

3 to 15 
6 to 15 

Voo to Vss 
-40 to 85 

5 

v 
V 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test conditions Values 

Parameter 
Vo Voo 

_40DC 25DC 85DC Unit 

(V) (V) 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

IL Quiescent supply 5 50 1 50 700 
current 

10 100 2 100 1400 !,A 

15 

VOH Output high 5 4.99 4.99 5 4.95 
voltage 

lo~O 10 9.99 9.99 10 9.95 V 

VOL Output low 5 0.01 0 0.01 0.05 
voltage 

lo~ 0 10 0.01 0 0.01 0.05 V 

V NH Noise immunity 5 1.4 1.5 2.25 1.5 
V 

10 2.9 3 4.5 3 

V NL Noise immunity 1 5 1.5 1.5 2.25 1.4 
V 

1 10 3 3 4.5 2.9 

ION Output drive cur- 0.5 5 2.2 1.8 4 1.3 
rent N-channel mA 

0.5 10 3.5 2.8 8· 2 

lop Output drive cur- 4.5 5 -1.6 -1.3 -4 -0.9 
rent P-channel mA 

9.5 10 -2.8 -2.3 -8 -1.6 

Vz Zener voltage Iz~100!,A 10.5 
V 

Iz~10mA 11.2 

I'H.I'Llnput leakagecurr. 10 pA 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C, CL = 15 pF, typical tempera
ture coefficient for all V DD values is 0.3%;oC, all ir.put rise and fall time = 20 ns. 

Values 
Parameter Test conditions Unit 

V DD (V) Min. Typ. Max. 

t,. tf Input clock ,ise and fall time 5 15 

10 10 
!,s 

feL Maximum clock input frequency 5 3.5 5 
MHz 

10 6.5 10 
I Ie, I nput capacitance Any input 5 pF 
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TYPICAL APPLICATIONS 
Digital equipment in which ultra-low dissipation and/or operation using a battery source are primary 
design requirements. 
Accurate timing from a crystal oscillator for timing applications such as wall clocks, table clocks, auto
mobile clocks, and digital timing references in any circuit requiring accurately timed outputs. 
Driving miniature synchronous motors, stepping motors, or external bipolar transistors in push-pull 
fashion. 

Voo 1.---------13 -----------~ 
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COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

23-STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 

• WIDE SUPPLY VOLTAGE RANGE: 3 to 17V 

• FULLY PROTECTED INPUTS 
• INVERTER AVAILABILITY FOR CRYSTAL OSCILLATOR TIMING APPLICATION 
• ADJUSTABLE FREQUENCY DIVIDER IN 127 STEPS 

• TEST OUTPUT AVAILABLE 
• MOTOR DRIVE STAGE OUTPUT 

The M730 (standard temperature range) is a 23 stage binary counter in COS/MOS technology in a single 
monolithic chip. An inverter is available for crystal oscillator application in which the function of the 
trimmer capacitor has been taken over by the variable frequency divider comprised in the IC and used to 
set the correct output frequency. Forthis purpose,seven adjustment terminals are provided on the M730: 
they are used to set the divider ratio to the required value with an accuracy of 10- 6 . The adjustable 
frequency divider has been designed in such a way that the maximum output frequency is set when all 
adjustment terminals are either open-circuit or connected to pin 14.lf one or more adjustment terminals 
are grounded {taken to pin 13),the output frequency decreases. The by-four-dividedoscillator frequency 
may be checked at a separate test output (pin 8) non-reactive with respect to the oscillator. Based on 
th is check the output frequency and consequently the accuracy of the clock may be adjusted at the ter
minal1 to 7 by means of the variable frequency divider. With an oscillator frequency of 4.194812 MHz, 
the series-connected push-pull output stage supplies a symmetrical square wave signal with a pulse duty 
factor of 0.5 and a repetition frequency of 0.5 Hz if the variable frequency divider is set to its medium 
value. The device is available in 14 lead dual in-line plastiC or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Voo ** Supply voltage -0.3 to +17 V 
III Output current 60 mA 
Ptot Power dissipation at Tamb = 25°C 200 mW 
Top Operating temperature range -40 to +85 °C 
Tstg Storage temperature range -55 to + 125 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability . 

•• All voltages are with respect to Vss (GND). 

ORDERING NUMBERS: M730 B1 for dual in-line plastic package 

M730 D 1 for dual in-line ceramic package frit seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package frit seal Dual in-line plastic package 

I i f:::::::: 
2W"' 

PIN CONNECTIONS BLOCK DIAGRAM and OUTPUT WAVEFORM 

FREQUENCY 
ADJUSTMENT 

INPUTS 

" NC 

OUTPUT 

10 OSC, INPUT 

9 OSC. OUTPUT 

8 TEST OUTPUT 

RECOMMENDED OPERATING CONDITIONS 

Voo Supply voltage: for general applications 
for oscillator starting 

V i I nput voltage 
III 0 utput cu rre nt 
Top Operating temperature 

144 

3 to 16.5 
6 to 16.5 

VootoVss 
40 

-40 to +85 

V 
V 
V 

mA 

°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test cond itions Values 

Parameter -40°C 25°C 85°C Unit 

Vo Vao 
(V) (V) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

VOH Output high 6 5.99 5.99 6 5.95 
voltage 10H= 0 V 

12 11.99 11.99 12 11.95 

VOL Output low 6 0.01 0 0.01 0.05 
voltage 10L= 0 V 

12 0.01 0 0.01 0.05 

ION Output drive 2 6 21 20 25 13 
mA current N-channel 

2 12 34 33 40 22 

lop Output drive 4 6 21 20 25 13 
current P-channel mA 

10 12 34 33 40 22 

ION Current consump. 10= O· 12 3 mA 

• At quartz frequency of 4.194.812 Hz. 

DYNAM IC E LECTR ICAL CHARACTER ISTICS (Tamb= 25°C, quartz frequency 4.194.812 Hz) 

Test conditions Values 

Parameter 
Voo 

M730 D1 type M730 81 type Unit 

(V) 
Min. Typ. Max. Min. Typ. Max. 

fT Frequency test 
12 

output 
1.048703 1.048703 Hz 

fa .. Output frequency 12 0.5 0.5 Hz 

Mo Range output 
t-;---

fa frequency 12 ± 121 ± 121 ppm 
adjustment 

Ro Output resistance RL = 300n 12 100 100 n 

** At the centre position of the variable dIvider. 
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APPLICATION CIRCUIT 

120n 
o--~ 14 ~-------------.----~---L~--~+V 

~o-~- 13 16V 

12 

-c-o---- 4 M730 11 

--'- 5 10 ---i~ 
~.~ 6 9 4.194.812Hz 
--~,"'- ---- 7 8 5-3335/1 
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COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

16-STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 

• WIDE SUPPLY VOLTAGE RANGE: 3 to 17V 

• FULLY PROTECTED INPUTS 
• INVERTER AVAILABILITY FOR CRYSTAL OSCILLATOR TIMING APPLICATION 
., ADJUSTABLE FREQUENCY DIVIDER IN 127 STEPS 

• TEST OUTPUT AVAILABLE 
• MOTOR DRIVE STAGE OUTPUT 

The M731 (standard temperature range) is a 16 stage binary counter in COS/MOS technology in a single 
monolithic chip. An inverter is available for crystal oscillator application in which the function of the 
trimmer capacitor has been taken over by the variable frequency divider comprised in the IC and used to 
set the correct output frequency. For this purpose seven adjustment terminals are provided on the M731' 
they are used to set the divider ratio to the required value with an accuracy of 10- 6 . The adjustable 
frequency divider has been designed in such a way that the maximum output frequency is set when all 
adjustment terminals are either open-circuit or connected to pin 14. If one or more adjustment ter
minals are grounded (taken to pin 13). the output frequency decreases. The by-four-divided oscillator 
frequency may be checked at a separate test output (pin 8) non-reactive with respect to the oscillator. 
With an oscillator frequency of 4.194812 MHz, the series-connected push-pull output stage supplies a 
symmetrical square wave signal with a pulse duty factor of 0.5 and a repetition frequency of 64 Hz if the 
variable frequency divider is set to its medium valUe. The device is available in 14 lead dual in-line plastic 
or ceram ic package. 

ABSOLUTE MAXIMUM RATINGS* 

V DD ** 
III 
Ptot 

Top 

T stg 

Supply voltage 
Output current 
Power dissipation at T amb = 25°C 
Operating temperature range 
Storage temperature range 

-0.3 to +17 V 
60 mA 

200 mW 
-40 to +85 °C 
-55 to + 125 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to Vss IGND). 

ORDERING NUMBERS: M731 B1 for dual in-line plastic package 
M731 D1 for dual in--line ceramic package frit seal 
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MECHANICAL DATA (dimensions in mm) 

for dual in-line ceramic package, frit seal 
7.4rnCJ.X 

_c II 

-!11 ~ 
2.54 w 

I I [:::::::1 

for dual in-line plastic package 

~
" -~,n 

I ,-_a! ~I 
____ M~ 

0,45 --:- 254 
_ . ..... .15.24..-----1 

PIN CONNECTIONS BLOCK DIAGRAM and OUTPUT WAVEFORM 

FREQUENCY 
AOJJSTMENT 
INPUTS 

" NC 

OOTPUT 

10 OSC, INPUT 

9 OSC. OUTPUT 

8 ~ TEST OUTPUT 

RECOMMENDED OPERATING CONDITIONS 

V DD Supply voltage: for general applications 

for oscillator starting 
Vi Input voltage 

III Output current 

Top Operating temperature 

148 

3 to 16.5 V 

6 to 16.5 V 

V DD to Vss V 

40 mA 

-40 to +85 °C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test cond itio ns Values 

Parameter 
Vo Voo 

-40"C 25°C 85°C Unit 

(V) (V) 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

VO H Output high 6 5.99 5.99 6 5.95 
voltage 10H=0 V 

12 1.99 11.99 12 11.95 

VOL Output low 6 0.01 0 0.01 0.05 
voltage 10L= 0 V 

12 0.01 0 0.01 0.05 

ION Output drive 2 6 21 20 25 13 
cu rrent N-channel mA 

2 12 34 33 40 22 

IDP Output drive 4 6 -21 -20 -25 -13 
current P-channel mA 

10 12 -34 -33 -40 -22 

ION Current consump. 
mA 10= O· 12 3 

• At quartz frequency of 4.194.812 Hz. 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C, quartz frequency 4.194.812 Hz) 

Test conditions Values 

Parameter 
Voo 

M731 01 M731 B1 Unit 

(VI 
Min. Typ. Max. Min. Typ. Max. 

fT Frequency test 
output 

12 1.048703 1.048703 Hz 

f •• 
0 Output frequency 12 64 64 Hz 

lifo Range output 
t;;- frequency 12 ± 121 ± 121 ppm 

adjustment 

Ro Output resistance R L= 300n 12 100 100 n 

•• At the centre position of the variable divider. 
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APPLICATION CIRCUIT 

-- I 14 ~ ~ -- 2 13 -- 3 12 

4 M731 11 

5 10 -- 6 9 

7 8 

--

-~ 
-

M 

--10~ 
4.194812 Hz 

150 

~ 
1i)JF 
-1 
do, 
"i2 )JF 

~ 
I ... 

120n 
+V 

16V 

~-3341/1 



COS/MOS 
INTEGRATED 
CIRCUITS 

7-STAGE DIVIDER 

• LOW POWER DISSIPATION 
• LOW OUTPUT IMPEDANCE ON BOTH HIGH AND LOW STATE 

• WIDE SUPPLY VOLTAGE RANGE: 5 to 15V 

• HIGH NOISE IMMUNITY 

• INPUTS FULLY PROTECTED 

PRELIMINARY DATA 

The M738/M740/M741/M747 are integrated circuits constructed in COS/MOS technology for use as 
frequency dividers in electronic organs. All the devices consist of 7 stages of binary division connected to 
give five divider blocks for the M741/M747 and four divider blocks for the M738/M740.The information 
transfer occurs on the positive going edge of the clock, for M740 and M747, and the negative going edge 
of the clock for M738/M741, and each output features a symmetrical impedance buffer (300.11 typo at 
V DD = 10Vl. They are availab~e in 14 lead dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DD 

VI 
Ptot 

T stg 

Top 

Supply voltage 
Input voltage (at any pin) 
Total power dissipation (per package) 
Storage temperature 
Operating temperature 

-0.5 to 15 
-0.5 to V DD +0.5 

200 
-65 to 150 
-40 to 85 

V 
V 

mW 

°C 
°C 

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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages values are refered to VSS pion voltage. 

ORDERING NUMBERS: M 7XX B1 for dual in-line plastic package 

MECHANICAL DATA Dimensions in mm 
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CONNECTION 
For M741/M747 

V5S [ 1 

IN 1 [ 2 

IN 3 [ 3 

IN 5 l 4 

IN 6 l 5 

IN 7 

"vOD 

For M738/M740 

Voo 

IN 1 

OUT 1 

OUT 2 [4 

OUT 3 r 5 

1N2 

OUT 4 7 

DIAGRAMS 

14 OuT 1 

13 OUT 2 

12 OUT 3 

11 ~ our 4 

lOh OUT 5 

9 ~ OUT 6 

8 ~ OUT 7 

., _ '~':.01\ 

14 Ne 

13 IN , 

12 ] OUT 1 

11 ] OUT 6 

10 ] IN) 

9 ] OUT 5 

e ] V5S 

S~161'5 

FUNCTIONAL DIAGRAMS 
For M741/M747 

For M738/M740 

RECOMMENDED OPERATING CONDITIONS 

Parameter Voo(VI 

Voo Supply voltage 

V, Input voltage 

Top Operating temperature 

tw Width of clock pulse (high or lowl 5 
10 
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Min. Typ. Max. Unit 

5 15 V 

-0.5 Voo+0.5 V 

-40 85 °C 
200 ns 100 



STATIC ELECTRICAL CHARACTERISTICS (over recomended operating conditions) 
Typical values are at Tamb = 25°C 

Test conditions Values 
----~--------

Parameter 
Vo Voo 

-40'C 25'C 85'C 

(V) (V) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

ICCL Quiescent supply Vi=VOO 5 5 5 300 
current 10 10 10 600 

15 50-:: 50 2000 

VOH High level output 10= 0 5 4.99 4.99 4.95 
voltage 10 9.99 9.99 9.95 

15 14.99 14.99 14.95 

VOL Low level output 10= 0 5 0.Q1 0.01 0.05 
voltage 10 0.01 0.01 0.05 

15 0.01 0.Q1 0.05 

IOL Output drive 0.5 5 0.5 0.5 0.8 0.45 
current N-channel 0.5 10 1 1 1.6 0.95 

0.5 15 1.6 1.6 2.5 1.55 

IOH Output drive 4.5 5 -0.5 -0.5 -0.8 -0.45 
current P-channel 9.5 10 -1 -1 -1.6 -0.95 

14.5 15 -1.6 -1.6 -2.5 -1.55 

IlL Input current Vi=O 15 3 30 100 

IIH Input current Vi=VOO 15 1 1 1 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C) 

Test conditions Values 
Parameter 

Voo(V) Min. Typ. Max. 

tPLH' Propagation delay 1 division 5 500 
tpHL time from inputs to: stage outputs 10 250 

2 division CL ""15pF 5 1000 
on all outputs stage outputs 
see timing diagram 10 500 

3 division 5 1500 

stage outputs 10 750 

tTLH, Output transition time 5 500 
tTHL 

10 250 

f max Maximum toggle frequency 
CL"" 15 pF 5 0.6 2.5 

on all outputs 10 2 5 . Cross tal k immun ity level 70 

CI Input capacitance 5 

Unit 

IJA 

V 

V 

mA 

mA 

iJ.A 
IJA 

Unit 

ns 

ns 

ns 

ns 

MHz 

dB 

pF 

• Send a frequency of 20 kHz to input V il charge output VOl with 5 kU and 15 pF, measure the level of the 10 kHz 
frequency present at all outputs. 

VOl (10 kHz) 
Cross talk level"" 20 log ~=~--

Vox (10 kHz) 
With the exception of VOl, the output where the 10kHz signal is greatest is Vox. 
This operation is repeated for all the inputs. 
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TIMING DIAGRAM 

For M740/M747 

INPUT 

STAGE OUT 

TWO OIVISIO;.;N __ --, 
STAGE OUT 

For M738/M741 

INPUT 

ONE DIVISION 

STAGE OUT 

TWO DIVISION 

STAGE OUT 

THREE DIVISION 

STAGEDUT 

50'1. 

S-lf.-7Z 

5-167711 
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COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

23 STAGE COUNTER WITH INTERMEDIATE OUTPUT AT THE 16th STAGE 

• LOW QUIESCENT POWER DISSIPATION 

• WIDE SUPPLY VOLTAGE RANGE: 3 to 17V 

• FULLY PROTECTED INPUTS 
• INVERTER AVAILABILITY FOR CRYSTAL OSCILLATOR TIMING APPLICATION 

• ADJUSTABLE FREQUENCY DIVIDER IN 127 STEPS 

• TEST OUTPUT AVAI LAB LE 

• MOTOR DRIVE BRIDGE CONFIGURATION OUTPUT 

The M750 is a 23 stage binary counter in COS/MOS technology in a single monolithic chip. An inverter 
is available for crystal oscillator appl ication in wh ich the function of the trimmer capacitor has been 
taken over by the variable frequency divider comprised in the IC and used to set the correct output 
frequency. For this purpose seven adjustment terminals are provided on the M750: they are used to set 
the divider ratio to the required value with an accuracy of 10-6 . The adjustable frequency divider has 
been designed in such a way that the maximum output frequency is set when all adjustment terminals 
are either open-circuit or connected to pin 16. If one or more adjustment terminals are grounded (taken 
to pin 14), the output frequency decreases. With an oscillator frequency of 4:194812 MHz the bridge 
configuration outputs supply two symmetrical square wave signals whose frequency is 0.5 Hz; the pulse 
duty factor is 0.5 and their relative delay is of half period. The intermediate output provides a 64 Hz 
signal with pulse duty cycle of 50%. The by-four-divided oscillator frequency may be checked at a 
separate test output (pin 9) non-reactive with respect to the oscillator. The device is available in 16 lead 
dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Voo ** 
112 , 113 
Ptot 

Top 

T stg 

Supply voltage 
Output current 

Power dissipation at T amb = 25°C 

Operating temperature range 

Storage temperature range 

-0.3 to +17 V 

30 mA 

200 mW 

-40 to +85 °C 

-55 to + 125 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages values are refered to V ss pin voltage. 

ORDERING NUMBERS: M750 B1 for dual in-line plastic package 

M750 D1 for dual in-line ceramic package frit seal 
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MECHANICAL DATA (dimension in mm) 

For dual in-line ceramic package, frit seal For dual in-line plastic package 

0.46 2.54 
17.78 

t:::::::1 I I [::::::1 
PIN CONNECTIONS BLOCK DIAGRAM and OUTPUT WAVEFORM 

INTERMEDIATE 
OUTPUT 

FREQUENCY 

" Voo 

15 NC 

13 OUTPUT 

ADJUSTMENT 5 OUTPUT 
INPUTS 

11 DSC. INPUT 

'0 OSC.OUTPUT 

9 TEST OUTPUT 

RECOMMENDED OPERATING CONDITIONS 

Voo Supply voltage: for general applications 
for oscillator starting 

V i I nput voltage 
R L Output load resistance between pin 12 and 13 
Top Operating temperature 
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3 to 16.5 
6 to 16.5 

VootoVss 
300 

-40 to +85 

V 
V 
V 
n 

°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test conditions Values 

Parameter 
Vo VDD 

-4O"C 25°C 85°C Unit 

(VI (VI Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

VOH Output high 6 5.99 5.99 6 5.95 
voltage 10H= 0 V 

12 11.99 11.99 12 11.95 

VOL Output low 6 0.01 0 0.01 0.05 
voltage 10L=0 V 

12 0.01 0 0.01 0.05 

IDN Output drive pin 2 6 10.5 10 12.5 6.5 
current N-chan. 12-13 

mA 
2 12 17 16.5 20 6.5 

IDP Output drive pin 4 6 -10.5 -10 -12.5 -6.5 
current P-chan. 12-13 

mA 
10 12 -17 -16.5 -20 -6.5 

ION Current 
10= O' 12 3 mA 

consumption 

• At quartz frequency of 4.194.812 Hz. 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C. quartz frequency 4.194.812 Hz) 

Test conditions Values 

Parameter VDD M75001 M750 B1 Unit 

(VI 
Min. Typ. Max. Min. Typ. Max. 

fT F req uency test 
12 1.048703 1.048703 Hz 

output 

fo ** Output frequency 12 0.5 0.5 Hz 

Mo Range output 
± 121 ± 121 --.- 12 ppm 

fo frequency adjustment 

Ro Total bridge output 
RL= 300n 

resistance 
6 300 300 n 

*. At the centre position of the variable divider. 
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APPLICATION CIRCUIT 

64 Hz OUT 560Jl 
16 ',+ V 

2 15 NC '''Lr'' 3 14 

4 13 
A M750 5 12 

6 " 
10 5-334011 

8 9 
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COS/MOS 
INTEGRATED 
CIRCUIT 

DUAL TONE MULTIFREQUENCY GENERATOR 

• 2.5 TO 5V SUPPLY RANGE 
• VERY LOW POWER CONSUMPTION 

PRELIMINARY DATA 

• INTERNAL PULL-UP RESISTOR WITH DIODE PROTECTION ON ALL KEYBOARD INPUTS 
• ON-CHIP CRYSTAL CONTROLLED OSCILLATOR (fo = 4.433619 MHz) WITH INTEGRATED 

FEEDBACK RESISTOR AND LOAD CAPACITORS 
• LOW HARMONIC DISTORTION 
• FIXED PRE-EMPHASIS ON HIGH-GROUP TONES 
• FAST START-UP TIME 

The M751 provides all the tone frequency pairs required for a DTMF Dialling System. Tones are obtained 
from an inexpensive TV crystal (fo= 4.433619 MHz) followed by two independent programmable div
iders. The dividing ratio is controlled by the selected key. Keyboard format is 4 rows x 4 columns and a 
key is valid when a column and a row are simultaneously grounded. Internal logic prevents the transmis
sion of illegal tones when more than one key is pressed. Individual tones can be obtained grounding the 
corresponding row of column input. D/A conversion is accomplished by a capacitive network allowing 
very low power consumption, very low distortion and an exceptional stability of tone level against tem
temperature variations. The tones are mixed in a resistive network; a unity gain amplifier is provided to 
realize a two pole active filter with only four external passive components.SGS-ATES has also developed 
the LS342, DTM F line interface,which provides the stabilized supply for the M751from the telephone line 
and amplifiers the output tones to the standardized levels. The M751 utilizes low voltage COS/MOS 
technology and is available in 16 pin dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Supply voltage 
I nput voltage 
Power dissipation 
Operati ng tempe ratu re range 
Storage temperature range 

-0.5 to +5.5 V 
-0.3 to V DD +0.5 V 

400 mW 
-25 to +50 °C 
-25 to +125 °C 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are referred to Vss pin voltage. 

ORDERING NUMBERS: M751 B 1 for dual in-line plastic package 
M751 F 1 for dual in-line ceramic package (frit seal) 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package, frit seal) 

I I l:::::: :1 

PIN CONNECTIONS 

IC.EY8()ARD 
lOGIC 

• Open drain output 
for testing only 

~ 
Ld 

CSC.INPUT 

CSC,OUTPUT 

Cl 3 

COLUMNS HIGH C2 '" 
FREQUENCY 
INPUTS C3 5 

(4 6 

MIXER OUTPUT 

160 

Dual in-line plastic package 

~:;::;::;:;;~;::;::;~~ r~~ 
0.45 .54 I I 

16 'liDO 

15 FILTER 
INPUT 

FILTER I, AND TONE 
OUTPUT 

13 Al 

:Z RZAOW lOW 
FREQUENCY 

11 R3 INPUTS 

10 R.t. 

5·134311 

OIGITAL 
FREQUENCY 
OUTPUT 

17.78 ~ 
Pool·C 

hIIlXER OUTPUT 

FILTER 
OUTPUT, 



ELECTRICAL CHARACTERISTICS (All parameters are tested at Tamb= 25°C) 

Parameter Test conditions (see note 11 

DC CHARACTERISTICS 

>- V DD Voltage supply range 2.5 3 5 V 
C. 
Cl. 
::J 

IDD Operating supply cu rrent VDD~ 2.5V 2 mA CJ) 

c:: IIH High level input cu rrent VDD~3V VIH~ 3V 1 IlA E 
.=2 
o ~ IlL Low level input current VDD~ 3V V IL ~ OV -60 -80 IlA u ~ 

"0 ::J 

~.~ VIH High level input voltage 0.7VDD V 
;: -0 
a: VIL Low Level input voltage 0.3VDD V 

IIH High level input current VDD~ 3V VIH~3V 1 IlA 

8 
.!!? 

IlL Low level input current VDD~3V VIL~ OV 1 J.1A 
-
'13 

IOH High level output current VDD~ 2.5V VOH~ 2V -300 -500 IlA <5 
IOL Low level output current VDD~ 2.5V VOL ~ 0.5V 300 500 IlA 

~ 

'" '::J IOL Low level output current VDD~3V VOL~ 1V 200 IlA '5,~S 
o~g (open drain outputl 

Vo Output DC voltage without VDD~ 2.5V 200 mV 

~ 
tones 

LL Vo Output DC voltage with 2 VDD~ 2.5V 0.81 0.84 0.87 V 
tones (see fig. 1 I (see note 21 

RF Feedback oscillator 
4 4.5 M!1 

8 resistance 
.!!? -

C I Input capacitance to V DO 9.5 10.5 pF '13 
<5 

Co Output capacitance to V DO 10.5 11.5 pF 

a; 
ZOI Output dynamic impedance VDD~ 2.5V 10 k!1 x 

~ with 2 tones 

~ Z02 Output dynamic impedance VDD~ 2.5V 2.5 k!1 
LL with 2 tones 

l:IF Max. output tone deviation At crystal frequency 
~ 

~F-

u from standard fo~ 4.433619 MHz :; Rl 697 Hz +0.5 % 
E R2 770 Hz -0.2 % 
u 

R3 852 Hz +0.5 % e 
I '" R4 941 Hz -0.6 % .t: 

I 

u 
C1 1209 Hz +0.6 % Q) 

c:: C2 1336 Hz -0.4 % 0 
I- C3 1477 Hz -0.3 % 

C4 1633 Hz +1.1 % 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions (see note 1) Min. Typ. Max. Unit 

V LF Low frequency tones 150 175 200 mVpp 
amplitude at pin 14 , 

Voo= 2,5V 

VHF High frequency tones 
(see fig. 2) (see fig, 3) 

195 220 245 mVpp 
amplitude at pin 14 (see note 3) 

~ 

Pre-emphasis 1 2 3 dB " .~ 

'':: 
jIl Unwanted frequency 

" components ~ 

'" at f = 3.4 kHz -33 dBm -" 
" at f = 50 kHz -80 dBm 
Q) 

c: 
a Total harmon is distortion Voo= 2.5V 2 % f-

for a single frequency (see fig, 3) 

ts Start up time Voo= 2.5V 3 5 ms 

Isee fig, 4) Isee fig, 5) 

l t, Supply voltage rise time Voo= 2.5\/ 250 ms 

Note 1: This device has been designed to be connected to LS342 MF tone dialler line interface. from which it takes a 
VOO= 2.5V min, therefore many parameters are tested at this value, 

Note 2: The value of OC output component at two different conditions of supply voltages. with two tones activated. 
can be related as follows: 

VOO' 
VOC'= VDC --

VDO 

Note 3: The value of AC output components IVLF. VHF) at two different conditions of supply voltages can be 
related as follows: 
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FUNCTIONAL DESCRIPTION 

Oscillator (OSC. IN pin 1 - OSC. OUT pin 2) 

The oscillator circuit has been designed to work with a 4.433619 MHz crystal ensuring both fast start-up 
time and low current consumption. 
When V DD is appl ied and a key is activated two inverters are paralleled (see figure below) to decrease the 
total ron resistance. 
After oscillations have started one of the two buffers is switched off and the current consumption is 
reduced to 2/3 of the initial value. 
Feedback resistance and load capacitances are integrated on the chip ensuring good temperature per· 
formance. 

Voo 

1 

t 
THREE STATE 

INPUT 5-3808 

Keyboard inputs (Columns: pins 3 - 6 - Rows: pins 10 - 13) 

Each input has a protection circuit and a pull-up resistance (see fig. below). 
If only one of these inputs is grounded a single tone will appear at the output. 
If a column and a row input are grounded two tones will appear at the output. 
If two inputs of the same group are grounded no tones will be generated. 

Digital frequency output (pin 9) 

EACH 1 K It 

50Kn 
TYP. 

COLUMN o-=}---+--+--
OR ROW 
INPUT 

5-4534 

This output is intended for testing only; when a single tone is activated, at this output is available a 
digital signal whose frequency is 16 times the selected output tone frequency. This output is an open 
collector N-channel transistor. 

JlIL 
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OUTPUT 

5-3806 



Mixer output (pin 7) 

The two reconstructed sine waves are buffered then mixed in a resistive array network that also restores 
the DC output level. 

LF ANALOGUE I 
!NPUT ----, 

Voo 

Filter (Filter input pin 15, Filter output pin 14) 

MIXER 
OUTPUT 

HF ANALOGUE 
INPUT 

5-3804/1 

A unity gain amplifier is available to realize a two pole active filter (see fig. below). 
The output of th is ampl ifier is held low until tones are valid, it than rises to about O.85V at V DD = 2 .5V. 
Tone are superimposed on this DC. 
The ou·tput DC component is very precise and stable to allow DC coupling with the LS342 DTMF line 
interface. 

The output dynamic impedance of the filter is about 2.5 kn. 
The following equivalent circuit should be applied during filter design: 

(1 

I 
FILTERINPUT 2.5K.o.L 

~ r~l· fc=J- FILTER 
OUTPUT 

12 
S-3812/1 

It is evident that Rl and R2 should be kept high to avoid undue influence of Mixer and Filter output 
impedances. 
The following values are suggested: 
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Fig. 1 - OC filter output level measurement test set. 

D.U.T. 
FILTER 

OUTPUT 

5- 3814 

Low pass filter characteristics: 
to = 100 Hz 40 dB/dec 

This measurements is performed with only one tone available at the output. 

Fig.2 - Output tone level measurement test set. 

D.U.T. I--A PEAK 
DETECTOR 

5 - 3 8' 3 

This measurement is performed with one tone present at the output. 

Fig.3 - THO measurement test set. 

D.U.T. 

-------------
I 

~'i-~ 
, YI,i-~ 

PEAK 

DETECTOR 

5-3801 

High pass filter characteristics: 
Fl: fo= 1400 Hz 100 dB/dec 
F2: f 0= 2500 Hz 100 dB/dec 

THO measurement is made sensing the level of harmonic components after suppression of the funda· 
mental. Two different high pass filters are used for low and high frequency tones. 
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Fig.4 - Start-up time measurement test set 

FROM 
TEST - - - -
MACHINE 

5-3 B 0 2 

Fig. 5 - Start-up time definition 

FROM 
TEST 
MACHIN E 

2m 

100 

A 

4.7V 

I 

V~ 

I 
ts 

'-

I 
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APPLICATION CIRCUIT 

'DD ,. 
1'<1 697 Hz 13 " 
R2 770 Hz 12 

R3 852 Hz 

M751 
15 

10 

'DD 

SINGLE PUSH BUTTON 

167 

LS342 

TO THE SPEECH 

CIRCUIT 

39fl 

COMMON 

/SPRING 

/ I
SET 

HOOK 
__ SWITCH 

----o~-----Oa 

----14---- LINE 

AJ ---...-.o---_-{) b 





COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

16 STAGE COUNTER 

• LOW QUIESCENT POWER DISSIPATION 
• WIDE SUPPLY VOLTAGE RANGE: 3to 17V 

• FULLY PROTECTED INPUTS 
• INVERTER AVAILABILITY FOR CRYSTAL OSCILLATOR TIMING APPLICATION 
• ADJUSTABLE FREQUENCY DIVIDER IN 127 STEPS 

• TEST OUTPUT AVAILABEL 
• MOTOR DRIVE BRIDGE CONFIGURATION OUTPUT 

The M752 (standard temperature range) is a 16 stage binary counter in COS/MOS technology in a single 
monolithic chip. An inverter is available for crystal oscillator application in which the function of the 
trimmer capacitor has been taken over by the variable frequency divider comprised in the IC and used to 
set the correct output frequency. For this purpose seven adjustment terminals are provided on the M752: 
they are used to set the divider ratio to the required value with an accuracy of 10- 6 . With an oscillator 
frequency of 4.194812 MHz the bridge configuration outputs supply two symmetrical square wave 
signals whose frequency is 64 Hz; duty cycle is 50% and their relative delay is of half period. The adjust
able frequency divider has been designed in such a way that the maximum output frequency is set when 
all adjustment terminals are either open-circuit or connected to pin 16. If one or more adjustment ter
minals are grounded (taken to pin 14), the output frequency decreases. If all adjustment terminals are 
grounded, the output frequency is reduced by 242 ppm_ The by-four-divided oscillator frequency may 
be checked at a separate test output (pin 9) non-reactive with respect to the oscillator. Based on this 
check the output frequency and consequently the accuracy of the clock may be adjustable at the ter
minals 2 .. _ 8 by means of the variable frequency divider. The device is available in 16 lead dual in-line 
plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DD 
112 , 113 

Ptot 

Top 
T stg 

Supply voltage 
Output current 
Power dissipation at Tamb = 25°C 
Operating tempetature range 
Storage temperature range 

-0.3 to +17 V 
30 mA 

200 mW 
-40 to +85 °C 
-55 to +125 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended Deriods may affect device reliability. 

* * All voltages are referred to V ss pin voltage. 

ORDERING NUMBERS: M752 B1 for dual in-line plastic package 

M752 D1 for dual in-line ceramic package, frit seal 
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MECHANICAL DATA (dimension in mm) 

For dual in-line ceramic package, frit seal For dual in-line plastic package 

O~~ T 17.78 

C I c:::::: I I 

~:::::::i 
PIN CONNECTIONS BLOCK DIAGRAM and OUTPUT WAVEFORM 

Ne 

FREQUENCY 
ADJUSTMENT 5 
INPUTS 

" 'DO 

15 Ne 

13 OUTPUT 

12 OUTPUT 

11 osc. INPUT 

10 OSC.OUTPUT 

9 TEST OUTPUT 

11 QUARTZ 
INPUT 

,JQUARTZ 
OUTPUT 

"00=16 

Vss'''' 
Ne ,,1 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage: for general applications 
for osci lIator starting 

Input voltage 
Output load resistance between pins 12 and 13 
Operating temperature 

170 

3 to 16.5 
6 to 16.5 

VDD to Vss 
1 

-40 to +85 

V 
V 
V 

Kn 
°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test conditions Values 

Parameter 
Vo Voo 

-40°C 25°C 85°C Unit 

(V) (V) 
Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

V OH Output high 6 5.99 5.99 6 5.95 
voltage IOH~ 0 V 

12 11.99 11.99 12 11.95 

VOL Output low 6 0.01 0 0.01 0.05 
voltage IOL~O V 

12 0.01 0 0.01 0.05 

ION Output drive pin 2 6 10.5 10 12.5 6.5 
current 12-13 

mA 
N-channel 2 12 17 16.5 20 6.5 

lop Output drive pin 4 6 -10.5 -10 -12.5 -6.5 
current 

12-13 
mA 

P-channel 10 12 -17 -16.5 -20 -6.5 

ION Current 
lo~ 0* 12 3 mA 

consumption 

• At quartz frequency of 4.194.812 Hz. 

DYNAM IC E lECTR ICAl CHARACTE RISTICS (Tam b= 25°C, quartz frequency 4.194.812 Hz) 

Test co nd it io ns Values 

Parameter 
Voo 

M752 Dl M752 B1 Unit 

(V) Min. Typ. Max. Min. Typ. Max. 

fT Frequency test 
12 1.048703 1.048703 Hz 

output 

fo .* Output frequency 12 64 64 Hz 

Mo Range output -- 12 ± 121 ± 121 ppm 
fo frequency adjustment 

Ro Total bridge output 
RL~ 300n 

resistance 
6 300 300 n 

** At the centre position of the variable divider. 
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APPLICATION CIRCUIT 

560.n 
16 +V 

15 NC 16V 10 ).IF 
14 

4 
M752 

13 

5 12 

6 11 

10 5-3354/1 

8 9 
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COS/MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

23 STAGE COUNTER WITH INTERMEDIATE OUTPUT AT THE 16th STAGE 

• LOW QUIESCENT POWER DISSIPATION 

• 25% OUTPUT PULSE DUTY CYCLE 
• WIDE SUPPLY VOLTAGE RANGE:3to 17V 

• FULLY PROTECTED INPUTS 
• INVERTER AVAILABILITY FOR CRYSTAL OSCILLATOR TIMING APPLICATION 

• ADJUSTABLE FREQUENCY DIVIDER IN 127 STEPS 

• TEST OUTPUT AVAILABLE 
• MOTOR DRIVER BRIDGE CONFIGURATION OUTPUT 

The M754 (standard temperature range) is a 23 stage binary counter in COS/MOS technology in a single 
monolithic chip. An inverter is available for crystal oscillator application in which the function of the 
trimmer capacitor has been taken over by the variable frequency divider comprised in the IC and used to 
set the correct output frequency. For this purpose seven adjustment terminals are provided on the M754; 
they are used to set the divider ratio to the required value with an accuracy of 10-6 . The adjustable 
frequency divider has been designed in such a way that the maximum output frequency is set when all 
adjustment terminals are either open-circuit or connected to pin 16.lf one or more adjustment terminals 
are grounded (taken to pin 14), the output frequency decreases. With an oscillator frequency of 4.194812 
MHz the bridge configuration outputs supply two square wave signals whose frequency is 0.5 Hz; the 
pulse duty factor is 0.25 and their relative delay is of half period. The intermediate output provides a 
64 Hz signal with pulse duty cycle of 50%. The by-four-divider oscillator frequency may be checked at a 
separate test output (pin 9) non-reactive with respect to the oscillator. The device is available in 16 lead 
dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Voo ** Supply voltage -0.3 to +17 V 
112 , 113 Output current 30 mA 
Ptot Power dissipation at Tamb = 25°C 200 mW 
Top Operating temperature range -40 to +85 °C 
Tstg Storage temperature range -55 to + 125 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity. 

** All voltages are referred to Vss pin voltage. 

ORDERING NUMBERS: M754 B1 for dual in-line plastic package 

M754 D1 for dual in-line ceramic package frit seal 
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MECHANICAL DATA (dimension in mm) 

For dual in-line ceramic package, frit seal For dual in--line plastic package 

I I 

~:::::] 
PIN CONNECTIONS BLOCK DIAGRAM and OUTPUT WAVEFORM 

,RMEDIATE 
pu, 

)UENCY 
JSTMENT 5 
"5 

16 'DO 

15 NC 

" OUTPUT 1 10o------~ 
OUTPUT 2 O$C. OUT 

11 OSC. INPUT 

10 OSC.OUTPUT 

9 TEST OUTPUT 

TEST~9 
OUTPUT 

RECOMMENDED OPERATING CONDITIONS 

Voo Supply voltage: for general applications 
for oscillator starting 

Vi Input voltage 
R L Output load resistance between pins 12 and 13 
Top Operating temperature range 
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ITERMEmm 
OUTPUT 

Pin 13 
OUTI 

Pin12 
"----OUl2 

3 to 16,5 
6to 16,5 

Voo to Vss 
300 

-40 to +85 

V 
V 
V 
It 

°C 



STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 

Test conditions Values 

Parameter 
Va voo 

-40"C 25°C 85°C Unit 

(V) (V) Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

VOH Output high 6 5.99 5.99 6 5.95 
voltage 10H= 0 V 

12 11.99 11.99 12 11.95 

VOL Output low 6 0.01 0 0.01 0.05 
voltage 10L= 0 V 

12 0.01 0 0.01 0.05 

ION Output drive pin 2 6 10.5 10 12.5 6.5 
current 12-13 

mA 
P-channel 2 12 17 16.5 20 6.5 

lop Output drive pin 4 6 -10.5 -10 -12.5 -6.5 
current 

12-13 
mA 

N-channel 10 12 -17 -16.5 -20 -6.5 

ION Current 
10= O· consumption 

12 3 mA 

• At quartz frequency of 4.194.812 Hz. 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C, quartz frequency 4.194.812 Hz) 

Test conditions Values 

Parameter 
Voo 

M754 D1 M754 B1 Unit 

(V) Min. Typ. Max. Min. Typ. Max. 

fT Frequency test 
12 1.048703 1.048703 Hz 

output 

fo .. Output frequency 12 0.5 0.5 Hz 

610 Range output 
12 ± 121 - ± 121 ppm 

fo frequency adjustment 

Ro Total bridge output 
R L.= 300n 

resistance 
6 300 300 n 

** At the centre position of the variable divider. 
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APPLICATION CIRCUIT 

64 Hz OUT 
~~ 

cr-.~ 4 
A 

16 

15 

14 

13 
M754 

12 

11 

10 

9 

560n 

~_c--;,~[ r" 
~~3 

w'4.812Hz 
5~335B 

TEST OUTPUT 
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COS/MOS 
INTEGRATED 
CIRCUITS 

PRELIMINARY DATA 

CLOCK/DISPLAY INTERFACE FOR MICROPROCESSORS 
• DAY, HOUR AND MINUTE COUNT 
• 1 Hz FLASHING COLON 
• 24 HOUR (M755) or 12 HOUR (M756) MODES 
• INTERNAL OSCILLATOR (32.768 KHz) 
• OVERFLOW OUTPUT 
• BCD MULTIPLEXED OUTPUTS FOR STANDARD 7-SEGMENT DECODER/DRIVER 
• DISPLAY OF TIME OR OF DATA REGISTERS 
• MICROPROCESSOR CONTROLLED DECIMAL POfNT 

The M755 and M756 are COS/MOS clocks specially designed for battery backed up applications in 
Microprocessor based systems. The circuits include also a day of the week count section. 
The content of the counters can be read by the Microprocessor and/or displayed using a standard BCD 
to 7-segment LED decoder driver. 
The circuits also provide a 1 Hz flashing colon output. 
It is possible to display the content of the data registers instead of the clock section output to show, for 
instance, the TV channel and program number. 
The same registers can be used as a 5 x 4 non-volatile memory. 
The M755 and M756 interface with a Microprocessor I/O port by a 4 bit bidirectional bus and two 
strobe signals which are used to address, load and read the internal registers and counters. 
The circuits are produced using a Low-Voltage COS/MOS technology and are assembled in 24-lead dual 
in-line plastic or ceramic frit seal packages. 

ABSOLUTE MAXIMUM RATING* 

V ** DO 

VI 
II 
Va (all) 

IOH 

Supply voltage 
Input voltage 
DC input current 
Off-state output voltage 
Continuous output source current DP, PM outputs 

Dl to D4 outputs 
Total power dissipation (per package) 
Dissipation per output transistor 
Operating temperature range 
Storage temperature range 

-0.3 to 6 
-0.3 to VDD +0.3 

± 1 
6 

-25 
-10 
300 
100 

o to 70 
-65 to 150 

V 
V 

mA 
V 

mA 
mA 
mW 
mW 
°C 
°C 

* 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 indicated in 
the .operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are with respect to V ss (GND). 

ORDERING NUMBERS: M755 Bl for dual in-line plastic package 
M756 B 1 for dua I in-I ine plastic package 
M755 Fl for dual in-line ceramic frit seal package 
M756 F1 for dual in-line ceramicfrit seal package 
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MECHANICAL DATA (dimension in mm) 

Dual in-line plastic package 

312""" 
r------~ 

~ 
~ 

[3"-' 
025 

L~~~ 

Dual in-line ceramic frit seal package 

PIN CONNECTIONS 

XTLl 24 Voo 

XTL2 TP 

PM OP 

OF 03 

fiR 02 

53 19 01 

52 16 QO 

51 17 04 

so 16 03 

5TB 10 15 02 

5TA 11 14 01 

V55 12 13 EV 

5-3627 

PIN DESCRIPTION 

PIN NAME FUNCTION 

SO to S3 Data/address bus (4 bits) 
--
STA Address strobe 
STB Data strobe 
XTL 1,XTL2 Crystal connections 
01 to 04 Dig it strobes 
00 to 03 BCD data display 
DP Decimal point/flashing colon 
PM PM indication 
OF Overflow 
PR Load cou nter 
EV External voltage indication 
TP Test pin 
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BLOCK DIAGRAM 

QOloQ3 

DP 

PM 

OltoD4 

-B=- XTL 1 

~-~-
XTL2 

o-J"'''!' 

NOTE 

Bidirectional, open drain outputs 
Input 
Input 
XTL 1 osc. in, XTL2 osc. out. 
Outputs, emitter follower 
Outputs 
Output, emitter follower 
Output, emitter follower 
Output, open drain 
Input 
Input 
Input/output. Leave open circuit 



RECOMMENDED OPERATING CONDITIONS 

voo Supply voltage 2 to 5.25 V 

VI Input voltage o to voo V 

V 0 (off) Off-state output voltage max. 5.25 V 

IOH Pulsed output current DP, PM outputs max. -20 mA 
D 1 to D4 outputs max. -7 mA 

Top Operating temperature Oto 70 °C 

STATIC ELECTRICAL CHARACTERISTICS (Over recommended operating conditions, 
V 00= 5V, unless otherwise specified) Typ. values are at T amb = 25°C 

Parameter Test conditions Min. Typ. Max. Unit 

V IH Input high voltage All inputs 2.6 V 

V IL Input low voltage All inputs 0.8 V 

II Input leakage current All inputs VI = Oto 5.25V 10 j.tA 

VOL Output low voltage ao to a3 IOL=1.6mA 0.4 
SO to S3 

V 
D1 to D4 IOL= 40j.tA 0.5 
DP, PM 

V OH Output high voltage IOH=O 4.25 4.5 
DP, PM 

IOH= -20mA 3 4 
V 

D1 to D4 
IOH=O 4.5 4.75 

IOH= -7 mA 2 4 

ao to a3 IOH= -40j.tA 3.5 3.75 

100 Supply current Voo= 2.5V 
(EV input grounded) 15 30 j.tA 

Voo= 5.25V 
(all out. and inp. open) 0.5 1 mA 

DYNAMIC ELECTRICAL CHARACTERISTICS (Voo= 5V, T.mb = 25°C, C L = 15 pF at 
each output) 

Parameter Test conditions Min. Typ. Max. Unit 

tWl Digit display time 1.5 ms 

tw2 I nterval between two digits see fig. 1 0.5 ms 

tpl Propagation delay time 100 ns 

tw STA and STB width see fig. 2,3 500 ns 

thl Hold time of SO to S3 from 
250 ns STA or STB 

tsetup Set up time of ST A from STB 
see fig. 2 

80P ns 

th2 Hold time ofSTA from STB 500 ns 

Release time of DATA out from 
see fig. 3 

tr 
STB 250 ns 
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Fig. 2 - Write timing 

SO 
10 
53 

STA -----

ADDRESS DATA IN 

STS ---------------------------------------~""" 

Fig.3 - Read timing 

SO 
10 
53 

STA 

STS 

ADDRESS DATA OUT 

ISel up 
5-3623 

I r 
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DESCRIPTION 

Data Buffer 

This bidirectional, open drain, four bit data buffer is used to interface the M755/6 with the Micro
processor. Data is transmitted or received by the buffer and also Control words and Address are received 
through it. Note that this buffer is inverting and the I/O lines are not provided with pUll-up. 

Control Logic 
The function of this block is to manage all the internal and external Data transfers. 
This block in controlled by Data and Address Strobes (STA and STB), by two other inputs (PR and EV) 
and in turn generates the operation as described in table 1. 
The source or the destination of data depends on the contents of the Address Register and Control 
Register. 

Table 1 - Truth table of the control logic block 

EV PH STA STB OPERATION 

L H X X Outputs off, all inputs disabled 

H H H H Data Buffer High impedance 

H H L H Address Register loading 

H H H L Data loading in the selected register 

H H L L Readi ng back of the selected register or counter 

H L X X Counters loading from registers 1 to 5,count off 

H S X X Normal operation 

Address Register 
The function of this register is to latch the address of the register involved on the actual I/O cycle. 
Therefore it must be loaded at the start of any I/O cycle. 
It is possible to address six registers: a 0 in this register always addresses the Mode Control Register and a 
BCD 5 addresses the D.P. Register, independently of the content of the Mode Control Register. 
The BCD figure from 1 to 4 can address many registers, in conjunction with the content of the Mode 
Control Register. 

Mode Control Register 
This register selects the operating mode in order to select the group of counters or registers that must be 
read, displayed or loaded. 
Table 2 shows the function that can be selected . 

. ----.------------------------------
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Table 2 - Truth table of the Mode Control Reqister 

Mode 
Control word 

number - - - - Function 
S3 S2 Sl SO 

a x H H H Set Register out (Read and Display) 

1 X H H L Set Clock Counters out (Read and Display) 

2 X H L H Day Counter out (Read and Display) 

3 X H L L Load Clock Counter and PM 

4 X L H H Load Day Cou nter 

5 X L H L Don't care 

6 X L L H Don't care 

7 X L L L Don't care (see note 1) 

Note 1: This configuration must be used for a very low power consumption during battery back-up, 

Mode O-Set Registers read/display 
When programmed, this mode enables the content of Register 1 to 4to be displayed or read back through 
the Data Buffer. 
This mode resets automatically the Mode 1, if previously programmed. 

Mode 1-Set Clock Counters read/display 
When programmed, this mode enables the content of Clock Counters to be displayed or read back 
through the Data Buffer. This mode resets the Mode 0, if previously programmed. 

Table 3 - Counters Selection (Read) 

Mode 2-Day Counter read/display 

Address 
1 
2 
3 
4 

Counter 
Minutes 
10's of minutes 
Hours 
lO's of hours 

When selected, this mode enables the content of the Day Counter to be displayed or read back through 
the Data Buffer. This mode is active only if Mode 1 was previously programmed. 
The content of the Day Counter is displayed during the digit 1 time and can be read back as register 1. 

Mode 3-Load Clock Counters and PM 
This mode enables the loading of Data from Registers 1 to 5 into the clock counters and PM flip-flop. 
This can also be done by connecting the PR input Low. 

Table 4 - Register to Counter transfer 

Table 5 - PM flip-flop, Set/Reset table 

Mode 4-Load Day Counter 

Register 
1 
2 
3 
4 

Register.5 
o 

any 

Counter 
Minutes 
10's of minutes 
Hours 
10's of hours 

PM 
Set 
Reset 

This mode enables the loading of register 1 into the Day counter. 
All other counters are unaffected. 
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D.P. Register, output 
The function of this register is to latch the value of decimal point output D.P. for any of the four digits. 
A bit "1" turns on the D.P. output, a "0" turns it off. 

Table 6 - D.P. (Register 5) 

3 2 1 0 Bit number 

4 3 2 1 Digit 

10's 
hour 

10's 
min. hour min. 

When M755/M756 are programmed in Mode 1, the decimal point D.P. is switched at 1 Hz rate, if gener· 
ated at digits time 3 or 2. 
This feature is provided to accomodate displays with right hand D.P., left hand D.P. or with a colon. 
The output has emitter follower configuration. 

Oscillator 
An external quartz crystal, resonant a 32768 KHz, connected at XTL 1 and XTL2 pins sets the internal 
oscillator to the correct input frequency. This frequency is divided and used for both scanning of the 
display control (500 Hz) and time counting (1 Hz). 
An external clock signal may be applied to pin 1 or pin 2 with pin 1 connected to V ss to V DD' 

P.M. output 
This output is available for P.M. time indication only in 12 hour mode and has emitter follower con
figuration. 
The P.M. status can be read back checking the conditions of the bit number 3 of the 10's of hours 
counter (1 = P.M., 0 = A.M.). 

OF output 
The OF output (overflow) has open drain configuration. It goes active (Low) on the 23.59/0.00 tran
sition for 30· (M755) or on PM/AM transition 11.59/12.00 for 60' (M756). 

EV input 
This EV input (External Voltage) is used during battery powered operation. 
In this case, a low level on the EV input switches off all outputs in order to reduce power consumption. 
In addition, all inputs are disabled in order to prevent affecting of register during power down of the 
microprocessor which controls the M755/M756. 
Figure 5 shows a circuit which could be used to generate EV: 
Fig.5 - EV Signal Generation 

VOLTAGE 
BEFORE 
STABILIZATION 
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APPLICATION CIRCUIT 

E V SIGNAL(see fig.5) 

o 
r----Cr--~~I-----~~~--+_----~--~~ __ ------~------------~~+5V 

+2.5v16AcK-up 2J 51 13 :k:::c 5I-'F- ,--_1;,:;6~1 ____ .., 1 6ATTERY V PR EV V 
DO 001-'-18=-________ -.2 ADD 6 L r:/:--.. 

Q 11-'-1"-.9 __________ -'-11 6 DECODER L T ~ 

TO 
I-'P 

1/0 PORT 

9 50 

8 51 

... ~ 52 

---...... f- 6 S'l 

______ --..:..11:q 5TA 

______ ---'-10=<:1 5T6 

CLOCK 
M755 

or 
M756 

I, XTL1 1-- ~ XTL2 

~D~~ 
1 3= 

ON THE TYPE 

20 2 DRIVER 5 
02 C HCF4511 B LE--=--
03 21 6 0 V55~ 

PM~ 

o P 22 ::=::; 

01 14 -c=J-

02 12--t.---t-

03 16 ...r-1-

abcdefg 

13 12 11 10 9115 14 

r 

04 ~--r-------£ 
L-..J "'" 

5to15P)1_1ot_o3_5,P_F V55 
(DEPENDING 121 
OF QUARTZ -" , ____ ~,-_---------------4.--....... ___<O-~_-~ 

.;... 5-3625/2 
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COS/MOS 
INTEGRATED 
CIRCUITS 

ADV ANCE OAT A 

LOOP DISCONNECT DlALLER 

• DIRECT TELEPHONE LINE OPERATION 
• LOW VOLTAGE COS/MOS 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 B/W RATIOS 

The M760 Loop Disconnect Dialler provides the features to implement a pulse dialler with redial. It can 
be operated directly by the telephone line current and convert a single per key contact into the corre· 
sponding pulse signals to simulate the rotary dialler. 
When in stand-by condition it requires only few microamperes to maintain the storage of the last call. 
Keyboard inputs are fully static; outputs are provided to pulse the telephone line and to mute the 
receiver during impulsing. 
Other features are: pin selectable long distance call inhibition, 24 digit memory in which can be in
troduced a maximum of 8 access pauses, pin selectable redial inhibition and out pulsing inhibition for 
operation with payment-card telephones. 
Redial can be achieved with two pin selectable procedures. 
The device requires an inexpensive 455 kHz ceramic resonator and is designed to minimize external 
components. 
The unique design of the power-on reset circuit can avoid the need for a special dedicated spring i~ the 
hook switch. 
The loop is disconnected for a time longer than 300 msec when fraudulent dialling is tried with the hook 
or any external device by sensing the line condition at the input LS. 
The M760 is realized in low voltage COS/MOS technology and can be easily mask programmed to meet 
all administration standards; it is available in a 24 pin dual in-line plastic or ceramic package; the 
M760A is available in 18 pin dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATlNGS* 

5 V Supply voltage 
I nput voltage Vss -0.5 to Voo +0.5 V 
Total power dissipation 
Operating temperature range 
Storage temperature range 

400 mW 
-25 to +50 °c 
-65 to +85 °c 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

*. All voltages are referred to V ss pin voltage. 

ORDERING NUMBERS: M760 B1 for dual in-line plastic package 
M760A B 1 for dual in-line ceramic package (frit seal) 
M760 F 1 for dual in-I ine plastic package 
M760A F1 for dual in-line ceramic package (frit seal) 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package (M760) 

1.3 

,~ 
~ 

~ 
W 

Dual in-line plastic package (M760A) 

PIN CONNECTIONS 

vDD MASK 1 

R' MASK2 

R2 TP 

R3 F5 

R4 OPO INH. 

C1 PlS 

C2 lOTS 

C3 DPO 

RSM LOC lNH. 

R" lS 

esc.rN, RS 

v5S 
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Dual in-line ceramic frit seal package (M760) f:y'''''' • 

~~l'-~ 
EJ

_J61",a~ __ J 
" " 

, . 

P058.-C 

Dual in-line ceramic frit seal package (M760A) 

R1 18 'DO 

R2 MASKl 

RJ 16 MASK] 

15 PLS 
M76QA 

C1 " DPD 

C2 13 LS 

CJ 11 RS 

RE vSS 

05 IN 9 10 OS OUT 
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BLOCK DIAGRAM 

I~ II 

w 
o 
o 
u 
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24 WORD 

,X,4 Bll 

STATIC 

RAM 
!2 

KEYBOARD INPUTS 

LINE SENSE COUNTER 

LONG DISTANCE CALL 

LOGIC 

--,---DLS 

i 

-,-----0 LOC INH. 

-I +----------0 OPO INH. 

-----4) MA SK 1 

----oMASK2 

OUTPUT LOGIC 
--Dopo 
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STATIC ELECTRICAL CHARACTERISTICS (Top= -25°C to +50°C) 

Parameter Test conditions Min. Typ. Max. Unit 

Voo Supply voltage 2.2 2.5 5 V 

>-
100 Operating supply current Voo= 2.5V fo= 455 kHz 0.5 mA C. 

Co 

" 100 Stand-bY supply current Voo= 2.5V 25 /lA en 
stand- (oscillator off, no 
by external load connected) 

Row inputs 

InH Input high current Voo= 2.5V 60 SO /lA 
~ V IH= 2.5V ~ 

InL Input low current -1 " V IL= OV /lA 
Co 
5 

V IH Input threshold voltage 1 V 
;: 
'" Column inputs 0 
.0 
>-
'" IIH Input high current Voo= 2.5V 1 /lA 
~ 

V IH= 2.5V 
IlL Input low current V IL = OV -60 -SO /lA 

V IL Input threshold voltage Voo-1V V 

OSC IN 

IH Input high current Voo= 2.5V VIH= 2.5V 1 /lA 
~ 

0 

~ IL I nput low current VrL= OV -1 /lA 
.~ OSC OUT 
0 

IOH Output drive current Voo= 2.5V V oH=2V -150 /lA 

IOL Output sin k current Voo= 2.5V Vo L= 0.5V 150 /lA 

~~ IOH Output drive current Voo= 2.2V VOH=l.4V -1 mA 
:2;:; 

IOL Output sink current Voo= 2.2V VOL=O.lV 20 /lA 0 

0 IOL Output sink current Voo= 2.2V VOL = O.4V 1 mA 
0.. 
0 IOFF Output leakage current Voo= 2.5V +1 /lA 

LDCINH IIH Input high current Voo= 2.5V V IH= 2.5V 1 /lA 
DPOINH 
PLS IlL Input low current Voo= 2.5V V IL = OV -1 /lA 
RSM 

V IH Input high voltage O.Noo V RE 

V IL Input low voltage 0.3Voo V 

LS IIH Input high current Voo= 2.5V V IH= 2.5V 1 /lA 

IlL Input low current Voo= 2.5V V IL= OV -100 -160 -250 /lA 

V IH Input high voltage 0.7VDO V 

V IL Input low voltage 0.3Voo V 

RS IOH Output drive current Voo= 2.5V V OH= 1.SV -20 /lA 

IOL Output leakage cu rrent 1 /lA 

V IH Input high voltage O.SVoo V 

V IL I nput low voltage 0.2VOD V 
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DYNAMIC ELECTRICAL CHARACTERISTICS (T op= -25 to +50°C) 

Parameter Test conditions Min. 

tACC Key access time after last 
bounce 

tosc Oscillator start-up time 

tMASK Mask 1, Mask 2 pulse duration 

tOM Mask 1 , Mask 2 delay time with 
respect to 0 PO 

tpo Pre-digital pause 

topo OPO period FS - 0 for all 
FS = 1 fo= 455 kHz 

tS/tM Break to make ratio Voo= 2.5V 

Interdigit time lOTS = 0 
tlDT lOTS = 1 

tRES Minimum line break before 
reset 

tOTo Oscillator turn-off time after 
clear-down. 

LOG Inh = 0 
LOG Inh = 1 

tLOC Inh Line break time when LOG 
Inh = 1 
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Typ. Max. 

5.5 

60 

20 

50 

400 

50 
100 

1.6 

800 
400 

150 

150 
300 

300 

Unit 

ms 

ms 

ms 

ms 

ms 

ms 
ms 

ms 
ms 

ms 

ms 
ms 

ms 

j 
I 
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FUNCTIONAL DESCRIPTION 

Oscillator (aS IN - as OUT) 

The oscillator has been designed to work with an inexpensive ceramic resonator; (fo= 455 kHz) it 
requires two external load capacitors (100 pF) and the inverter feedback resistance. 
The oscillator starts after LS (line sens) is taken low; it comes back to the stand-by mode after LS has 
gone high for at least 150 ms (or 300 ms if LOC-INH high). 

Keyboard (R 1 to R4 , C1 to C3 ) 

M760 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. 
All the input combinations except a single row and a single column are not recognized. 
A val id key is entered after 5 ms from the last key bounce. 

Outpulsing inhibition (OPO,INH) 

If this pin is low, digits can be entered into the memory but they are not sent on the line; when OPO 
INH goes high the stored digits are sent on 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. 

Dial pulse output (OPO) 

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 (10 line breaks are associated to the key 
"0"). 
OPO is an open drain output; line breaks occur when OPO is active to ground. 

Mask Outputs (MASK 1, MASK 2) 

The Mask outputs are used to mute the speech circuit during signalling. 
In telephones using conventional speech circuits muting is generally achieved by short-circuiting with a 
two-winding, bistable reed-relay. In this case MASK 1 and MASK 2 provide pulse outputs to drive the 
winding which close and open the contact respectively. 

opoJ n I VOO 

n MAS1 MASK2 

MASK 1 

MASK 2 n fl 5-3781 

Hook-off 
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FUNCTIONAL DESCRIPTION (continued) 

In telephones with electronic speech circuits muting is implemented electronically. In this case a metal 
option transforms MASK 1 into a signal which remains high throughout signalling. 

DPOJ 
MA5K1 ____________ ~·1 

Hook-off 5-3782 

Redial enable (RE) 

Redial of the last call is possible according to the procedures described below unly if RE is high. 
Redial is never allowed when RE is low. 

Redial Selection Mode (RSM) 

The last number redialling facility operates in two modes. In the first (RSM high) the key sequence **0 
will repeat the last number dialled. The last number memory can be cleared by the # key. 
In the second case (RSM low) the last number dialled is only stored if the key * is pressed before replac
ing the handset. As before, the sequence **0 starts the last number repeat. 
In both cases the stored number is unaffected by incoming calls. 
The redial request can be simplified by a mask option to the single key *, instead of the sequence **0. 

Pause length selection (PLS) 

Interdigit 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 0; a maximum of 7 pauses can be 
added during dialing by selecting key *. 
These pauses are active only during redialing 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 *. 

Line sense (LS) 

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 high for more than 150 ms the circuit is reset (if LDC INH = 0). 
When LDC INH = 1 reset occurs after 300 ms. 
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FUNCTIONAL DESCRIPTION (continued) 

Reset (RS) 

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 redial is not allowed. 
When the hand-set is picked-up and V DO increases over its minimum value, the oscillator starts and an 
external capacitor is charged above a fixed threshold level by an open drain P-ch. transistor driven by a 
150 kHz clock. 
Reset occurs after a line interrupt of more than 150 ms; the pull-up transistor goes off and the capacitor 
discharges through a resistance to GNO level. 

5-3783 

Long distance call inhibit (LOC INH) 

CLOCK 

Vth 

System is 
initialized 

When this input is taken high long distance calls are inhibited; if the first digit is a 0 OPO goes low in
terrupting the line for a time longer than 300 ms. 
The same applied when fraudulent dialing is tried with the hook or any external device by sensing the 
line condition at the input LS. 
When INH is low this facility is inoperative. 

Test pin (TP) 

When this input is taken low all the timing values are divided by 100. In this way the length of the 
testing operations is greatly reduced. This pin has an internal pull-up. 
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TYPICAL APPLICATIONS 

Typical serial applications 

68KD 

160 
Kfl 

47 
Kfl 

3.3 v 
1801'10 

160 68 470 
Kfl Kfl Kll 

With bistable relee 

1 

I i~ Voo 0 
lOC INH MASK 1 r 
PLS 

RSM 1, 
MASK' I 

M760 

LS RE IOV I 

RS ! 
I 

1801'10 6BKfi 470 I 
I Kn I 

~ + 1-------l-~-L---L- 100pC 100pC ~ I 
IOn. _ 

____ ~ _____ H_-~_NO~S-ET -----~------
bO--------

3.3vf 

I 
I 
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TYPICAL APPLICATIONS (continued) 

Pulse dialler with redial 

------------------1 

68Kfi -,---c:.J--r 
,----'--, __ ...L ___ ~------+---

b 0--

I 

I 

I 
----#0-

TIMING DIAGRAM 

LS~1n 

Ion 

IRES 
- -¥---_.-#-

, , 

RS U IMA~I 
, T , 1 

----+-----+-,1 ur----+--I--
-----+------t--! II-------,n4--1 __ MASKI " n _ I I 

-r-:J'9~---ir---

MASK) ~.~_~I-MI-'+B ____ +.,-J, ,..--H----' 

DPO lose UITClli-
'-t I +-+--------H 

osc J ! ~0Pt-

Ln 
JlJ 

E:JUi 1 R,..--ti----
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COS/MOS 
INTEGRATED 
CIRCUITS 

DUAL TONE MULTI FREQUENCY GENERATOR 

• 2.5 TO 5V SUPPL Y RANGE 
• VERY LOW POWER CONSUMPTION 

PRELIMINARY DATA 

• INTERNAL PULL--UP OR PULL-DOWN RESISTOR WITH DIODE PROTECTION ON ALL KEY
BOARD INPUTS 

• ON-CHIP CRYSTAL CONTROLLED OSCILLATOR (fo= 4.433619 MHz) WITH INTEGRATED 
FEEDBACK RESISTOR AND LOAD CAPACITORS 

• LOW HARMONIC DISTORTION 
• FIXED PRE-EMPHASIS ON HIGH-GROUP TONES 
• FASTSTART-UPTIME 
• LOW POWER CONSUMPTION IN STAND-BY MODE 
• MUTE OUTPUT (M761 ONLY) 
• ONE CONTACT PER KEY 

The M761-M761A provides all the tone frequency pairs required for a DTMF Dialling System. Tones 
are obtained from an inexpensive TV crystal (fo= 4.433619 MHz) followed by two independent pro
grammable dividers. The dividing ratio is controlled by the selected key. Keyboard format is 4 rows x 4 
columns and a key is valid when a column and a row are connected together. 
Internal logic prevents the transmission of illegal tones when more than one key is pressed. Individual 
tones can be obtained by grounding a column input or connecting a row input to Voo.lf no key is selec
ted the oscillator turns off and the linear parts are strobed to decrease the total power consumption. 
A debounce output is available, for M761 only, to indicate that a key has been selected. D/A conversion 
is accomplished by a capacitive network allowing very low power consumption, very low distortion and 
an exceptional stability of tone level against temperature variations. 
The tones are mixed in a resistive network; a unity gain amplifier is provided to realize a two pole active 
filter with only four external passive components. 
SGS-ATES has also developed the LS342, DTMF line interface, which provides the stabilized supply for 
the M761-M761 A from the telephone line and ampl ifies the output tones to the standardized levels. 
The M761 can also be interfaced with LS156 speech circuit with MF interface avoiding the need of the 
common spring set. 
The M761 utilizes low voltage COS/MOS technology and is available in 18 pin dual in-line plastic or 
ceramic package; the M761A is available in 16 pin dual in-line package. 

ABSOLUTE MAXIMUM RATINGS* 

Supply voltage 
Input voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 

-0.5 to +5.5 
-0.3 to V DO +0.5 

400 
-25 to +50 
-55 to +125 

V 
V 

mW 
°C 
°C 

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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

** All voltages are referred to VSS pin voltage. 

ORDERING NUMBERS: M761 
M761A 

M761 
M761A 

~~ } for dual in-line plastic package 

~~ } for dual in-line ceramic package (frit seal) 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package 
frit seal (M761A) 

~ , , 

c:=~ '0 [] 03' 

Dual in-line ceramic package 
frit seal (M761) 

PIN CONNECTIONS 

., v DD 

osc. 

" FILTER IN 

C1 16 FILTER OUT 

C2 , 15 MUTE OUT 

COLUMNS 

C3 5 M761 14 R1 

C4 E 13 R2 

ROWS 

N.C 12 R3 

MIXER OUT 11 R4 

DIG. FREQ. 
Vss 10 OUT 
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Dual in.,.line plastic package (M761A) 

"~ 17,78 

~:::::::I 
Dual in-line plastic package (M761) 

triJUu=m:rmIiJll~:~: ~ 
H H H ~ n ~. ~ 025-!-

OSC.IN 

OSC. OUT 

COLUMNS 

MIXER OUT 

Vss 

C1 3 

C2 4 

C3 5 

C4 6 

2032 

23.37"1<1' 

M761A 

~ 838 _ 

16 V DD 

15 fiLTER IN 

14 FILTER OUT 

13 R1 

12 R2 
ROWS 

11 R3 

10 R4 

DIG.FREQ. 
OUT 
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BLOCK DIAGRAM 
MUTE OUTPUT 

lOGIC 

(*) Not connected in M761 A. 

ELECTRICAL CHARACTERISTICS (All parameters are tested at Tamb= 25°C) 

Parameter Test conditions (see note 1) 

DC CHARACTERISTICS 

>- Voo Voltage supply voltage 2.5 3 5 V 
Q. 

100 Operating supply current Voo~ 2.5V 0. 2 mA 
::l 

U'l 
1000 Stand-loy supply current 0.5 mA 

"' IIH High level input current Voo~ 2.5V VIH~ 2.5V 60 80 JlA ~ 

::l 
0. 
.= IlL Low level input current Voo~ 2.5V V IL ~ OV 1 JlA 
;: 

V IH High level input threshold 0 1 V IX voltage 

IIH High level input current Voo~ 2.5V VIN~ 2.5V 1 JlA 
c: "' 
E~ 3a IlL Low level input current Voo~ 2.5V VIL~ OV -60 -80 JlA 
o c: 

V IL Low level input threshold u·-
Voo-1V V voltage 

.IIH High level input current Voo~3V VIN~ 3V 1 JlA 
S IlL Low level input current Voo~3V VIL~ OV 1 JlA g 
.~ 

10H 
0 

High level output Voo= 2.5V V OH=2V -300 -500 JlA 

10L Low level output current Voo= 2.5V V OL=0.5V 300 500 JlA 

·~g-9 10L Low level output current Voo= 3V VOL~1V 200 JlA 
'-~:::l (open drain output) 0 .... 0 

1! Vo Output DC voltage Voo= 2.5V 200 mV 
Ll: without tones 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test cond itions (see note 1) Min. TVp. Max. Unit 

~ Vo Output DC voltage with Voo= 2.5V (see note 2) 0.81 0.84 0.87 V 
i.i: 2 tones 
~ 

",'"' IOH Output drive current Voo= 2.5V VO H= 1.5V -100 IlA 
'"' " "E-
2" IOL Output sink current Voo= 2.5V VOL= 1V 20 IlA a 

AC CHARACTERISTICS 

~ RF Feedback oscillator 4 4.5 M!1 
13 resistance 
..!!1 
.~ C I Input capacitance to Voo 9.5 10.5 pF 
0 

Co Output capacitance to Voo 10.5 11.5 pF 
~ 

'" ZOI Output dynamic Voo= 2.5V 10 k!1 x 
~ impedance with 2 tones 

~ Z02 Output dynamic Voo= 2.5V 2.5 k!1 
i.i: impedance with 2 tones 

lIF Max. output tone deviation At crvstal frequency 
F from standard f = 4.433619 MHz 

RI 697 Hz +0.5 % 
R2 770 Hz -0.2 % 
R3 852 Hz +0.5 % 
R4 941 Hz -0.6. % 
CI 1209 Hz +0.6 % 
C2 1336 Hz -0.4 % 
C3 1477 Hz -0.3 % 
C4 1633 Hz +1.1 % 

~ 

" VLF Low frequency tones Voo= 2.5V (see note 3) 150 175 200 mVpp 'j;l 
.;: amplitude at filter out 

t VHF High frequency tones Voo= 2.5V (see note 3) 195 220 245 mVpp 
~ 
co amplitude at filter out 
"" " 
'" 

Pre-emphasis 1 2 3 dB 
<: 
0 Unwanted frequency f--

components 
at f = 3.4 kHz -33 dBm 
at f = 50 kHz -80 dBm 

Total harmonic distortion Voo= 2.5V 2 % 
for a single frequency 

t. Start up time Voo= 2.5V 3 5 ms 
(see fig. 1) (see fig. 2) 

tr Supplv voltage rise time Voo= 2.5V 250 ms 

Note 1: This device has been designed to be connected to LS342 MF tone dialler line interface, from which it takes a 
Voo= 2.5V min. therefore many parameters are tested at this value. 

Note 2: The value of DC output component at two different conditions of supply voltages, with two tones activated, 
can be related as follows: 

Note 3: 

V oo' 
Voc'= Voc --

Voo 
The value of AC output components (V LF, VHF) 
related as follows: V 00' 

V LF'= V LF --
Voo 

at two different conditions of supplV voltages can be 
V oo ' 

VHF,= VHF 
Voo 

The values are measured with one tone at the output. 
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FUNCTIONAL DESCRIPTION 

Oscillator (OSC. IN - OSC. OUT) 

The oscillator circuit has been designed to work with a 4.433619 MHz crystal ensuring both fast start-up 
time and low current consumption. 
When VDD is applied and a key is activated two inverters are paralleled (see fig. below) to decrease the 
tota I ron res ista nce. 
After oscillations have started one of the two buffers is switched off and the current consumption is 
reduced to 2/3 of the initial value. 
Feedback resistance and load capacitances are integrated on the chip ensuring good temperature per· 
formance. 
When the device is supplied but no key is activated, the oscillator is in the stand-by mode to minimize 
power consumption. 

Voo Voo 

1 
OSC.IN 

~.--""""--I 
lOa It 

1 

t 
THREE STATE 

INPUT 

Keyboard inputs (C I , C2 , C3 , C4 - RI , R2 , R3 , R4 ) 

Each keyboard input has an internal protection circuit; columns have pull-up resistances while rows 
have pull-down resistances. 
If a column input is grounded the corresponding single tone is generated; the same applies when a row 
input is connected to V DO. When a single column input is connected to a single row input a dual tone is 
generated. 
When two or more column or row inputs are activated no tone is generated. 

EACH 
ROW 
INPUT 

5-3807/2 

V DO 

199 

EACH 
COLUMN 
INPUT 



FUNCTIONAL DESCRIPTION (continued) 

Digital frequency output 
This output is intended for testing only; when a single tone is activated, at this output is available a 
digital signal whose frequency is 16 times the selected output tone frequency. This output is an open 
collector N-channel transistor. 

JilL 

Mixer output 

OlGITAL 
FREQUENCY 
OUTPUT 

5-3806 

The two reconstructed sine waves are buffered then mixed in a resistive arrilY network that also restores 
the DC output level. 

LF.ANALOG~ __ J 
I N PUT -------, 

Filter (Filter input, filter output) 

VOO VOO 

HF ANALOGUE 
INPUT 

5-3804/1 

A unity gain amplifier is available to realize a two pole active filter (see fig. below). The output of this 
amplifier is held low until tones are valid, it than rises to about 0.85V at Voo= 2.5V. Tones are super
imposed on this DC. 
The output DC component is very precise and stable to allow DC coupling with the LS342 DTMF line 
inteface and LS156 speech circuit with MF interface. 

200 



FUNCTIONAL DESCRIPTION (continued) 

The output dynamic impedance of the filter is about 2.5 kn. 
The following equivalent circuit should be applied during filter design: 

C1 

It is evident that Rl and R2 should be kept high to avoid undue influence of Mixer and Filter output 
impedances. 
The following values are suggested: 

R1 = 430 kn ± 2% - R2 = 82 kn ± 2% - C1 = 820 pF ±10'Yo - C2 = 120 pF ±10% 

Mute output 
Mute output becomes active when a key is activated eliminating keyboard bounces and remains active 
for all the duration of tone transmission. 
If the key is released before the oscillator produces the correct control signals, mute output is disabled. 

ANY KEY -~ L ___ 
MUTE ~I L~ 
OSC.OUT. ~~-~~~-~~-~~~L~ 

_-----lr< L ___ --:---
S - 38 09 

TONE OUT. 
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Fig. 1 - Start-up time measurement test set 

FROM 
TEST 
MACHINE 

5-3802 

Fig.2 - Start-up time definition 
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TYPICAL APPLICATIONS 

M761 application circuit with electronic speech circuit. 

_/o-_r"'V +--~-.-----------
i 

LINE 

l~WF·A ." 4 -':+.-6 B --- 12 

7 Big C -- 13 *o+-r; " 
--------- J 

" 

M761 

J 1 uF 

T 

'DO 
----- .... - -- 15 

I MUTE -----t---- 3 

t 
I MF 
! INPUT 

--- -"f-- +-- 14 

LS156 

12 

13 I--C:=J--j--" 
R8 

'0 

""" f1c, "lli' 
~:i 1""''----i'-_.:;4--'9r--T-_16J---....... -+-O':c~l'''r 

j'_~ r L~±~ '1"'~F. 5"'~1:nF 
5-381511 

M761 A application circuit with LS342 line interface 
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COS/MOS 
INTEGRATED 
CIRCUITS 

TONE RINGER 

• WIDE OUTPUT TONE SELECTION 
• DIRECT DRIVE FOR PIEZOCERAMIC OR DYNAMIC TRANSDUCERS 
• BUILT IN BAND PASS FILTER (20TO 60Hz) 
• J.IP CONTROL INPUT 

ADVANCE DATA 

The M764 is a high performance electronic ringer suitable for application in standard and parallel con
nection telephones; it can also be used as an alarm indicator. An incorporated bandpass filter prevents 
spurious ringing caused by transients and dialling pulses. Pin-selectable options permit three, two and 
single tone sequences. 
The output stage allows direct drive of both piezoceramic and dynamic transducers. The output tone 
level can be externally programmed to increase gradually during the first three bursts. Output tone 
stability and the bandpass filter corner frequencies are guaranteed by a crystal controlled oscillator. 
The M764 utilizes COS/MOStechnology and is available in 18 pin dual in-line plastic or ceramic package; 
the M764A is available in 16 pin dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

V DD 

VI 
Ptot 
Top 

Tst9 

Supply voltage 
I nput voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 

-0.5 to + 20 
-0.3toV DD +0.5 

400 
-25 to 80 
-55 to 125 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS: M 764 B1 for dual in-line plastic package 
M 764A B1 for dual in-line plastic package 
M 764 F1 for dual in-line frit seal ceramic package 
M 764A F1 for dual in-line frit seal ceramic package 
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MECHANICAL DATA (Dimensions in mm) 

PIN 

Dual in-line ceramic package (M764A) 
frit seal 

20"'" 

Dual in-line ceramic package (M764) 
frit seal 

CONNECTIONS 

A 18 Voo 

OUT TONE 
5ElECT 

B 17 51 

16 501 

IFRI 
4 , 5 501 

M 764 
OUT TONE 

'4 OE 
ACT!VATION I FEN 

EIN '3 ro 
"101 7 '2 TO 

MO' 8 " V55 

"11 '0 OOM 

5-4387{2 

Dual in-line plastic package (M764A) 

Dual in-line plastic package (M764) 

Q'~-=60 m~~ I.. 20.32 

~: ::':': ::~ 

OUT TONE] B 
5£LECT I 

16 VOO 

I FRI 2 15 51 

OUT TONE I FEN 3 14 50, 
ACTIVATIONI 

EIN '3 501 
M 764A 

MOl 5 II DE 

MO, 6 " ro 

MI 10 TO 

OOM 8 9 V55 

5-1038612 
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BLOCK DIAGRAM 

M02 
MQ1-
MI· 

502 

501 

51 

A 
B 
C 

------.. ---- TO 

a TO 

------OQM 

FEN 

EI N 
FR I 

ELECTRICAL CHARACTERISTICS (All parameters are tested at Tamb = 25°C) 

Parameter Test conditions 

DC CHARACTERISTICS 

V DD Voltage supply 6 18 

V TH Power on/off reset threshold 4.5 5.5 

~ 
V TH Sequence logic power 1.8 2.8 0. 

0. on/off reset 
:J 

en 
IDD Operating supply current V DD = 15V OE = 1 0.5 

IDDO Stand-bY supply current VD~= 15V 0.15 

MI Main oscillator input IIH V IH=15V +5 
V DD= 15V 

IlL V IL= OV ··1 
B 
~ Mal Main oscillator output 1 IOH V OH = 14V -250 
.~ 

VDD~ 15V 
0 

IOL V OL= 1V +250 
0:: 
'iii 

M02 Main oscillator output 2 IOH V OH= 14V -200 :< 
V DD= 15V 

IOL V OL= 1V +200 
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ELECTRICAL CHARACTERISTICS (continued) 

Parameter 

SI Sweep oscillator input 

B 
~ 
.~ SOl Sweep osci lIator output 1 
0 
0. ., ., 
;: 

502 Sweep osci lIator output 2 en 

., EIN Enable input 
c: FEN Filter enable input .0. OOM Output drive mode 
(5 
J:; A Output sequence selection c: 
0 B pins 

U C 

FRI Frequency input .... 
0-::1 
~g. u.. ._ 

OE 
... ., 
::1-
0...0 ... ., 
::I c: 
0" 

TO Output 

!l 
::I a-
::I 
0 ., TO I nverted output 
c: 
0 
I-

AC CHARACTERISTICS 

... tSM 
c:B .- ., 
~:: 

&! 
0 

c.. 
tss .,= r&l 

(/)0 

(*) R>50Kn 
C>100pF 

Start up time 

Start up time 

Test conditions 

IIH V IH= 15V 
Voo=15V 

IlL V IL= OV 

10H V OH= V oo-1V 
Voo=15V 

10L V OL= V oo-3V 

10H V OH= V oo-1V 
Voo=15V 

10L V OL= Voo-3V 

IlL V IL= OV 

IIH VIH=4V 

V TH 

10H Voo= 15V 
Vo = 13V 

10L Voo=15V 
Vo =1V 

10H Voo= 15V 
Vo =14V 

10L Voo= 15V 
Vo = 0.7V 

10H Voo= 15V 
Vo =14V 

10L Voo= 15V 
Vo =0.7V 

Voo=6V 
fo= 455 KHz 

Rj== 1 Mn see tables 1-2 
CI= Co = 100 pF 

Voo=6V 
f= 1140to 11400 Hz (0) 
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Min. Typ. Max. Unit 

+1 
!J,A 

-1 

-200 
!J,A 

+200 

-200 
!J,A 

+200 

Standard C/MOS 
inputs 

C/MOS inputs with 
active pull-down 

1 
!J,A 

8 16 

2 4 V 

10 

mA 
1 

10 

mA 
10 

10 

mA 
10 

10 ms 

5 ms 



FUNCTIONAL DESCRIPTION 

Main oscillator 
The main oscillator has been designed to be driven either by an external RC network or by a ceramic 
resonator (see fig. 1): 

Fig. 1 - a) Crystal controlled oscillator b) RC oscillator 

M02 

RF 

o 
s- [, 3 82 

The accuracy of the output tones and of the bc:nd-pass filter characteristics are determined by the 
accuracy of the main oscillator frequency. 
The crystal guarantees good performance over the whole temperature range with no external trimmer. 
The main oscillator as well as the sweep oscillator are maintained in a stand-by condition or forced to 
run according to table 1. 

Sweep oscillator 
The sweep oscillator (fig. 2) controls the repetition rate of the output tone sequence. The output 
repetition period is given by 

Fig.2 

384 
502 Trep 51 501 

F sweep oscill. 

S - 438£./1 

Output tone activation (pins FEN, EIN, FRI) 

The output stage is enabled by the signal OE (output enable) under control of pins FEN, EIN, FRI 
as shown in table 1, and fig. 3. 
Pin FEN and EIN are standard C-MOS inputs. 
Pin FRI has a pUll-down resistor of approximately 300 Kn. 
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FUNCTIONAL DESCRIPTION (continued) 

Table 1 

05C. 
FEN EIN FRI EN. 

o o o o 

o o 

o o 
to tl to tl 

o JL 
to t 1 

f 

o JUUUl ~ 
I I 

to tt tt 

J11U1fUl L 
to tt t1 

OUT. 
EN. 

o 

o 

to t 1 

to ti 

to t, 
IFfmln <1 < fmax 

,<2 

J L 
to tt 

JF f > fmln 

TONE OUT 

o 

o 

0JL 
to t1 

to t 1 

~ 
I 

to tt 

to tl 

T 1 = t 5M 72 :25ms MAX t3:IDENTIFICATION TIME fin t tSM 

Fig. 3 - Timing diagram 

4392/1 

'DO 

FEN~ ~~~~~------~~~~-__________ ~~ ~~ ______ ~ U L .,N 
PON ~'------~ ~'-----------------. 

::~~ ri J t EN C-________ ~ 

~~T __ 1---I7ij _ _ __ 'LJ '1 I ~ 

OTOu~·_~1 L LL ~'lt __ JI1 [ 1 b~ ______ ----,7f_L 1. J.LJlTL 
eOOH"lO&6llJlIKlO \066 fIOO 10661333 800 1066800 600 10661333600 800 1066 \333 

Ll~I"M ~2~2~m5MAX '(l=IDENTIFICATION TIME IInolSM 
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FUNCTIONAL DESCRIPTION (Continued) 

Output enable (OE) 

The output enable pin (OE) can be used in special application to drive a LED or any external circuit to 
indicate that an incoming ringing signal has been detected by the tone ringer as in automatic responders. 
OE timing diagrams are shown in table 1. 
The OE output stage configuration is shown in fig. 4. 

Fig.4 

Tone outputs (TO, TO) 

Two complementary outputs are provided to drive in a bridge configuration both piezoceramic and 
dynamic transducers (see fig. 5). 

Fig.5 

JU1.fl "'- IS! I 
~IOLUME 

~ ___ ~, __ --,--J 

~ 5-1..377 

MIll ~'"-~rtLcJ-
I I> 5-'37) 
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The configuration of the output buffer is shown in fig. 6. 

Fig.6 

The output waveform is a ·square wave with 50% duty cycle. 
The generated tone level can be constant or can be gradually increased up to the max. level during the 
detection of the first three ring signal. 
This function has been implemented controlling the output voltage swing that can be V DO for max. 
output level, 0.4 V DO for the intermediate output level and 0.1 V DO for the lowest output level. 

Output drive mode (OOM) 

The output level is constant if this pin is a logical 0: it gradually increases to the max. level if this pin is 
a logical 1: the sequence can take place if after the first ring signal during the ring tone pause period the 
supply does not fail below the power on reset threshold (2:8V) and starts always from the lowest level. 

Output tone selection (A B C) 

Table 2 A 

o 
o 
1 
1 

B Output tone sequences and frequencies 
f main oscill. '" 455 KHz and pin C = 0 

o 
1 
1 
o 

800 
800 
800 
800 

1066 1333 
1066 
d.c.50% 

All the above mentioned frequencies are divided by 2 when pin C is taken to V DO. 

In the M764A pins A and C are not available and are internally pulled down. 
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TYPICAL APPLICATIONS 

a) Tone ringer for standard telephone applications 

100Kfi 10V 

Z2 

FRI OE 
2.2Kfi 

VOD TO 

FEN TO 

A 

15V 
B 

C MAIN 
os. 

ODM 

EIN 

Vss os. 

5-08113 

If pin EIN is connected to Voo the ringer is activated by frequencies upper than 20Hz. 

In both cases the volume potentiometer can be avoided connecting the OOM to Voo allowing the 
gradually increase of the ringer volume in three steps. 

The number of the output available tones and their frequencies are controlled by ABC pins according 
to table 2. 

b) Tone ringer for alarm, buzzer or ring tone detection in centralized equipments . 

...I"'1.. 
FROM,uP OR 
RING DETECTION 
LOGIC 

s- l.J&S/l 

The number of the output available tones and their frequencies are controlled by ABC pins according 
to table 2. 
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COS/MOS 
INTEGRATED 
CIRCUIT 

30-CHANNEL REMOTE CONTROL TRANSMITTER 

• LOW POWER DISSIPATION IN TRANSMISSION 
• QUASI-ZERO STAND--BY CURRENT 
• WIDE SUPPLY VOLTAGE RANGE 
• INPUTS FULLY PROTECTED 
• HIGH NOISE IMMUNITY 
• INTERLOCK PREVENTS INCORRECT SELECTION 

NOT FOR NEW DESIGN 

The M 1024 is a monolithic integrated circuit intended for remote controlled systems in which 30 dif
ferent ultrasonic frequencies are used to transmit 30 commands. 
The M 1024 comprises an oscillator circuit,a variable and a fixed frequency divider, a decoder and a com
mand error protection. The circuit is produced in COS/MOS technology. In conjunction with the ultra
sonic Receiver M 1025 a complete remote control system can be real ized. The device is available in a 
16-lead dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 
--------~~-

V ** DO Supply voltage 0.5 to 12 V 

VI I nput voltage -O.b to V U[) "0.5 V 

1101 Output current 10 mA 
Ptot Total power dissipation 200 mW 

Tstg Storage temperature -65 to 150 "C 

Top Operating temperature -25 to 70 "C 

* Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This I~ 
a stress rating only and functional operation of the device at these or any other conditions above those indicated In 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions fot 
extended periods may affect device reliability. 

* * All voltages value are referred to V ss pin voltage. 

ORDERING NUMBER: M 1024 B5 

MECHANICAL DATA Dimensions in mm 
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PIN CONNECTIONS 

OSCILLATOR 1 
IN 

OSCILLATOR 
OUT 

IN • 

IN b 

IN c 

IN d 

IN • 

IN f 

16 VDD 

ULTRASONIC 
15 FREQUENCY 

OUT 

14 VSS 

13 IN I 

12 IN k 

11 IN , 

10 IN h 

IN g 

5-1530/1 

TRUTH TABLE (fj = 4.4336 MHz) 

Channel 
Number 

a b c d 

1 H H H H 
2 H H H H 
3 H H H H 
4 H H H H 
5 H H H H 
6 H H H H 
7 L H H H 
8 L H H H 
9 H L H H 

10 H L H H 
11 H H L H 
12 H H L H 
13 H H H L 
14 H H H L 
15 L H H H 
16 L H H H 
17 H L H H 
18 H L H H 
19 H H L H 
20 H H L H 
21 H H H L 
22 H H H L 
23 L H H H 
24 L H H H 
25 H L H H 
26 H L H H 
27 H H L H 
28 H H L H 
29 H H H L 
30 H H H L 

e 

L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

BLOCK DIAGRAM 

~ 

Inputs Output Frequency 

f 9 h i k I 

H H L H H H 33945 Hz 
H H H H H L 34291 Hz 
H L H H H H 34638 Hz 
H H H H L H 34984 Hz 
L H H H H H 35330 Hz 
H H H L H H 35677 Hz 
L H H H H H 36023 Hz 
H H H L H H 36370 Hz 
L H H H H H 36716 Hz 
H H H L H H 37062 Hz 
L H H H H H 37409 Hz 
H H H L H H 37 755 Hz 
L H H H H H 38101 Hz 
H H H L H H 38448 Hz 
H L H H H H 38794 Hz 
H H H H L H 39141 Hz 
H L H H H H 39487 Hz 
H H H H L H 39833 Hz 
H L H H H H 40180 Hz 
H H H H L H 40526 Hz 
H L H H H H 40872 Hz 
H H H H L H 41 219 Hz 
H H L H H H 41 565 Hz 
H H H H H L 41 912 Hz 
H H L H H H 42258 Hz 
H H H H H L 42604 Hz 
H H L H H H 42951 Hz 
H H H H H L 43297 Hz 
H H L H H H 43643 Hz 
H H H H H L 43990 Hz 
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DESCRIPTION 
The truth table shows the 30 ultrasonic transmission frequencies used in ,L,,, wireless transmission of re
mote control commands to the receiver. These frequencies are derived fror" the frequency of a quartz 
controlled oscillator with the aid of a variable frequency divider operating on the blaking principle. 
This is accomplished by blanking out between 1 and 3(1 out of every 128 pulses of the oscillator fre
quency (4.4336 MHz). The variable divider is preceded by a flip flop which halves the quartz frequency. 
The variable divider is followed by a fixed divider which divides by 50. It reduces the jitter, whirh is 
unavoidable when using the blanking principle, to negligible values. The expression for the ultrasonic 
output frec:uency is f· (97 + N) 

f = --'----
o 12800 

wherein N is the channel number and fi = 4.4336 MHz (sub--carrier frequency). The space between two 
adiacent ultrasonic frequencies is 346.4 Hz. 
The inputs accept a 2 of 11 code: by connecting simultaneously to Vss one of a to e and one of f to I 
input, a 5 bit word is generated internally and applied to the variable divider. The relative frequency is 
thus available at the output. 
An error protection circuit prevents incorrect operation. Under these conditions the oscillator will not 
start to operate, and the frequency divider is held in a defined position. 
Since consumption under standby conditions is very low, the ultrasonic transmitter need never be 
switched off. The selected frequency appears at the output when the threshold voltage is exceeded at the 
two control inputs. A threshold voltage hysteresis ensures that AC voltages which may be superimposed 
on the input voltage cannot falsify the actuation. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage 
I nput voltage 
Oscillator frequency 
Operating temperature 

7 to 9 
at') Voo 

4.4336 
-25 to 70 

STATIC ELECTRICAL CHARACTERISTICS(over recommended operating conditions) 

Values at 25° C 
Parameter Test conditions 

Min. Typ. Max. 

IceL Quiescent supply current VDD~ 9V all inputs at V OD 2 10 

Icc Supply cu rrent Voo~9V 1.5 3 
- oscillator running 
- ultrasonic freq. output open 

II I nput current 
i Voo~ 9V VI~ a ~- Voo 10.011 111 

ron High level output resistance Voo~7V IOH~ -1 mA 0.5 1 
(on state) 

--- -------,,----. ----

'on Low level output resistance Voo~7N IOL ~ 0.2 mA 1.5 3 
(on state) 

- /--
V TLH Positive going threshold voltage at VDo~9V 4.5 

the inputs a to I 

V THL Negative going threshold voltage at VDD~ 9V 4.1 
the inputs a to J 
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TYPICAL APPLICATION 

39pF 
IN 

4.4336CJ 10 
MHz MQ 

OUT 

47pF 

"DDJ~ 47 kO 

a' )a 

05C. IN 'DD 
M 1024 

osc. OUT 

INPUT CIRCUIT FOR 
MECHANICAL 
CONTACTS 

OUT 
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COS/MOS 
INTEGRATED 
CIRCUIT 

30-CHANNEL REMOTE CONTROL TRANSMITTER 

• FEW EXTERNAL COMPONENTS 
• INTERLOCK PREVENTS INCORRECT SELECTION 
• QUASI-ZERO STAND-BY CURRENT 
• WIDE SUPPLY VOLTAGE RANGE 
• INPUTS FULLY PROTECTED 
The M 1124 is a monolithic integrated circuit intended for remote controlled systems in which 30 dif
ferent ultrasonic frequencies are used to transmit 30 commands. 
The M 1124 comprises on oscillator circuit which does not require external components except the 
quartz. Further it comprises a fixed and a variable frequency divider, a decoder and a command error 
protection. All the command inputs are pulled-up to V DO by integrated resistors, to reduce the number 
of external components. Due to the relative low input impedances, the M 1124 is not suited for touch 
contacts. The circuit is produced in COS/MOS technology. In conjunction with the ultrasonic receivers 
M 1025 or M 1130, a complete remote control system can be realized. The device is available in a 16-lead 
dual in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

V ** DO Supply voltage -0.5 to 12 V 

VI Input voltage -0.5 to V DO +0.5 V 

1101 Output current 10 mA 
Ptot Total power dissipation 200 mW 
Tstg Storage temperature -65 to 150 °C 

Top Operating temperature o to 70 °C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity . 

•• All voltages are with respect to Vss (GND). 

ORDERING NUMBER: M 1024 B1 

MECHANICAL DATA Dimensions in mm 
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PIN CONNECTIONS 

05CILLATOR 1 
IN 

OSCILLATOR 
OUT 

IN • 

IN b 

IN c 

IN d 

IN • 

IN f 

16 

15 

14 

13 

12 

11 

10 

VDD 

ULTRASONIC 
FREQUENCV 

OUT 

V55 

IN I 

IN k 

IN , 

IN h 

IN 9 

TRUTH TABLE (f j = 4.4336 MHz) 

Channel 
Number 

a b c d 

1 H H H H 
2 H H H H 
3 H H H H , 
4 H H H H 
5 H H H H 
6 H H H H 
7 L H H H 
8 L H H H 
9 H L H H 

10 H L H H 
11 H H L H 
12 H H L H 
13 H H H L 
14 H H H L 
15 L H H H 
16 L H H H 
17 H L H H 
18 H L H H 
19 H H L H 
20 H H L H 
21 H H H L 
22 H H H L 
23 L H H H 
24 L H H H 
25 H L H H 
26 H L H H 
27 H H L H 
28 H H L H 
29 H H H L 
30 H H H L 

BLOCK DIAGRAM 

aO bO- 01 

r-
!~4,./0336 CJ 

MH, 1 

Inputs Output Frequency 

e f 9 h i k I 

L H H L H H H 33945 Hz 
L H H H H H L 34291 Hz 
L H L H H H H 34.638 Hz 
L H H H H L H 34984 Hz 
L L H H H H H 35330 Hz 
L H H H L H H 35677 Hz 
H L H H H H H 36023 Hz 
H H H H L H H 36370 Hz 
H L H H H H H 36716 Hz 
H H H H L H H 37062 Hz 
H L H H H H H 37409 Hz 
H H H H L H H 37755 Hz 
H L H H H H H 38 101 Hz 
H H H H L H H 38448 Hz 
H H L H H H H 38794 Hz 
H H H K H L H 39141 Hz 
H H L H H H H 39487 Hz 
H H H H H L H 39833 Hz 
H H L H H H H 40180 Hz 
H H H H H L H 40526 Hz 
H H L H H H H 40872 Hz 
H H H H H L H 41 219 Hz 
H H H L H H H 41 565 Hz 
H H H H H H L 41912Hz 
H H H L H H H 42258 Hz 
H H H H H H L 42604 Hz 
H H H L H H H 42951 Hz 
H H H H H H L 43297 Hz 
H H H L H H H 43643 Hz 
H H H H H H L 43990 Hz 
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DESCRIPTION 
The truth table shows the 30 ultrasonic transmission frequencies used in the wireless transmission of re
mote control commands to the receiver. These frequencies are derived from the frequency of a quartz 
controlled oscillator with the aid of a variable frequency divider operating on the blanking principle. 
This is accomplished by blanking out between 1 to 30 out of every 128 pulses of the oscillator fre
quency (4.4336 MHz) divided by 2. 
The variable divider is followed by a fixed divider which divides by 50. It reduces the jitter, which is 
unavoidable when using the blanking principle, to negligible values. The expression for the ultrasonic 
output frequency is 

f = o 
f i (97+N) 

12800 

wherein N is the channel number and fi = 4.4336 MHz (sub-carrier frequency). The space between two 
adiacent ultrasonic frequencies is 346.4 Hz. 
The inputs accept a 2 of 11 code: by connecting simultaneously to V ss one of a to e and one of f to I 
input, a 5 bit word is generated internally and applied to the variable divider. The relative frequency is 
thus available at the output. 
An error protection circuit prevents incorrect operation. Under these conditions the oscillator will not 
start to operate, and the frequency divider is held in a defined position. 
Since consumption under standby conditions is very low, the ultrasonic transmitter need never be 
switched off. The selected frequency appears at the output when the threshold voltage is exceeded at the 
two control inputs. 

RECOMMENDED OPERATING CONDITIONS 

Supply voltage 
Input voltage 
Parallel resonance frequency of the quartz at CL = 10 pF 
Series resistance of the quartz at CL= 10 pF 
Operating temperature 

6 to 9 
o to V OD 

4.433 
<200 

o to 70 

STATIC ELECTRICAL CHARACTERISTICS (over recommended operating conditions) 
Typical values are at T amb = 25°C unless otherwise specified 

Parameter Test conditions 
Values 

Min. Typ. Max. 

IDOL Quiescent supply current All Inputs at VOO 2 10 

100 Supply current V oo c=9V 1.5 3 
- oscillator running 
- ultrasonic freq. output open 

II I nput current VI=O -20 

ron High level output resistance IOH= -1 mA 0.5 1 
(on state) 

ron Low level output resistance IOL = 0.2 mA 1.5 3 
Ion <tate) 

~---------

Vn-l Threshold voltayc of the control 4.1 
inputs 
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TYPICAL APPLICATION 

r-------------.---------~--~--.__o9v 

4433 r-, 
MHz L_J 

16 

05C. IN VDD OUT 

M 1124 

3 4 5 6 7 8 9 10 11 12 13 

I 
MATRIX 
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MOS 
INTEGRATED 
CIRCUITS 

1024 - BIT STATIC RANDOM ACCESS MEMORY 

• POWER SUPPLY Vcc= 5V 
• TTL COMPATIBLE ALL INPUTS AND OUTPUTS 
• THREE-STATE OUTPUT 
• INPUTS PROTECTED AGAINST STATIC CHARGE 
• ORGANIZATION 1024 x 1 BIT IN 16 PIN STD PACKAGE 

TYPE STANDBY PWR OPERATING PWR ACCESS TIME 
(mW) (mW) (ns) 

M2102AL-2 42 342 250 

M 2102 AL 35 174 350 

M 2102 AL - 4 35 174 450 

M 2102 A -2 - 342 " 250 

M 2102 A - 289 350 

M 2102 A -4 - 289 450 

M 2102 A -6 - 289 650 

The M 2102A is a high speed 1024 word by 1 static 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 de
structively and has the same polarity as the input data. 
A low standby power version (M 2102 All is also available. It has all the same operating characteristics 
of the M 2102A with the added feature of 35 mW maximum power dissipation in standby and 174 mW 
in operations. The device is available in 16 lead dual in-line-ceramic package, metal-seal or frit-seal and 
plastic package. 

ABSOLUTE MAXIMUM RATINGS 

V,* 
I 

Ptot 
Tstg 
Top 

Input voltage (at any pin) 
Total power dissipation 
Storage temperature 
Operating temperature under bias 

-0.5 to 7 
1 

-65 to 150 
o to 70 

* All voltage are referred to GND pin voltage 

ORDERING NUMBERS: M 2102A - B1 for dual-in-line plastic package 
M 21 02A - D1 for dual-in-line ceramic package, metal-seal 
M 21 02A - F1 for dual-in-line ceramic package, frit-seal 
M 21 02AL - B 1 for dual-in-line plastic package 
M 21 02AL - D1 for dual-in-line ceramic package, metal-seal 
M 2102AL - F1 for dual-in-line ceramic package, frit-seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package 
frit-seal for M21 02A/AL-F1 

I I l:::::: :1 

PIN CONNECTIONS 

A6 " 

A5 ,5 

RIW ,4 

Al ,3 

A7 

A8 

A' 

CE 

A2 12 DATA OUT 

A3 11 DATA IN 

A4 10 VDD 

AD V55 

PIN NAMES 

DIN DATA. INPUT 

AO-A9 ADDRESS INPUTS 

R/W READ/WRITE INPUT 

cr CHIP ENABLE 

DOUT DATA OUTPUT 

Voo POWER (+5V) 

Dual in-line plastic package 
for M 2102A/AL-B1 

~ 0 . .1; .54 
r7.78 

~:::::::I 

Dual in-line ceramic package 
metal-seal for M 21 02A/AL-D1 

D
2~i53-' I 

" , 

, . 

LOGIC DIAGRAM 

AD 

Al 

A2 Dr 

A3 

A4 

A5 

A6 

A7 DO 

AB 

A' 

5-2167 

TRUTH TABLE 

CE R/W DIN DOUT MODE 

H X X HIGH Z NOT SELECTED 
L L L L WRITE "0" 
L L H H WRITE"1" 
L H X DOUT READ 
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BLOCK DIAGRAM 

ADORE SS 0 

ADDRESS 1 

ADDRESS 2 

ADDRESS 3 

ADDRESS 4 

READ 
, WRITE 

DATA INPUT 

CHIP ENABLE 

ROW 

I/,-~_,SELECTOR 

eEL l ARRAY 
32 ROWS 
32 COLUMNS 

ADDRESS S ADDRESS 7 ADDRESS 9 

ADORESS 6 ADDRESS S 

-.~.9---{) Vee 

~-o GND 

STATIC ELECTRICAL CHARACTERISTICS (Vee= 4.75 to 5.25V, Tamb = 0 to 70D e unless 
otherwise specified) 

M 2102 A 
M 2102 AL M 2102 A -2 M 2102 A-6 Test M 2102 A -4 M 2102 AL-2 Parameter 

conditions M 2102 AL-4 Unit 

Min. Typ.' Max. Min. I Typ~' Max. Min. ITyp.- Max. 

V IH I nput high voltage 2 Vee 2 Vee 2.2 ' Vee V 

V IL Input low voltage -0,5 0.8 -0.5 0.8 -0.5 0.65 V 

V OH Output high voltage IOH~ -100 I'A 2.4 2.4 2.2 V 

VOL Output low voltage IOL- 2.1 mA 0.4 0.4 0.45 V 

ILl Input load current V I- 0 to 5.25V 1 10 1 10 1 10 IJ-A 

IOH Output leakage CE~ 2V. 
1 5 1 5 1 5 I'A current VO~ V OH --

IOL Output leakage CE= 2V -1 -10 -1 -10 -1 -10 IJ-A current Vo~O.4V .- 65 55 r-~-lee Supply current VI~ 5.25V 33 45 33 mA 
Tamb~ DoC 
Data out open 

- TYPical values for Tamb= 25°C and nominal supply voltage . 
• - The maximum lee value is 55 rnA for the M 2102A and M 21 02A-4,and 33 rnA for the M 2102AL and M 2102AL-4. 
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DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = 0 to 70°C, Vee= 5V ± 5% unless 
otherwise specified) 

M 2102 A -2 M2102A- M 2102 A -4 
M 2102 A-6 

Parameter 
Test M 2102 AL-2 M 2102 AL M 2102 AL-4 Unit 

condition 
Min. Max. Min. Max. Min. Max. Min. Max. 

Read Cycle 

tre Read cycle 250 350 450 650 I ns 

ta Access time 250 350 450 650 ns 

tE CE to output time 130 180 230 400 ns 

tOHI Previous read data 
tR,tF~10ns 

40 40 40 50 ns Load ~ 1 TTL 
valid with respect gate and 
to address CL ~ 100 pF 

tOH2 Previous read data 0 0 0 0 ns 
valid with respect 
to chip enable 

Write Cycle 

twe Write cycle 250 350 450 650 ns 

tAW Address to with 20 20 20 200 ns 
setup time 

twp Write pulse width tR, tF~ 10 ns 180 250 300 400 ns 

Write recovery 
Load = 1 TTL 

0 0 0 50 tWR gate and ns 
time CL~100pF 

ts Data setup time 180 250 300 450 ns 

th Data hold time 0 0 0 20 ns 

tew Ch ip enable to 180 250 300 550 ns 
write setup time 

CAPACIT ANCES (Tamb = 25°C, f= 1 MHz) 

Values I I 
Parameter Test conditions Unit 

Min. Typ. Max. 

CI Input capacitance VI =OV 3 5 pF 
-

Co Output capacitance Vo=OV 7 10 pF 
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STANDBY CHARACTERISTICS (Tamb = DOC to 7DOC) 

M 2102 AL-4 M 2102 AL-2 
Parameter Test conditions M 2102 AL Unit 

Min. Typ.* Max. Min. Typ.* Max. 

VPD V CC in standby 1.5 1.5 V 

VCES " CE bias in standby 2V"'" VPD "'" Vcc Max. 2 2 V 

1.5V';;;; VpD < 2V VPD VPD V 

IpDI Standby current All inputs = VPDI - 1.5V 15 23 20 28 mA 

IpD2 Standby current All inputs = VpD2 - 2V 20 30 25 38 mA 

tcp Chip deselect to 0 0 ns 
standby time 

tR*** Standby recovery tRC tRC ns 
time 

• Typical values are for Tamb= 25°C. _ 
•• Consider the test conditions as shown: if the standby voltage (V PD) is between 5.25V (VCe max) and 2V, then CE 

must be held at 2V Min. (V I H)' If the standby voltage is than 2V but greater than 1.5V (V PD min), then CEand 
standby voltage must be at least the same value or, if they are different, CE must be the more positive of the two. 

'**tR = tRC (READ CYCLE TIME). 

STANDBY WAVEFORMS 

STANDBY MODE 

ov 
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WAVEFORMS 

Read cycle 

Write cycle 

ADDR~SS 

CHIP 
ENABLE 

DATA 
OUTPUT 

ADDRESS 

CHIP 
ENABLE 

READI 
WRITE 

DATA 
INPUT 

DATA CAN 
CHANGE 

S - 0989 

Iwe 

lew 

DATA STABLE 

') -0990 
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MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

1024 x 4 BIT STATIC RAM 
• SINGLE +5V SUPPLY 
• IDENTICAL 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 18 PIN PACKAGE 

M2114 M2114-2 M2114-3 M2114 M2114L2 M2114L3 M2114L 
--~-

[ Max. Access Time (ns) 200 300 450 200 300 450 
"----I Max. Current (mA) 100 100 100 70 70 70 

The M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using a 
high performance MOS technology. It uses Tully DC stable (static) circuitry throughout, in both the 
array and the decoding, therefore it requires no clocks or refreshing to operate. Data access is particularly 
simple since address setup times are not required. The data is read out nondestructively and has the same 
polarity as the input data. Common input/output pins are provided. The M2114 is designed for memory 
applications where high performance and high reliability, low cost, large bit storage, and simple inter
facing are important design objectives. The M2114 is placed in an 18-pin package for the highest pos
sible density. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A 
separate Chip Select (CS) lead allows easy selection of an individual package when outputs are or-tied. 

ABSOLUTE MAXIMUM RATINGS* 

Vi 
Ptot 

lout 
Tamb 
T stg 

Voltage on any pin with respect to ground 
Total power dissipation 
D.C. output current 
Ambient temperature under bias 
Storage temperature range 

3.5 to +7 
1 
5 

-10 to 80 
-65 to 150 

v 
W 

mA 
°C 
°C 

• 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS: M2114 
M2114-2 
M2114-3 
M21·14L 
M2114L2 
M2114L3 
add suffix F1 for frit-seal ceramic DIP or B1 for plastic DIP. 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package, frit seal 
r W~" I 

wwmv~ ~r~J f1t4 
0.4641 . I '25', 1 ' 

C. 20.3L.~' J ~ 10..4'"'''...; 

2330.''"'" r- "I 
t:' 1'1 r 1 [1 r 1 [ 1 11 n J 
IJTJ L1 U U -LrLJ Lru 

Dual in-line plastic package 

PIN CONNECTIONS LOGIC DIAGRAM 

16 AS 

15 A9 

AO , 

12 1103 

I' Jl04 

" 
GND 9 .0 WE 

BLOCK DIAGRAM 

" -' -- -" ---t?=~~-=-
A4 - 3_ - .----t::~f~=~-
" __ 2 _______ ~-

A6 - I--------~-=---

.''----~---[:;?~

''--- .-~.~=-

,) 

" ]lO~ -

-IO;~ 
WE-~ 

rl02 

ROW 
SELECT 

PIN NAMES 
AO-A9 

WE 

CS 

1/01-1/04 

MEMORY ARRAV 

64 ROWS 
64 COLUMNS 

ADDRESS INPUTS 

WR ITE ENAB LE 

CHIP SELECT 

DATA INPUT/OUTPUT 

~ ... -~cc 

"'-!!--GNO 

COLUMN 110 CIRCUITS 

.----------
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STATIC ELECTRICAL CHARACTERISTICS 
(Tamb = O°C to 70°C, V cc= 5V ± 5')9, unless otherwise noted) 

2114-2,2114-3,2114 
Parameter Test conditions 

Min. Typ.(!) 

ILl Input Load Current 
(All Input Pins) 

V I~ 0 to 5.25V 

IILol I/O Leakage Current CS-2.4V, 
VI/O~ O.4V to Vcc 

ICCI Power Supply Current V 1- 5.25V, 11/0- 0 mA, 
Tamb~ 25°C 

~- Power Supply Current V,- 5:.25;:', 11/0- 0 mA, 
T amb- 0 C 

V IL I npu-t Low Voltage -0.5 
--

V IH Input High Voltage 2.0 

~-Output Low Current V OL-O.4V 2.1 

10H Output High Current Vow 2.4V -1.0 

...!..os (2) Out. Short Circuit Current 

DYNAMIC ELECTRICAL CHARACTERISTICS 
(Tamb = O°C to 70°C, Vec= 5V ± 5%, unress otherwise noted) 

Parameter 

READ CYCLE (3) 

tRe Read Cycle Time 

tA Access Time 

~-ChiP Selection to Output Valid 

tcx Chip Selection to Output Active 

tOT 0 Output 3-state from Deselection 
-----

tOHA Outpui Hold from AdCir8sSCtiar;ge-
---

WRITE CYCLE (4) 
.. - --

Write Cycle Time 
---~-----" 

Write Time 

Write Release Time 

twe 

tw 

tWR 

tOTW 

tOVII._ 

tOH 

Output 3-state from W~ite-~-----'---------

Data to Write Time Overlap 

Data Hold From Write Time 

CAPACITANCES(S) (Tarnb = 25°C, f = 1.0 MHz) 

200 

20 
f----

50 

200 

120 

0 
r--~--~ 

120 

0 

,--- --.--~-

80 

6.0 

-1.4 

200 

70 

60 

60 

Parameter Test conditions 

Max. 

10 

10 

95 

100 

0.8 

6.0 

40 

300 

20 

50 

300 

150 

0 
---

150 

0 

2114L2,2114L3,2114L 

Min. Typ.(1) Max. 

10 

10 

65 

70 

-0.5 0.8 

2.0 6.0 

2.1 6.0 

-1.0 -1.4 

40 

450 

300 450 

100 120 

20 

80 100 

50 

450 

200 

0 
r--SO 100 

200 

0 

Values 

Min. Typ. Max. 

CliO I nput/Output Capacitance _. ____ v..I/O~ OV __ ~. 5 

C, I nput Capacitance V I ~ Oil 5 
.----.---~.~-.-~-~ 

Notes: 1. Typical values are for T amb~ 25° C and V ec~ 5.0V. 
2. Duration not to exceed 30 seconds. 

Unit 

IlA 

IlA 

mA 

mA 

V 

V 

mA 

mA 

mA 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Unit 

pF 

pF 

3. A Read occurs during the overlap of a low CS and a high WE. 
4. A Write occurs during \be2Yerl~f a low CS and a low WE. tw is measured from the latter of Cs or WE 

going low to the earlier of CS or WE going high. 
5. This parameter is periodically sampled and not 100% tested. 
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A.C. TEST CONDITIONS 
Input Pulse Levels for M2114 = 0.8V to 2.4V 
Input Rise and Fall Times = 10 ns 
Input and Output Timing Levels = 1.5V 
Output Load = 1 TTL Gate and CL = 100 pF 

WAVEFORMS 
READ CYCLE II} 

cs 
'co 

'ex i: ~OHA~L __ 
------!H-I«(~ V= 

WRITE CYCLE 

ADDRESS =1------_----_----_----'_'"-c ------------lr---
I r---,,,-Rj 

cs 
(2J 

(3) 

WE 

i I 

~~;~~~. f'777/'W"TTT%"TT7"7jj"TTTo/§;rTT7%TTTW; --- }---
~. __ to_~~ __ ...! 

I 'ow L 'OH 

------~(~t ___ ·~i~X~l9~*~M~ 
Notes: 1. WE: is tllith for a Read Cycle. _ 

2. If the CS low transition occurs simultaneously with the WE low transition, the output buffers remain in a 
~ impedance state. 

3. WE must be high during all address transitions. 
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MOS 
INTEGRATED 
CIRCUIT 

16384 BIT READ ONLY MEMORY 

• SINGLE+5V±10%POWERSUPPLY 
• ACCESS TIME 450 ns (MAX.) 
• INPUTS AND OUTPUTS TTL COMPATIBLE 
• THREE PROGRAMMABLE CHIP SELECTS FOR SIMPLE MEMORY EXPANSION AND SYSTEM 

INTERFACE 
• COMPLETELY STATIC OPERATION 
• THREE-STATE OUTPUT FOR DIRECT BUS INTERFACE 

The M 2316E is a 16384 bit static Read Only Memory N-channel Si-Gate MOS organized as 2048 words 
by 8 bits. Its high bit density is ideal for large, non-volatile data storage applications such as program 
storage. The three-state outputs and TTL input/output levels allow for direct interface with common 
system bus structures. 
The M 2316E is available in 24-lead dual-in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS 

Input voltage (at any pin) 
Total power dissipation 
Storage temperature 
Operating temperature under bias 

* This voltage is with respect to Ground 

ORDERING NUMBER: M 2316E B1 for dual in-line plastic package 

MECHANICAL DATA 
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-0.5 to 7 

-55to+125 
-10 to 80 

v 
W 

DC 
DC 

Dimensions in mm 
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PIN CONNECTIONS 

A7 Vee 
A6 A8 

A5 A9 

A4 C53 

A3 C51 

A2 AlO 

AI C52 

AO D7 

DO D6 

Dl D5 

D4 D4 

GND D3 

5-2318 

BLOCK DIAGRAM 

Al0 

A9 

A8 
if) 
cr 

A7 
w 
"-
"-::> 

A6 '" 
~ 
::> 
a. 

A5 ~ 
if) 

A4 if) 
w 
cr 
a 

A3 a 

'" 
A2 

AI 

AO 

PIN NAMES 

AD - Al0 ADDRESS INPUTS 

DO - D7 DATA OUTPUTS 

CSl - CS3 CHIP SELECT INPUTS 

DO 01 D2 D3 04 D5 D6 07 

16. 384 BIT 
CELL MATRIX 
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CHIP 
5ELECT 

PROG. 

CHIP 
5ELECT 
INPUT 

BUFFER5 

C51 

C52 

C53 



STATIC ELECTRICAL CHARACTERISTICS (Tamb = DOC to +70oe, Vee= 5V ± 10% unless 

otherwise specified) 
--------------------_ .. - ------

Parameter Test cDnditions Min. Typ.(l) Max. Unit 

ILl Input load current{AIi input pins) V 1= 0 to 5.25V 10 IlA 
."--"-----

I LOH Output leakage current Chip deselected Vo= 4V 10 IlA 

I LOL Output leakage current Chip deselected Vo= OAV -20 IlA 

Icc Power supply current All inputs 5.25V Data out open 70 120 mA 

V 1L Input low voltage -0.5 O.B V 
-- ---- -

V 1H Input high voltage 2A Vee+1V V 
-------_ .. 

VOL Output low voltage iOL= 2.1 mI'. OA V 

V OH Output high voltage iOH= -400 /1A 2A V 
-- '--- --

Note: 1 Typical values for T amb~ 250 C and nominal supply voltage. 

DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb = DoC to 70°C, Vee= +5V ± 10%unless 

otherwise specified) 

Parameter Test conditions Min. Typ. Max. Unit 

tA Address to output delay time Output load = 1 TTL gate 450 ns 
and CL = 100 pF 

teo Ch ip select to output enable 
Input pulse levels -O.B to 2AV 
Input pulse rise and fall times 120 ns 

delay time (10% to 90%) -20 ns 
Timing Measurement Reference 
level: 

tDF Chip deselect to output data Input = 1 V and 2.2V 10 100 ns 
float delay time Output = O.BV and 2.2V 

C1 Input capacitance T amb=25°C f = 1 MHz 
All pins except pin under test tied 
to AC ground 5 10 pF 

Co Output capacitance T amb= 25°C· f = 1 MHz 
All pins, except pin under test tied 
to AC ground 10 15 pF 
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A.C. Waveforms 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

DATA OUTPUT 
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MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

16K (2K x 8) UV ERASABLE PROM 

• FAST ACCESS TIME: 350 ns MAX. M2716-1 
450 ns MAX. M2716 

• SINGLE +5V POWER SUPPLY 
• LOW POWER DISSIPATION: 525 mW MAX. ACTIVE POWER 

132 mW MAX. STANDBY POWER 
• SIMPLE PROGRAMMING REQUIREMENTS 

- SINGLE LOCATION PROGRAMMING 
- PROGRAMS WITH ONE 50 ms PULSE 

• INPUTS AND OUTPUTS TTL COMPATIBLE DURING READ AND PROGRAM 
• COMPLETELY STATIC 

The M2716 is a 16.384-bit ultraviolet erasable and electrically programmable read-only memory 
(EPROM). The M2716 operates from a single 5-volt power supply, has a static standby mode, and fea
tures fast single address location programming. It makes designing with EPROMs faster, easier and more 
economical. 
The M2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the 
newer high performance +5V microprocessors such as Z80 and Z8000. 
The M2716 is also the fi rst EP ROM with a static standby mode wh ich reduces the power dissipation 
without increasing access time. The maximum active power dissipation is 525 mW while the maximum 
standby power dissipation is only 132 mW, a 75% savings. 
The M2716 has the simplest and fastest method yet devised for programming EPROMs - single pulse 
TTL level programming. No need for high voltage pulsing because all programming controls are handled 
by TTL signals. Program any location at any time-either individually, sequentially or at random, with 
the M2716's single address location programming. Total programming time for all 16.384 bits is only 
100 seconds. 

ABSOLUTE MAXIMUM RATINGS* 

Vpp 

Tamb 
Tstg 

All input or output voltages with respect to ground 
Supply voltage with respect to ground during program 
Ambient temperature under bias 
Storage temperature range 

+6 to -0.3 
+26.5 to -0.3 

-10 to +80 
-65 to + 125 

V 
V 

°C 
°C 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity. 

ORDERING NUMBERS: M2716F1 
M2716-1 F1 

for frit-seal dual in-line ceramic package 
for frit-seal dual in-line ceramic package 
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MECHANICAL DATA (dimensions in mm) 

1336 max 

c rC-l 

~Wmwrr~1 ~f t-~ 
04SJ ..: L254. r 

279L, 

321"'" 

n n llnnn.Ll n n_unl 

oJ 
[II J 1 F II LJ UlflJ lJ [I U 

"SSe 898 

BLOCK DIAGRAM 

DE 

CElPGM 

AD_AIO 
ADDRESS 

INPUTS 

Vee 0---

GN00--

Vpp 0-------------

DECODER 

MODE SELECTION 

~ MODE 

Read 

Standby 

DATA OUTPUTS 
00- 07 

16.384 BIT 

CELL MATRIX 

CE/PGM 
(18) 

V 1L 

V IH 

Program Pulsed V IL to V IH 

Program Verify V IL 

Program Inhibit V IL 

Note: 

PIN CONNECTIONS 

A7 24 'co 
A6 23 A8 

AS 22 A9 

A4 21 Vpp 

A3 20 DE 

A2 AIO 

AI CE/PGM 

AD 07 

00 06 

01 10 as 

02 04 

GNO 12 03 

PIN NAMES 

AO~A10 ADDRESSES 

CE/PGM CH IP ENABLE/PROGRAM 

DE OUTPUT ENABLE 

00-07 OUTPUTS 

-
OE Vpp Vee OUTPUTS 
(20) (21) (24) (9-11,13-17) 

V IL +5 +5 DOUT 

Don't Care +5 +5 High Z 

VIH +25 +5 DIN 

V IL +25 +5 DOUT 

V IH +25 +5 High Z 

The five modes of operation of the M2716 are listed in this table. It should be noted that all inputs for the five modes 
are at TTL levels. The power supplies required are a +5V Vee and a V pp. The V pp power supply must be at 25V 
during the three programming modes, and must be at 5V in the other two modes. 
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READ OPERATION 
D.C. AND A.C. OPERAT ING CONDITIONS M2716 M2716-1 

Temperature range 0"C-70°C 0°C-70°C 

Vee Power Supply (\ ,2) 5V ± 5% 5V ± 10% 

V pp Power Supply (2) Vee Vee 

D.C. AND OPERATING CHARACTERISTICS 

Parameter Test conditions r------
Min. 

ILl Input Load Current \II ~ 5.25V 

I LO Output Leakage Current Vo~ 5.25V 

IpPl (2) V PP Supply Current Vpp~ 5.25V 

leCl (2) Vee Supply Current (Standby) CE~ V IH, OE ~ V IL 

lee2(2) Vee Supply Current (Active) 6E~CE~VIL 

V IL I nput Low Voltage -0.1 

V IH Input High Voltage 2.0 

VOL Output Low Voltage IOL~2.1 mA 

V OH Output High Voltage IOH~ -400/lA 2.4 

A.C. CHARACTERISTICS 

M2716 
Parameter Test conditions 

Min. Max. 

tAee Address to Output Delay CE~OE~VIL 450 

tCE CE to Output Delay OE ~ V IL 450 

tOE Output Enable to Output Delay CE~VIL 120 

tDF Output Enable High to Output CE~VIL 0 100 
Float 

tOH Ou~t Hold from Addresses, CE CE~OE~VIL 0 
or OE Whichever Occurred First 

CAPACITANCE (4) (Tamb = 25°C, f = 1 MHz) 

Parameter Test conditions 
Min. 

C I Input capacitance VI.~ OV 

Co Output capacitance Vo~ OV 

Values 
Unit 

Typ.(3) Max. 

10 /lA 

10 /lA 

6 mA 

10 25 mA 

57 100 mA 

0.8 V 

Vee+1 V 

0.45 V 

V 

M2716-1 
Unit 

Min. Max. 

350 ns 

350 ns 

120 ns 

0 100 ns 

0 ns 

Values 
Unit 

Typ. Max. 

4 6 pF 

8 12 pF 

Notes: 1. 
2. 

v cc must be applied simultaneously or before Vpp and removed simultaneously or after V pp. 
Vpp may be connected directly to Vcc except during programming. The supply current would then be 
the sum of I cc and I PP1. 

3. 
4. 

Typical values are for T amb~ 25° C and nominal supply voltages. 
This parameter is only sampled and is not 100% tested. 
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A.C. TEST CONDITIONS: 
Output load: 1 TTL gate and CL = 100 pF. 
Input Rise and Fall Times: .;;; 20 ns 
Input Pulse levels: 0.8V to 2.2V 
Timing Measurement Reference Level: Inputs 1 V and 2V 

Outputs 0.8V and 2V 

A.C. WAVEFORMS (1) 

ADDRESSES ADDRESSES VALID -~-
u ----I-" 

~V 
'CE 

~-----I---~ 

l3J tOF 

OUTPUT ____ ---"'HI"'GH'""Z __ ---<E«~ 

Note: 1. V CC must be applied simultaneously or before V pp and removed simultaneously or after V pp. 
2. OE may be delayed up to tACC - tOE after the falling edge of CE without impact on tACC' 
3. tOF is specified from OE or CE, whichever occurs first. 

READ MODE 
The M2716 has two control functions, both of which must be logically satisfied in order to obtain data 
at the outputs. Chip Enable (CE) is the power control and should be used for device selection. Output 
Enable (OE) is the output control and should be used to gate data to the output pins, independent of 
device selection. Assuming that addresses are stable, address access time (tAccl is equal to the delay 
from CE to output (tCE )' Data is available at the outputs 120 ns (tOE) after the falling edge of OE, as
suming that CE has been low and addresses have been stable for at least tACC-tOE' 

STANDBY MODE 
The M2716 has a standby mode which reduces the active power dissipation by 75%, from 525 mW to 
132 mW. The M2716 is placed in the standby mode by applying a TTL high signal to the CE input. 
When in standby mode, the outputs are in a high impedance state, independent of the OE input. 

OUTPUT OR-TIEING 
Because M2716's are usually used in larger memory arrays, the product has 2 line control function that 
accomodates this use of multiple memory connections. The two line control function allows for: 

a) the lowest possible memory power dissipation, and 
b) complete assurance that output bus contention will not occur. 

To most efficiently use these two control lines, it is recommended that CE (pin 18) be decoded and used 
as the primary device selecting function, while OE (pin 20) be made a common connection to all devices 
in the array and connected to the READ line from the system control bus. This assures that all de
selected memory devices are in their low power standby mode and that the output pins are only active 
when data is desired from a particular memory device, 
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PROGRAMMING OPERATION (1) (Tamo= 25°C ± 5%, Vee (2)= 5V ± 5%, Vpp (2,3)= 25V ± lV) 

D.C. AND OPERATING CHARACTERISTICS 
-- . 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

ILl I nput Current (for Any Input) V I~ 5.25V /0.45 10 /LA 

IpPl V pp Supply Current CE/PGM ~ V 1L 6 mA 

IpP2 Vpp Supply Current During CE/PGM ~ V 1H 30 mA 
Programming Pulse 

Icc Vee Supply Current 100 mA 

V 1L I nput Low Level -0.1 0.8 V 

V 1H Input High Level 2.0 Vee+l V 

A.C. CHARACTERISTICS 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

tAS Address Setup Time 2 /LS 
f---. 

tOES OE Setup Time 2 /LS 

tos Data Setup Time 2 /LS 

tAH Address Hold Time 2 /LS 

tOEH OE Hold Time 2 /LS 

tOH Data Hold Time 2 /LS 

tOF Output Enable to Output Float CE/PGM ~ V 1L 0 120 ns 
Delay 

tOE Output Enable to Output Delay CE/PGM ~ V1L 120 ns 

tpw Program Pulse Width 45 50 55 ms 

tpRT Program Pulse Rise Time 5 ns 

tpFT Program Pulse Fall Time 5 ns 

CAUTION: The Vee and V pp supplied must be sequenced on and off such that Vee is applied simul
taneously or before V pp and removed simultaneously or after V pp to prevent damage to the M2716. The 
maximum allowable voltage during programming which may be applied to the V pp with respect to 
ground is +26V. Care must be taken when switching the V pp supply to prevent overshoot exceeding 
the 26-volt maximum specification. For convenience in programming, the M2716 may be verified with 
the V pp supply at 25V ±lV. During normal read operation, however, V pp must be at Vee. 

Notes: 1. SGS-ATES guarantees the product only if it is programmed to specifications described herein. 
2. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The M2716 

must not be inserted into or removed from a board with Vpp at 25 ± IV to prevent damage to the device .. 
3. The maximum allowable voltage which may be applied to the V pp pin during programming is +26V. Care 

must be taken when switching the V pp supply to prevent overshoot exceeding this 26V maximum speci
fication. 
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A.C. TEST CONDITIONS 

Vcc= 5V ± 5% 
Vpp = 25V ± lV 
Input Rise and Fall Times (10% to 90%) = 20 ns 

PROGRAMMING WAVEFORMS 

(V pp =25V±lV, Vcc=5V±5%) 

ADDRESSES )< 
tAS 

(2) 

PROGRAM 

DATA ~ DATA IN STABLE 
ADD.N 

tDF 

(0.12 MAX) 

/ 
'OS tpw 

(2 ) (45ms) 

tOES 

(2) 

.... 1/ 
r--, 

~ 
CE/PGM 

tpRT 

Input Pulse Levels = 0.8V to 2.2V 
Input Timing Reference Level = 1 V and 2V 
Output Timing Reference Level = 0.8V and 2V 

PROGRAM VERIFY 

ADDRESS N /K ADDRESS N+m 

tAH 

(2) 

"'I HIGH Z 
DATA OUT HATA IN STABLE 

.) VALID ADD.N ADD. N.m 

'OE tDF 

(0.12 MAX) I (0.12 MAX) 

'" tDH ~ 

~ 

tOEH 

(2) 

tpFT 5·1.426 

Note: All times shown in parentheses are minimum times and are Jisec unless otherwise noted. 

PROGRAMMING 

Initially, and after each erasure, all bits of the M2716 are in the "1" state. Data is introduced by selec
tively programming "D's" into the desired bit locations. Although only "D's" will be programmed, both 
"l's" and "D's" can be presented in the data word. The only way to change a "0" to a "1" is by ultra
violet light erasure. 
The M2716 is in the programming mode when the V PP power supply is at 25V and OE is at V IH' The 
data to be programmed is applied 8 bits in parallel to the data output pins. The levels required for the 
address and data inputs are TTL. 
When the address and data are stable, a 50 msec, active high, TTL program pulse is applied to the CEI 
PGM input. A program pulse must be applied at each address location to be programmed. You can pro
gram any location at any time - either individually, sequentially, or at random. The program pulse has a 
maximum width of 55 msec. The M2716 must not be programmed with a DC signal applied to the 
CE/PGM input. 
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Programming of multiple M2716s in parallel with the same data can be easily accomplished due to the 
simplicity of the programming requirements. Like inputs of the paralleled M2716s may be connected 
together when they are programmed with the same data. A high level TTL pulse applied to the CE/PGM 
iflPut-programs the paralleled M2716s. 

PROGRAM INHIBIT 

Programming of multiple M2716s in parallel with different data is also easily accomplished. Except for 
CE/PGM, all like inputs (including DE) of the parallel M2716s may be common. A TTL level program 
pulse applied to a M2716's CE/PGM input with Vpp at 25V will program that M2716. A low level CE/ 
PGM input inhibits the other M2716 from being programmed. 

PROGRAM VERIFY 

A verify should be performed on the programmed bits to determine that they were correctly program
med. The verify may be performed with V pp at 25V. Except during programming and program verify, 
Vpp must be at 5V. 

ERASURE OPERATION 
The erasure characteristics of the M2716 are such that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 Angstroms {}I,.}. It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths in the 3000-4000 A range. Data show that constant 
exposure to room level fluorescent lighting could erase the typical M2716 in approximately 3 years, 
while it would take approximately 1 week to cause erasure when exposed to direct sunlight. If the M2716 
is to be exposed to these types of lighting conditions for extended periods of time, it is suggested to put 
opaque labels over the M2716 window to prevent un intentional erasure. 
The recommended erasure procedure for the M2716 is exposure to shortwave ultraviolet light which has 
a wavelength of 2537 Angstroms (A). The integrated dose (i.e. UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. The erasure time with this dosage is approximately 15 
to 20 minutes using an ultraviolet lamp with a 12000 !L W/cm2 power rating. The M2716 should be 
placed within 2.5 cm of the lamp tubes during erasure. Some lamp~ "'we a filter on their tubes which 
should be removed before erasure. 
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MOS 
INTEGRATED 
CIRCUIT 

4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

PRELIMINARY DATA 

• POWER SUPPLY Voo= 12V, Vcc= 5V, V BB = -5V (ALL WITH ± 10% TOLERANCE EXCEPT 

Voo ± 5) 
• ALL INPUTS ARE LOW CAPACITANCE AND TTL COMPATIBLE 
• INPUT LATCHES FOR ADDRESSES, CHIP SELECT AND DATA IN 
• INPUTS PROTECTED AGAINST STATIC CHARGE 
• THREE-STATE TTL COMPATIBLE OUTPUT 
• OUTPUT DATA LATCHED AND VALID INTO NEXT CYCLE 
• ECL. COMPATIBLE ON V BB POWER SUPPLY (-5.7V) 
• LOW POWER CONSUMPTION: ACTIVE POWER UNDER 470 mW 

STANDBY POWER UNDER 27 mW 
• ORGANIZATION 4096 x 1 BIT IN 16-PIN STD PACKAGE 
• FUNCTIONAL AND PIN COMPATIBLE WITH MK4027 
• ACCESS TIME: TYPE M4015 250 ns 

The M4015 is a 4096 word by 1 bit dynamic N-channel silicon gate MOS RAM. The M4015 uses a single 
transistor cell utilizing a dynamic storage technique and dynamic control circuitry with low power dissi· 
pation. A unique multiplexing and latching technique for the address inputs permits the M4015 to be 
mounted in a stand2rd 16-pin package. The M4015 incorporates several flexible operating modes. In 
addition to the usual read and write cycles, read modify write, page mode and RAS-only refresh cycles 
are available with the M4015. Page-mode timing is very useful in systems requiring Direct Memory 
Access (DMA). The device is available in 16-lead dual in-line plastic or ceramic package (metal-seal), 
and ceramic package (frit-seal). 

ABSOLUTE MAXIMUM RATINGS* 

Top 
Tstg 

Voltage on any pin relative to V BB 
Voltage on V oo , Vcc relative to Vss 
VBB-V SS (Voo-Vss > 0) 
Operating temperature 
Storage temperature for ceramic package 

for plastic package 
Short circu it output current 
Total power dissipation 

-0.5 to +20 
-1 to +15 

o 
o to +55 

-65 to + 150 
-55 to +125 

50 
1 

V 
V 
V 

°C 
°C 
°C 

mA 
W 

* Stresses greater than 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 indi~ 
cated in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

ORDERING NUMBER: M4015 F1 for dual in-line ceramic package, frit-seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package frit-seal 
for M4015 F1 
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RECOMMENDED DC OPERATING CONDITIONS! (Tamb = 0 to 55°C)4 

Values 
Unit I Notes Parameter 

Min. Typ. Max. 

VOO Supply voltage 11.4 12 12.6 V 2 
.-

Vee Supply voltage 4.5 5 5.5 V 2,3 

Vss Supply voltage 0 0 0 V 2 

Vss Supp Iy va Itage -4.5 -5 -5.7 V 2 

V IHe Input high voltage on RAS, CAS, WRITE 3 7 V 2 

V IH Input high voltage, all inputs except RAS, CAS, WRITE 3 7 V 2 

V IL Input low voltage, all inputs -1 0.65 V 2 

DC ELECTRICAL CHARACTERISTICS! (Tamb = 0 to 55°C)4 (Voo= 12V ± 5%, Vee= 5V ± 
10%, Vss= OV, Vss= -5.7 to -4.5V) 

Values 
Parameter Unit Notes 

Min. Typ. Max. 

1001 Average V DO power supply current 35 mA 5 

1002 Standby V DO power supply current 3 mA 8 

1003 Average V DO power supply current during "RAS only" 
cycles 

25 mA 

Icc Vee power supply current mA 6 

Iss Average V SB power supply current 1GO JlA 

II(L) I nput leakage current (any input) 10 /!A 7 

IO(L) Output leakage current 10 JlA 8,9 

V OH Output high voltage (lsOUReE~ -5 mAl 2.4 V 

VOL Output low voltage (ISINK~ 3.2 mAl 0.4 V 
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS1,lo,ls 
(Tamb = 0 to 55°C)4, (Voo= 12V ± 5% , V CC= 5V ± 10% , VSS= OV, V BB = -5.7 to -4.5V) .. 

M4015 
Parameter Unit Notes 

Min. Typ. Max. 

tRC Random read or write cycle time 380 ns 

tRwC Read write cycle time 395 ns 

tRMw Read modify write cycle time 470 ns 

tRAC Access time from row address strobe 250 ns 11-13 

tCAC Access time from column address strobe 165 ns 12-13 

tOFF Output buffer turn-off delay 60 ns 

tRP Row address strobe precharge time 120 ns 

tRAS Row address strobe pulse width 250 4000 ns 

tRSH Row address strobe hold time 165 ns 

tCAS Column address strobe pulse width 165 ns 

tCSH Column address strobe hold time 250 ns 

tRCO Row to column strobe delay 35 85 ns 14 

tASR Row address set-up time a ns 

tRAH Row address hold time 35 ns 

tASC Column address set-up time a ns 

tCAH Column address hold time 75 ns 

tAR Column address hold time referenced to RAS 160 ns 

tcsc Chip select set-up time a ns 

tCH Chip select hold time 75 ns 

tCHR Chip select hold time referenced to RAS 160 ns 

tT Transition time {rise and fall} 5 50 ns 15 

tRCS Read command set-up time a ns 

tRCH Read command hold time a ns 

tWCH Write command hold time 75 ns 

tWCR Write command hold time referenced to RAS 160 ns 

twp Write command pulse width 75 ns 

tRWL Write command to row strobe lead time 100 ns 

tCWL Write command to column strobe lead time 100 ns 

tos Data in set-up time a ns 16 

tOH Data in hold-time 75 ns 16 

248 



AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (cont.) 

M4015 
Parameter Unit Notes 

Min. Typ. Max. 

tOHR Data in hold time referenced to RAS 160 ns 

tCRP Column to row strobe precharge time 0 ns 

tcp Column precharge time 110 ns 

tRFSH Refresh period 1 ms 

twcs Write command set-up time 0 ns 17 

tcwo CAS to WR ITE delay 90 ns 17 

tRwo RAS to WRITE delay 175 ns 17 

tOOH Data out hold time 4 fLS 

CAPACITANCES (Tamb = 0 to 55°C, Voo= 12V ± 5%; Vss= OV; VBB = -5.7 to -4.5VI 

Values 
Parameter Unit Notes 

Min. Typ. Max. 

Cil Input capacitance (A o-A 5), DIN, CS 4 5 pF 18 

C I2 Input capacitance RAS, CAS, WRITE 8 10 pF 18 

Co Output capacitance (DoUT ) 5 7 pF 8-18 

1. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform 
refresh are adequate for this purpose. 

2.AII voltage referenced to Vss, V BB must be applied before and removed after other supply voltages. 
3.0utput voltage will swing from Vss to Vcc when enabled, with no output load. For purposes of maintaining data 

in standby mode, V cc may be reduced to V ss without affecting refresh operations or data retention. However, the 
V OH (min) specification is not guaranteed in this mode. 

4.T amb is specified for operation at frequencies to tRC ~ tRC {minL Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible provided that all AC parameters are met. 

5.Current is proportional to cycle rate. 1001 (max) is measured at the cycle rate specified by tRC (minl. 
6.l ec depends on output loading. The V cc supply is connected to the output buffer only. 
7.AII device pins at 0 volts except V BB which is at -5V and the pin under test which is at +10V. 
8.0utput is disabled (high-impedance) and RAS and CAS are both at a logic 1. Transient stabilization is required prior 

to measurement of this parameter. 
9.0V <;; V out <;; +10V. 

10.AC measurements assume tT = 5 ns. 
11.Assumes that tRCo <;; tRco (maxl. 
12.Assumes that tRco ~ tRco (max). 
13.Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
14.0peration within the tReo (max) limit insures that tRAC (max) can be met, tRCD (max) is specified as a reference 

point only;if tRco is greater than the specified tRCO(max) limit,then access time is controlled exclusively by tCAC' 
15. V IHC (min) or V IH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition 

times are measured between V IHC o'--."J.H and V I L.. __ _ 
16.These parameters are referenced to CAS leading edge in random write cycles and to WRITE leading edge in delayed 

write or read-modify-write cycles. 
17. twcs> tewD> and tRWD are restrictive operating parameters in a read/write or read/modify /write cycle only. If 

twcs p twcs (m in), the cycle is an early write cycle and Data Out will contain the data written into the selected 
cell. If tcwo ~ tcwo (min) and tRwo ~ tRwo (min), the cycle is a read-write cycle and Data Output will contain 
data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of Data Out (at 
access time) is indeterminate. .6. Q 

18. Effective capacitance is calculated from the equation: C ~ ~ with f\, V ~ 3 volts. 
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MOS 
INTEGRATED 
CIRCUIT 

4096-BIT DYNAMIC RANDOM ACCESS MEMORY 

• POWER SUPPLY Voo= 12V, Vee= 5V, Vss= -5V (ALL WITH ± 10/'0 TOLERANCE) 
• ALL INPUTS ARE LOW CAPACITANCE AND TTL COMPATIBLE 
• INPUT LATCHES FOR ADDRESSES, CHIP SELECT AND DATA IN 
• INPUTS PROTECTED AGAINST STATIC CHARGE 
• THREE-STATE TTL COMPATIBLE OUTPUT 
• OUTPUT DATA LATCHED AND VALID INTO NEXT CYCLE 
• ECLCOMPATIBLE ON Vss POWER SUPPLY (-5.7V) 
• LOW POWER CONSUMPTION: ACTIVE POWER UNDER 470 mW 

STANDBY POWER UNDER 27 mW 
• ORGANIZATION 4096 x 1 BIT IN 16-PIN STD PACKAGE 
• FUNCTIONAL AND PIN COMPATIBLE WITH MK4027 
• ACCESS TIME: TYPE M 4027-2 150 ns 

TYPE M 4027-3 200 ns 
TYPE M 4027-4 250 ns 

The M 4027 is a 4096 word by 1 bit dynamic N-channel silicon gate MOS RAM. The M 4027 uses a 
single transistor cell utilizing a dynamic storage technique and dynamic control circuitry with low 
power dissipation. A unique mUltiplexing and latching technique for the address inputs permits the 
M 4027 to be mounted in a standard 16-pin package. The M 4027 incorporates several flexible operating 
modes. In addition to the usual read and write cycles, read modify write, page mode and RAS-only 
refresh cycles are available with the M 4027. Page-mode timing is very useful in systems requiring 
Direct Memory Access (DMA). The device is available in 16-lead dual in-line plastic or ceramic package 
(metal-seal), and ceramic package (frit-seal). 

ABSOLUTE MAXIMUM RATlNGS* 

Top 
Tstg 

Voltage on any pin relative to Vss 
Voltage on V oo , Vee relative to Vss 
Vss-Vss (Voo-Vss > 0) 
Operating temperature 
Storage temperature for ceramic package 

for plastic package 
Short circuit output current 
Total power dissipation 

-0.5 to +20 
-1 to + 15 

o 
o to +70 

-65 to +150 
-55 to + 125 

50 
1 

V 
V 
V 

DC 
DC 
DC 

mA 
W 

"* Stresses greater than 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 indi
caled in the operating sections of this specification is not implied. Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 

ORDERING NUMBERS; M 4027-2/3/4 B1 
M 4027-2/3/4 01 
M 4027-2/3/4 F 1 

for dual in-line plastic package 
for dual in-line ceramic package, metal-seal 
for dual in--line ceramic package, frit-seat 
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MECHANICAL DATA (dimensions in mml 

Dual in-line ceramic package 
frit-seal for M 4027 - F 1 

~ 
I 

.-'9,-"",-J 

r-

[~ 
Dual in-line ceramic package 
metal-seal for M 4027 - D1 

~--~+ M' 

~~ l~-J 
L . __ .. __ .!~.1B-__ ~ 

20S3mu 

ft'JJ 
PIN CONNECTIONS 

POWER(-SV) VeB I' ,. V,, GROUND 

DATA IN DIN 12 15 
COLUMN 

CAS ADDRESS 
STROBE 

:~fT~' WRITE 
INPUT 13 " Dour DATA OUT 

~8b'RE5S RAS 
STROBE 

14 13 cs CHIP 
SELECT 

I' " A3 ADDRESS 

''''"' 
[ . " A4 ADDRESS 

INPUT 

f 7 ID A' ADDRESS 
INPUT 

8 9~ Vee rowER{.5V) 

Dual in-line plastic package 
for M 4027 - B1 

r ~om~ --- i 

[:::::~i 

"""'"""'~'""'"'"'m"" 
PAl" NI DATA OUT GAT<~G IDNA6~, 5~~t 

1-----"------+---I---~ __ _1 

MEMQRVAARAV 

OUMMV C£l.L5 I 

--------==~-~;) 

252 



RECOMMENDED DC OPERATING CONDITIONS! (Tamb = 0 to 70°C)4 

Values 
Parameter Unit 

Min. Typ. Max. 

Voo Supply voltage 10.8 12 13.2 V 

Vee Supply voltage 4.5 5 5.5 V 
-_._._-

-.---~ 

Vss Supply voltage 0 0 0 V 

V BB Supply voltage -4.5 -5 -5.7 V 

V 1He Input high voltage on RAS, CAS, WR ITE 2.4 7 V 

V 1H Input high voltage, all inputs except RAS, CAS, WR ITE 2.2 7 V 

VIL I nput low voltage, all inputs -1 0.8 V 

DC ELECTRICAL CHARACTERISTICS! (Tamb = 0 to 70°C)4 (Voo= 12V ± 10%, 

Vee= 5V ± 10%, Vss= OV, V BB = - 5.7 to -4.5V) 

Values 
Parameter Unit 

Min. Typ. Max. 

1001 Average Voo power supply current 35 mA 

1002 Standby Voo power supply current 2 mA 

1003 Average Voo power supply current during "RAS only" cycles 25 mA 

Icc V ce power supply current mA 

IBB Average V BB power supply current 150 I'A 

II(L) Input leakage current (any input) 10 I'A 

IO(L) Output leakage current 10 I'A 

VOH Output high voltage (lsouReE~ -5 mAl 2.4 V 

VOL Output low voltage (lSINK~ 3.2 mAl 0.4 V 
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS!, 10,15 

(Tamb = 0 to 70°C)4, (Voo= 12V ± 10%, V CC= 5V ± 10%, V SS= OV, VBB = -5.7 to -4.5V) 

Types 

Parameter M 4027-2 M 4027-3 M 4027-4 Unit Notes 

Min. Max. Min. Max. Min. Max. 

tRC Random read or write cycle time 320 375 380 ns 

tRwc Read write cycle time 320 375 395 ns 

tRMw Read modify write cycle time 320 405 470 ns 

tRAC Access time from row address 150 200 250 ns 11-13 
strobe 

tCAC Access time from column address 100 135 165 ns 12-13 
strobe 

tOFF Output buffer turn-off delay 40 50 60 ns 

tRP Row address strobe precharge 100 120 120 ns 
time 

tRAS Row address strobe pu Ise width 150 10000 200 10000 250 10000 ns 
r----' 
tRSH Row address strobe hold time 100 135 165 ns 

tCAS Column address strobe pulse width 100 135 165 ns 

tCSH Column address strobe hold time 150 200 250 ns 

tReo Row to column strobe delay 20 50 25 65 35 85 ns 14 

tASR Row address set-up time 0 0 0 ns 

tRAH Row address hold time 20 25 35 ns 

tAsc Column address set-up time -10 -10 -10 ns 

tCAH Column add, ess hold time 45 55 75 ns 

tAR Column address hold time 95 120 160 ns 
referenced to RAS 

tcsc Chip select set-up time -10 -10 -10 ns 

tCH Chip select hold time 45 55 75 ns 

tCHR Ch~ect hold time referenced 95 120 160 ns 
to RAS 

tT Transition time (rise and fall) 3 35 5 50 5 50 ns 15 

tRCS Read command set-up time 0 0 0 ns 

tRCH Read command hold time 0 0 0 ns 

tWCH Write command hold time 45 55 75 ns 

tWCR Write command hold time 95 120 160 ns 
referenced to R AS 

twp Write command pulse width 45 55 75 ns 

tRWL Write command to row strobe 50 70 85 ns 
lead time 

tCWL Write command to column strobe 50 70 85 ns 
lead time 

lOS Data in set-up time 0 0 0 ns 16 
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AC CHARACTERISTICS AND RECOMMENDED OPERATING CONDITIONS (cant.) 

Types 

Parameter M 4027-2 M 4027-3 M4027-4 Unit Notes 

Min. Max. Min. Max. Min. Max. 

tOH Data in hold-time 45 55 75 ns 16 

tOHR Data in hold time referenced to 95 120 160 ns 
RAS 

tCRP Column to row strobe precharge 0 0 0 ns 
time 

tcp Column precharge time 60 80 110 ns 

tRFSH Refresh period 2 2 2 ms 

twcs Write command set-up time 0 0 0 ns 17 

tcwo CAS to WR ITE delay 60 80 90 ns 17 

tRWO RAS to WR ITE delay 110 145 175 ns 17 

tOOH Data out hold time 10 10 10 /.lS 

CAPACITANCES (Tamb = 0 to 70oe, VOD = 12V ± 10%; Vss= OV; VBB = -5.7 to -4.5V) 

Values 
Parameter Unit Notes 

Typ. Max. 

C II Input capacitance (Ao-As), DIN, CS 4 5 pF 18 

C I2 I nput capacitance RAS, CAS, WR ITE 8 10 pF 18 

Co Output capacitance (DoUT) 5 7 pF 8-18 

1.Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform 
refresh are adequate for this purpose. 

2.AII voltages referenced to Vss. V BB must be applied before and removed after other supply voltages. 
3. Output voltage will swing from V 55 to V CC when enabled, with no output load. For purposes of maintaining data 

in standby mode, VCC may be reduced to Vss without affecting refresh operations or data retention. However, the 
VOH (min) specification is not guaranteed in this mode. 

4.Tamb is specified for operation at frequencies to tRC -;. tRC (min). Operation at higher cycle rates with reduced 
ambient temperatures and higher power dissipation is permissible provided that all AC parameters are met. 

5.Current is proportional to cycle rate. 1001 (max) is measured at tne cycle rate specified by t RC (min). 
6.lcc depends on output loading. The V CC supply is connected to the output buffer only. 
7.AII device pins at 0 volts except V BB whi~at -5V and the pin under test which is at +1 OV. 
8.0utput is disabled (high-impedance) and RAS and CAS are both at a logic 1. Transient stabilization is required prior 

to measurement of this parameter. 
9.0V .;;; V out .;;; +10V. 

10.AC measurements assume tT~ 5 ns. 
11.Assumes that tRco .;;; tRCD (max!. 
12.Assumes that tRCO -;. tRCO (max!. 
13.Measured with a load circuit equivalent to 2 TTL loads and 100 pF. 
14.0peration within the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a reference 

point only; if tRCD is greater than the specified t RCD (max) limit, then access time is controlled exclusively by tCAC. 
15. V IHC (min) or V IH (min) and V I L (max) are reference levels for measuring timing of input signals. Also, transition 

times are measured between V 1HC or~H and V 1L. __ _ 
16. These parameters are referenced to CAS leading edge in random write cycles and to WR ITE leading edge in delayed 

write or read-modify-write cycles. 
17. twcs, tcwo, and tRWO are restrictive operating parameters in a read/write or read/modify/write cycle only. If 

twcs -;. twcs (min), the cycle is an early write cycle and Data Out will contain the data written into the selected 
cell. If tCWD -;. tCWD (min) and tRWD ;;. tRWD (min), the cycle is a read-write cycle and Data Out will contain 
data read from the selected cell. If neither of the above sets of conditions is satisfied, the condition of Data Out (at 
access time) is indeterminate. 6. Q 

18.Effective capacitance is calculated from the equation: C ~-z;;v-with 6.v ~ 3 volts. 
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READ WRITE/READ MODIFY-WRITE CYCLE 
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PAGE MODE WRITE CYCLE 
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ADDRESSING 
The 12 address bits required to decode one of 4096 cell locations within the M 4027 are multiplexed 
onto the 6 address inputs and latched into the on-chip row and column address latches. 
Row Address Strobe (RAS) latches the six row address bits onto the chip. Column Address Strobe 
(CAS) latches the six column address bits plus Chip Select (CS) onto the chip. 
Since the internal 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 gated 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 
decoding 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 positive transition of CAS not being referenced to the positive 
transition of RAS. In fact, CAS need not go HIGH until the beginning of the next cycle. 

DATA INPUT/OUTPUT 
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 of WRITE and CAS while RAS is active. 
The later of this signals (WRITE or CAS) to make its negative transition is the strobe for the Data In 
into the latch. This permits several options in the write cycle timing. In a write cycle, if the WRITE 
input is activated prior to CAS, the Data In is strobe by CAS, and set-up time and hold time are refer· 
enced to CAS. If the Data In input is not available at CAS time or the cycle is a read-write or read
modify-write, the WRITE signal must be delayed until after CAS. In this "delayed write cycle" the data 
input set-up and hold times are referenced to the negative edge of WRITE rather than to CAS. (To 
illustrate this feature, Data In is referenced 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 CAS) 
Note that if the chip is unselected (CS high at CAS time) WRITE commands are not executed and, con
sequently, data stored in the memory is unaffected. Data is retrieved from the memory in read cycle by 
maintaining WRITE in the inactive or high state throughout the portion of memory cycle in which CAS 
is active. Data read from the selected cell will be available at the output within the specified access time. 

DATA OUTPUT CONTROL 
At the beginning of a memory cycle, the state of the Data Out latch and buffer depend on the previous 
memory cycle. 
Changes in the condition of Data Out latch are initiated by CAS. The negative transition of CAS causes 
the Data Output (DouT ) to unconditionally go to its open-circuit state. If will remain open-circuited 
until after the access DOUT time, the will assume the proper state for the type of cycl~ performed. 
If the cycle is a read; read-modify-write, or a delayed write and the chip is selected, then the DouT 
latch and buffer will contain the data from the selected cell. This output data is the same polarity (not 
inverted) as the input data. If the cycle is a write cycle (WRITE active low before CAS goes low) and the 
chip is selected, then DouT will contain the input data. 
Once the DOUT goes active, it will remain active until the next negative transition of CAS. 
If the cycle is a CAS only cycle (no RAS sig~ then DouT will assume the open - circuit state. 
The same istrue for normal cycles (both RAS and CAS present-when the chip is unselected DOUT 
remains in the open-circuit state until the next negative transition of CAS. 
RAS only refresh cycles (no CAS) have no effect on the DouT . 
However, when RAS only refresh cycles are continued for extended periods of time, Do UT may even
tually go open-circuit. 
If the chip unselected, it will not accept a write command and the DouT will remain in the open-circuit 
state. 
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INPUT/OUTPUT LEVELS 
All inputs, including the two address 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 Vee for a logic "1" and a low impedance to Vss for a 
logic "0". 
The output resistance to Vee (logic "1" state) is 420 ohm maximum and 135 ohm tipically. 
The output resistance to V ss (logic "0" state) is 125 ohm maximum and 35 ohm tipically. 
The separate Vee pin allows the output buffer to be powered from supply voltage of the logic to which 
chip is interfaced. 
During battery stand-by operation, the Vee pin may be unpowered without effecting the M 4027 
refresh operation. 
This allows all system logic, except RAS timing circuitry and refresh address logic, to be turned off 
during battery stand-by to save power. 

REFRESH 
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 
selected row, regardless of the state of the Chip Select (CS) input. . 
A write or read-modify-write cycle also refreshes the selected row, but the chip should be unselected to 
prevent writing data into the selected cell. 
If, during a refresh cycle, the M 4027 receives a RAS signal but no CAS signal, the state of the output 
will not be affected. However, if "RAS-only" refresh cycles (when RAS is the only signal applied to the 
chip) 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 DISSIPATION/STANDBY MODE 
Most of the circu itry used in the M 4027 and most of the power drawn is the resu It of an address strobe 
edge. Because the power is not drawn during the time the strobe is active, the dynamic power is a func· 
tion of operating frequency rather than active duty cycle. 
Tipically, the power is 170 mW at 1 Ilsec cycle rate for M 4027 with a worse case power of less than 
470 mW at 320 Ilsec cycle time. 
To reduce the overall system power, the Row Address Strobe (RAS) should be decoded and supplied to 
only the selected chips. 
The CAS must be supplied to all chips (to turn off the unselected output). 
Those chips that did not receive a RAS, however, will not dissipate any power on the CAS edges, except 
for that required to turn off the outputs. 
If the RAS signal is decoded and supplied only the selected chips, then the chip select (CS) input of all 
chips can be at a logic O. 
Then chips that receive a CAS but no RAS will be unselected (output open-circuited) regardless of the 
Chip Select input. 
For refresh cycles, however, either the CS input for all chips must be high or the CAS input must be held 
high to prevent several "wire-OR" outputs from turning on with opposing force. Note that the M 4027 
will dissipate considerably less power when the refresh operation is accompl ished with a "RAS-only" 
cycle as opposed to a normal RAS/CAS memory cycle. 
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PAGE MODE OPERATION 
The "Page mode" feature of the M 4027 allows for successive memory operations at multiple column 
location 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 keeping the RAS signal at logic 0 throughout 
all successive 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 required for strobing in a new row address is eliminated, thereby decreasing the access 
and cycle times. The ch ip select input (CS) is operative in page made cycles just as in normal cycles. It is 
not necessary 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(s) 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 deconding CS 
to select the proper block. 

POWER UP 
The M 4027 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, 
SGS-ATES recommends sequencing of power supplies such that VBB is applied first and removed last. 
VBB should never be more positive than Vss when power is applied to Voo. 
Under system failure condiction in which one or more supplied exceed the specified limits significant 
additional 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 M 4027 requires several cycles before proper 
device operation is achieved. 
Any 8 cycles which perform refresh are adequate for this purpose. 
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MOS 
INTEGRATED 
CIRCUIT 

16384-BIT DYNAMIC RANDOM ACCESS MEMORY 

• RECOGNIZED INDUSTRY STANDARD 16-PIN CONFIGURATION 
• 150ns ACCESS TIME, 320ns CYCLE (M 4116-2) 

200ns ACCESS TIME, 375ns CYCLE (M 4116-3) 
?50ns ACCESS TIME, 410ns CYCLE (M 4116-4) 

• ± 10% TOLERANCE ON ALL POWER SUPPLIES (+ 12V, ±5V) 
• LOW POWER: 462 mW ACTIVE, 20 mW STANDBY (MAX) 
• OUTPUT DATA CONTROLLED BY CAS AND UNLATCHED AT END OF CYCLE TO ALLOW 

TWO DIMENSIONAL CHIP SELECTION AND EXTENDED PAGE BOUNDARY 
• COMMON I/O CAPABILITY USING "EARLY WRITE" OPERATION 
• READ-MODI FY-WRITE, RAS-ONL Y REFRESH, AND PAGE-MODE CAPABI LlTY 
• ALL INPUTS TTL COMPATIBLE, LOW CAPACITANCE, AND PROTECTED AGAINST STATIC 

CHARGE 
• 128 REFRESH CYCLES 
• MOSTEK 4116 PIN TO PIN REPLACEMENT 
• ECL COMPATIBLE ON V BB POWER SUPPLY (-5.7V) 

The M 4116 is a new generation MOS dynamic random access memory circuit organized as 16384 words 
by 1 bit. The technology used to fabricate the M 4116 is double-poly N-channel silicon gate. 
This process, coupled with the use of a single transistor dynamic storage cell, provides the maximum pos
sible circuit density and reliability, while maintaining high performance capability. The use of dynamic 
circuitry through-out, including sense amplifiers, assures that power dissipation is minimized without 
any sacrifice in speed or operating margin. 
Multiplexed address inputs permits the M 4116 to be packaged in a standard 16-pin DIP. The device is 
available in 16-lead dual in-line ceramic and plastic package. 

ABSOLUTE MAXIMUM RATINGS* 

Voltage on any pin relative to Vss 
Voltage on V oo , Vee supplies relative to Vss 
Vss-Vss (Voo-Vss > OV) 

Top Operating temperature 
Tstg Storage temperature for ceramic package 

for plastic package 
10 Short circuit output current 
Ptot Total power dissipation 

-0.5 to +20 V 
-1 to + 15 V 

0 V 
o to +70 °C 

-65 to +150 °C 
-55 to +125 °c 

50 mA 
1 W 

* Stresses greater than 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 indi
cated in the operating sections of this specification is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect reliability. 

ORDERING NUMBERS: M 4116-2/3/4 Bl for dual in-line plastic package 
M 4116-2/3/4 F1 for dual in-I ine ceramic package, frit-seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package Dual in-line plastic package 
frit-seal 

~ 
~ 

PIN CONNECTIONS 

VBB 
" 

V55 

D,N 15 CAS 

WRITE 3 14 Dour 

RAS 13 AS 

40 12 A3 

A2 II A4 

AI 10 A5 

Voo Vee 

5~US,7 

PIN NAMES 

~A. ~g~~~~s~~~~~~s STROBE 
DIN DATA IN 

~T ~~~"~~~ESS STROBE 
WR1T£ REAO/WRITE INPUT 
Vee POWER (-6VI 
Vee POWER (+5V) 
Voo POWER (+12V) 
Vss GROUND 

~Fl 0.4 54 I I 
17.78 ~ 

6 

BLOCK DIAGRAM 

.. ,,"----. -- ==---~==~ __ J ~ITE ;=:; ~ CLOCKS 

-1 

'DO 

-Vee 
.- Yss 

---1111 

I.:L ~- DATA IN 

' ... ' 

AI .. 
" 
.2 

AI 

'0 
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RECOMMENDED DC OPERATING CONDITIONS (Tamb = a to 7aOC)! 

Types 
Parameter Unit Note 

Min. Typ. Max. 

Voo Supply voltage 10.8 12 13.2 V 2 

Vcc Supply voltage 4.5 5 5.5 V 2.3 

Vss Supply voltage 0 0 0 V 2 

Vss Supply voltage -4.5 -5 -5.7 V 2 

V HC Input high voltage on RAS, CAS, WRITE 2.7 - 7 V 2 

V IH I nput high voltage, all inputs except RAS, CAS, WRITE 2.4 - 7 V 2 

V IL Input low voltage, all inputs -1 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Tamb = a to 7aOC)!, (Voo= 12v±1a~ vcc= 5v±1a%; 
Vss= -5.7 to -4.5V; Vss= av) 

Types 

Parameter Test conditions M 4116-2/3 M 4116-4 Unit Note 

Min. Max. Min. Max. 

1001 Average operating current 35 35 rnA 4 

ICCI Average operating current 
RAS, CAS cycling 

5 

ISSI Average operating current 
tRC= tRC (min) 

200 200 I'A 

1002 Standby current 1.5 1.5 rnA 

ICC2 Standby current 
RAS = V IHC -10 10 -10 10 I'A 

ISS2 Standby current 
DOUT= High impedance 

100 I'A 

1003 Refresh average current Refresh mode: RAS cycling 27 27 rnA 4 

ICC3 Refresh average current CAS= V IHC -10 10 -10 10 ilA 

ISS3 Refresh average current tRC= tRC (min) 200 I'A 

1004 Page mode average current Page mode: RAS = V IL 
27 27 rnA 4 

ICC4 Page mode average current CAS cycling 5 

ISS4 Page mode average current tpC= tpc (min) 200 I'A .-
II(L) Input leakage current V SS- -5V 

OV';; V IN ,;; +7V, all other -10 10 -10 10 I'A 
pins not under test = 0 volts 

IO(L) Output leakage current DOUT in disabled -10 
OV';; V OUT ';; +5.5V 

10 -10 10 I'A 

VOH Output high voltage IOUT--5 rnA 2.4 2.4 V 3 

VOL Output low voltage IOUT-4.2 rnA 0.4 0.4 V 3 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDIT. 
(Tamb = Oto 70°CP,(Voo=12V± 10%; VCC= 5V± 10%;Vss=OV, Vee= -5.7 to -4.5VI 

Types 

Parameter M 4116-2 M 4116-3 M 4116-4 Unit Note 

Min. Max. Min. Max. Min. Max. 

tRC Random read or write cycle time 375 375 410 ns 9 

tRWC Read-write cycle time 375 375 425 ns 9 

tRMW Read modify write cycle time 320 405 500 ns 9 

tpc Page mode cycle time 170 225 275 ns 9 

tRAC Access time from RAS 150 200 250 ns 10.12 

tCAC Access time from CAS 100 135 165 ns 11,12 

tOFF Output buffer turn-off delay 0 40 0 50 0 60 ns 13 

tT Transition time (rise and fall) 3 35 3 50 3 50 ns 8 

tRP RAS precharge time 100 120 150 ns 

tRAS RAS pulse width 150 10000 200 10000 250 10000 ns 

tRSH RAS hold time 100 135 165 ns 

tCSH CAS hold time 150 200 250 ns 

tRCO RAS to CAS delay time 20 50 25 65 35 85 1 ns 14 

tCAS CAS pulse, width 100 10000 135 10000 165 10000 ns 

tCRP CAS to RAS precharge time -20 -20 -20 ns 

tASR Row address set-up time 0 0 0 ns 

tRAH Row address hold time 20 25 35 ns 

tASC Column address set-up time -1(.1 -10 -10 ns 

tCAH Col umn address hold time 45 55 75 ns 

tAR Column address hold time referenced to 95 120 160 ns RAS 

tRCS Read command set-up time 0 0 0 ns 

tRCH Read command hold time 0 0 0 ns 

tWCH Write command hold time 45 55 75 ns 

tWCR Write command hold time referenced 95 120 160 ns 
to RAS 

twp Write command pulse width 45 55 75 ns 

tRWL Write command to RAS lead time 50 70 85 ns 

tcwL Write command to CAS lead time 50 70 85 ns 

tos Data-in set-up time 0 0 0 ns 15 

tOH Data-in hold time 45 55 75 ns 15 

tOHR Data-in hold time referenced to RAS 95 120 160 ns 

tcp CAS precharge time (for page mode 
cycle only) 60 80 100 ns 

tREF Refresh period 2 2 2 ms 

twcs WR ITE command set-up time -20 -20 -20 ns 16 

tcwo CAS to WRITE delay 60 80 90 ns 16 

tRWO RAS to WR ITE delay 110 145 175 ns 16 
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Notes: 
1. Tamb is specified here for operation at frequencies to tRC;;' tRC (min). Operation at higher cycle rates with reduced 

ambient temperatures and higher power dissipation is permissible, however,provided AC operating parameters are met. 
2. All voltages referenced to V ss. 
3.0utput voltage will swing from Vss to VCC when activated with no current loading. For purposes of maintaining 

data in standby mode,VcC may be reduced to Vss without affecting refresh operations or data retention. However, 
the V OH (min) specification is not guaranteed in this mode. 

4.1 001 ,1 0 03 and 1004 depend on cycle rate. 
5.ICC1 and ICC4 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 Icc consists of leakage currents only. 
6. Several cycles are required after power-up before proper device operation is achieved. Any 8 cycles which perform 

refresh are adequate for this purpose. 
7. AC measurements assume tT ~ 5 ns. 
8. V IHC (min) or VIH (min) and V IL (max) are reference levels for measuring timing of input signals. Also, transition 

times are measured between V IHC or VIH and VIL. 
9. The specifications for tRC (min) and tRWC (min) tRMW (min) are used only to indicate cycle time at which proper 

operation over the full temperature range (O°C .;;; Tamb .;;; 7(JoC) is assured. 
10.Assumes that tRCO .;;; tRCO (max). If tRCO is greater than the maximum recommended value shown in this table, 

tRAC will increase by the amount that tRco exceeds the value shown. 
11.Assumes that tRCO;;' tRcO (max). 
12. Measured with a load equivalent to 2 TTL loads and 100 pF. 
13.tOFF (max) defines the time at which the output achieves the open circuit condition and is not referenced to 

output voltage levels. 
14.0peration within the tRCO (max) limit insures that tRAC (max) can be met. tRCO (max) is specified as a reference 

point only;if tRCO is greater than the specified tRCO (max) limit, then access time is controlled exclusively by tCAC' 
15. These parameters are referenced to CAS leading edge in early write cycles and to WR ITE leading edge in delayed 

write or read-modify-write cycles. 
16.twcs, tcwo and tRWO are not restrictive operating parameters. They are included in the data sheet as electrical 

characteristics only: If twcs ;;. twcs (min), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) throughout the entire cycle; If tCWO;;' tcwo (min) and tRWO;;' tRWO (min), the cycle is 
a read-write cycle and the data out will contain data read from the selected cell; If neither of the above sets of con· 
ditions is satisfied the condition of the data out (at access time) is indeterminate. 

17. Effective capacitance calculated from the equation C ~~ith tw ~ 3 volts and power supplies at nominal levels. 
!:;v 

18.CAS ~ V 1HC to disable DOUT,. 

CAPAC IT ANCES (Tamb = 0 to 70D e; Voo= 12V ± 10%; Vss= OV; Vss= -5.7 to -4.5V) 

Parameter Min. Typ. Max. Unit Notes 

Ci 1 Input capacitance (A o-A 6 ) DIN 4 5 pF 17 

Ci 2 Input capacitance RAS, CAS, WRITE 8 10 pF 17 

Co Output capacitance (DoUT ) 5 7 pF 17,18 
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READ CYCLE 

------------- t RAS -------

RAS 

____ --'------7"--- IRSH ---------:-.~ 

~-----7-- ICAS------~~ ,_~~---------
CAS 

VIH_ 
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WRITE ~tCAC 
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READ-WRITE/READ-MODIFY-WRITE CYCLE 
t ~WC /1 Rtr.4W- _. ___ ~ ______ _ 

RAS 

~-_+-- t RSH 

ADDRESSES 

DOUT 
VOH _ 

VOL~---+-----------

"RAS-ONLY" REFRESH CYCLE 

f,w 
tAC 

~ t RAS 

~ RAS 
v I He 
V IL -

t" 

t"SR 
V 1H - ROW 

ADDRESSES ADDRESS 

VOH-___________________ OPEN ________________ ~-

S 2941 
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PAGE MODE READ CYCLE 
~----------------------------t'AS ----------------------------~ 

VI HC·-.-...,..;..--...... 
V1L -

DOUT 

v," 
AOi)RESSES VI L""/CLlr-.:="-J·'" ~~::J'''.I...I...I...I...I...I..""'i''''''U 

I---tcAci 
:,0" ffi~t_OF_F ___ ~ __ 

VIHCf 
V'L -;,;! ____ ..:r '""\rff$Wff&, / 

S-2938 

PAGE MODE WRITE CYCLE 

.---------tRAs --------------------------~ 

ADDRESSES 

D'N 

VIHC·"·----... '-_ 

VIL -

V,HC-·-...:...:....--....... 
VIL -

v," "" . ..,..,"""h-, ~-----J 
V'L-~ ...... ~~'~-~~-~.~ ...... ~"-~~=--~~~~~~ 
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DESCRIPTION 
System oriented features include ±10% tolerance on all power supplies, direct interfacing capability with 
high performance logic families such as Schottky TTL, maximum input noise immunity to minimize 
"false triggering" of the inputs (a common cause of soft errors), on-chip address and data registers which 
eliminate the need for interface registers, and two chip select methods to allow the user to determine the 
appropriate speed/power characteristics of his memory system. The M 4116 also incorporates several 
flexible timing/operating modes. In addition to the usual read, write. and read-modify-write cycles, the 
M 4116 is capable of delayed write cycles, page-mode operation and RAS-only refresh. Proper control 
of the clock inputs (RAS, CAS and WRITE) allows comm<;m I/O capability, two dimensional chip selec
tion, and extended page boundaries (when operating in page mode). 

ADDRESSING 
The 14 address bits required to decode 1 of the 16,384 cell locations within the M 4116 are multiplexed 
onto the 7 address inputs and latched into the on-chip address latches by externally applying two nega
tive going TTL-level clocks. The first clock, the Row Address Strobe (RAS), latches the 7 row address 
bits into the chip. The second clock, the Column Address Strobe (CAS), subsequently latches the 7 
column address bits into the chip. Each of these signals, RAS and CAS, triggers a sequence of events 
which are controlled by different delayed internal clocks. The two clock chains are linked together logi
cally in such a way that the address mUltiplexing ope,ation is done outside of the critical path timing 
sequence for read data access. The later events in the CAS clock sequence are inhibited until the occur
rence 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 (t RAH ) has been 
satisfied and the address inputs have been changed from Row address to Column address information. 
Note that CAS can be activated at any time after tRAH and it will have no effect on the worst case data 
access time (tRAcl up to the point in time when the delayed row clock no longer inhibits the remaining 
sequence of column clocks. Two timing end-points result from the internal gati!!.9....Qf CAS which are 
called t RcD (min) and t RcD (max). No data storage or reading errors will result if CAS is applied to the 
M 4116 at a point in time beyond the t RCD (max) limit. However, access time will then be determined 
exclusively by the access time from CAS (tcAC ) rather than from RAS (t RAC ), and access time from RAS 
will be lengthened by the amount that t RCD exceeds the t RCD (max) limit. 

DATA INPUT/OUTPUT 
Data to be written into a selected cell is latched into an on-chip register by a combination of WRITE and 
CAS while RAS is active. The later of the signals (WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) prior to CAS, the DIN is strobed by CAS, and the set-up 
and hold times are referenced to CAS. If the input data is not available at CAS 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. In this "delayed write cycle" the data input set-up and hold times are referenced to the nega
tive edge of WRITE rather than CAS. (To illustrate this feature, DIN is referenced to WRITE in the tim
ing diagrams depicting the read-write and page-mode write cycles while the "early write" cycle diagram 
shows DIN referenced to CAS). 
Data is retrieved from the memory in a read cycle by maintaining WR iTE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). 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 (D ouT ) of the M 4116 is the high impedance (open-circuit) 
state. That is to say, anytime CAS is at a high level, the DouT pin will be floating. The only time the 
output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. DouT will 
remain valid from access time until CAS is taken back to the inactive (high level) condition. 
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DATA OUTPUT CONTROL (continued) 

If the memory cycle in progress is a read, read-modify write, or a delayed write cycle, then the data out
putwill go from the high impedance 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 (not inverted) as the input data. Once 
having gone active, the output will remain valid until CAS is taken to the precharge (logic 1) state, 
whether or not RAS goes into precharge. 
If the cycle in progress is an "early-write" cycle (WRITE active before CAS goes active), then the output 
pin will maintain the high impedance state throughout the entire cycle. Note that with this type of out
put configuration, the user is given full control of the DOUT pin simply by controlling the placement of 
WR ITE command during a write cycle, and the pulse 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 (stretching the cycle). 
This type of output operation results in some very significant system imDlications. 

Common I/O Operation - If all write operations are handled in the "early write" mode, then DIN can be 
connected directly to DOUT for a common I/O data bus. 
DOUT will remain valid during a read cycle from tCAC until CAS goes back to a high level (precharge), 
allowing data to be valid from 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 DOUT is not latched, CAS is not required to turn off the outputs 
of unselected memory devices in a matrix. This means that both CAS and/or RAS can be decoded for 
chip selection. If both RAS and CAS are decoded, then a two dimensional (X, Y) chip select array can 
be realized. 
Extended Page Boundary - Page-mode operation allows for successive memor'f cycles at multiple column 
locations of the same row address. By decoding CAS as a page cycle select signal, the page boundary can 
be extended beyond the 128 column location in a single chip. (See page-mode operation). 

OUTPUT INTERFACE CHARACTERISTICS 
The three state data output buffer presents the data output pin with a low impedance to V cc for a logic 
1 and a low impedance to V ss for a logic O. The effective resistance to V cc (logic 1 state) is 420n maxi
mum and 135n typically. The resistance to Vss (logic 0 state) is 95n maximum and 35n typically.The 
separate V cc pin allows the output buffer to be powered from the supply voltage of the logic to which 
the chip is interfaced. During battery standby operation, the V cc pin may have power removed without 
affecting the M 4116 refresh operation. This allows all system logic except the RAS timing circuitry and 
the refresh address logic to be turned off during battery standby to conserve power. 

PAGE MODE OPERATION 
The "Page Mode" feature of the M 4116 allows for successive memory operations at multiplie column 
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 0 throughout all success
ive 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. Also, the time required for strobing in a new 
row address is eliminated, thereby decreasing the access and cycle times. 
The page boundary of a single M 4116 is limited to the 128 column locations determined by all combi
nations of the 7 column address bits. However, in system applications which utilize more than 16,384 
data words, (more than one 16K memory block), the page boundary can be extended by using CAS 
rather than RAS as the chip select signal. RAS is applied to all devices to latch the row address into each 
device and the CAS is decoded and serves as a page cycle select signal. Only those devices which receive 
both RAS and CAS signals will execute a read or write cycle. 
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REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 128 
row addresses within eacn 2 millisecond time interval. Although any normal memory cycle will perform 
the refresh operation, this function is most easily accomplished with "RAS-only" cycles. RAS-only 
refresh results in a substantial reduction in operating power. This reduction in power is reflected in the 
I DO 3 specification. 

POWER CONSIDERATIONS 
Most of the circuitry used in the M 4116 is dynamic and most of the power drawn is the result of an ad
dress strobe edge. Consequently, the dynamic power is primarily a function of operating frequency rather 
than active duty cycle. This current characteristic of the M4116 precludes inadvertent burn out 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 re
I iabil ity. B ul k capacitance requirements are mi nimal since the M 4116 draws very I ittle steady state (DC) 
current. 
In system applications requiring lower power dissipations, the operating frequency (cycle rate) of the 
M 4116 can be reduced and the (guaranteed maximum) average power dissipation of the device will be 
lowered in accordance with the 1001 (max) spec limit equation. 

Note: The M4116 is guaranteed to have a maximum 1001 requirement with an ambient temperature 
range from 0° to 70°C. 
1 microsecond cycle, results in a reduced maximum 1001 requirement of under 20 mA with an 
ambient temperature range from a to 70°C. 

Although RAS and/or CAS can be decoded and used as a chip select signal for the M 4116 overall sys
tem power is minimized if the Row Address Strobe (RAS) is used for this purpose. All unselected devices 
(those which do not receive a RAS) will remain in a low power (standby) mode regardless of the state 
of CAS. 

POWER UP 
The M 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, 
SGS-ATES recommends sequencing of power supplies such that V BB is applied first and removed last. 
V BB should never be more positive than V ss when power is applied to V DO, 

Under system failure conditions in which one or more supplies exceed the specified limits significant ad
ditional margin against catastrophic device failure may be achieved by forcing RAS and CAS to the inac
tive state (high level). 
After power is applied to be device, the M 4116 requires several cycles before proper device operation is 
achieved. Any 8 cycles which perform refresh are adequate for this purpose. 
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Fig. 10 - Cumulative 2 axis schmoo plot V BB vs. V DD 
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Fig. 11 - 3 axis schmoo plot V DD. V BB. access time 
THREFAX IS ::;H~100 PI aT 

COMNT 
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TEST eOND JT IONS 

**************'************************** SERIAL NUMBER: ~ 

********.+:*****1,- ************************* PATTERN ADDRESS COMPl.E'MENT 
ALIMHITAZH1NI NOMINALI V. lL = . B\I 

TIMING T4 . 
---------------------------_._-------------------------------------------
\188 ( V) TRAC (NS) 

"7. 00 :161. 0 :1.59. 0 :1.57. 0 :154. 0 :152. 0 :150. 0 :148. 0 :146. 0 l.45. 0 :143. 0 :142. 
-6. 75 :162. '" 1.6103. 0 157. 0 154. 0 152 . ., 150. Ii! :148. Ii! :1.46. 0 145. 0 144. 0 :142. 
-6. 5~ :162. 0 :160. 0 157. 0 :1.54. 0 :152. 0 :150. 0 148. 0 :146. 0 :1.45. 0 144. 0 :1.43. 
-6. 25 :1.62. 0 1613. 0 157. 0 1.55. 0 :1~2. 0 1.50. 13 148. 0 ·:147. 0 :145. 0 144. \1 143. 
-6. 013 162. 0 1.60. 0 157. 0 :155. " :152. 10 :1.50. 0 1.48. 0 1.47. I<) :1.45. 0 :144. ~ :143. 
-5. 75 162. e :1613. " :1.57. 0 :1."5. (1 

-~:). 50 j.62. 0 :160 ~ :158. " :155. 0 
-5. 25 162. 0 160. 0 :1.58. 0 155. '" -5. ~0 :162. 0 :160. 0 :158. 0 :155. '" -4. 75 :1.63. '" 1.60. 13 :158. 0 J.55. <I 
-4. 50 :163. ~ :160. 0 :158. Iil 155. 0 
-4. 25 1.63. 0 16:1.13 :158. \1 :156. 0 
-4.00 :1.63. 0 :16:1 .. 13 :158. 0 :156. 0 153. 0 :15:1. 0 :149 . 0 . :148. 0 :146. 0 :145.0 :144.13 
-3.75 163. 0 :16:1. 0 :158. ('I :156. III :153. 0 1.5:1. 0 :150. 0 :148. 0 :147. 13 :145. Iil :144.0 
-3.50 :164. 0 16:1. 0 :159. 0 :156. 0 :154. 0 :152. 0 :1513. 0 :148. 13 :147. 0 :145.0 :144. '" 
-3.25 :164. 0 :16:1.. 0 :159. 0 :156. 0 154. ;;, :152. 0 150. 13 :148. 0 :147. 13 1.46.0 :144.·0 
-3.130 :164.0 :16;:". 0 :159. 0 157. 0 :154. 0 :152. 0 1513. 0 149. 0 :147. 13 :146. 0 :145. 13 

9.20 9. 60 :10. 00 :1El. 40 :t.0. 80 :1:1.20 :1:1. 60 :12. 130 :12.40 :12. 80 13. 20 
VDD ( \I) 
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TEMP. 25 ·~c 

irW@M spec. region 

:141.0 140. 0 140. 0 139. 0 :1.38. 0 
141..0 :1.40. '" :1.40. 0 139. 13 :1.38. 13 
142. 0 j.41. 0 :1.40. 0 139. 0 :138.13 
1.42.0 1.41. 13 140. 13 :1:19. 13 :139. 13 
:142.0 :14:1. 0 :1.40. 0 :1.39. 0 :t.39. 0 
:142.0 :14:1.. 0 140. 0 139. 13 139. 13 
142.13 14:1. 0 :1.40. 0 B9. 0 :t.39·: 0 
:142. 0 14:1. 0 :140. 0 :140. 0 139. 13 
:142.0 14:1. 13 :140. Iil :140. 0 :139.0 
:142. Iil :14:1. 0 :140. 13 :140. 0 139. 13 
:143. 13 142. 0 :14:1. 0 :140. 0 :139. 13 
j.43.0 :142. 0 :1.4:1. Iil 140.13 :119. 13 
:143.13 142. 0 14:1. Iil :140.13 :140.0 
143. 0 :142. 13 141. 13 :140.13 :140. 13 
:143.0 142. 0 :14:1. 0 :1413.0 1413.13 
:143. 0 :142. 13 :142. 13 :14:1.0 :140.13 
144. 0 1.43.0 :142. '" :14:1.0 :1413. 0 

:13.613 :14.130 :14. 40 :14.80 15. 20 



Fig. 12 - Access time distribution for V 00= 12V, V BB= -5V, Tamb = BO°C 
TEST: TRAC @80 C. 8. V8B=-5.I1V VDD=1.2.0V 

l!,;0. 000 

1.60. 01"10 

:170. 000 

1.80. 000 

:190. 000 

201"1. 000 

2:111. 01"10 

220. 000 

230. 000 

240. 000 

250. 000 

I*******::*~*~::~~::~;:::::::::::::::::::::::::::::::::::::~~~ ..... ~************************************************************ I:t::f<:t::+::t:** 

I 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0:12345;;7890:1234567890:1.2345678901.2345.0.7890:1.234567890:12345678~0:t234567890:1.234567890 

o :1 2 3 4 5 678 

Fig. 13 - Cumulative 2 axis schmoo plot of V IL(max) vs. V DD for addresses (no temperature variation is 
observed) 
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Fig. 14-Cumulative 2 asix schmoo plot of V1L(maX) vs. Voo for addresses (no temperature variation 
is observed) 
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COS/MOS 
INTEGRATED 
CIRCUIT 

ADVANCE DATA 

A-LAW COMPANDING CODEC 

• ±5V POWE R SUPPLY 
• LOW POWER DISSIPATION -30 mW (TYP.) 
• FOLLOWS THE A-LAW COMPANDING CODE 
• EXCEEDS CCITT SPECIFICATIONS, INCLUDES EVEN-ORDER-BIT INVERSION 
• SYNCHRONOUS OR ASYNCHRONOUS OPERATION 
• ON-CHIP SAMPLE AND HOLD 
• ON-CHIP OFFSET NULL CIRCUIT ELIMINATES LONG-TERM DRIFT ERRORS AND NEED 

FOR TRIMMING 
• SINGLE 16-PIN PACKAGE 
• MINIMAL EXTERNAL CIRCUITRY REQUIRED 
• SER IAL DATA OUTPUT OF 64 Kb/s - 2.1 Mb/s at 8 KHz SAMPLING RATE 
• SEPARATE ANALOG AND DIGITAL GROUNDING PINS REDUCE SYSTEM NOISE PROBLEMS 

The M5156 is a monolithic CMOS companding CODEC which contains two sections: (1) An analog-to
digital converter which has a transfer characteristic conforminq to the A-law companding code and (2) 
a digital-to-analog converter which also conforms to the A-law code. 
These two sections form a coder-decoder which is designed to meet the needs of the telecommuni
cations industry for per-channel voice-frequency codecs used in PCM systems. Digital input and output 
are in serial format. Actual transmission and reception of 8-bit data words containing the analog in
formation is done at a 64 Kb/s - 2.1 Mb/s rate with analog Signal sampling occurring at an 8 KHz rate. 
A sync pulse input is provided for synchronizing transmission and reception of multichannel information 
being multiplexed over a single transmission line. 

ABSOLUTE MAXIMUM RATINGS* 

DC Supply Voltage, V + 
DC Supply Voltage, V
Operating Temperature range 
Storage Temperature range 
Package Dissipation at 25°C (Derated 9 mW;aC when soldered into PCB) 
Digital Input 
Analog Input 
+VREF 
-V REF 

+6 
-6 

o to 70 
--55 to +125 

500 
-0.5 < V IN< V+ 
V-<VIN<V+ 

-0.5 < +V REF < V+ 
V - < -V REF < +0.5 

V 
V 

°C 
°C 

mW 
V 
V 
V 
V 

* 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device rei iabil ity. 

ORDERING NUMBERS: 

M5156 D1 
M5156 F1 

for dual in-line ceramic package, metal-seal 
for dual in-I ine ceramic package, frit-seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package, metal-seal 

PIN CONNECTIONS 

ANALOG INPUT 1 
Vt 2 
v- '3 

N,C 

MASTER CLOCK 

XMIT SYNC 6 
XMIT CLOCK 7 

DIGITAL OUTPUT 8 

PCM SYSTEM 

r--------
I 
I 

d5' I 
1A~'ALO~. 

1 WI"ECA8lE 

I 
I 
I 
I 
I 
I 
I 

~ L:t 

'VAEF 

VREF 

ANALOG GROUND 

. ANALOG OUTPUT 

12 DIGITAllNPUT 

1 1 DIGITAL GROUND 

10 RCV CLOCK 

9 RCV SYNC 

TRANSMITTER 

(AID! 
DIGITAl 
TRUNK 

!D'A/ 

DIGITAL 
TRUNK 
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XMIT 
SYNC 

XMIT 
CLOCK 

ANALOG 
IMOUT 

MASTER 
CLOCK 

DIGITAL 
INPUT 

ROY 
SYNC 

ROY 
CLOCK 

Dual in-line ceramic package, frit-seal 

t:::j 
BLOCK DIAGRAM 

TRANSMIT 
SECTION 

RECEIVE 
SECTION 

1-- ... -_ .... --

j~ 
DIGITAl 
OUTPUT 



POWER SUPPLY REQUIREMENTS 

Values 
Parameter Unit Note 

Min. Typ. Max. 

V+ Positive Supply Voltage 4.75 5.0 5.25 V 

V- Negative Supply Voltage -5.25 -5.0 -4.75 V 

+VREF Positive Reference Voltage 2.375 2.5 2.625 V 1 

-VREF Negative Reference Voltage -2.625 -2.5 -2.375 V 1 

DC CHARACTERISTICS (Test conditions: V+= 5.0V, V-= -5.0V, +V REF= 2.5V, -V REF= -2.5V) 

Values 
Parameter Unit Note 

Min. Typ. Max. 

RINAS Analog Input Resistance During Sampling 2 kf! 2 

RINANS Analog Input Resistance Non-Sampling 100 Mf! 

C INA Analog Input Capacitance 150 250 pF 

VOFFSET/I Analog Input Offset Voltage ± 1 ,,8 mV 

ROUTA Analog Output Resistance 20 50 f! 

IOUTA Analog Output Current 0.25 0.5 mA 

(VOFFSET/O) Analog Output Offset Voltage -200 ±850 mV 

IINLOW Logic Input Low Current (V IN~ 0.8V) 
± 0.1 ± 10 J.lA 3 

Digital Input, Clock Input, Sync Input 

IINHIGH Logic Input High Current (V IN~ 2.4V) 
-0.25 -0.8 mA 3 

Digital Input, Clock Input, Sync Input 

CDO Digital Output Capacitance 8 12 pF 

IDOL Digital Output Leakage Current ± 0.1 ± 10 J.lA 

VOUTLOW Digital Output Low Voltage 0.4 V 4 

VOUTHIGH Digital Output High Voltage 3.9 V 4 

1+ Positive Supply Current 4 10 mA 

1- Negative Supply Current 2 6 mA 

IREF+ Positive Reference Current 4 20 J.lA 

I REF- Negative Reference Current 4 20 p,A 
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AC CHARACTERISTICS (Refer to Figure 3 and Figure 4) 

Values 
Parameter Unit Note 

Min. Typ. Max. 

FM Master Clock Frequency 1.5 2.048 2.1 MHz 

F R, Fx XMIT, RCV. Clock Frequency 0.064 2.048 2.1 MHz 

PWCLK Clock Pulse Width (MASTER, XMIT, RCV.) 200 ns 

tRC, tFC Clock Rise, Fall Time·(MASTER, XMIT, RCVI 25%of 
PWCLK 

ns 

tRs, tFS Sync Rise, Fall Time (XMIT, RCV.) 25%of 
PWCLK 

ns 

tOIR, tOIF Data Input Rise, Fall Time 25% of 
PWCLK 

ns 

twsx, tWSR Sync Pulse Width (XMIT, RCV.I 8 

Fx(FRI 
j.LS 

tps Sync Pulse Period (XMIT, RCV.I 125 j.LS 

txcs XMIT Clock-to-XMIT Sync Delay 50%of 
6 tFC(tRSI 

ns 

tXCSN XMIT Clock-to-XMIT Sync (Negative Edgel 200 ns 
Delay 

txss XMIT Sync Set-Up Time 200 ns 

txoo XMIT Data Delay 0 200 ns 4 

txop XM IT Data Present 0 200 ns 4 

tXOT XMIT Data Three State 150 ns 4 

tOOF Digital Output Fall Time 50 ns 4 

tOOR Digital Output Rise Time 50 ns 4 

tSRC RCV. Sync-to-RCV. Clock Delay 50% of 
ns 6 tRC(tFsl 

tROS RCV. Data Set-Up Time 50 ns 5 

tROH RCV. Data Hold Time 200 ns 5 

tRCS RCV. Clock-to-RCV. Sync Delay 200 ns 

tRSS RCV. Sync Set-Up Time 200 ns 5 

tSAO RCV. Sync-to-Analog Output Delay 7 j.LS 

SLEW+ Analog Output Positive Slew Rate 1 V/j.LS 

SLEW- Analog Output Negative Slew Rate 1 V/j.LS 

DROOP Analog Output Droop Rate 25 .uV/j.LS 
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SYSTEM CHARACTERISTICS (Refer to Figures 10 and 11) 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

SID Signal-to-Distortion Ratio Analog Input = a to -30 dBmO 35 39 dB 
Analog Input = -40 dBmO 29 34 dB 
Analog Input = -45 dmO 24 29 dB 

GT Gain Tracking Analog Input = +3 to -37 dBmO -0.4 ± 0.1 +0.4 dB 
Analog Input = -37 to -50 dBmO -0.8 ± 0.1 +0.8 dB 
Analog Input = -50 to -55 dBmO -2.5 ± 0.2 +2.5 dB 

N 1C Idle Channel Noise Analog Input = a Volts -80 --72 dBmOp 

TLP Transmission Level Point 600 n +4 dB 

Notes: 
1. +V REF and -V REF must be matched with in ±1% 

in order to meet system requ irements. 

EQUIVALENT INPUT RESISTANCE 
CIRCUIT DURING SAMPLING 

2. Sampling is accomplished by changing the in
ternal capacitor to within]l, LSB (<; 300 /lV) 
in 20,.,.5. Therefore, the external source resistance 
must be 3k or less. The equivalent circuit during 
sampling is shown on the right. 

3. The M5156 willi source current through an in
ternal 6 kn resistor to help pu II up the TTL out
put. When a transition from a "I" to a "a" takes 
place, the user must sink the "I" current until 
reaching the "a" level. 

4. Driving one 74L or 74LS TTL load plus 30 pF 
with IOH= -100 /lA, IOL = 500 /lA. 

5. The first bit of data is loaded when Sync. and 
Clock are both "I" during bit time 1 as shown on 
RCV, timing diagram. 

6. This delay is necessary to avoid overlapping 
Clock and Sync. 

FUNCTIONAL DESCRIPTION 

Pin 1 - Analog Input 

CODEC 

SAMPLE 
GATE 
RESISTANCE 

5 - 4453 

Voice-frequency analog signals which are bandwidth-limited to 4 kHz are input at this pin. Typically, 
they are then sampled at an 8 kHz rate (Refer to Figure 1). The analog input must remain between 
+V REF and -V REF for accurate conversion. 

Pin 5 - Master Clock 
This signal provides the basic timing and control signals required for all internal conversions. It does not 
have to be synchronized with RCV. SYNC, RCV, CLOCK, XMIT SYNC or XMIT CLOCK and is not 
internally related to them. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 1 - A/D, D/A conversion timing 

__ ...J~ XMIT SYNC \ 125" •• C------------l .... ~}__ 
1---=15_20"SOC .... ~----------------------.J 

SAMPLE AND HOLD \1 
----( SAMPLE TIME 

.= 32 MASTER CLOCKS Ir-........ -------

ENABLE SAR 
SAR REQUIRES . 

=128 MASTER CLOCKS 

----------------~/ RCV.SYNC 

_____________________________________ ~/ ANALOG OUTPUT UPOATED 

Fig. 2 - Data input/output timing 

XMIT 
Internal 
Clock 

200ns I I.. • 
Rcqulred for Datd To T ranster 
From Master to Slave 

________ ~x Valid Dat<t 

RCV 
Internal 
Clock 

Required To Transfer D.na 
_.I I.- 200"5 From Master to Slave 

I =:1 k- 50ns ReqUired to load Master 

X . 
_____ ....J Valid Incoming Data 

DIGITAL 
OUT -

XMIT SYNC 

XMIT CLOCK 

DIGITAL 
IN 

RCV. SYNC 

RCV. CLOCK 

Pin 6 - XMIT SYNC (Refer to Figure 3 for the Timing Diagram) 

M5156 

This input is synchronized with XMIT CLOCK. When XMIT SYNC !loes high, the digital output is acti
vated and the A/D conversion begins on the next positive edge of MASTER CLOCK. The conversion by 
MASTER CLOCK can be asynchronous with XMIT CLOCK. The serial output data is clocked out by 
the positive edges of XMIT CLOCK. The negative edge of XMIT SYNC causes the digital output to 
become three-state. XMIT SYNC must go low for at least 1 master clock prior to the transmission of the 
next digital word (Refer to Figure 7). 

Pin 7 - XMIT CLOCK (Refer to Figure 3 for the Timing Diagram) 
The on-chip 8-bit output shift register of the M5156 is unloaded at the clock rate present on this pin. 
Clock rates of 64 kHz - 2.1 MHz can be used for XMIT CLOCK. The positive edge of the INTERNAL 
CLOCK transfers the data from the master to the slave of a master-slave flip-flop (Refer to Figure 2). 
If the positive edge of XMIT SYNC occurs after the positive edge of XMIT CLOCK, XMIT SYNC will 
determine when the first positive edge of INTERNAL CLOCK will occur. In this event, the hold time 
for the first clock pulse is measured from the positive edge of XMIT SYNC. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 3 - Transmitter section timing 
1 _____________________________ twsx ____________________________ 4 

2.4V 
1.4V 

XMIT SYNC O.4V 

txcs 'XSS 

lXDP 

THREE-STATE " 

NOT VALID V 
PCM DATA PRESENT 

Note: All rise and fall times are measured from O.4V and 2.4V. All delay times are measured from 1.4V. 

Pin 9 - RCV. SYNC (Refer to Figure 4 for the Timing Diagram) 
This input is synchronized with RCV. CLOCK and serial data is clocked in by RCV. CLOCK. Duration 
of the RCV. SYNC. pulse is approximately 8 RCV. CLOCK periods. The conversion from digital-to
analog starts after the negative edge of the RCV. SYNC pulse (Refer to Figure 1). The negative edge of 
RCV. SYNC should occur before the 9th positive clock edge to insure that only eight bits are clocked in. 
RCV. SYNC must stay low for 17 MASTER CLOCKS (min.) before the next digital word is to be 
received (Refer to Figure 8). 

Pin 10 - RCV. CLOCK (Refer to Figure 4 for the Timing Diagram) 
The on-chip 8-bit shift register for the M5156 is loaded at the clock rate present on this pin. Clock rates 
of 64 kHz - 2.1 MHz can be used for RCV. CLOCK. Valid data should be applied to the digital input 
before the positive edge of the internal clock (Refer to Figure 2). This set up time, t RDs , allows the data 
to be transferred into the MASTER of a master-slave flip-flop. The positive edge of the INTERNAL 
CLOCK transfers the data to the SLAVE of the master-slave flip-flop. A hold time, t RDH , is required 
to complete this transfer. If the rising edge of RCV. SYNC occurs after the first rising edge of RCV. 
CLOCK, RCV. SYNC will determine when the first positive edge of INTERNAL CLOCK will occur. In 
this event, the set-up and hold times for the first clock pulse should be measured from the positive 
edge of RCV. SYNC. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 4 - Receiver section timing 

~----------------------------twsR----------------------------~'1 

Rev SYNC 

RCV 
CLOCK 

tRC~ -

DIGITAL INPUT 

r-
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Note: All rise and fall times are measured from O.4V and 2.4V. All delay times are measuref from l.4V. 

Fig. 5 - AID converter (A-Law Encoder) 
transfer characteristic 
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Fig. 6 - DIA converter (A-Law Decoder) 
transfer characteristic 
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FUNCTIONAL DESCRIPTION (continued) 

Table 1 - Digital output code: A Law 

Chord Code Chord Value Step Value 

1. 101 0.0 mV 1.221 mV 
2. 100 20.1 mV 1.221 mV 
3. 111 40.3 mV 2.44 mV 
4. 110 80.6 mV 4.88 mV 
5.001 161.1 mV 9.77 mV 
6. 000 332 mV 19.53 mV 
7.011 645mV 39.1 mV 
8. 010 1.289 V 78.1 mV 

Pin 8 - Digital Output 

EXAMPLE: 
1 110 
Sign Bit Chord 

0111=+80.6mV+(2x4.88mV) 
Step Bits 

If the sign bit were a zero, then both plus signs 
would be changed to minus signs. 

The M5156 output register stores the 8-bit encoded sample of the analog input. This 8-bit word is 
shifted out under control of XMIT SYNC and XMIT CLOCK. When XMIT SYNC is low, the DIGITAL 
OUTPUT is an open circuit. When XM IT SYNC is high, the state of the DIG ITAL OUTPUT is determined 
by the value of the output bit in the serial shift register. The output is composed of a Sign Bit, 3 Chord 
Bits, and 4 Step Bits. The Sign Bit indicates the polarity of the analog input while the Chord and Step 
Bits indicate the magnitude. In the first two Chords, the Step Bit has a value of 1.2 mV. In the third 
Chord, the Step Bit has a value of 2.4 mV. This doubling of the step value continues for each of the five 
successive Chords. Each Chord has a specific value and the Step Bits, 16 in each Chord, specify the 
displacement from. that value (Refer to Table 1). Thus the output, which follows the A-law, has reso· 
lution that is proportional to the input level rather than to full scale. This provides the resolution of a 
12-bit A/D converter at low input levels and that of a 6-bit converter as the input approaches full scale. 
The transfer characteristic of the A/D converter (A-law Encoder) is shown in Figure 5. 

Pin 12 - Digital Input 
The M5156 input register accepts the 8-bit sample of an analo~ value and loads it under control of RCV. 
SYNC and RCV. CLOCK. The timing diagram is shown in Figure 4. When RCV. SYNC goes high, the 
M5156 uses RCV. CLOCK to clock the serial data into its input register. RCV. SYNC goes low to in
dicate the end of serial input data. The 8 bits of the input data have the same functions described for 
the DIGITAL OUTPUT. The transfer characteristic of the D/A converter (A-law Decoder) is shown in 
Figure 6. 

Pin 13 - Analog Output 
The analog output is in the form of voltage steps (100% duty cycle) having amplitude equal to the 
analog sample which was encoded. This waveform is then filtered with an external low-pass filter with 
sinx/x correction to recreate the sampled voice signal. 

Pins 16 and 15 - Positive and negative reference voltages (+V REF and -V REF) 

These inputs provide the conversion references for the digital-to-analog converters in the M5156. 
+VREF and -VREF must maintain 100 ppM/oC regulation over the operating temperature range. 
Variation of the reference directly affects system gain. 
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OPERATION OF DECODEC WITH 64 kHz XMIT/RCV. 

Clock Frequencies 
XMIT/RCV. SYNC must not be allowed to remain at a logic "1" state. XMIT SYNC is required to be at 
a logic "0" state for 1 master clock period (min.) before the next digital word is transmitted. RCV. 
SYNC is required to be at a logic "0" state for 17 master clock periods (min.) before the next digital 
word is received (Refer to Figs. 7 and 8). 

Fig. 1- 64 kHz operation, transmitter section timing 

I I-001(l-------------------125Iisec-----------------Jl.-i! 

I XMIT SYNC -, r-
---1 U 1 MASTER 

~ '---CLOCK 
- I I - PERIOD 

(MINI 

l 
V 

peM DATA PRESENT 

Note: All rise and fall times are measured from O.4V and 2.4V. All delay times are measured from l.4V. 

Fig. 8 - 64 kHz operation, receiver section timing 

t'rO'----------------125f!SeC-------------____ -j·~1 

I RCVSYNC ~ ~ASTER 
~ ~ ~ U~~~ 

-I I - PWCLK -+j ~ (MINI 

Note: All rise and fall times are measured from O.4V and 2.4V. All delay times are measured from l.4V. 
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Offset Null 
The offset null feature of the M5156 eliminates long-term drift errors and conversion errors due to tem
perature changes by going through an offset adjustment cycle before every conversion, thus guaranteeing 
accurate AID conversion for inputs near qround. There is no offset adjust of the output ampl ifier be
cause, since the output is intended to be AC - coupled to the external filter, the resultant DC error 
(V OFFSET/O ) will have no effect. The siqn bit is not used to null the analog input. Therefore, for an 
analog input of 0 volts, the siqn bit will be stable. 

Performance Evaluation 
The equipment connections shown in Figure 9 can be used to evaluate the performance of the M5156. 
An analog signal provided by the HP3552A Transmission Test Set is connected to the Analog Input 
(pin 1) of the M5156. The Diqital Output of the CODEC is tied back to the Digital Input and the Analog 
Output is fed through a low-pass filter to the HP3552A. Remaining pins of the M5156 are connected 
as follows: 

(1) RCV. SYNC is tied to XMIT SYNC. 
(2) XMIT CLOCK is tied to MASTER CLOCK. The signal is inverted and tied to RCV. CLOCK. 
The following timing signals are required: 

(1) MASTER CLOCK = 2.048 MHz. 
(2) XMIT SYNC repetition rate = 8 kHz 
(3) XMIT SYNC width = 8 XMIT CLOCK periods. 

When all the above requirements are met, the setup of Figure 9 permits the measurement of synchronous 
system performance over a wide range of analog inputs. 
The data register and ideal decoder provide a means of checking the encoder portion of the M5156 in
dependently of the decoder section. To test the system in the asynchronous mode, MASTE R CLOCK 
should be separated from XMIT CLOCK and MASTER CLOCK should be separated from RCV. CLOCK. 
XMIT CLOCK and RCV. CLOCK are separated also. Some experimental results obtained with the 
M5156 are shown in Figs. 10 and 11. 

Fig.9 - System characteristics test configuration 
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Fig. 10 - SID ratio vs. input level Fig. 11 - Gain tracking performance 

M 5168 

CCITT SPECIFICATIONS CCITT SPECIFICATIONS 

INPUT lElliL '''8m'', 

290 



MOS 
INTEGRATED 
CIRCUIT 

ADVANCE DATA 

PCM TRANSMIT/RECEIVE FILTERS 

• MONOLITHIC DEVICE INCLUDES BOTH TRANSMIT AND RECEIVE FILTERS 
• CCITT G712 AND AT&T D3/D4 COMPATIBLE 
• TRANSMIT FILTER INCLUDES 50/60 Hz REJECTION 
• RECEIVE FILTER INCLUDES SIN X/X COMPENSATION 
• EXTERNAL GAIN ADJUSTMENT, BOTH TRANSMIT AND RECEIVE FILTERS 
• LOW POWER CONSUMPTION: 20 mW TYPICAL WITHOUT POWER AMPLIFIERS 

< 1 mW TYPICAL IN POWER-DOWN MODE 
• DIRECT INTERFACE WITH TRANSFORMER OR ELECTRONIC TELEPHONE HYBRIDS 
• ± 5% POWER SUPPLIES; +5V, -5V 
• STANDARD 16-PIN PACKAGE 
• PIN-FOR-PIN COMPATIBLE WITH THE 2912 PCM FILTER 

The M5912 is a monolithic device containing the two filters of a PCM line or trunk termination and is 
designed to minimize power dissipation, maximize reliability and provide a low-cost alternative to 
hybrid filters. The device consists of two switched-capacitor filters, transmit and receive, and power am
plifiers which may be used to drive a transformer hybrid (2-to-4 wire converter) or an electronic hybrid 
(SLlC). If an electronic hybrid is used, the power amplifiers are not needed and may be deactivated to 
minimize power dissipation. The transmit filter is a band-pass filter which will pass frequencies between 
300 Hz and 3200 Hz and provides rejection of the 50/60 Hz power line frequency as well as the anti· 
aliasing needed in an 8 kHz sampling system. The receive filter is a low-pass filter which smooths the 
voltage steps present in the COD EC output waveform and provides the sin x/x correction necessary to 
give unity gain in the passband for the CODEC-decoder-and-receive-filter pair. 

ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage with Respect to V BB 

All Input and Output Voltages with Respect to V BB 

All Output Currents 
Temperature Under Bias 
Storage Temperature range 
Package Dissipation at 25°C (Derated 9 mW;oC when soldered into PCB) 

-0.3 to + 14.0 V 
-0.3 to +14.0 V 

± 50 mA 
-10 to +80 °C 
-65 to +150 °C 

500 mW 

Stresses above those listed ullder "Absolute MaXimum Hatings" 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 indicated in 
the operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

ORDERING NUMBERS: 

M5912 D1 
M5912 F1 

for dual in-line ceramic package, metal seal 
for dual in-line ceramic package, frit seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line ceramic package metal-seal 
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----------j 
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" 9 

I B 

PIN CONNECTIONS 

VFxr+ 16 VFX O 
VFXI- GRDA 

GSx eLKS 

VFRO PDWN 

PWRI eLK 
PWRO+ 11 GRDD 
PWRO- 10 VFRI 

VBB 9 Vee 

TYPICAL LINE TERMINATION 

,--------
I 

I 

I 
I 
I 
L LOCAL EXCHANGE 
---------

peM 
HIGHWAY 
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Dual in-line ceramic package frit-seal 
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POWER DISSIPATION 

Values 
Parameter Test cond itions Unit 

Min. Typ. Max. 

IccO V cc Standby Current PDWN = V IH min 100 p,A 

IBBO V BB Standby Current PDWN = V IH min 100 p,A 

I ICCI V CC Operating Current, PWRI = V BB 6 mA 
Power Ampl ifiers Inactive 

IBBI V BB Operating Current, 
Power Amplifiers Inactive 

PWRI = V BB 6 mA 

ISCPA Short Circuit Output Current Either power amplifier 20 mA 
(Power Amplifier) to ground 

DC AND OPERATING CHARACTERISTICS (Tamb= aoc to +7aoC, Vcc= +5V ± 5%, 
V BB= -5V ± 5%, GRDA= av, GRDD = av, unless otherwise specified) 

DIGITAL INTERFACE 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

I LIC I nput load Current V IN = V IL min to V IH max 10 p,A 

ILiO Input load Current, ClKS V IN = V BB to V IH max 50 p,A 

ILiP Input load Current, PDWN V IN = V IL min to V IH max -40 p,A 

V IL Input low Voltage 0.8 V 
(except ClKS) 

V IH Input High Voltage 2.2 V 
(except ClKS) 

VILO Input low Voltage, ClKS V BB V BB+0.5 V 

VIIO Input Intermediate Voltage, GRDD-0.5 0.2 V. 
ClKS 

V IHO Input High Voltage, elKS Vcc-0.5 Vcc V 

ANALOG INTERFACE, TRANSMIT FILTER GAIN SETTING AMPLIFIER 

IBXI Input leakage Current, -3.2V < V IN < 3.2V 100 nA 
VFxl+, VFxl-

R IXI I nput Resistance, 
VFxl-VFxl+ 

10 M!l 

V OSXI Input Offset Voltage, -3.2V < V IN < 3.2V 25 mV 
VFxi'", VFxl-

PSRR I Power Supply Rejection, 60 dB 
GSx 
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DC AND OPERATING CHARACTERISTICS (continued) 

ANALOG INTERFACE, TRANSMIT FILTER GAIN SETTING AMPLIFIER 

Parameter Test conditions 
Min. 

CMRR Common Mode Rejection, -3.2V < V 1N < 3.2V 60 
VFxl+, VFxl-

AVOL DC Open Loop Voltage Gain, 2000 
GSx 

fe Open Loop Unity Gain 
Bandwidth, GSx 

V OX1 Output Voltage Swing, GSx R L ;' 10 k.!1 ± 2.5 

CLXI Load Capacitance, GSx 

RLXI Minimum Load Resistance, Minimum RL 10 
GSx 

ANALOG INTERFACE, TRANSMIT FILTER 

Rox Output Resistance, VFxO 

Vosx Output DC Offset, VFxO VFxl+ Connected to GRDA, 
Input Op amp at Unity Gain 

PSRR2 Power Supply Rejection of 
Vee at 1 kHz, VFxO 

35 

PSRR 3 Power Supply Rejection of 25 
Vss at 1 kHz, VFxO 

CLx Load Capacitance, VFxO , 

RLX Minimum Load Resistance, Minimum RL 3 
VFxO 

Vox Output Voltage Swing, R L :>10k.!1 
1 kHz, VFxO 

RL:>3k.!1 ± 2.5 

ANALOG INTERFACE, RECEIVE FILTER 

ISR Input Leakage Current, VF RI -3.2V < V 1N < 3.2V 

RIR Input Resistance, VF RI 2 

ROR Output Resistance, V F RO 

V OSR Output DC Offset, VF RO VFRI Connected to GRDA 

PSRR4 Power Supply Rejection of 30 
Vee at 1 kHz, VF RO 

PSRR5 Power Supply Rejection of 
Vss at 1 kHz, VFRO 

30 

CLR Load Capacitance, VF RO 

RLR Minimum Load Resistance, 
VFRO 

Minimum RL 10 

VOR Output Voltage Swing, VFRO R L =10k.!1 ± 3.2 
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Values 
Unit 

Typ. Max. 

dB 

2 MHz 

V 

20 pF 

k.!1 

100 .!1 

200 mV 

40 dB 

30 dB 

20 pF 

k.!1 

± 3.2 V 

1 /lA 

M.!1 

100 .!1 

200 mV 

35 dB 

35 dB 

20 pF 

k.!1 

V 



DC AND OPERATION CHARACTERISTICS (continued) 

ANALOG INTERFACE, RECEIVE FILTER DRIVER AMPLIFIER STAGE 

Parameter Test conditions 
Min. 

IBRA I nput Leakage Current. PWR I -3.2C < V IN < 3.2V 

RIRA Input Resistance, PWRI 10 

RORA Output Resistance, PWRO+, liouT I<10mA 
PWRO- -3.2V < V OUT < 3.2V 

VOSRA Output DC offset, PWRO+, PWRI Connected to GRDA 
PWRO-

CLRA Lead Capacitance, PWRO+, 
PWRO-

VORA1 Output Voltages Swing RL ~ 300n ± 3.2 
Across R L, PWRO+, PWRO- RL Connected to GRDA 
Single Ended Connection 

VORA2 Output Voltage Swing, RL ~ 600n ± 6.4 
PWRO+, PWRO - Balanced R L Connected between 
Output Connection PWRO+ and PWRO-

Values 
Unit 

Typ. Max. 

3 /JA 

MS? 

1 n 

50 mV 

100 pF 

V 

V 

AC CHARACTERISTICS (Tamb = O°C to +70°C, Vcc= +5V ± 5%, Vss= -5V ± 5%, GRDA = OV, 
GRDD = OV, unless otherwise specified). 
Clock Input Frequency: ClK = 1.536 MHz ± 0.1%, ClKS = VILO (Tied to Vss) 

ClK = 1.544 MHz ± 0.1%, ClKS = VIIO (Tied to GRDD) 
ClK=2.048MHz±0.1%, ClKS=V IHO (Tied to Vccl 
ClK = 2.560 MHz ± 0.1%, ClKS = Open Circuit 

TRANSMIT FI L TER TRANSFER CHARACTERISTICS 

Values 
Parameter Test conditions 

Min. Typ. 

G RX Gain Relative to Gain at OdBmO Input Signal 
1 kHz Gain Setting Op Amp at 

Unit Gain 
Below 50 Hz 

50 Hz 

60 Hz -26 

200 Hz OdBmO Signal = 1.2 V RMS, -1.8 
Input at VFxl-

300 Hz to 3000 Hz -0.125 

3300 Hz -0.65 

3400 Hz Output at VFxO -1.4 
is", 1.73 V RMS 

4000 Hz 

4600 Hz and Above 
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Unit 
Max. 

dB 

-35 dB 

-30 dB 

-0.125 dB 

+0.125 dB 

0.03 dB 

-0.1 dB 

-14.5 dB" 

-33 dB 



AC CHARACTERISTICS (continued) 

TRANSMIT FilTER TRANSFER CI1ARACTERISTICS 

Parameter Test conditions 

GAX Absolute Passband Gain at 
1 kHz, VFxO 

GAXT Gain Variation with OdBmO Signal Level 
Temperature at 1 kHz 

GAXS Gain Variation with Supplies OdBmO Signal Level, 
at 1 kHz Supplies ± 5% 

CTRT Cross Talk, Receive to VFRI ~ 1.2 V RMS' 
Transmit, Measured at VFxO 1 kHz Input VFXI+, VFxl-

Connected to GSX , 
GSx Connected th rough 
10 kn to GRDA 

NeXl Total C Message Noise at Gain Setting Op Amp at 
Output, VFxO Unity Gain 

NeX2 Total C Message Noise at Gain Setting Op Amp at 
Output, VFxO 20 dB Gain 

Dox Differential Envelope Delay, 
VFxO 1 kHz to 2.6 kHz 

DAX Absolute Delay at 1 kHz, 
VFxO 

DPX1 Single Frequency Distortion OdBm Input Signal at 1 kHz 
Products 

DPX2 Single Frequency Distortion Gain Setting Op Amp at 
Products at Maximum Signal 20 dB Gain. The +3 dBmO 
Level of +3 dBmO at VFxO signal at VFxO is 1.73 V RMS 

Values 
Unit 

Min. Typ. Max. 

2.9 3.0 3.1 dB 

0.0005 dBrC 

0.05 dBN 

-60 dB 

6 dBrncO 

10 dBrncO 

40 ,"S 

195 ,"s 

-50 dB 

-45 dB 

AC CHARACTERISTICS (Tamb= O°C to +70°C, Vee= +5V ± 5%, Vss= -5V ± 5%, GRDA= OV, 
GRDD= OV, unless otherwise specified). 
Clock Input Frequency: ClK = 1.536 MHz ± 0.1%, ClKS = V ILO (Tied to Vss) 

ClK = 1.544 MHz ± 0.1%, ClKS = V 110 (Tied to GRDD) 
ClK = 2.048 MHz ± 0.1%, ClKS = V IHO (Tied to Veel 
ClK = 2.560 MHz ± 0.1%, ClKS = Open Circuit 

RECEIVE FilTER TRANSFER CHARACTERISTICS 

Values 
Parameter Test conditions 

Min. Typ. 

GR R Gain Relative to Gain at OdBmO Input Signal 
1 kHz with sinx/x Correction 

Below 200 Hz OdBmO Signal"'" 1.2 V RMSX 

200 Hz -0.125 

300 Hz to 3000 Hz 
. 7ff 7ff 

(Sm (8000) I (8000) ), -0.125 

3300 Hz Input at VFRI -0.65 

3400 Hz -1.4 
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Unit 
Max. 

0.125 dB 

0.125 dB 

0.125 dB 

0.03 dB 

-0.1 dB 



AC CHARACTERISTICS (continued) 

RECEIVE FILTER TRANSFER CHARACTERISTICS 

Parameter 

G RR 4000 Hz 

4600 Hz and Above 

GAR Absolute Passband Gain 
at 1 kHz. VF RO 

G ART Gain Variation with 
Temperature at 1 kHz 

GARS Gain Variation with Supplies 
at 1 kHz 

CTTR Cross Talk. Transmit to 
Receive, Measured at VF RO 

NCR Total C Message Noise at 
Output, V F RO 

DOR Differential Envelope Delay, 
VF RO, 1 kHz to 2.6 kHz 

DAR Absolute Delay at 1 kHz, 
VFRO 

DP R1 Single Frequency Distortion 
Products 

DP R2 Single Frequency Distortion 
Products at Maximum Signal 
Level of +3 dBmO at VFRO 

FUNCTIONAL DESCRIPTION 
Pin 1 - VFXI+ 

Test conditions 

OdBmO Signal Level 

OdBmO Signal Level. 
Suppl ies ± 5% 

VFxO ~ 1.73 V RMS, 1 kHz 
Output. VF RI Connected 
to GRDA 

VF RO Output or PWRO+ 
and PWRO - Connected 
with Unity Gain 

OdBm Input Signal at 1 kHz 

+3 dBmO Signal Level of 
1.73 V RMS , 1 kHz Input 
at VFRO 

Values 
Unit 

Min. Typ. Max. 

-14.5 dB 

-32 dB 

-0.1 0 +0.1 dB 

0.0005 dB;oC 

0.05 dB/V 

-60 dB 

6 dBrncO 

120 !1S 

125 !1s 

-50 dB 

-45 dB 

Pin 1 is the non-inverting input of the gain adjustment op amp in the transmit filter seciton. The signal 
applied to this pin typically comes from the transmit leg of a 2-to-4 wire hybrid. This input may be AC 
or DC coupled. This signal passes through the op amp to the transmit (band-pass) switched-capacitor 
filter which will pass frequencies between 300 and 3200 Hz, provide rejection of the 50/60 Hz power 
line frequency and provide antialiasing for an 8 kHz sampling system. This filter exceeds AT&T D3 and 
D4 specifications and is compatible with the CCITT G712 recommendations. Its specifications meet the 
digital class 5 central office switching systems requirements. The transmit filter transfer characteristics 
and specifications are shown in Figure 1. 

Pin 2 -VFXI-
Pin 2 is the inverting input of the gain adjustment op amp on the transmit filter. A return path for the 
op-amp output is provided by GSx , Pin 3. Pins2 and 3 may be used to provide gain up to 20 dB without 
degrading the noise performance of the filters. 
This op amp has a common mode range of ± 2.5V, low DC offset (2.5 mV typ.) and can provide a volt
age gain greater than 2000. The unity gain bandwidth is approximately 2 MHz. The transmit filter, ex
cluding the input op amp, provides a gain of +3 dB in the passband. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 1 - Transmit filter transfer characteristics 
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Pin 3 is connected to the output of the gain-adjustment op amp in the transmit filter section. For proper 
operation, the load impedance connected to the GSX output should be greater than 10 Kn in parallel 
with 20 pF (Refer to Figure 2). 

Pin 4 - VFRO 
Pin 4 is the output of the receive (low-pass) filter and is capable of driving high impedance electronic 
hybrids. The !lain of the receive signal may be attenuated by using a resistor divider as shown in Figure 2. 
The resistive load connected to V F RO should be greater than 10 Kn. 
If the receive filter is to drive a transformer hybrid, VFRO should be connected to PWRI (Pin 5) as 
shown in Figure 3. 

Pin 5 - PWRI 
Pin 5 provides the input to the power driver amplifiers which interface the receive filter to a transformer 
hybrid. PWR I is a high impedance input which can be driven by VF R 0 directly. The input voltage range 
is ± 3.2V and the gain for a bridged output is 6 dB. The power amplifiers may be deactivated when not 
being utilized by tying PWR I to VBB. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 2 - Transmit and receive gain adjustment 

M5912 
VFX I+ 

VFXI- VFXO 

GSx 3 

R2 R2 
R, GAIN ,.-

R, 

4 

nd 7 - PWRO+ and PWRO-

Fig. 3 - Typical connection of the 
output power ampl ifier stage 

M5912 

TRANSFORMER T - ---, 
I 

WHERE· R, RZ GAIN SETTING RESISTORS 
Rl SERIES LOAD RESISTOR 

nced differential-output amplifier stage is provided to drive low impedance loads directly. The 
le receive signal may be adjusted by a voltage divider as shown in Figure 3. The series impedance 

,d resistor and the bybrid transformer should present an AC load resistance of 600n (min.) to 
.. ,e amplifiers in a bridged configuration. With a 600n load between pins 6 and 7, the maximum voltage 
swing across the loads is±6.4 volts. These may also be used to drive loads which are connected to ground. 
If the power amplifiers are not required in a particular application they should be deactivated by typing 
PWRI to VBB. 

Pin 8 - VBB 
Pin 8 is the negative supply pin. The voltage supplied to this pin should be -5V ± 5%. 

Pin 9 - VCC 
Pin 9 is the positive supply pin. The voltage supplied to this pin should be +5V ± 5%. 

Pin 10 - VFRI 
Pin 10 is the analog input to the receive filter. The receive signal is typically generated by the decoder 
section of a M or A law companding Codec. The receive filter is a low-pass switched-capacitor filter 
which will pass frequencies up to 3200 Hz and provides the sin x/x correction needed to give the Codec 
decoder and receive filter pair unity gain over the passband. This filter exceeds the AT&T D3/D4 specifi
cations and is compatible with the CCITT G712 recommendation. 
The receive filter transfer characteristics and specifications, including the sinx/x response introduced by 
the decoder, are shown in Figure 4. 
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FUNCTIONAL DESCRIPTION (continued) 

Fig. 4 - Receive filter transfer characteristics 
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NOTES: 

1. The broken line shows the x/sinx response of the 
filter only. This response corrects the sin x/x 
response of the sample and hold output of the 
codec and provides unity gain in the passband. 

Pin 11 - GRDD 

1kHz 4kHz 10kHz 

2. The Typical filter transfer function shown is the 
combined response of the codec and the receive 
filter. The combined response meets the stated 
specifications. 

Pin 11 serves as the digital ground return for the internal clock. The digital ground is not internally con
nected to the analog ground. The digital and analog grounds should be tied together as close as practical 
to the system supply ground. 

Pin 12 - ClK 
The digital clock signal should be supplied to Pin 12. Four clock frequencies (1.536 MHz, 1.544 MHz, 
2.048 MHz, or 2.560 MHz) may be used. The desired clock frequency is selected by the ClKS input 
(Refer to Table 1). For proper operation this clock should be tied to the receive clock of the Codec. 
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Pin 13 - PDWN 
This control input is used to place the M5912 in the standby power-down mode. Power down occurs 
when the signal on this input is pulled high. Standard TTL levels may be used. An internal pull up to the 
positive supply is provided. A settling time of 15 ms (typ) should be allowed after power is restored. 

Pin 14 - ClKS 
The voltage level on this pin will select the desired clock frequency to drive Pin 12. Table 1 defines the 
clock selection. When using the open circuit (2.560 MHz clock frequency) mode, the capacitance to 
adjacent signal lines should be minimized. 

Table 1 -,- Input Clock Select 

---T-~~;;-~;------ M5912 

CODEC Clock Bits/ I ClK Input ClKS Input 
Clock Frame Pin 12 Pin 14 

1----------[------ ------+--:--------+-----------1 
I 1.536 MHz I 192 '1.536MHz VBB ,-5V 
I 1.544 MHz . 193 1.544 MHz GRDD 

I
, 2.048 MHz 256 2.046 MHz I Vcc ,+5V 

2.560 MHz 320 2.560 MHz ~ Open Circuit 

Pin 15 - GRDA 
Pin 15 serves as the ground return for the analog circuits of the transmit and receive sections. The analog 
ground is not internally connected to the digital ground. The digital and analog ground should be tied 
together as close as practical to the system supply ground. 

Pin 16 - VFXO 
Pin 16 is the analog output of the transmit filter. The output voltage range is ± 3.2 volts and the DC 
offset is less than 200 mV. This output should be AC coupled to the transmit (encoder) section of the 
Codec. 

DECOUPLING RECOMMENDATIONS 
PC board decoupling should be sufficient to prevent power supply transients (including turn on and turn 
on and turn off) from exceeding the absolute maximum rating of the device. A minimum of 1 I' F is 
recommended for each power supply. 
A 0.05 I'F bypassing capacitor should also be connected from each power supply to GRDA at the 
M5912 device. However, this decoupling may be reduced depending on board design and performance. 
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COS/MOS 
INTEGRATED 
CIRCUIT 

4 x 4 CROSSPOINT SWITCH WITH CONTROL MEMORY 

• LOW ON RESISTANCE -85!! TYP. AT Voo= 12V 

• "BUILT-IN" CONTROL LATCHES 
• LARGE ANALOG SIGNAL CAPABILITY: ± V OO / 2 

• TRANSMITS SIGNALS UP TO 10 MHz 
• MATCHED SWITCH CHARACTERISTICS LRoN= 5ll TYP. AT Voo-Vss= 12V. 

• HIGH LINEARITY: -0.5% DISTORTION (TYP.) A'T 1 KHz, V 1N = 5V PEAK TO PEAK 

Voo-Vss= 10V, RL = 10 Kn 

• STANDARD COS/MOS NOISE IMMUNITY 

The M22100 combines a 4 x 4 array of crosspoints (transmission gates) with a 4-line-to-16-line decoder 
and 16 latch circuits. Anyone of the sixteen transmission gates (crosspoints) can be selected by applying 
the appropriate four line address. The selected transmission gate can be turned on or off by applying a 
logical one or zero, respectively, to the data input and strobing the strobe input to a logical one. Any 
number of the transmission gates can be ON simultaneously. 
The device is available in 16 lead dual in-line plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS 
-------------

Supp Iy voltage 

Input voltage 

DC input current (anyone input) 

Total power dissipation (per package) 

Dissipation per output transistor 

for T op= full package--temperature range 

Top Operating temperature range: for ceramic 

for plastic 

Tstg Storage temperature range 

'" All voltage values are referred to Vss pin voltage. 

ORDERING NUMBERS: M22100 Bl for dual in-line plastic package 

-0.5 to 20 

-0.5 to V DO +0.5 

±10 

200 

100 

-55 to 125 

--40 to 85 

--65 to 150 

M22100 Dl for dual in--line ceramic package frit seal 
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V 

V 

mA 

mW 

mW 

°C 

°C 

°C 
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MECHANICAL DATA (dimension in mm) 

For dual in-line ceramic package, frit seal For dual in-line plastic package 

0.46 
17.78 

t::::::j 
PIN CONNECTIONS FUNCTIONAL DIAGRAM and TRUTH TABLE 

[ 1 16 ~ 
9 13 

x 2 Voo 

OA TA IN [ 2 15 Yl 

[ J 
6 

C 14 Y2 
5 B 

0 13 X4 3 C 

B 12 X3 4 7 

A 11 Y4 

STROBE 10 Y3 15 14 10 11 

VSS Xl VSS (GNO) = 8 

5-31.21 VOO = 16 S-3422 

Address Select Address Select 

A B C D A B C D 

0 0 0 0 X1Yl 0 0 0 1 X1Y3 
1 0 0 0 X2Yl 1 0 0 1 X2Y3 
0 1 0 0 X3Yl 0 1 0 1 X3Y3 
1 1 0 0 X4Yl 1 1 0 1 X4Y3 
0 0 1 0 X1Y2 0 0 1 1 X1Y4 
1 0 1 0 X2Y2 1 0 1 1 X2Y4 
0 1 1 0 X3Y2 0 1 1 1 X3Y4 
1 1 1 0 X4Y2 1 1 1 1 X4Y4 
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LOGIC DIAGRAM 

DATA 
IN 

Xl-X4 

SWITCH 
MATRIX 

BCD 

ADDRESS INPUT 

Yl-Y4 

5-3423 

STATIC ELECTRICAL CHARACTERISTICS (Tamb = 25°C) 
-

Test conditions 
Parameter 

IL Ouiescent supply current Switches OF F or ON 
f-------

IL OFF leakage current 

RON ON resistance 

D,RON LI ON resistance 

Crosspoint RL~10KS1 

CIO Feedthrough capacitance 

CIS, Cos Channel input or output 
capacitance 

C I Input capacitance 

Sine wave response (distortion) lis ~ 1 KHz 
RL ~ 10 KS1 

Feedthrough, crosspoints OFF lis ~ 1.6 KHz 
RL ~ 1 Kll 

'-----

305 

Typical 
value 

Units 
V DD (V) 

20 nA 

100 pA 

85 n 

5 n 

12 0.2 pF 

30 pF 

5 pF 

0.4 % 

-95 dB 



DYNAMIC ELECTRICAL CHARACTERISTICS (Tamb= 25°C) 

Test conditions Typical 
Parameter Units 

Voo (V) 
value 

tpHL, tpLH Propagation delay time address or strobe 
200 ns 

input to outputs R L= 10 k!1 12 
C L= 50 pF 20 ns 

across crosspoint 

tw Strobe pu Ise width 80 ns 
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MOS 
INTEGRATED 
CIRCUIT 

PRELIMINARY DATA 

64K-BIT READ ONLY MEMORY 

• 8K x 8 ORGANIZATION - EDGE ENABLED OPERATION (CE) 
• 250 ns ACCESS TIME, 375 ns CYCLE TIME FOR M36000-4 

300 ns ACCESS TIME, 450 ns CYCLE TIME FOR M36000-5 
• SINGLE +5V ±10% POWER SUPPLY 
• LOW POWER DISSIPATION: 220 mW MAX ACTIVE 
• LOW STANDBY POWER DISSIPATION: 35 mW MAX (CE HIGH) 
• ON CHIP LATCHES FOR ADDRESSES (CONTROLLED BY CE INPUT) 
• INPUTS AND THREE-STATE OUTPUTS - TTL COMPATIBLE 
• OUTPUT DRIVE 2 TTL LOADS AND 100 pF 
• STANDARD 24 PIN DIP (EPROM PIN OUT COMPATIBLE) 

The M36000 is a N--channel silicon gate MOS Read Only Memory, organized as 8192 words by 8 bits. 
This device incorporates advanced circuit techniques designed to provide maximum circuit density and 
reliability with the highest possible performance, while maintaining low power dissipation and wide 
operating margins. The M36000 utilizes a static storage cell with clocked control periphery which allows 
the circuit to be put into an automatic low power standby mode. This is accomplished by maintaining 
the chip enable (CE) input at a TTL high level. In this mode, power dissipation is reduced to typically 
35 mW, as compared to unclocked devices which draw full power continuously. In system operation, a 
device is selected by the CE input, while all others are in a low power mode, reducing the overall system 
power. The edge enabled operation means greater system flexibility and an increase in system speed, 
making this device ideally suited for 8 bit microprocessor systems such as those which utilize the Z80. 
It can offer significant cost advantages over PROM. The M36000 is available in 24-lead dual in-line 
plastic or ceramic package. 

ABSOLUTE MAXIMUM RATINGS* 

Vi Voltage on any pin with respect to Ground -1 to +7 V 
Ptot Total power dissipation 1 W 
Tstg Storage temperature: for ceramic package -65 to +150 °c 

for plastic package -55 to +125 °c 
Top Operating temperature o to +70 °c 

• Stresses greater than 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 indi· 
cated in the operating conditions of this specification is not implied. Exposure to absolute maximum rating con
ditions for extended periods may affect device reliability. 

ORDERING NUMBERS:· M36000 - 4 Bl 
M36000 - 4 Dl 
M36000 - 4 Fl 
M36000 - 5 Bl 
M36000 - 5 Dl 
M36000 - 5 Fl 

for dual in-line plastic package 
for dual in-line ceramic package 
for dual in-line ceramic package, frit-seal 
for dual in-line plastic package 
for dual in-line ceramic package 
for dual in-line ceramic package, frit-seal 
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MECHANICAL DATA (dimensions in mm) 

Dual in-line plastic package 

13 Q4§.!L 25" 
__ 2794 ___ ...j 

I 

L 15.24 

IL.~ 312";;·' __ .~ 
i I~ - 1) 

, " 

Dual in-line ceramic package, frit-seal 
t-13.36ma1 --

~_'-~-T tJE3 
•~Ot~1! QZS4--

Qi.6 ... . .-4 ... ' r2.§t,. .. I 
~n~._. _~~ 

PIN CONNECTIONS 

A7 24 Vee 
AS 23 AS 

AS 22 Ag 

A4 21 A12 

A3 CE 

A2 AlO 

A, All 

AO 0 7 

00 06 

Dl D5 

O2 D4 

GNO D3 

,-3290 

Dual in-line ceramic package 

wi 

=====~.'= 1~ wmmvm '" 
o~d."."j" J UU. 12277._. " .... " ""1---l-D~-= 

1- __ . 2794 ...j 

I 
I 
I 

__ JQ1~ax 

12oB .. -i 

~. 

1 

BLOCK DIAGRAM 

." 

AB 

A6 

AJ 

., 
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! Di4 
L~12.K.J 

~IICC 

~GNO 

CHIP 
ENABLE 
BUFFER 
&ClOCK IT 

5-3293 



RECOMMENDED DC OPERATING CONDITIONS1(Tamb =Ot070° C unless otherwise specified) 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

Vcc Supply voltage 4.5 5 5.5 V 

V IH Input high voltage 2 Vcc V 

V IL I nput low voltage -1 0.8 V 

STATIC ELECTRICAL CHARACTERISTICS! (Tamb = 0 to 70°C unless otherwise specified) 

Values 
Parameter Test conditions Unit 

Min. Typ. Max. 

V OH Output high voltage IOH: -220}-lA 2.4 V 

VOL Output low voltage IOL: 3.3 mA 0.4 V 

ILl Input leakage current VI :Ot05.5V -10 10 }-IA 

ILO Output leakage current Device unselected; Vo: 0 to 5.5V -10 10 }-IA 

ICCl Supply current (active)2 40 mA 

ICC2 SUpply current (standby) CE high 8 mA 

DYNAMIC ELECTRICAL CHARACTERISTICS! (Tamb = 0 to 70°C unless otherwise specified) 

M36000 - 4 M36000 -5 
Parameter Test conditions Unit 

Min. Max. Min. Max. 

tc Cycle time 
Output load: 2 TTL gate 

375 450 ns 

tCE CE pulse width and 100 pF, 250 300 ns 
transition times:::: 20 ns 

tAC CE access time 250 300 ns 

tOFF Output turn off delay 60 75 ns 

·tAH Address hold time 60 75 ns 

tAS Address setup time 0 0 ns 

tp CE precharge time 125 150 ns 

Notes: 

1) A minimum 100 }-IS time delay is required after the application of Vcc (+5V) before propex device operation is 
achieved. CE must be at VI H for this time period. 

2) Current is proportional to cycle rate. ICCl is measured at the specified minimum cycle time. 
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