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PRODUCT LINE-UP 

Power 

Con-
Type No. Function Features Supply sump- Package Process Applications 

(VI tion 
(mWI 

Single Chip FSK · CCITT V. 21 · POS terminal 

MSM6926 Modem, 300 bps ·Modulator, Demodula- +5,+12 90 28 Pin DIP CMOS ·CAT system 
Full Duplex tor, Filters and Carrier 44 Pin FLAT ·Handy data 

Detect terminal 
· Modem phone 

Single Chip FSK ·Bell 103 ·Tele-writing 

MSM6946 Modem, 300 bps ·Modulator, Demodula- +5,+12 90 28 Pin DIP CMOS system 
Full Duplex tor, Filter and Carrier 44 Pin FLAT ·Vending ma-

ll 
Detect chine 

·Tele-meter 
Single Chip FSK • CCITTV.23 system 

MSM6927 Modem, 1200 bps ·Modulator, Demodula- +5,+12 90 28 Pin DIP CMOS · Coin telephone 
Half Duplex tor, Filters and Carrier 44 Pin FLAT 

Detect 

Single Chip FSK ·Bell 202 

MSM6947 Modem, 1200 bps ·Modulator, Demodula- +5,+12 90 28 Pin DIP CMOS 
Half Duplex tor, Filters and Carrier 44 Pin FLAT 

Detect 

Single Chip MSK ·Modulator, Demodula- ·Wireless com -
Modem, 1200 bps tor, Filters and Digital munication 

MSM6948 PLL +5 15 18 Pin DIP CMOS ·Cordless tele-. 
·Carrier Frequency: 24 Pin FLAT phone 

1500±300 Hz ·Pager 

1200 bps Full ·Bell 212A • Stand alone 
Duplex Modem · Hayes Compatible modem 

· Adaptive Equalizing ·Modem card 
Function 

MSM6928-06 
CHIP SET I- MSM6950 ±5.0 600 - CMOS 

w 
MSM61057 U) 

"- MSM80C31 :c 
MSM27C64 (.) 

MSM81C55A 

2400 bps Full · CCITT V. 22 bis · Stand alone 
Duplex Modem 8ell 212A modem·· 

·Adaptive Equalizing ·Modem card 

CHIP SET 
Function 

±5.0 400 - CMOS 
I- MSM6928-07 w 
U) MSM6950 
"- MSM61077 :c 
(.) MSM80C51-98/99 

DSP for OKl's - Demodulator OKl's 1200 bps 

MSM6928- 1200 bps FOX · Carrier PLL• Timing 42 Pin DIP FOX Modem 

06 Modem Chip Set PLL +5.0 150 60 Pin FLAT CMOS Chip Set 
· Adaptive EQL 
· Carrier Detect 

Gate Array for 
· Asynchronous/Syn-
chronous and Syn-

MSM61057 OKl's 1200 bps chronous/ Asynchronous +5.0 50 40 Pin DIP CMOS FOX Modem Converters 60 Pin FLAT 
Chip Set 

·PLL 

MSM6928- DSP for OK l's · Demodulator 42 Pin DIP OKl's 2400 bps 

07 2400 bps FOX ·Adaptive EQL +5.0 150 60 Pin FLAT CMOS FOX Modem 
Modem Chip Set Chip Set 

Gate Array for · Asynchronous/Syn-

jMSM61077 
OKl's 2400 bps chronous and Syn-
FOX Modem chronous/ Asynchro- +5.0 50 60 Pin FLAT CMOS 
Chip Set nous connecters 

·PLL 
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+PRODUCT LINE-UP---------------------

Power 

Con-

Type No. Function Features Supply sump- Package Process Applications (V) tion 
(mW) 

Analog Front End ·Analog Functions for ·V.22 modem 
for 1200 bps/2400 CCITT V .22, V .22 bis 42 Pin DIP · V .22 bis modem 

MSM6950 bps FOX Modem and Bell 212A ±5.0 100 56 Pin FLAT CMOS ·Bell 212A 
· 8-bit D/ A and A/D modem 

Converter 

Analog Front End · Analog Functions for ·V.26 modem 
for 4800 bps/9600 CCITT V.26, V.27 and · V.27 modem 
bps HDX Modem V.29 64 Pin Mini · V.29 modem 

MSM6949 · 8-bit D/A and A/D ±5.0 140 DIP CMOS 
Converter 

· Band Limiting Filter. 
AGC 

4-bit MCU with · 2,048x14-bit ROM 3.6 -Telephone 
On-Chip DTMF · 640x4-bit RAM +2.5- (3V) 28 Pin DIP ·Answering 

MSM6052 Generator · 3x4 Input Port +6.0 40 Pin DIP CMOS machine 
· 3x4 Output Port 20 44 Pin FLAT -Security 
· 1x4 Input/Output Port (6V) DIE system 

· Modem phone 
Tone/Pulse Re- · 500 Digit Memory · Feature phone 

MSM6052- pertory Dialer (54 Numbers) 

01 · Last Number Redial: 
32 Digit 3.6 

· Make/Break Ratio +2.5- (3V) 
Selectable +6.0 20 28 Pin DIP CMOS 

MSM6052- · Dial Pulse Ratio (6V) 
20 Selectable 

·Off-hook Memory 
Storing 

Tone/Pulse · 500 Digit Memory 
Repertory Dialer (54 Numbers) 

MSM6052- · Last Number Redial: 44 Pin FLAT 05 32 Digit 
· Make/Break Ratio 3.6 
Selectable +2.5- (3V) 

CMOS · Dial Pulse Ratio +6.0 20 
Selectable (6V) 

MSM6052- · On-hook/Off-hook 40 Pin DIP 10 Memory Storing 
· 4-bit Parallel Data 

Input 

Tone/Pulse · 500 Digit Memory 
Repertory Dialer (54 Numbers) 

· Last Number Redial: 
32 Digit 3.6 

MSM6052· ·Make/Break Ratio +2.5- (3V) 
28 Pin DIP CMOS 11 Selectable +6.0 20 

· Dial Pulse Ratio (6V) 
Selectable 

· On-hook Memory 
Storing 

Tone/Pulse · 505 Digits Memory 
Repertory Dialer (52 Numbers) 

· Last Number Redial: 
32 Digit 3.6 

MSM6052- · Make/Break Ratio +2.5- (3V) 
28 Pin DIP CMOS 25 Selectable +6.0 20 

· Dial Pulse Ratio 
Selectable 

(6V) 

· Off-hook Memory 
Storing 
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Power 

Con-
Type No. Function Features Supply sump- Package Process Applications 

(V) tion 
(mW) 

Tone/Pulse Dialer · Last Number Redial: +3.5- ·Telephone 
MSM5070 with Redial 31 Digits +6.0 55 18 Pin DIP CMOS ·Answering 

· Make/Break: 33/67 machine 
· Security system 

Tone/Pulse Dialer · Last Number Redial: +3.5- · Modem phone 
MSM5071 with Redial 31 Digits +6.0 55 18 Pin DIP CMOS · Feature phone 

· Make/Break: 40/60 

MSM6224 Tone Dialer · MK5087 Compatible +2.5- 25 16 Pin DIP CMOS 
+8.5 (MAX) 

· MK5089 Compatible 
+2.5~ 25 MSM6234 Tone Dialer · Easy Interface with +8.5 (MAX) 16 Pin DIP CMOS 

MCU 

MSM6932 · MSM6932: µ-Law ·PABX 

COMBO CODEC · MSM6933: A· Law ±5.0 65 16 Pin DIP CMOS 
·Key system 

MSM6933 ·Serial Data Rate: · SLIC 
64K bps-2048K bps ·PCM system 

· ADPCM system 
MSM6962 · MSM6962, MSM6982: · Digital telephone 

µ-Law 

I 
16 Pin DIP ·Voice recogni-

MSM6963 · MSM6963, MSM6983: ti on 
COMBO CODEC A-Law ±5.0 55 CMOS ·Digital voice 

MSM6982 ·Serial Data Rate: recorder 
512/1024/1536/1544 / 28 Pin PLCC 

MSM6983 2048 Kbps 

MSM6996- · MSM6996H: A-Law 
H · MSM6997H: µ.-Law 

MSM6997- COMBO CODEC ·Serial Data Rate: ±5.0 65 16 Pin DIP CMOS 

H 64K bps-2048K bps 
· 60011. Drive Capability 

MSM6996- · MSM6996V: A-Law 

v · MSM6997V: µ.-Law 

COMBO CODEC · Serial Data Rate: ±5.0 65 16 Pin DIP CMOS 
MSM6997- 64k bps-2048k bps 

v · 60011. Drive and Analog 
Loop Test Capability 

· MSM6998: A-Law 
MSM6998 · MSM6999: µ.-Law 

·Serial Data Rate: 
COMBO CODEC 64k bps - 2048k bps ±5.0 70 16 Pin DIP CMOS 

· 60011. Push-pull Drive. 
MSM6999 and Analog Loop Test 

Capability 

· MSM6814: µ-Law 

MSM6814 MSM6815: A-Law 

COMBO CODEC · Ti me Slot Assignment: 22 Pin DIP 

with Time Slot 32 Time/Frame Maxi- ±5.0 70 28 Pin PLCC CMOS 
Assignment mum 

·Serial Data Rate: MSM6815 
512/ 1024/ 1536/ 1544/ 
2048k bps 

· Battery Feed, Super- ·PABX 
vision and Hybrid · SLIC 

BSH LSI for Function -48, 28 Pin DIP 
MSA4710 sue · Loop Current ±5.0 120 Bipolar 

Capability: 20-80 mA 
·Longitudinal Balance: 
53 dB 

· Ringing, L{ne Test 
Function 

MSA4722- RINGING ·Breakdown Voltage: 22 Pin DIP 
1 SWITCHES for 350V ±5.0 40 Bipolar 

SLIC ·ON Resistance: 611. 
· DC Current Capability: 
250mA 
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+PRODUCT LINE-UP.---'----------------------

Power 

Con-
Type No. Function Features Supply sump- Package Process Applications 

IV) ti on 
(mW) 

PCM Voice · Transmit BPF: 16' Pin Cera- ·PABX 
MSM6912 Channel Filter 0.3-3.4 kHz ±5.0 50 mic DIP CMOS · Digital switching 

·Receive LPF:0-3.4kHz system 
·Multiplexer 

8-bit Serial- : 8-bit Serial-parallel/ 
parallel Converter Parallel-serial Con-

250 MSM6913 version +5.0 (MAX) 
24 Pin DIP CMOS 

·Maximum Operating 
Frequency: 9 MHz 

Highway Switch ·Matrix Size: 16-bit x 

MSM6914 Matrix 4-bit x 3-layers +5.0 650 120 Pin Cera- CMOS · Maximum Operating (MAX) mic PGA 
Frequency: 9 MHz 

Digital Signal · Instruction Cycle: ·Modem 
Processor 250 ns · Voice synthe-

· Instruction ROM: sizer 
512 x 23-bit · Voice recogni -

MSM77C- ·Data ROM: 512 x +5.0 120 28 Pin DIP ti on 

20 13-bit 44 Pin PLCC CMOS 
·Data RAM: 128 x 

16-bit 
- Multiplexer: 16 x 16 = 

31 bits 

High Speed Float- ·Data Form: Floating ·Modem 
ing Point Digital Point · Voice Recogni-
Signal Processor 16E6x16E6->16E6 ti on 

Fixed Point · Echo canceller 
16 x 16~31 · ADPCM 

·Instruction Cycle: 
100 ns/125 ns 

· ROM: Internal 
MSM6992 1k x 32-bit +5.0 400 132 Pin PGA CMOS 

External 
64k x 32-bit 

·RAM: Internal 
128 x 22-bit x2 

External 
64k x 22-bit 

· Data Word Length: 
22 bit 

MSM6807 Baseband Filter · Voice BPF, Pre- ·Wireless Com-
for Cellular emphasis, De-emphasis +5.0 30 32 Pin FLAT CMOS munication 

MSM6817 Mobile Phone and Smoothing Filter · Cellular phone 
· MSM6807 : AMPS 

MSM6817: TACS 

Split Filter for · 10k bps/Bk bps SPL 
MSM6808 Cellular Mobile Modem Timing 

Phone Extractor +5.0 40 44 Pin FLAT CMOS · Filters for SAT and 
MSM6818 SPL modem 

· DTM F Tone Generator 
MSM6808 : AMPS 
MSM6818: TACS 

Modem for ·SPL Modem 
MSM74017 Cellular Mobile · Built in Data PLL +5.0 20 56 Pin FLAT CMOS 

Phone ·Built in SAT PLL 

PLL Frequency · 10 bits Programmable ·Wireless Com-
Synthesizer and 7 bits Swallow munication 

MSM6960 Counter +5.0 20 24 Pin FLAT CMOS 
· Selectable Reference 

Divider: 2 9 or 210 
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Power 

Con-
Type No. Function Features Supply sump- Package Process Applications 

M ti on 
(mW) 

FIFO Memory · 64 Words x 4-bit · Digital trans-
First-in First-Out mission system 

MSM6252 Memory +5.0 80 16 Pin DIP CMOS ·LAN 
· F3341 (Fairchild) 
Compatible 

Single Chip DTMF · Receive Signal Level: · PABx 

MSM6920 Decoder for -5--32d8m +5.0, 80 28 Pin DIP CMOS ·Key system 
PA Bx ·Voice Hit Protection +12.0 ·Dial-in equip- I 

Filter ment 

Single Chip DTMF · Receive Signal Level : +5.0, • Security system 
MSM6945 Decoder for -5--48dBm 80 28 Pin DIP CMOS ·Answering 

Terminal · Echo Control Circuit: +12.0 machine . 
· Telecontrql 
system 

·Dial-in equipment 

32k-bit/sec · OKl's Original 24k bps · Digital trans-
ADPCM CODEC and 32k bps ADPCM mission system 

Algorithm 
MSM6980 · 9600 bps Data Trans-

mission Capability +5.0 70 42 Pin DIP CMOS · Selectable Coder and 
Decoder Functions 
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PACKAGING 

PACKAGE 

Product No. RS AS AS GS JS ES SS 

Name of PLASTIC CERAMIC 
PGA 

PLASTIC PLASTIC CERAMIC MINI-SIZE 
Pins DIP DIP FLAT LCC cc PLASTIC 

DIP 

28 0 
MSM6926 

44 0 

28 0 
MSM6946 --

44 0 

28 0 
MSM6927 

44 0 

28 0 
MSM6947 

44 0 

18 0 
MSM6948 

24 0 
-

42 0 
MSM6928-06 

60 0 

40 0 
MSM61057 

60 0 I! 
42 0 

MSM6928-07 
60 0 

MSM61077 60 0 

42 0 
MSM6950 

56 0 

MSM6949 64 0 

28 0 

MSM6052 40 0 

44 0 

MSM6052-01 28 0 

MSM6052-05 44 0 

MSM6052-10 40 0 

MSM6052-11 28 0 

MSM6052-20 28 0 

MSM6052-25 28 0 

MSM5070 18 0 

MSM5071 18 0 

MSM6224 16 0 

MSM6234 16 0 

MSM6932 16 0 0 

MSM6933 16 0 0 

MSM6962 16 0 0 

MSM6963 16 0 0 

MSM6982 28 0 0 

MSM6983 28 0 0 

MSM6996H 16 0 0 

MSM6997H 16 0 0 

MSM6996V 16 0 0 

MSM6997V 16 0 0 

MSM6998 16 0 0 

MSM6999 16 0 0 
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+PACKAGING..._-----------------------

PACKAGE 

Product No. RS AS AS GS JS ES SS 
Name of PLASTIC CERAMIC 

PGA 
PLASTIC PLASTIC CERAMIC MINI-SIZE 

Pins DIP DIP FLAT LCC cc PLASTIC 
DIP 

22 0 0 
MSM6814 

28 0 

MSM6815 
22 0 0 

28 0 

MSA4710 28 0 

MSA4722·1 22 0 

MSM6912 16 0 

MSM6913 24 0 

MSM6914 120 0 

28 0 0 
MSM77C20 

44 0 

MSM6992 132 0 

ii 
MSM6807 32 0 

MSM6817 32 0 

MSM6808 44 0 

MSM6818 44 0 

MSM74017 56 0 

MSM6960 24 0 

MSM6252 16 0 

MSM6920 28 0 

MSM6945 28 0 

MSM6980-03 42 0 
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• 16 PIN PLASTIC DIP 

20.0MAX 

16 9 

2.54±0.25 0.65 MAX 

• 18 PIN PLASTIC DIP 

24.5 MAX 

18 

0 

2.54±0.25 0.65 MAX 

x 
< 
~ ,.... 
co 

Seating Plane 

10 

9 

7.62±0.30 

7.62±0.30 

0.6MAX 

Seating Plane 

II 
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• 22 PIN PLASTIC 

27.6 MAX 

z 7.62±0.30 

15° MAX ~"·~~~ 
0.65 MAX 2.54 ± 0.25 0.6 MAX 1-------l 

9.5 MAX 

• 24 PIN PLASTIC DIP 

12 

Xx 
<C <C 

~~ 
2.54±0.25 0.65MAX 

II-6 

Seating 
Plane 

15.24±0.30 

0.6MAX 

t5°MAX 



-------------------.PACKAGING+ 

• 28 PIN PLASTIC DIP 

38MAX 

28 15 

14 

• 40 PIN PLASTIC DIP 

EJ::~'.'.~:::::'.I~ 
1 20 

~x 

~J@~ 
I o.65rii1AX1r2~4±0.25 M 

• 48.26±0.35 • 1 

15.24±0.30 

(Unit: mm) 

J[3 
~l 0.6MAXt 

0° - 15° 
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+PACKAGING---------------------

• 42 PIN PLASTIC DIP 

lD 
~~! 0.65M~J LI M 

2.54±0.25 

~f ':'"l 
0° - 15° 

• 16 PIN CERAMIC DIP (CERDIP) 

7.62±0.30 

z 
~-------~·~ 

I I 

~ 

iti 
I I 
I : 

-'rl--+--+ z 
~ 

~-~"' 
C\i 

i 
0.6 MAX1\ 

0.25±0.25 0.6 MAX Seating Plane 0°-·15° 

11-8 



• 22 PIN CERAMIC DIP (CERDIP) 

22 12 
1 · 28.0 MAX ., 

[~::~:::J] 
1 11 

z 

~ ~ ~ 
_._,_~.,,__~_,___..,____.,_ ~ 

0.6 MAX 2.54±0.25 
Seating Plane 

• 28 PIN CERAMIC DIP (CERDIP) 

14 

.q
~ 
C\I 

~ ~ 
""-'/..-.U-,.,__...,__.,,___,_,. ~ 

JL 
2.54±0.25 0.6 MAX 

Seating Plane 

iri 

10.16±0.30 

II 
0°--15° 

15.24±0.30 
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• 120 PIN CERAMIC PGA 

6.6MAX 

,.. 43.18±0.5 ·11.27MIN 

i--~~~~~~~~~~ 

!.:'. 
a: 
<( 

~ 
>< w 
0 
z 

• 132 PIN CERAMIC PGA 

11-10 

5.1 MAX 

1 · 35.56±0.5 .. , 0.9 MIN 

~~~~~~~~~~-; 

D !.:'. 
a: 
<( 

~ 
>< w 
0 
z 

ci z 
z 
a: 

4.6TYP 

ci z 
z 
a: 

(Unit: mm) 

@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@ 
@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@ @@@ 
@@@@ @@@ 
@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@ 
@@@@@@@@@@@@@@ 



• 24 PIN PLASTIC FLAT 

INDEX MARK 

19.6±0.4 

I 
,,-t----

,',-+I -'\ 
\ ' \ I 

'- t' ,' 

.... __ , 

a.. 
> 
1-
LO 
~ 

q 

0 0 
N N 
0 0 
ti ti 
:;; 0 
M cri 
~ 

12 13 I ~I ====:4====::::!.J,---1~~-+~L 
2.0±.0.4 2.0±0.4 ~ 

• 32 PIN PLASTIC FLAT 

INDEX MARK 

9.6±0.4 

I
ll) 

q 
~ 

a.. 
> 
1-
LO 
0 

I[ 

0 

-+h ~~I o Mr"""' , 
0 0 

c------
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+PACKAGING+~~~~~~~~~~~~~~~~~~~~~~~~ 

• 44 PIN PLASTIC FLAT 

..,. 
0 
ti -N -

INDEX MARK 

11.1±0.4 

• 56 PIN PLASTIC FLAT (L) 

2.5±0.4 

II-12 

2 .5±0.4 

"! 
0 
+I 
"': ,...._ -

"': --N 

1.5±0.1 

0.1 

015 - 0.05 

-\~ 

2.4±0.2 

0.5 

0.2±0.1 

0-10° 

(Unit: mm) 



• 60 PIN PLASTIC FLAT 

2.5±0.4 2.5±0.4 

'<!' 

~!.!:!Y!~!!!!JJlliillW-L- l ~ IO 
C\i 

• 28PIN PLCC 

1.27 TYP 

~ 
00 
iri ti 
~o 

ai 

0.51 MIN 
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2.4±0.2 

0.5 

--I!- 0-10° 

12.570 
12.320 

11.582 
11.430 
1 26 

18 

bAAAAMd 
j.. 10.92 I 

9.91 •I 

(Unit: mm) 
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+PACKAGING+·~~~~~~~~~~~~~~~~~~~~~~ 

• 44PIN PLCC 

D.. 
>-
1-

" N 

1.27 TYP 

• 28 PIN CERAMIC CC 

11.8 MAX 

1.27 

25 I I 19 

26 
'J"" _±_ y..,..... ,_,- ,_,-

Yt 
~ 
> 
>I 

> 4 

! 
~ _::;;;;:::;:;: 

5 11 

II-14 

4.57 

4.20 

INDEX MARK 

17.650 

17 

16.662 

~ 
18 28 

6iiiiiiiiiiii} 
1. 16.00 .. 1 

14.99 

3.0MAX 

~ 
le 18 

le 
I< 

x 
<( 

::E 

~-=t~ 
cq 
~ 

~ 

12 

39 0 0 
0 LO 
'<!'. "! 

" ';:: 
~ 

0 N 

~ 
<O 
"! 

<O <O 
~ 

29 



-----------------------"' PACKAGING+ 

• 64 PIN MINI SIZE PLASTIC DIP 

x 
<I: 

19.05±0.30 

~~~~~~~~-:-:=~~~~zJ~ 

~ !":l.-IA+h----T'<t 

~ 
C\I 

0°--15° 
1.778±0.25 Seating Plane 
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OKI semiconductor 

MSM6926 CCITT V.21/ 
MSM16946 BEL 103 
300 BPS SINGLE CHIP MODEM 

GENERAL DESCRIPTION 
The MSM6926 and the MSM6946 are OKl's 300 bps single chip modem series that 

transmit and receive serial, binary data over a switched telephone network using frequency 
shift keyed (FSK) modulation. 

The MSM6926 is compatible with CCITT V.21 series data sets, while the MSM6946 is 
compatible with Bell 103 series data sets. 

These devices provide all the necessary modulation, demodulation, and filtering required 
to implement a serial, asynchronous communication link. 

OKl's single chip modem series are designed for users who are not telecommunication 
experts and are easy to use cost effective alternative to standard discrete modem design. 

CMOS LSI technology provides the advantages of small size, low power, and increased 
reliability. 

The design of the integrated circuit assures compatibility with a broad base of installed 
low speed modems and acoustic couplers. Applications include interactive terminals, desk 
top computers, point of sale equipment, and credit verification systems. 

FEATURES 
• Compatible with CCITT V.21 (MSM· 

6926) 
• Compatible with BELL 103 (MSM6946) 
• CMOS silicon gate process 
• Switched capacitor and advanced CMOS 

analog technology 
• Data rate from zero to 300 bps 
• Full duplex (2-wire) 
• Originate and Answer modes 

• Selectable built-in timers and external 
delay timers possible 

• All filtering, modulation, demodulation, 
and DTE interface on chip 

• TTL compatible digital interface 
• Low power dissipation 90 mW 
• 28 pin plastic DIP package 
• 44 pin plastic FLAT package 

ill-A-5 

II 



+ MODEM·MSM6926/46 ._ __________________ _ 

BLOCK DIAGRAM 

SG1 SG2 

0-
VA 

CDR2 VA 
AG 

VD 0- CDR1 

AG 0- Carrier detect CD1 

DG 0-
AIN Receive Demodulator RD1 filter 

I 

' I --- ---, i-- ---~ 

M SW RD2 
_/_ 

ROM CONT. 
FT CD2 

' I 
1-----...J 1.------i 

' I 

Transmit DTE 
AO Modulator INTER- RD filter 

FACE 

w XO 

X1 RS1 
CLOCK 
GEN. LOOP X2 

TEST RS2 

CLK cs 

TS1 cc 
DELAY 

TS2 LT 
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PIN CONFIGURATION (TOP VIEW) 
28 LEAD PLASTIC DIP PACKAGE (RS) 

X1 

X2 

CLK 

LT 

cc 
cs 

TS2 

TS1 

VD 

AO 

VA 

FT 

RS1 
MSM6926RS 

M 
or 

RS2 MSM6946RS AIN 

XO 

RD 

CD1 

CD2 

RD1 

RD2 

44 LEAD PLASTIC FLAT PACKAGE (GS-K) 

AO 
VD 

TS1 
NC 

TS2 
VA* 

NC 
X1 
X2 

CLK 
LT 

<i:1- uuuu~uG<.'.l > LL 2 Z Z Z Z <( Z en <( 

0 

SG2 
CDR2 
CDR1 
DG 
NC 
VA* 
RD2 
NC 
RD1 
CD2 
CD1 

SG1 

AG 

SG2 

CDR2 

CDR1 

OG 

* Both No. 17 pin and No. 39 pin are 
set to be at VA level by setting 
No. 33 pin at VA level. 
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· + MODEM·MSM6926/46 --------------------

ABSOLUTE MAXIMUM RATINGS 

Parameter 

Power supply 
voltage 

Analog *1 

input voltage 

Digital *2 

input voltage 

Operating 
temperature 

Storage 
temperature 

*1 CDR2, AJN 

Symbol 

VA 

VD 

VIA 

VID 

Top 

TsTG 

*3 

Condition 

Ta= 25°C 
With respect 
to AG or DG 

Ratings 

-0.3,..., 15 

-0.3,..., 7 

-0.3,..., VA+ 0.3 

-0.3,..., VD + 0.3 

0"'"' 70 

-55,..., 150 

*2 X1' LT, CC, RS1' RS2, XD, CD2, RD2, M, FT, Ts1, Ts2 

*3 • CD2 is 1/0 terminal. 

ID-A-8 
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--------------------+ MODEM·MSM6926/46 + 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Condition Min Typ Max Unit 

VA With respect to AG 10.8 12.0 13.2 

Power supply VD With respect to DG 4.75 5.00 5.25 v voltage 

AG,DG 0 

Operating 
Top 0 70 aC 

tern pe ratu re 

CRYSTAL 3.579545 MHz 

R, 
Transformer 

600 .n 
impedance = 600.n 

R, 51 

R, 51 

R• 51 

R; 51 
k.n 

R6 51 

R, 51 

Rs 33 

R• 51 

CO.cl 0.047 

c2 2.2 

c. 1.0 
µF 

II 
c. 0.01 

Cs 10 

co 10 

Application circuits using above conditions are proviced in Figure 8. 
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DC AND DIGITAL INTERFACE CHARACTERISTICS 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Power supply IA Ordinary 7.5 15.0 
mA current ID 

operation 
1.0 2.0 

Input l1L V1 =Ov -10 10 

leakage current * 1 
µA 

IJH V1 =Vo -10 10 
-.-
VJL 0 0.8 

Input voltage * 1 

VJH 2.2 VD 
v 

Output voltage * 2 
Vol loL = 1.6 mA 0 0.4 

VoH IOH = 400µA 0.8 •VD VD 

*3 

*' LT, CC, RS1, RS2, XD, CD2, RD2, M, FT, Ts1, Ts2 
*3 

CLK, CS, RD, CD1, CD2, RDl 

*3 CD2 is 1/0 terminal. 

m 
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ANALOG INTERFACE CHARACTERISTICS 
1. MSM6926 

(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Transmit Carrier Out (Ao) 

ORIGINATE Mark 
foM 974 980 986 

MODE 1 

Carrier Space frequency 
0 fos 1174 1180 1186 

fcRYSTAL = 3.579545 MHz Hz 

ANSWER Mark 
fAM 1644 1650 1656 

MODE 1 

Carrier Space frequency 
0 fAs 1844 1850 1856 

Output resistance Rox A 200 n 

Load resistance RLXA 50 kn 

Load capacitance CLXA 100 PF 

Transmit level VoxA 4 6 8 *'dBm 

Output offset 
Vosx vf'-1 VA VA+ 1 v voltage 2 2 

Out-of-band energy 
(referred to carrier Eox C1 = 0.047 µF Refer to Figure 1 dB 
level) 

Receive Carrier Input (A1NI 

Input resistance R1RA 100 kn 

Receive signal 
V1RA -48 -6 level range 

Carrier ON VcD ON R 8 = 33 kn* 2 -43 * 1 dBm 

detect level R 9 = 51 kn 
OFF VcD OFF -48 

Carrier detect 
Hys I VcD ON - VcD OFF 2 dB hysteresis 

Receive Filter 

ORIG. 1600 ~1900 Hz 800 
Group delay MODE 

distortion DDL µS 
ANS. 930 ~ 1230 Hz 850 MODE 

Adjacent channel 
LAC VAIN= -6dBm 50 dB rejection 

Note: * 1 0 dBm= 0.775 Vrms 
* 2 The resistor values are typical. 
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m-A-12 

0 2 4 

; 
I 
I 

0 ..._ __ ___,I 

6 8 
i 

I 
I 

-20 I- - - - - _.__ __ __.; 

10 12 14 16 

-401-- ---- -- -- __ .__ __ _ 

lY 

-60 I- - - - - - -- - - - - - - - - --L-----1-Jf'----

dB 

Figure 1 MSM6926 Out-of-Band Energy referred to Carrier Level 
(C1 = 0.047 µF) 

kHz 
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+ MODEM·MSM6926/46 --------------------

2. MSM6946 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Transmit Carrier Out (Aol 

ORIGINATE Mark 
foM 1264 1270 1276 

MODE 1 

Carrier Space frequency 
0 fos 1064 1070 1076 

fcRYSTAL = 3.579545 MHz Hz 

ANSWER Mark 
fAM 2219 2225 2231 

MODE 1 

Carrier 
Space frequency 

0 fAs 2019 2025 2031 

Output resistance RoxA 200 n. 

Load resistance RLXA 50 kn. 

Load capacitance CLXA 100 PF 

Transmit level VoxA 4 6 8 *'dBm 

Output offset 
Vosx 

VA _1 VA VA+ 1 v voltage 2 2 2 

Out-<>f-band energy 
(referred to carrier 
level) 

Eox C, = 0.047 µF Refer to Figure 4 dB 

m Receive Carrier Input (A1NI 

Input resistance R1RA 100 kn. 

Receive signal 
V1RA -48 -6 level range 

Carrier ON VcDON R 8 = 33 k!1.* 2 -43 *'dBm 

detect level R 9 = 51 kn. R 
OFF VcD OFF -48 

Carrier detect 
Hys l VcD ON - VcD OFF 2 dB hysteresis 

Receive Filter 

ORIG. 
1975 - 2275 Hz 650 MODE Group delay 

DDL µS distorti.on ANS. 1020 - 1320 Hz 750 MODE 

Adjacent channel 
LAC VAIN =-6dBm 50 dB rejection 

Note: * 1 0 dBm= 0.775 Vrms 
* 2 The resistor values are typical. 
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--------------------+ MODEM·MSM6926/46 + 

3.4 
I 
I 

0 2 I 4 6 8 10 12 14 16 200 
~~~-+-~~..;.._~--'.----~--.-:-~~~~~~---1f._~~~-·- kHz 

0+-----.; 

-20 

-40 

-60 
-55 - - - - - - - - - - - - - - - - -

I 
I 
I 
I 
I 
I 
I 
I 
I 

f---l 

dB 

Figure 4 MSM6946 Out-of-Band Energy referred to Carrier Level 
IC, = 0.047 µFl 
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+ MODEM·MSM6926/46 ...---------------.-----

0 0 0 0 0 
0 0 0 0 0 0 in 0 in 

0 in N N 

FREQ. 
(Hz) 

-10 

-20 

-30 

iil -40 
~ Figure 5 
c: MSM6946 

"iii -50 Low Band Filter 
(!) 

-60 

-70 

-80 

0 0 8 0 
0 0 0 
0 in 0 0 

0 N M m FREQ. 
(Hz) 

-10 

-20 

Figure 6 
-30 MSM6946 

High Band Filter 

iil -40 
~ 

·= ., 
-50 (!) 

-60 

-70 

-80 

m-A-16 



--------------------+ MODEM·MSM6926/46 + 

DEMODULATED BIT CHARACTERISTICS 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Peak Back-to-back 
intersymbol ID over input signal 6 % 
distortion range -6 to -40 

dBm. 
511-bit test 
pattern. 

Bit error Back-to-back 
rate BER with 0.3 - 3.4 kHz 

flat noise. 
Receive signal 
level -25 dBm. 

511-bit l SIN~ 10 ... 
test (dB) 
Pattern 

TIMING CHARACTERISTICS 
1. MSM6926 

(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition TS2 TS1 Min Typ Max Unit 

0 0 395 400 405 

RS/CS RS1 = "O" 0 1 25 30 35 

delay time TRcON -+CS= "O" 
1 0 345 350 355 

1 1 External delay 
timer 

TRC OFF 
RS1 = "1" * * 0 0.5 -+CS="1" 

0 0 300 320 

CD/ON 0 1 5 20 

delay time Teo ON ms 
1 0 150 170 

1 1 
External delay 
timer 

0 0 20 70 

CD/OFF 0 1 20 70 

delay time Teo OFF 
1 0 10 40 

1 1 
External delay 
timer 

Soft Turn-OFF 
TsT * * 10 time 

Refer to Figure 7. 
Note: * ..... Irrespective of 1 /0 condition. 
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+ MODEM·MSM6926/46 .__-------------------

2. MSM6946 

(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition TS2 TS1 Min Typ Max Unit 

0 0 195 200 205 

RS/CS RS1 = "O" 0 1 + 
delay time TRcON -+CS= "O" 

1 0 + 

1 1 External delay 
timer 

TRs OFF 
RS1 = "1" * * 0 0.5 -+CS="1" 

0 0 100 120 
ms 

CD/ON 0 1 + 
delay time Teo ON 

1 0 + 

1 1 External delay 
timer 

0 0 10 50 

CD/OFF 0 1 + 
delay time Teo OFF 

1 0 + 

1 1 External delay 
timer 

Soft Turn-OFF 
TsT * * 10 time 

Refer to Figure 8. 

Note: * ..... Irrespective of 1/0 condition. 
+ ..... Reserved 
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TIMING DIAGRAM 

[[ 

A1N 

t - --
~ ~ F 

CD2 

Figure 7 MSM6926/6946 Timing Diagram 
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+ MODEM·MSM6926/46 6--------------------

PIN DESCRIPTIONS 

Name 

DG 

AG 

I Pin No. 11/0 I 
RS I GS-K 

15 19 

19 23 

Function 

POWER 

Ground reference of Vo (digital ground) 

Ground reference of VA (analog ground) 
------+---1~~-;----1---·-~.~~~~~~--~--~~~~~~~~~~~~ 

VA 24 33 Supply voltage (+12 V nominal) 

Vo 26 35 

X1 1 41 

X2 2 42 

-·· 

CLK 3 43 

LT 4 44 

5 2 

8 8 

col 11 12 

fil-A-20 

0 

I 

I 

0 

Supply voltage (+5 V nominal) 

CLOCKS 

Master clock timing is provided by either a series resonant 
crystal (3.579545 MHz ±0.01%) connected across X1 and 
X2, or by an external TTL/CMOS clock driving X2 with AC 
coupling where X1 is left unconnected. See Figure 10. 

873.9 Hz clock output. This clock is used to implement 
external delay circuits etc. 

CONTROL 

Digital loop back. During digital "High", any data sent on 
the Xo pin will appear on the RD pin, and any data sent on 
the RS1 pin will immediately appear on the CS pin. Any 
data demodulated from the received carrier on the A1N pin 
will be the modulated data to implement the transmitted 
carrier. In this case, sending the transmitted carrier to the 
phone line depends on the CC, but never on RS1. 

During digital loopback, the data on this pin becomes a 
control signal for sending the transmitted carrier to the 
phone line in place of RS1. 

When an external circuit gives the RS/CS delay time which 
is not within the device as required, this pin should be 
connected to the external circuit output. See Figure 11. 

The fast carrier detection output. This pin is internally 
connected to the. input of the built-in carrier detect delay 
circuit. When an external delay circuit provides the delay 
time which is not within the device as required, the CD1 
should be connected to the external circuit input. See 
Figure 11. 



Name 
Pin No. 

1/0 Function 
RS GS:K 

When an external circuit gives the carrier detect delay time 
which is not within the device as required, this pin becomes 

CD2 12 13 1/0 the input pin for the external circuit output signal. In other 
cases (when using the delay time within the device, the data 
on the TS1 or TS2 is not digital "High"), this pin becomes 
the Carrier-Detect signal output. 

The RD1 data is demodulated data from the received 
RD1 13 14 0 carrier and the RD2 is the input of the following logic 

circuits referred to in Figure 12. Usually, the RD1 data is 
input directly to RD2. In some cases, as input data to RD2, 

RD2 14 16 I the data that is controlled by NCU (Network-Control-Unit) 
etc. may be required in stead of the RD1 data. 

These two pins are the output (CR D 1) and inverting input 

CDR1 16 20 0 (CDR2) of the buffer operational amplifier of which 
non inverting input is connected to the built-in voltage 
reference, stabilized to variations in the supply voltage and 
temperature. See Figure 13. An adequate carrier-detect 

CDR2 17 21 I level can be set by selecting the ratio of R8 and R9 . There-
fore, the loss in the received carrier level by phone-line 
transformer can be compensated by adjusting the ratio of 
Rs and R9 . Rs+ R9 should be greater than 50 kQ. 

Answer/Originate mode select. During digital "High", the 
M 22 31 I originate mode is selected. A low input selects the answer 

mode. 

This pin may be used for device tests only. During digital 
FT 23 32 I "High", the Ao pin will be connected to receiving filter 

output instead of transmitting filter output. 

RS/CS delay and carrier detect delay options referred to 
chapter about timing characteristics are selected by TS1 

TS1 27 36 I and TS2 inputs. Be careful that each delay can not be 
individually selected. If the other delay time unprovided 
within the device as option is required, input digital "High" 
to the TS1 and TS2 pin and implement the external delay 
circuits to obtain the desired delay characteristics. In this 

TS2 28 38 I case, the CD2 pin becomes not only the input for the 
external circuit output signal, but also the Carrier Detect 
output. See Figure 11. 
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I Pin No. I I Name RS I GS-K 1/0 Function 

INPUT /OUTPUT 

Clear-to-Send signal output. The digital "High" level 
indicates the "OFF" state and digital "Low" indicates the 

cs 6 3 0 "ON" state. This output goes "Low" at the end of a delay 
(RS/CS delay) initiated when RS1 (Request-to-Send) goes 
"Low". 

Request-to-Send signal input. The digital "High" level 
indicates the "OFF" state. The digital "Low" level indi-

RS1 7 4 I cates the "ON" state and instructs the modem to enter the 
transmit mode. This input must remain "Low" for the 
duration of data transmission. "High" turns the transmitter 
off. 

This is digital data to be modulated and transmitted via Ao. 

XD 9 9 I Digital "High" will be transmitted as "Mark". Digital 
"Low" will be transmitted as "Space". No signal sppears at 
Ao unless RS1 is "Low". 

Digital data demodulated from A1N is serially available at 
this output. Digital "High" indicates "Mark" and digital 

RD 10 10 0 
"Low" indicates "Space". For example, under the follow-
ing condition, this output is forced to be "Mark" state 
because the data may be invalid. 

When CD2 (Carrier-detect) is in the "OFF" state. 

The SG 1 and SG2 are built-in analog signal grounds. SG2 is 

SG2 18 22 0 used only for Carrier-Detect function. The DC voltage of 
SG1 is approximately 6 V, so the analog line interface must 
be implemented by AC coupling. See Figure 9. To make 

SG1 20 24 0 
impedance lower and ensure the device performance, it is 
necessary to put bypass capacitors on SG 1 and SG2 in close 
physical proximity to the device. 

This is the input for the analog signal from the phone line. 

A1N 21 26 I The modem extracts the information in this modulated 
carrier and converts it into a serial data stream for presenta-
tion at RD output. 

Ao 25 34 0 
This analog output is the modulated carrier to be condi-
tioned and sent over the phone line. 
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e 
> 
~ 
w 

cs 
RS 

XO 
RD 

CD 

Vo 
ORIG. MODE! 

ANS. MODE (..2...,,.--<>-----------~ 

Vo 

>) 
Test (L r 

Data ~ Control 

DG or Vo 

+ 

C3 

C4 

Rs 

R• 

C5 

I ~J 

R3 

VAi VD 

l _~C6 

Note: 1. The crystal should be wired in close physical proximity to the device. 
2. High level signals should not be routed next to low level signals. 

' R, ' C2 

Rz TirPHONE 

C1 Li E__LINE 

3. Bypass capacitors on VA· SG 1, and SG2 should be as close to the device as possible. 
4. AG and DG should be connected as close to the system ground as possible. 

Figure 8 Application Circuit Us;rig MSM6926RS/MSM6946RS 

Cl 

)> 
"'C 
"'C 

' (") 
)> 
-I 
0 z 
(") 

:0 
(") 
c 
-I 

• s::: 
0 
c 
m 
s::: 
s::: 

"' s::: 
CJ) 
co 
N 
CJ) 
....... 
~ 
CJ) 

• 



+6dBm 

OdBm 

OdBm 

600.n: 600.Q 

~HONE LNE 

-6dBm 

Figure 9-2 MSM6926RS/MSM6946RS Application 

Co, 0.047 µF Rz 51 k.Q 
C1 

C2 2.2µF R3 51 k.Q 

C3 1 µF R4 51 k.Q 

Rt 600.Q Rs (51 k.Q) Transmit 
signal level 

Note: The signal level on the A1N pin should not exceed -6 dBm. 

W-A-24 

External 
oscillator 

D 

Crystal Oscillator Connection 

External Oscillator Connection 

Figure 10 

R6 (51 k.Q) Receive 
signal level 

R1 51k.Q 

Rs (33 k.Q) Carrier 
detect level 

R9 51k.Q 

*1 TTL or Hi-Speed CMOS GATE 
*2 Left unconnected 
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.-
' I 
I 
I 

- - - -- - - - -- - - - --i 
I 

I R 
I 

I (A) I ,__ _________________ _J 

r -
I 
I 

I 

(B) I 

'- -----------------' 
r ------------------.. 
I I 
I O..~~-+~+---+-l___,1 

I 
I 
I 

I R 4020CK 
I I 

~-----------~u 

(A) RS/CS delay, (B) CD/ON delay, (C) CD/OFF delay 

Note: Supply voltage equals Vo for all gates. 

873.9 Hz 

*· The desired delay can be realized by selecting the appropriate bits from 4020's outputs. 
The number.of the bits is not always 3. Each delay can be set differently from built-in delays. 

Figure 11 External Delays Connection 
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r-- --------- -- -- - --- - - - --- - -- - --
1 

Ts, 

Ts2 

LT 

RS1 

cs 

RS2 I 

cc 

XO 

RD 

CD2 

CD1 
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CS delay 

I 

L _____ ------ ------

Modulator 

De-
modulator 

Carrier 
detect 

Transmit 
filter 

Receive 
filter 

Figure 12 Equivalent Logic Interface of the Integrated Modem 

Ao 

A1N 
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Carrier 

SG2 

-- --- - ----------- ----, 

Carrier 
detect 
AC/DC converter 

COMP 

I 
I 

I 
I 
I 

I 

CD1 

CDR1 

R• 
CDR2 

R, 

SG2 

- - - -- - --- - - - - - - - - - - - - - - -- -- - _ _j (R 8 + R 9 ) 2-SO Kn 

Figure 13 External Resistor Connection for the Setting of Carrier Detect Level 
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OK.I semiconductor 
MSM6927 CCITT V.23/ 
MSM6947 BELL 202 
1200 BPS SINGLE CHIP MODEM 

GENERAL DESCRIPTION 
The MSM6927 and the MSM6947 are OKl's 1200 bps single chip modem series that 

trasmit and receive serial, binary data over a telephone network using frequency shift keyed 
(FSK) modulation. 

The MSM6927 is compatible with CCITT V.23 series data sets, while the MSM6947 
is compatible with BE LL 202 series data sets. 

These devices provide all the necessary modulation, demodulation, and filtering required 
to implement a serial, asynchronous communication link. 

OKl's single chip modem series are designed for users who are not telecommunication 
experts and are easy to use cost effective alternative to standard discrete modem design. 

CMOS LSI technology provides the advantages of small size, low power, and increased 
reliability. 

The design of the integrated circuit assures compatibility with a broad base of installed 
low speed modems and acoustic couplers. Applications include interactive terminals, desk 
top computers, point of sale equipment, and credi verification systems. 

FEATURES 
• Compatible with CCITT V.23 (MSM· 

6927) 
• Compatible with BELL 202 (MSM6947) 
• CMOS silicon gate process 
• Switched capacitor and advanced CMOS 

analog technology 
• Data rate from zero to 1200 b/s 
• Half duplex (2-wire) 
• Receive Squelch delay and Soft-Turn 

OFF 

m-A-28 

• Selectable built-in timers and external 
delay timers possible 

• All filtering, modulation, demodulation, 
and DTE interface on chip 

• Crystal controlled oscillator on chip 
• TTL compatible digital interface 
• Low power dissipation 90 mW 
• 28 pin plastic DIP package 
• 44 pin plastic FLAT package 



BLOCK DIAGRAM 
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+ MODEM·MSM6927/47 .---------------------

PIN CONFIGURATION (TOP VIEW) 
28 LEAD PLASTIC DIP PACKAGE (RS) 

X1 

X2 

CLK 

LT 

cc 
cs 

MSM6927RS 
RS1 or 

MSM6947RS 
RS2 

XD 

RD 

CD1 

CD2 

RD1 

RD2 

TS2 (MSM6927RS) 
ATE (MSM6947RS) 
TS1 (MSM6927RS) 
TS (MSM6947RS) 
VD 

AO 

VA 

FT 

SQ 

AIN 

SG1 

AG 

SG2 

CDR2 

CDR1 

DG 

All pin descriptions except No. 27 and No. 28 pins are same for both MSM6927RS and 
MSM6947RS. 

D 44 LEAD PLASTIC FLAT PACKAGE (GS·K) 

AO 
VD 

TSl (MSM6927GS-K) 
TS (MSM6947GS-K) 

NC 
TS2 (MSM6927GS-K) 
ATE (MSM694 7GS-K) 

VA* 
NC 
X1 
X2 

CLK 
LT 

<(1- 1ouuuu~u(!jt!J 
>LLcnZZZZ<(Zcn<( 

0 

MSM6927GS-K 
or 

MSM6947GS-K 

u 1u 1rn1c;;u u u l~o o u 
z U U a: Z Z Z a:'X a: Z 

I I 

SG2 
CDR2 
CDR1 
DG 
NC 
VA* 
RD2 
NC 
RD1 
CD2 
CD1 

All pin descriptions except No. 36 and No. 28 pins are same for both MSM6927GS-K and 
MSM6947GS-K. 

*Both No. 17 pin and No. 39 pin are set to be at VA level by setting No. 33 pin at VA level. 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Ratings Unit 

Power supply VA -0.3 ~ 15 

voltage VD -0.3 ~ 7 

Analog *l 
Ta=25°C 

VIA With respect -0.3 ~ VA + 0.3 v 
input voltage to AG or DG 
Digital *2 VID -0.3 ~VD + 0.3 
input voltage 

Operating 
Top - 0~10 

temperature oc 
Storage 

TsTG - -55 ~ 150 
temperature 

* 1 CDR2, A1N 
*3 

* 2 X1, LT, CC, RS1, RS2, XD, CD2, RD2, SQ, TS1 (TS), TS2(ATE) 

*3 CD2 is 1/0 terminal. 

m 
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+ MODEM·MSM6927/47 --------------------

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol Condition Min Typ Max Unit 

VA ' With respect to AG 10.8 12 .. 0 13.2 

Power supply VD With respect to DG 4.75 5.00 5.25 v voltage 

AG,DG 0 ' 

Operating 
Top 0 70 oc 

temperature 

CRYSTAL 3.579545 MHz 

R, 
Transformer 600 n impedance = soon 

R, 51 

R• 51 

R4 51 

Rs 51 
kn 

R6 51 

R1 51 

Rs 33 

R, 51 

CO,CI 0.047 

iD c, 2.2 

c. 1.0 
µF 

c. 0.01 

Cs 10 

c6 10 

Application circuits using above conditions are proviced in Figure 8. 
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DC AND DIGITAL INTERFACE CHARACTERISTICS 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Power supply IA Ordinary 9.0 18.0 
mA current ID 

operation 
1.0 2.0 

Input Ill V1 =Ov -10 10 

leakage current * 1 
µA 

l1H V1 =Vo -10 10 

Vil 0 0.8 
Input voltage * 1 

V1H 2.2 VD 
v 

Output voltage *2 
Vol lol=1.6mA 0 0.4 

VoH IOH = 400 µA 0.8 ·VD VD 

* •I l T, CC, RSl, RS2, XD, CD2, RD2, SO, TS1 (TS), TS2(ATE) 
•3 

ClK,CS,RD,CD1,CD2,RD1 

•3 CD2 is 1/0 terminal. 
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+ MODEM·MSM6927/47 .---------------------

ANALOG INTERFACE CHARACTERISTICS 
1. MSM6927 

(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 - 70°C) 

Parameter Symbol 

Transmit Carrier Out (AO) 

Mark 
fM 1 Carrier 

frequency 
Space 

Fs 0 

Output resistance RoxA 

Load resistance RLXA 

Load capacitance CLXA 

Transmit level VoxA 

Output offset 
Vosx voltage 

Out-of-band energy 
(referred to carrier Eox 
level) 

Receive Carrier Input (A1Nl 

Input resistance 

Receive signal 
level range 

Carrier 
detect level 

Carrier detect 
hysteresis 

Receive Filter 

Group delay 
distortion 

ON 

OFF 

R1RA 

V1RA 

VcoON 

Vco OFF 

Hys 

Note: * 1 0 dBm= 0.775 Vrms 

Condition 

fcRYSTAL = 3.579545 MHz 

C1 = 0.047 µF 

R = 33 kn* 2 

R = 51 kn 

l Vco ON - Vco OFF. 

1100 - 2300 Hz 

* 2 The resistor values are typical. 

ill-A-34 

Min Typ Max Unit 

1290 1300 1310 

Hz 

2090 2100 2100 

200 n 

50 kn 

100 PF 

4 6 8 *'dBm 

VA 1 VA VA+ 1 v 2- 2 2 

Refer to Figure 1 dB 

100 kn 

-48 -6 

-43 * 1 dBm 

-48 

2 dB 

210 µS 



0 2 4 6 8 10 12 14 16 

: T 1 
I 
I 

0 I 

-20 I- - - - - -----...., 

-40 !------------'-----..... 

-60 I--- -- ----- - ------...1.-------<1) 

dB 

Figure 1 MSM6927 Out-of-Band Energy referred to Carrier Level 
(C 1 = 0.047 µFl 

kHz 
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-1 -20 

-2 -30 

-10 

-3 -40 
ID al 
E E 
z -50 z 
<{ 

::( 
(!) (!) 

-20 -60 
Figure 2 
MSM6927 
Transmit Filter 

-70 

-80 

-30 

1K 10K FREQ (Hz) 

D 1K 
0 

10K FREQ (Hz) 

-10 
ID 
E 
z -20 
;;( 
(!) 

Figure 3 
-30 MSM6927 

Receive Filter 

-40 

-50 

-60 
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--------------------+ MODEM·MSM6927/47 + 

2. MSM6947 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0- 70°C) 

Parameter Symbol 

Transmit Carrier Out (AO) 

Mark 
fM 1 Carrier 

frequency Space 
Fs 0 

Answer tone 
fA frequency 

Output resistance RoxA 

Load resistance RLXA 

Load capacitance CLXA 

Transmit level VoxA 

Output offset 
Vosx voltage 

Out-of-band energy 
(referred to carrier Eox 
level) 

Receive Carrier Input (A1Nl 

Input resistance 

Receive signal 
level range 

Carrier 
detect level 

Carrier detect 
hysteresis 

Receive Filter 

Group delay 
distortion 

ON 

OFF 

R1RA 

VIRA 

VcoON 

Vco OFF 

Hys 

Note: * 1 0 dBm= 0.775 Vrms 

Condition 

fcRYSTAL = 3.579545 MHz 

l ATE= "O" 

C, = 0.047 µF 

R 8 = 33 kn* 2 

R 9 = 51 kn 

l Vco ON - Vco OFF 

1100 - 2300 Hz 

* 2 The resistor values are typical. 

Min Typ Max Unit 

1190 1200 1210 

2190 2200 2200 Hz 

2019 2025 2031 

200 n 

50 kn 

100 PF 

4 6 8 * 1 dBm 

VA 1 VA VA+ 1 v 2 - 2 2 

Refer to Figure 4 dB 

100 kn 

-48 -6 

-43 * 1 dBm 

-48 

0.5 dB 

210 µS 
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3.4 
I 

2 
I 
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I I 

: I 
I I 

I 
I 
I 
I 
I 
I 

-25 ---

~5-------------------

Figure 4 MSM6947 Out-of-Band Energy referred to Carrier Level 
(C 1 = 0.047 µF) 

KHz 



0 

-1 -20 

-2 -30 

-10 

-3 -40 
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CXl 
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~ 

<( 

Cl 
Cl 

-20 -60 Figure 5 
MSM6947 
Transmit Filter 
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+ MODEM·MSM6927/47 --------------------

DEMODULATED BIT CHARACTERISTICS 
(VA= 12 V ±10%, VD= 5 V ±5%, Ta= O- 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Peak Back-to-back 
intersymbol ID over input signal 9 % 
distortion range -6 to -40 

dBm. 
511-bit test 
pattern. 

Bit error Back-to-back 
rate BER with 0.3 - 3.4 kHz 

flat noise. 
Receive signal 
level -25 dBm. 

511-bitl S/N l B 10"" 
test dB 
pattern ( ) 111 10-s 

m 
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-------------------....,..+ MODEM·MSM6927/47 + 

tlMING CHARACTERISTICS 
1. MSM6927 

Parameter Symbol Condition 

RS1 = "O" 
RS/CS TRcON -->CS= "O" delay time 

TRc OFF 
RS1 = "1" 
-+cs= "1" 

CD/ON 
delay time Teo ON 

CD/OFF 
delay time Teo OFF 

Soft Turn-OFF 
TsT time 

SO= "O" 

Receive Data 
Squelch TSO RS1 = "1" 
Delay Time -+RD= "1" 

Hold 

Refer to Figure 7. 
Note: * ..... Irrespective of 1/0 condition 

{VA= 12 V ±10%, VD= 5V ±5%, Ta= O-~ 70°C) 

TS2 TS1 Min Typ Max Unit 

0 0 195 200 205 

0 1 25 30 35 

1 0 65 70 75 

1 1 
External delay 
timer 

* * 0 0.5 

0 0 10 25 

0 1 10 25 

1 0 10 25 

1 1 External delay 
timer 

ms 
0 0 5 15 

0 1 5 15 

1 0 5 15 

1 1 External delay 
timer 

* * 10 

0 0 145 150 155 

0 1 145 150 155 

1 0 35 40 45 

1 1 External delay 
timer 
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2. MSM6947 

(VA= 12 V ±10%, VD= 5 V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition TS Min Typ Max Unit 

RS1 = "O" 0 175 180 185 

RS/CS TR CON .... cs= "O" 
Delay Time 1 External Delay Timer 

TRCOFF 
RS1 = "1" * 0 0.5 .... cs= "1" 

CD/ON 
0 15 35 

Delay Time TcDoN 
1 External Delay Timer 

CD/OFF 0 10 20 ms 

Delay Time TcDOFF 
1 External Delay Timer 

Soft Turn 
TsT * 10 OFF Time 

Receive SO= "O'· 0 156 

Data 
Tso RS1 = "1' Squelch 

Delay Time ->RD='·1" 1 External Delay Timer 
Hold 

Refer to Figure 7. 
Note: * .... Irrespective of 1/0 condition 

m 
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TIMING DIAGRAM 

Ao 

RO 

,
' 

"MARK" HOLD 

TSO ---1 

~ ,__ ___ _ 

Figure. 7 MSM6927/MSM6947 Timing Diagram 

[[ 
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PIN DESCRIPTIONS 

N•mo~l/01 Function 

POWER 

DG 15 19 Ground reference of Vo (digital ground) 

AG 19 23 Ground reference of VA (analog ground) 

VA 24 33 Supply voltage (+12 V nominal) 

Vo 26 35 Supply voltage (+5 V nominal) 

CLOCKS 

X1 1 41 
Master clock timing is provided by either a series resonant 
crystal (3.579545 MHz ±0.01%) connected across Xl and 

X2 2 42 
X2, or by an external TTL/CMOS clock driving X2 with AC 
coupling where X1 is left unconnected. See Figure 10. 

873.9 Hz clock output. This clock is used to implement 
CLK 3 43 0 external delay circuits etc. 

CONTROL 

Digital loop back. During digital "High", any data sent on 
the Xo pin will appear on the RD pin, and any data sent on 
the RS1 pin will immediately appear on the CS pin. Any 

LT 4 44 I data demodulated from the received carrier on the A1N pin 
will be the modulated data to implement the transmitted 
carrier. In this case, sending the transmitted carrier to the 
phone line depends on the CC, but never on RS1. 

During digital loopback, the data on this pin becomes a 
cc 5 2 I control signal for sending the transmitted carrier to the 

phone line in place of RS1. 

When an external circuit gives the RS/CS delay time which 

RS2 8 8 I is not within the device as required, this pin should be 
connected to the external circuit output. See Figure 11-1 
or Figure 11-2 for MSM6927, MSM6947 respectively. 
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--------------------+ MODEM·MSM6927/47 + 

Name 
Pin No. 

1/0 Function 
RS GS-K 

The fast carrier detection output. This pin is internally 
connected to the input of the built-in carrier detect delay 
circuit. When an external delay circuit provides the delay 

--
CD1 11 12 0 time which is not within the device as required, the CD1 

should be connected to the external circuit input. See 
Figure 11-1 or Figure 11-2 for MSM6927, MSM6947 
respectively. 

When an external circuit gives the carrier detect delay time 
which is not within the device as required, this pin becomes 

CD2 12 13 1/0 
the input pin for the external circuit output signal. In other 
cases (when using the delay time within the device, the data 
on the TS 1 (TS) or TS2 is not digital "High"), this pin 
becomes the Carrier-Detect signal output. 

The RD1 data is demodulated data from the received 
RD1 13 14 0 carrier and the RD2 is the input of the following logic 

circuits referred to in Figure 12 and Figure 14. Usually, the 
RD1 data is input directly to RD2. In some cases, as input 
data to RD2, the data that is controlled by NCU (Network-

RD2 14 16 I Control-Unit) etc. may be required in stead of the RD1 
data. 

These two pins are the output (CRD 1) and inverting input 
(CDR2) of the buffer operational amplifier of which 

CDR1 16 20 0 non inverting input is connected to the built-in voltage 
reference, stabilized to variations in the supply voltage and 
temperature. See Figure 13. An adequate carrier-detect 
level can be set by selecting the ratio of Rs and R9 • There-

CDR2 17 21 I fore, the .loss in the received carrier level by phone-line 
transformer can be compensated by adjusting the ratio of 
Rs and R9 • R8 + R9 should be greater than 50 kD. 

When data rate is 1200 BPS and at half duplex operation 
on two-wire facilities, the delay function called as receiver-

so 22 31 I 
squelch is required. In case of four wire facilities, this 
function is not required usually. 
When digital "High" input to the SO pin, this function 
can be omitted. 

This pin may be used for device tests only. During digital 
FT 23 32 I "High", the Ao pin will be connected to receiving filter 

output instead of transmitting filter output. 
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Both MSM6927RS (or GS-K) and MSM6947RS (or GS-K) have 28 (or 44) pins. The 
pin descriptions for these 28 (or 44) pins are same except those for No. 27 (or No. 36) 
pin and No. 28 (or No. 38). The pin descriptions for No. 27 (or No. 36) pin and No. 28 
(or No. 38) pin are described as follows. 

MSM6927 

Name 
Pin No. 

1/0 Function 
RS GS-K 

RS/CS delay and carrier detect delay options referred 
to in the chapter about timing characteristics are selected 

TS1 27 36 I by TS1 and TS2 inputs. The receiver-squelch delay will 
be set at the same time. Be careful that each delay can 
not be individually selected. If the other delay time un-
provided within the device as option is required, input 
digital "High" to the TS1 and TS2 pin and implement 

TS2 28 38 I the external delay circuits to obtain the desired delay 
characteristics. In this case, the CD2 pin becomes not only 
the input for the external circuit output signal, but also 
the Carrier Detect output. See Figure 11-1. 

MSM6947 

Name 
Pin No. 

1/0 Function 
RS GS-K 

When digital "Low" input to the TS pin, built-in RS/CS, 
carrier detect and receiver-squelch delay are provided. If 
the other delay time is required, by inputting digital "High" 

TS 27 36 I to this pin and implementing the external delay circuits, 
the desired delay can be realized. In this case, the CD2 
pin becomes not only the input for the external circuit 
output signal, but also the Carrier Detect output. See 
Figure 11-2. 

Answer Tone Enable input. When digital "Low" input 
--

28 38 I to this pin and the RS1 pin is in digital "Low" level, 
ATE 

Answer Tone (~ 2025 Hz) is sent over the phone line 
via the Ao pin. 
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INPUT/OUTPUT 

Clear-to-Send signal output. The digital "High" level 
indicates the "OFF" state and digital "Low" indicates 

cs 6 3 0 the "ON" state. This output goes "Low" at the end of a 
delay (RS/CS delay) initiated when RS1 (Request-to-Send) 
goes "Low". 

Request-to-Send signal input. The digital "High" level 
indicates the "OFF" state. The digital "Low" level indi-

RS1 7 4 I 
cates the "ON" state and instructs the modem to enter 
the transmit mode. This input must remain "Low" for 
the duration of data transmission. "High" turns the trans-
mitter off. 

This is digital data to be modulated and transmitted via 

XD 9 9 I Ao. Digital "High" will be transmitted as "Mark". Digital 
"Low" will be transmitted as "Space". No signal appears 
at Ao unless RS1 is "Low". 

Digital data demodulated from A1N is serially available 
at this output. Digital "High" indicates "Mark" and digital 
"Low" indicates "Space". For example, under the follow-
ing conditions this output is forced to be "Mark" state 

RD 10 10 0 
because the data may be invalid. . When CD2 (Carrier-detect) is in the ''OFF" state . . When SO is in digital "Low" (two-wire facilities) and 

RS1 is in the "ON" state. . During the receive data squelch delay at half duplex 
operation on two wire facilities. Ii 

The SG 1 and SG2 are built-in analog signal grounds. SG2 
SG2 18 22 0 is used only for Carrier-Detect function. The DC voltage 

of SG1 is approximately 6V, so the analog line interface 
must be implemented by AC coupling. See Figure 9. To 
make these impedance lower and ensure the device per-

SG1 20 24 0 formance, it is necessary to put bypass capacitors on SG 1 
and SG2 in close physical proximity to the device. 

This is the input pin for the analog signal from the phone 
line. The modem extracts the information in this modu-

A1N 21 26 I lated carrier and converts it into a serial data stream for 
presentation at RD output. 

Ao 25 34 0 
This analog output is the modulated carrier to be condi-
tioned and sent over the phone line. 
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Vo 
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C3 

C4 
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C6 

Notes: 1. The crystal should be wired in close physical proximity to the device. 

2. High level signals should not be routed next to low level signals. 

R, C2 I 
~ R2 f-i:Q [lHONE LINE 

C1 

3. Bypass capacitors on VA· SG1, and SG2 should be as close to the device as possible. 
4. AG and DG should be connected as close to the system ground as possible. 

Figure 8-1 Application Circuit Using MSM6927RS 
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Notes: 1. The crystal should be wired in close physical proximity to the device. 
2. High level signals should not be routed next to low level signals. 
3. Bypass capacitors on VA, SG1, and SG2 should be as close to the device as possible. 
4. AG and DG should be connected as close to the system ground as possible. 

Figure 8-2 Application Circuit Using MSM6947RS 
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+6dBm 

OdBm -6dBm 

Figure 9 MSM6927RS/MSM6947RS Application 

Co, 0.047 µF R2 51 kn R6 (51 kn) Receive 
C1 signal level 

C2 2.2µF R3 51 kn R1 51kn 

C3 1 µF R4 51 kn Rs (33kn) Carrier 
detect level 

Ri Boon Rs (51 kn) Transmit 
R9 51kn signal level 

Note: The signal level on the A1N pin should not exceed -6 dBm. 
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External 
oscillator 

D 

Crystal Oscillator Connection 

200PF 

*2 

External Oscillator Connection 

Figure 10 

* 1 TTL or Hi-Speed CMOS GATE 
*2 Left unconnected 



,- -------------.-, 
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r -
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r _____ ... _________ - ---. 
I I 
I o.---+--"-...._1 ~ 
I 
I 

1 R 873.9 Hz 
I ~-J-~~-;--_._~~~~~~~~~:...:....:...:.::....~ 
I ' I 

~-----------(~lj 

(A) RS/CS delay, (B) Receiver-squelch delay, (C) CD/ON delay, (D) CD/OFF delay 

Note: Supply voltage equals Vo for all gates. 

*1: The desired delay can be realized by selecting the appropriale bits from 4020's out
puts. The number of the bits is not always 3. Each delay can be set differently from 
built-in delays. 

*2: In the case that the Receiver-dquelch delay is unnecessary, circuit (B) and this OR~ 
should be omitted and the output of the NOR gate should be connected to OC2 
directly. 

Figure 11-1 MSM6927 External Delays Connection 
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873.9.Hz 

(A) RS/CS delay, (B) Receiver-squelch delay, (C) CD/ON delay, (D) CD/OFF delay 

Note: Supply voltage equals Vo for all gates. 

*1: The desired delay can be realized by selecting the appropriate bits from 4020's out
puts. The number of the bits is not always 3. Each delay can be set differently from 
built-in delays. 

*2: Jn the case that the Receiver-dquelch delay is unnecessary, circuit (B) and this OR~ 
should be omitted and the output of the NOR gate should be connected to DC2 
directly. 

Figure 11-2 MSM6947 External Delays Connection 
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Figure 12-1 MSM6927 Equivalent Logic Interface of the Integrated Modem 
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Figure 12-2 MSM6947 Equivalent Logic Interface of the Integrated Modem 
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+ MODEM·MSM6927/47 --------------------

-- ---- - -- -- - - - - --- - ------- ---- ---. 

Carrier Carrier 
detect 
AC/DC converter 

COMP 

I 
I 
I 
I 
I 

CDR1 

SG2 
1 CDR2 

SG2 

I 

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

Figure 13 External Resistor Connection for the Setting of Carrier Detect Level 
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OK.I semiconductor 

MSM6948 
SINGLE CHIP MSK MODEM 

GENERAL DESCRIPTION 
The MSM6948 is a single chip MSK (Minimum Shift Keying) modem which is fabricated 

by OK l's low power consumption CMOS silicon gate technology. 

The modulator receives the data to be transmitted (SD) synchronized with the transmit 
timing clock (ST) generated by the on-chip clock generator. The signal, which is modulated 
by MSK method, is output. 

The demodulator converts the received MSK signal to the received data (RD) by means 
of delay detection technique after limiting the band of the received MSK signal. This signal 
is input to the digital PLL and re-generated timing clock is output from the demodulator, 
synchronized with the RD. 

FEATURES 
• On-chip SCF (Switched Capacitor Filter) 
• The transmit filter can be used as 

voice splutter filter. 
• The receive timing re-generator has two 

different lock-in time performance 
options to be chosen from. 

• On-chip oscillation circuit. 

W-A-56 

• Small numbers of external components 
for easy application. 

• Wide application-wireless data equip-
ment, MCA system. 

• +5 V signal power supply. 
• Low power consumption CMOS. 
• 18 pin plastic DIP package. 
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PIN CONFIGURATION 

(Top View) 18 Lead Plastic Package 

X1 VDD 

X2 FT 

MCK CT 

ME CF 

SD RT 

ST RD 

SG Al 

AG AO 

DG Tl 

m 
ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Power Supply Voltage VDD -0.3 ~ 7 
Ta= 25°C 

Analog Input Voltage*' VIA Referred to -0.3 ~ VDD + 3 v 
AG or DG 

Digital Input Voltage * 2 V1D -o.3 ~ vDD + o.3 

Operating Temperature Top - -25 ~ 70 
oC 

Storage Temperature Tstg - -55 ~ 150 

Tl,AI 
ME, SD, CF, CT, FT 
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Recommended Operating Conditions 

Parameter Symbol 

Voo 
Power Supply Voltage 

AG,DG 

Operating Temperature Top 

Crystal Resonant fx'TAL 

Data rate Ts 

c, -

c2 -

c3 -

c. -

Cs -

DC and Digital Interface Characteristics 

*' 
•2 

Parameter 

Power Supply Current 

Oscilating Frequency 

Input Leakage Current • 1 

Input Voltage * 1 

Output Voltage *' 

Output Voltage * 3 

ME, SD, CF, CT, FT 
ST, RD, RT 
MCK 

Symbol 

loo 

fMCK 

l1L 

l1H 

V1L 

V1H 

Vol1 

VoH1 

VoL2 

VQH2 

Condition Min Typ Max Unit 

Referred to AG or DG 4.75 5 5.25 
v 

- - 0 -

- -25 25 70 oC 

- 3.6860 3.6864 3.6868 MHz 

- - 1200 - bit/s 

- - 2.2 -

- - 0.1 -

- - 0.047 - µF 

Depend on Load Impedance for Ao Output 

- - 0.047 -

Voo = 5 v ±5%, Ta= -25 - 10°c 

Condition Min Typ Max Unit 

Normal Operating 
- 3 6 mA Condition 

fX'TAL = 
3.6857 3.6864 3.6871 MHz 

3.6864 MHz ±0.01% 

Jjj 
VIN= Ov -10 - 10 

µA 
V1N = Voo -10 - 10 

- 0 - 0.8 

- 2.2 - Voo 

loL=1.6mA 0 - 0.4 

loH = 400 µA o.8 v 00 - Voo 
v 

RL>50kn 0 - 0.4 

CL< 20 pf 0.6 v 00 - Voo 
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Analog Interface Characteristics (Voo = 5V ±5%, Ta= -25 ~ 70°C) 

Transmit signal output (Ao) 

Parameter 

Carrier frequency 

Carrier level 

Output voltage 
swing 

Output resistance 

Load resistance 

Load capacitance 

Output 
DC voltage 

Symbol 

Vax 

Vo pp 

Rox 

Vosx 

Note: 0 dBm= 0.775 Vrms 

Voice signal input (Tl) 

Voltage gain GT 

Input signal level VTI 

Input resistance RTI 

fil-A-60 

Condition Min Typ Max Unit 

FT = ,,1,, ,___11_9_9_-+-_1_2_0_0--t __ 1_2_0_1_-; 

ME= "1" 

SD= "1" 

1799 1800 1801 
Hz 

SD= "O" 

FT - "1" 1-_;-/71-o 71:;-~~7 
ME=''1''~ 

CLS FT= "1" 
40PF ME= "O" 

2.2 3 Vp-p 

fAos4 kHz 
kn 

100 

40 PF 

v 

VAQIVTI -2 0 +2 dB 

FT= "1" 
0 dBm - - -

ME= "O" 

fnS4kHz 50 - - kn 



Built-in Signal Ground (SG) 

vDD - o.1 vDD vDD+o.1 
DC Voltage VsG Without DC Load -- v 

2 2 2 

Receive Signal Input (Al) and Demodulator 

Input 
R1R fA1.S4kHz 50 - - kn Resistance 

Receive 
VIR - -30 0 dBm Signal Level 

-

Bit Error S/N 8 dB - 4 x 1 O"" -

Rate BER (at Al) N/N 
12 dB - 3 x 10-S -

Re-generated Receive Data Timing Clock Output (RT) 

Data Bit NPLL1 
CT= 31 "O" - -

Number CF= le.el 
For PLL's "1" r--- < 50 Bit 

Lock-in NPLL2 
CT= - - 65 "1" 

m 
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+MODEM·MSM6948+·~~~~~~~~~~~~~~~~~~~~~ 

BUILT-IN FILTER FREQUENCY CHARACTERISTICS 

GAIN (dB) 

0 

-10 

-20 

-30 

-40 

-50 

-60 

-70 

GAIN (dB) 

0 

-10 

-20 

-30 

-40 

.-50 

-60 

-70 
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0.5 

4 5 6 7 8 9 10 FREQ. (kHz) 

Transmit Low-pass Filter 

1.5 2 2.5 3 3.5 4 FREQ. (kHz) 

Receive Band-pass Filter 



PIN DESCRIPTION 

Pin Name Pin No. 

X1 

X2 2 

MCK 3 

ME 4 

SD 5 

ST 6 

SG 7 

AG 8 

DG 9 

Tl 10 

Function 

Crystal connection pins. A 3.6864 MHz crystal shall be connected. 
When an external clock is applied for MSM6948's oscillation source, it has to 
be input to X2. In this case, X2 has to be AC-compled by the capacitor 
of 200 pF. X1 shall be left open. 

3.6864 MHz ±0.02% clock output. This can be used for other devices under 
limited load conditions. 

When digital "1" is put on this pin, MSK modulator output is connected to 
the input of transmit LPF. When digital "O" is put on, the input of transmit 
LPF is connected to Tl that is voice signal input. The data put on ME 
terminal is synchronized with the negative edge of ST and input to internal 
logic as a control data. The positive edge of this synchronized data resets 
MSK modulator. 

Transmit data input terminal. The data on this pin is synchronized with the 
negative edge of ST and input to MSK modulator as a actual transmit data. 
ST is synchronizing signal used for ME and SD. 
This is made from master clock and is usually 1200 Hz. 

ST 

SD 

MSK Modulating 
data 

Built-in analog signal ground. The DC voltage is approximately half of VDD, 
so the analog signal interfaces of Al, AO and Tl with peripheral circuits 
must be implemented by AC-coupling. To make this voltage source 
impedance lower and ensure the device performance, it is necessary to put a 
bypass capacitor on SG in close physical proximity to the device. 

Analog ground. This pin should be common with DG at the system ground 
point as close as possible. 

Digital ground. This pin should be common with AG at the system ground 
point as close as possible. 

Voice signal input terminal. The signal input to this pin can be sent out to 
AO through the transmit LPF. the characteristics of which, gives the splutter 
filter for voice band signal. 
When this function is used, digital "O" must be input to ME. 
Tl is biased internally to SG with about 100 kn. 
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Pin Name Pin No. 

AO 11 

Al 12 

RD 13 

RT 14 

ill-A-64 

Function 

Transmit analog signal output terminal. According to the control data on ME 
and FT, AO is set to various state as an output terminal as follows. 

FT ME 

"1 '' "1" 

"1" "O" 

"O" ''1 '' 

"O" "O" 

Transmit LPF 

Power On 

Power Down 

MODU
iator 

State of AO 

The output of MSK Signal 

Transmit LPF Voice Signal 

The Output of Receive BPF 
(Used for Device Test Only) 

No-signal Output 
(DC-biased to SG) 

Transmit 
LPF 

Receive 1-----------< 
BPF 

The state when FT and ME= "O" is shown above. When the input digital 
data on FT changes to "1" from "O", AO remains to be connected to SG 
during about 12 ms and after that, and AO will be switched to transmit LPF. 
This delay time prevents AO from outputting meaningless signal during 
transient time from power down to on of LPF. 

Receive analog signal input terminal. Al is biased internally to SG with 
about 100 kn. same as Tl. Receive BPF and demodulator extract the 
information in this signal and convert it into a serial data stream at RD 
output. 

Demodulated serial data output. This data is synchronized with the 
re-generated timing clock RT. 

Receive data timing clock output. This signal is re.generated by internal 
digital PLL. Synchronizing to negative edge of RT, RD is output. 

RT 

RD 



Pin Name Pin No. Function 

Receive data timing clock is re-generated by digital PLL of which phase 
correcting speed can be selected with CF. When digital "1" is put on CF and 
phase difference between receive data timing and RT is more than 22.5 

CF 15 degree, phase correcting speed is high. In this case, as the phase difference 
enters within 22.5 degree, that speed changes to low immediately. 
When digital "O" is input to CF, phase correcting speed of PLL remians to 
be low regardless of the phase difference .. 
Usually, CF is connected to digital "1 ". 

PLL's lock-in characteristics can be selected with CT. When digital "1" is 
put on CF, PLL requires max. 65 bit alternative data pattern. On the 
other hand, when digital "O" is input to CF, PLL can be locked in below 
31 bit data. 

CT 16 
Equipment CT 

Personal/MCA wireless terminals "1" 

MCA wireless bases "O" 

Control signal for the internal connection of AO. Refer to column AO. 
FT 17 When digital "O" is input to this pin, transmit LPF enters in power down 

mode, but the output buffer operational amplifier remains to be active. 

+5 V power supply input terminal. This device is sensitive to supply noises 
VDD 18 as the switched capacitor techniques are utilized in plenty. By pass 

capacitor is indispensable to ensure the performance. 

m 
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HINTS FOR APPLICATION 

Transmit Control 
"1": Data Signal (SD) 
"O": Voice Signal (Tl) 

Transmit Data----.{ 

Transmit Data -----; 
Timing Clock 
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VoD 

PLL's Lock-in Speed 
,__ ___ "1' . Low Speed 

"0": High Speed 

Phase Correcting Speed 
i---"1": High-Speed Correction 

"O": Low-Speed Correction 

1----- Receive Data Timing Clock 

1----- Receive Data 

C3 
f----- Receive Analog Signal 

C4 
f--- Transmit Analog Signal 

c. 
1--- Voice Signal 



OKI semiconductor 

CHIP SET FOR BELL 212A MODEM 
(0,..., 300 bps or 1200 bps IN FULL OR HALF-DUPLEX MODE) 

GENERAL DESCRIPTION 
This is the chip set to realize the data communication between computers or terminals 

via telephone line in full or half-duplex mode at a rate of 0 - 300 bps or 1200 bps. 
This chip set consists of 6 LSls. The MSM6950, MSM6928-06 and MSM61057 are OK l's 

original LSls which are fabricated by OKl's low power CMOS silicon gate technology. The 
MSM80C31, MSM81C55 and MSM2764 are standard LSls which can be sourced besides OKI. 

Since this chip set provides most of all necessary functions for Bell 212A standard, only 
small number of MSls, OP-amps and other components are required to make a complete 
modem set. 

With this chip set, a modem which is compatible with the "Smartmodem 1200*" can be 
realized easily by programming MSM2764 accordingly by customer. 

In the data sheets following herewith, OKI can provide application circuits of a modem 
based on Bell 212A standard by using this chip set. 
(This modem is hereafter called OKI PC MODEM 212A.) 

FEATURES 
• Applied Netowrk: 
• Network Interface: 
• DTE Interface: 
• Operating Mode: 

Public Switched 2-wire Line 
600 ohm Balance 
RS-232C (refer to 4-2.) 
Full-duplex or Half-duplex 

• Low Speed Data Format: 
(0 - 300 bps) 

Serial/Binary/Asynchronous; 7 or 8 data bits; 1 or 2 stop bits; odd, 
even, or no parity. 

• High Speed Data Format: 
(1200 bps) 

Serial/Binary I Asynchronous; 
• 7 data bits; 1 or 2 stop bits; odd, even, or fixed parity. 
• 8 data bits; 1 or 2 stop bits; no parity. 

• Modem Compatibility: Compatible with Bell System 103 or 212A modems, for asynchronous 
communication, in originate or answer mode. 

• Receive Sensitivity: 
• Transmit Level: 
• Dialing Capability: 
• Command Buffer: 
• Power Supply Voltage: 

-45 dBm typical 
-10 dBm typical 
Touch-Tone and Pulse (10 pps) Dialing 
40 Characters 
+5/-5 V, +12/-12 V (RS-232C) 

<Additional High Speed Specifications> 
• Input Data Rate: 1182 -1212 bps 
• Line Data Rate: 1200 bps ±0.01 % 
• Modem to Terminal 

Data Rate: 
• Carrier Frequencies: 

1219bps 
Originate Mode Answer Mode 

Transmit: 1200 Hz ±0.01 % Transmit: 2400 Hz ±0.01 % 
Receive: 2400 Hz ±0.01 % Receive: 1200 Hz ±0.01 % 

• Received Signal Frequency: 
Tolerance: 

• Data Modulation: 

' Encoding: 

±7 Hz 
4-level Differential PSK at 600 baud ±0.01 % 

Dibit 

00 
01 
10 
11 

Phase Shift 

+90 
0 

180 
-90 

• Scrambler Polynominal: X = 1 + x- 14 + x- 11 

• . Line Equalization: Auto-equalizing function is provided in receiver 
*Smartmodem 1200 is the registered trademark of Hayes Microcomputer 

Products Inc.,· m-A-67 
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+MODEM· 1200 bps CHIP SET-------------------

LIST OF CHIP SET 

Power Dissipation Unit: mA 
Type No. Function 

Min 

-
MSM6950 Analog Front-End 

-

MSM6928-06 DSP for Demodulation -

MSM61057 SYNC/ASYNC, Scramble/ -Descramble 

MSM80C31 *1 Modulator, Hand-Shake, 12 DTMF dialing 

MSM81 C55* 2 1/0 Port expander -

MSM2764 *3 
-or ROM for MSM80C31 -MSM27C64 

• 1 Refer to the MICROCONTROLLER DATABOOK. 
•2 Refer to the MICROPROCESSOR DATABOOK. 
*3 Refer to the MEMORY DATABOOK. 
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Typ Max Condi ton 

12 20 +5V 

11 20 -5 v 
35 40 

- 40 

16 20 +5V 

- 5 

- 100 
32 -

Package 

DIP FLAT 

42 pin 56 pin 

42 pin 60 pin 

40 pin 60 pin 

40 pin 44 pin 

40 pin 44 pin 

28 pin -
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APPLICATION CIRCUIT FOR BELL 212A MODEM 
(OKI PC MODEM 212A) 

J2-18----- FG 

-----------------, 
,£1 +5V 1~------------------------------i VR~a R17 AM ~g~1gOR '\f\f FG +-

on ?i==~~~~~~~~~~=""=''~~~-~:r-,;l-rJSSl-6 -7 8 9 2 3 4 9 8 7 6 5 J RG

2 ~~5Vs '~A- ~ 9
1 a 

~
I +5V 2 i.!.!..-,-.. -,-T---.,~N - 6 c23 Vl 5 T 1 j:CJO ~ 

0 26 27 R24S~ 4_ili4 2~2 ~ 12 7 + LA J"'U ~ READ Q IC9 1/2~ 5 klB Rlg . 7 -RQ~ 4 4 

~---------<~--'-1sT1 g ~ ~ ~ RD1 12 '' ,., cs - ~'1 G ~ ~ § § ~ s1s1-'.~',+--+-1-+-+--+-+--+-1-+-+--+-+--+-f---'---''°-1Aos VR3 'IAG R26 4 AR1 
9 RD a; ADO 11 " i- i- i- ,, 19 RD7 Tc 

TIM 16 12 p~C10C1L/: ~ :~:B :::~3::s::::::::::::::::::::::::::::::::'.::::::::::rn:RD6 R20 AG AG '--<:J_.._"_'~+-~---+• 
' "' 

J2-2 TD 

Q SCK STAT 22 D ~ STF5 0121-3-' +--+-1-+-+--+-+--+-1-+-+--+--+------'"-1 eos 
~ SIN 1~LK 9 Q ~ STF6 B11 f':"-:+-+-f-+-+-J-+-+-f-+-+--+------'::'J '°' 
a ~C,NK t::- Sri"/ B101-3-,+--+-l-+-+--l--i---+-l-+-+-------,.-IH03 v'N AG ' +5V R28 [ 
q D IC1 13 i.2! STFB 89 RD2 " 

®14 ACK '--+--~"' /11 3 RESET asf''"-'+-+-H-+-+-+-+-1----------'"'JRDl 34 PC1 IC23 
n IC 14 RESET ICJ 87 +5V PT . L-.::!..t.:.J 

-12V ~ 
D-----+------t': ' 5, : 

C13J;. l('.19 
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IC19 
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J2-22 RI 

s 

"'° 
-12V 

9 

J 

J 

IC14 

Jett== 

~01 1- ii] I- f!! ~ MCK 1 ~I j_ r-flTD2 VDD2~ R23 ;h.AG 
::;; a: l.l'J l.l'J a 11 lO .----::-1 TD1 VDD1 ~ 5V 

2 30 3 38 36 L____ ~MODE vss 41 ~I~~ ~5V 
IC15 ~P/F ::;: 

rloT AG 23 -=f _J_ 

~+.++-1-H+++-''-l WRITE :.: DG 22 _l_l_&AG 
::? C6 C7 C26C27 

rn 
IC19 ~~''------,+-----1, 

J2-24 ST1 

+12V 

" 
IC19/20 

' ' 
-12V 

1 IC13 15 

•5V 

' 
3 IC18 7 

8 s 

[ }INT. SYNC PULSEl 
~(SMART MOOEMLJ 

LBJ EXT. SYNC PULS~ 

IC17 

IC14/15/ 
16/21 

10 13 

9 PR CLR D 12 
~++-----10 9 

CLK 11 8'->''~'-------1-' 0-' 
l~O_K_l_E-le_c_t-ric~J ,_ '·' 
[ NOV. 1985 ] 

m-A-71 



ea 
I 

:i:. 
--1 
Ul 

*' Amp for monitor I 
LINE ____ __, 
MON 

MUTE 

Modu-1n1 I 11 
ler 

Jack 

•2 
EXT 

FG 
ER 

DR 
CD 
cs 

HS 

RI 

TD 

RD 

ST1 
ST2 
RT 
SG 

+5V~ 

-5V +--(Note) 

ov~ 

,------------- --Mss5o(A~~Front Endl1 

j 1200Hz I M6928-06 
-i 
DSP 

'/'--'-------"- for 
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Analog Tone M81C55 

1/0 MISC 

(Note) 
When RS-232C interface is required, ±12V power supplies are necessary for the level conversion. 
*1 Line Monitoring (Call progress tone monitoring) function applicable 
*2 External analog tone 
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+MODEM· 1200 bps CHIP SET 6-------------------
Descriptions of Signal Interface (BD-25 Connector) 

Pin No. Circuit Description Direction 

1 FG (AA) Protective Ground NA 

2 TD {BA) Transmit Data To Modem 

3 RD (BB) Receive Data From Modem 

5 CS (CB) Clear to Send From Modem 

6 DR (CC) Data Set Ready From Modem 
-

7 SG (AB) Signal Ground NA 

8 CD (CF) Carrier Detect From Modem 

12 HS (Cl) High Speed Indicator From Modem 

20 ER (CD) Data Terminal Ready To Modem 

22 RI (CE) Ring Indicator From Modem 

Additional Interface 

15 ST2 (DB) Transmit Data Element Timing From Modem 

17 RT (DD) Receive Data Element Timing From Modem 

24 ST1 (DA) Transmit Data Element Timing To Modem m 
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------------------·+ MODEM·1200 bps CHIP SET+ 

Components Table (1/3) Chip Set; IC1, IC2, IC3, IC4, IC5, ICB 

Name Part Number Note Name Part Number Note 

IC1 MSM61057RS PC1 TLP521-1-A Toshiba 

IC2 MSM80C31RS ARR1, ERZ-C07DK151 Matsushita Denshi 
2 8uhin 

IC3 MSM6928-06RS DSP for RL1 NR-SD-12V Matsushita Denko Demodulator 

IC4 MSM81C55RS RL2 SY-12 Takamizawa 

IC5 MSM2764 212A5Z V1, 2 VR-618-A Shin Den Gen 

IC6 MSM74HC273 01, 2 2SC372 

IC7 MSM74HC244 x CX0-0428 (11.0592 MHz) 
Kinseki 

IC8 MSM6950RS Analog Front-End D1, 2 V06C 

IC9 HA17458PS Hitachi D3 1S953 

IC10 MSM74HC74 
D4~ 

SEL1110R-Z 11 

IC11 HD74LS92 Hitachi 

IC12 MSM74HC74 

IC13 MSM74HC368 SW1 DYS-8 8-contacts DIP 
Switch 

IC14 MSM74HC32 J1 6-Position 
Modular Jack m 

IC15 MSM74HC04 J2 D8-25SA-J4 D8-25 Connector 
JAE 

IC16 MSM74HC02 T 31222-1 Daiwa Denki 

IC17 MSM74HC08 

IC18 MSM4049 

IC19 HD751B8P Hitachi 

IC20 HD75188P Hitachi 

IC21 HD75189P Hitachi 

IC22 MSM4050 

IC23 TCM1520AP Texas Inst. 
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+ MODEM·1200 bps CHIP SET------------------

Components Table (2/3) 

Name Value Tolerance Wattage Name Value Tolerance Wattage 

R1 39kn 10% 1/4 w R25 3.3 kn 10% 1/2 w 

R2 R26 300 n 1% 1/4 w 

R3 39kn 10% 1/4 w R27 10 kn 10% 1/4 w 

R4 R28 2.4 kn 10% 1/4 w 

R5 R29 2.2kn 10% 1/4 w 

R6 R30 10 kn 10% 1/4 w 

R7 R31 10 kn 10% 1/4 w 

RS R32 2.2kn 10% 1/4 w 

R9 1.2 kn 10% 1/4 w R33 150 n 10% 1/4 w 

R10 39 kn 10% 1/4 w R34 10 k 10% 1/4 w 

R11 

R12 

m R13 10 kn 10% 1/4 w 

R14 100 kn 10% 1/4 w 

R15 

R16 10 kn 10% 1/4 w 

R17 5.1 kn 1% 1/4 w RG1 10 kn x a 10% 1/4 w 

R18 100 kn 1% 1/4W RG2 10 kn x a 10% 1/4 w 

R19 620n 1% 1/4 w RG3 10 kn x a 10% 1/4 w 

R20 51 kn 1% 1/4 w RG4 330nx8 10% 1/4 w 

R21 620 n 1% 1/4W VR1 Max Variable 
50 kn Resistor 

R22 100 kn 1% 1/4W VR2 Max Variable 
50 kn Resistor 

R23 33 kn 1% 1/4W VR3 Max Variable 
100 kn Resistor 

R24 2.4n +50% 1/4 w -20% 
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------------------+MODEM· 1200 bps CHIP SET+ 

Components Table (3/3) 

Name Value Tolerance DC-rated Name Value Tolerance DC-rated 
Voltage Voltage 

Cl 10 µf 50% >15 v C25 0.1 µf 50% >15 v 

C2 10 µf 50% >15 v C26 0.22 µf 50% >15 v 

C3 10 µf 50% >15V C27 0.22 µf 50% >15 v 

C4 10 µf 50% >15 v C28 0.1 µf 50% >15 v 

C5 10 µf 50% >15 v C29 0.1 µf 50% >15 v 

C6 10 µf 50% >15 v C30 0.1 µf 50% >15 v 

C7 10 µf 50% >15V C31 1000 pf 20% >15 v 

ca 10 µf 50% >15V C32 0.47 µf 20% >60V 

C9 10 µf 50% >60V C33 

C10 C34 

C11 1000 pf 20% >15 v C35 

C12 1000 pf 20% >15 v C36 

C13 1000 pf 20% >15 v C37 

C14 1000 pf 20% >15 v C38 m 
C15 1000 pf 20% >15 v C39 

C16 1000 pf 20% >15 v C40 

C17 1000 pf 20% >15 v C41 

C18 1000 pf 20% >15 v C42 

C19 1000 pf 20% >15 v C43 

C20 0.47 µf 50% >15 v C44 

C21 0.1 J.if 50% >15 v C45 0.1 µf 50% >15 v 

C22 0.1 µf 50% >15 v C46 0.1 µf 50% >15 v 

C23 0.022.µf 20% >15 v 

C24 1 µf 50% >15 v 
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+MODEM· 1200 bps CHIP SET +·------------------

Initial Adjustment 

Trimming for Reference Voltage 

\---r------{O 

1 +2.50V 

Figure-1 

VR2 should be trimmed so that the DC voltage on pin 26 becomes +2.50 V. 

Adjustment for Transmit/Receive Signal Level 

MSM 
6950RS 

R21 

TP2 
0 

Figure-2 

First, connect a 600 n signal source to pin 3 and pin 4 of J1 (normally 1200 Hz). 

Next, make the signal source level minimum and make the modem send the PSK transmit 
signal to the phone line through the hybrid transformer using the "ATS10 = 255D" com
mand mentioned in section 6-5. 

Then, tune VR3 so that the signal between pin 3 and pin 4 of J1 should become 
-10dBm. 

Stop the modem to send the transmit signal using the "ATCOS10 = 255D" command and 
set the signal level between pin 3 and pin 4 of J1 at -10 dBm by increasing the signal source 
output level. 

Then, tune VR1 so that the signal on AIN (pin 27) should be +4 dBm. 

Note 1: 0 dBm= 0.775 Vrms 
The input impedance of a level meter used for measurments must be "High". 

Note 2: The mode of the level meter should be "Balance" when measuring the signal level 
between pin 3 and pin 4 of J1. 

ID-A-78 

"Unbalance" mode should be used when measuring the signal level on AIN 
(pin 27). AOUT (pin 30), TP1 and TP2. 
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Decision Point of Monitoring 

Decision point monitoring is the practical evaluation method. 
It can be easily performed by using XIC provided on the evaluation board and the 

external monitoring circuit. 

MSM6950 

r----., r-----, 
I ' , I 

--¢ 

, __ 
Pin11 

22P-
--¢ 

ov 
Pin25 2 21 

26 --¢ 3 20 c>-- +5V 

27 --¢ 4 19 c>-- -12V 

MSM6928 

28 --¢ 5 18 c>-- +12V 

29 --¢ 6 XIC 17 ¢ . Pin40 

30 --¢ 7 16 c>-- 39 

31 --¢ 8 15 c>-- 38 
MSM6928 

32 --¢9 14 c>-- 37 

33 --¢10 13 c>-- 36 

34 --¢11 12 c>-- 35 
I I 

L-----------.J 

OKI PC MODEM 212A Figure-3 

At first, it is required to put a 22 pin - IC socket into XIC's holes by soldering. 
Figure-4 shows how to connect the external monitoring circuit (drawn in figure-5) 

through the XIC's socket. 

OKI PC MODEM 212A 

Monitoring 
Circuit 

(Figure-5) 

X Oscillo
y Scope 

Figure-4 
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OK.I semiconductor 

CHIP SET FOR 2400 bps FULL DUPLEX MODEM 
(O ~ 300 bps, 1200 bps or 2400 bps IN FULL OR HALF DUPLEX MODE) 

INTRODUCTION TO OKI PC MODEM 224 

This chip set allows computers and terminals to communicate via telephone lines with 
other computers and terminals by using the additional. microprocessor as the controller 
through an RS-232-C port. It operates on-line in full-duplex at a rate of 2400, 1200, 0 - 300 
bps. It is compatible with CCITT V.22-bis, V.22, Bell 212A modem system. 

This chip set consists of 5 LSls. MSMBOC51-98/99 (MICROCONTROLLER: MCU), MSM-
6928-07 (Digital Signal Process~r: DSP), MSM6950 (Analog Front End: AFE) and MSM-
61077 (Gate Array: GA) and this chip set is hereafter called OKI PC MODEM 224. 

Figure 1 shows the typical configuration of the 2400 bps full-duplex intelligent modem 
system. It consists of two blocks; One is the controller, and another is the original MODEM. 
As an intelligent data communications system just like the Smartmodem 2400 (Hayes 
Microcomputer Products, Inc.), the controller analyzes and executes commands and sends 
results codes in optional English word or decimal digit form. Therefore, this controller 
plays the role of the command interpreter, and also sets up the status of the original 
MODEM operation. · 

The OKI PC MODEM 224 is the original MODEM designed to construct the intelligent 
high-performance modem system, hence it needs the controller whose role is to set up 
the status and to define the several kinds of modes of modem operation. The interface 
between OKI PC MODEM 224 and the controller is designed to have flexibility and also 
to be adjustable. Using this chip set and the controller, a low-cost and compact-size intelli- II 
gent modem system at 2400 bps in full-duplex can be realized easily. 

DTE 
(RS-232-C) ~~~ 

I 

Command 
Interpreter 

& 
• Protocol 

Interface 

TD 

RD 

Original MODEM 

Synchronous Modem 
& 

Asynchronous Modem 

~- ----- 2400 FOX MODE_M SYSTEM i 
Figure 1 Typical configuration of 2400 FOX MODEM 

Phone 
Line 
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FUNCTIONAL BLOCK DIAGRAM 
Figure 2 shows the functional block diagram of the OKI PC MODEM 224. It consists of 

two parts; One is the speed conversion, another is synchronous modem, so that the com
posite one operates as an asynchronous modem. OKI PC MODEM 224 consists of four 
LSI-chips; MSM80C51-98/99 (MICROCONTROLLER: MCU) is functioning as synchronous 
to synchronous conversion and modulation, MSM61077 is functioning as synchronous 
to asynchronous conversion and transceiver PLL, MSM6928-07 and MSM6950 are function
ing as demodulation and analog front and (AD, DA, Filters), respectively. 

Transmitted 
Data 

Received 
Data 

ID-A-82 

MSM80C51-98/99 (MCU) MSM6950 (AFE) 

ASYN 

I Modulation Filter Analog out 

SYN 

SYN 

+ Filter Analog in 

ASY 

MSM61077 (GA) MSM6928-07 (DSPI 

Speed Synchronous Modem 

Conversion 

Asynchronous Modem 

Figure 2 Functional block diagram of OKI PC MODEM 224 
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GENERAL CONTROL DATA FLOW 

Figure 3 shows the schematic diagram of the control data flow. The data stream is divided 
into three groups; the first group is the parallel bit stream of approximate 3 bytes, that 
mainly control the operation modes of MSM80C51-98/99 (MICROCONTROLLER: MCU) 
and MSM6950, and that is the output port of MSM61077. The second one is the serial 
bit stream of 2 bytes, that define the status of MSM61077. The last one is the serial bit 
stream of 2 bytes, that are dealt as the input data of External Flags of DSP, and control 
the demodulation programing environments of MSM6928-07. 

MSM 
80C51-
98/99 

MCU.GA.AFE MCU 

Mode Definition 
Parallel 3 
bytes 

MSM61077 MSM6950 

DAA 

GA Clock AFE 
GEN. 

CD 

MSM6928-07 

DSP 

Status Control DSP Control 
Serial 2 bytes Serial 2 bytes 

Figure 3 General control data flow 
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CONTROL DATA MAP 
Figure 4 shows the control data map. Each map is represented by the elliptic circle, and is 

classified into the functional roles. The groups A-D correspond to each LSI chip. 

fil-A-84 

8-1 

Modulation 
Mode Definition 

B-111 

Signal Detector 
Output 

RESET--*-------~ 

A-I 

v. 24 
Interface 

A-II 

Internal RD 
Output 

A-Ill 

Gate Array 
Status Control 

MSM61077 

GA 

C-1 

DSP Control 

MSM 
BOC51-
98/99 

MCU 

CLOCK 
G_EN. 

MSM6928-07 

DSP 

B-ll 

8-IV 

Descrambler 
Input/Output 

MSM6950 

AFE 

DAA 

Carrier 
Detector 

D-1 

AFE 
Status Control 

C-11 

SOD Output 

Figure 4 Control data map 

FCD Output 



------------------+ MODEM·2400 bps CHIP SET+ 

1) Group A (MSM61077) 
A-1) 

Group A-I are fundamental CCITT V .24 interfaces, that are TD (Transmitted Data), 
RD (Received Data), ST1 (transmitter timing from DTE), ST2 (transmitter timing from 
DCE), and RT (Receiver timing). 

A-II) 
Group A-II are received data outputs directly given from the demodulator, that are D1 

(Internal RD ... PSK), DO (Internal RD ... FSK). Those outputs are used when evaluating 
the demodulator performance, or synchronous modem operation. 

A-Ill) 
Group A-Ill are the serial control data inputs, that are SDATA (control DATA), GSTB 

(Strobe clock), SCLK (Shift clock). The input data of SDATA are 16 bits data stream, 
whose assignments are described in the General Description. 

Table 1 Control data of Group A (MSM61077) 

Group A Name 1/0 Function Note 

TD I Transmitted Data 

RD 0 Received Data 

V.24 
ST1 I Transmitter Timing From DTE to DCE Interface (A-I) 

ST2 0 Transmitter Timing From DCE to DTE 

RT 0 Receiver Timing 

Internal RD DO 0 Internal RD (PSK) 
(A-11) 

D1 0 Internal RD (FSK) 

REOF 0 Enable DO and 01 Also enable RDIN (B-IV) 

SDATA I Data 

Gate Array GSTB I Strobe Clock 
Status Control (A-Ill) 

SCLK I Shift Clock Sarne as SCLK in C-1 
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2) Group B {MSM80C51-98/99) 

B-1) 
Group 8-1 are the modulation mode definitions, that are described briefly in the item 

of Control Data Table and also in details afterwards. 

B-11) 
Group 8-11 are the mode definitions of Asynchronous to Synchronous Speed Conversion, 

that are 1/2.3 (a rate of speed tolerance), SAS0-2 (character bit length selection). They 
are described in details in the item of the General Description. 

B-111) 
Group 8-111 are the special signal detector outputs, that are TRCD (S1 data detection 

specified in CCITT V.22 bis, S158 (TRCD timer selection), US1D (Unscrambled Mark detec
tion). The S1 data is detected by means of observing the threshold energy level at some 
frequencies points, and detection periods are selected to 50 msec or 80 msec by S158 ac
cording to the cases of handshake sequence and retrain sequence. The US1 D is detected 
through the descramble operation. · 

B-IV) 
Group 8-IV are the descrambler output port assignments, that are REQF (Enable RDIN, 

D0-1 ), RDIN (descrambler output at DSP0=1, or descrambler input at DSPO=O), ACK 
(Latch clock for RDIN, D0-1). Those are used when detecting unscrambled or scrambled 
mark at the handshake sequence through the descrambler operation. 
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Table 2 Control data of Group B (MSM80C51-98/99) 

Group B Name 1/0 Function Note 

INRS I Enable Transmitter FSK, PSK, DTMF, etc. 

FSPS I Tone Select 

DTA I h 

DTB I 

Modulation Mode MCP3 I These pins define the several 
Definition (B-1) 

DOP2 I t- kinds of modulation modes. 
Please see the paper described 

SCP1 I 
in detail. 

DSPO I 

DSS I 
I,... 

A/0 I Answer/Originate 

1/2.3 I Speed tolerance +1.0%/-2.5% or +2.3%/-2.5% 

Speed Conversion SAS2 I 

} Ch,rnctoc s;, Loog<h 
Mode Definition 
(B-11) SAS1 I 

SASO I 

TRCD 0 S1 Data Detection Specified in CCITT V.22-bis 

Signal Detector 
S158 I TRCD Timer Select 50 msec/80 msec Output (B-111) 

US1D 0 Unscrambled 1 Detection 

Descrambler RDIN 0 {Descrambler Output (DSP0=1) 
Input/Output (B-IV) Descrambler Input (DSPO=O) 

m 
ACK 0 Latch Clock for RDIN Latch Clock for DO, D1 (A-II 
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3) Group C (MSM6928-07) 

C-1) 
Group C-1 are the serial control data inputs, that are EXTFLG (control DATA), DSTB 

(Strobe clock), SCLK (Shift clock). The input data of EXTFLG are 16 bits data stream, 
whose assignments are described in details in the items of General Description and 
Appendix B. 

C-11) 
Group C-11 are the data signal quality detector outputs, that are SODA (Demodulator 

has no convergence), SODB (threshold level detection of bit error rate). 

Table 3 Control data of Group C (MSM6928-07) 

Group C Name 

EXTFLG 

DSP Control DSTB (C-1) 

SCLK 

SOD Output 
SODA 

(C-11) SODB 

4) Group D (MSM6950) 
D-1) 

1/0 Function Note 

I Data 

I Strobe clock 

I Shift clock Same as SCLK in A-Ill 

0 Data signal quality No convergence 

0 Data signal quality Threshold level 

Group D-1 are the status control data, DT (formation of call progress tone loop), PT 
(formation of DTMF tone loop), LT (formation of analog loop back), GT (guard tone 
selection), A/O (Answer/originate). Those are described in details in the item of General 
Description. 

Group D 

AFE 
Status Control 
(D-1) 
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Table 4 Control data of Group D (MSM6950) 

Name 1/0 Function Note 

DT Cal I progress tone loop 

PT DTMF tone loop 

LT Analog loop back 

GT Guard tone select 

MODE Answer/originate 
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FEATURES OF OKI PC MODEM 224 

e CCITT V.22-bis (2400, 1200). 
• CCITT V.22 (1200, 600) 
• Bell 212A (1200, 300 bps). 
• Synchronous Mode operations; 2400, 

1200, 600 bps+/- 0.01%. 
• Asynchronous mode operations; 2400, 

1200, 600 bps +1 %, -2.5% (+2.3%, 
-2.5%) 0-300 bps (FSK). 

• Character length; 8, 9, 10, 11 bits. 
• 2w-full duplex, and half-duplex. 
• DTE interfaces of V.24 are TTL com

patible. 

LIST OF CHIP SET 

• Included powerful Adaptive Equalizer. 
• Tone transmitting capability; 

DTMF tone 
Guard tone (550, 1800 Hz) 
Answer back tone (2100, 2225 Hz) 

• Test loop facility; Digital loop, Analog 
loop, Remote Digital loop. 

• All CMOS chips. 
• Power Supplies; +5.0V, -5.0V. 
• Typical Power Dissipation; 500 mW. 

Table 5 

Power Dissipation, Unit: mA Package 
Type No. Function 

Condi-
Min Typ Max ti on DIP FLAT 

- 12 20 +5V 
MSM6950 Analog Front End 42 pin 56 pin 

- 11 20 -5 v 

MSM6928-07 DSP for demodulation, Adaptive - 35 40 +5V 42 pin 60 pin equalizer and AGC control 

MSM61077 
Timing PLL, Random logic, 

40 +5V 60 pin Speed conversion - - -

MSM80C51- Modulator, Scrambler/descrambler 12 16 20 +5V 40 pin 44 pin 
98/99 Speed conversion (-98) (-99) 
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OKI PC MODEM 224 APPLICATION CIRCUIT 
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INTERFACE SIGNAL DESCRIPTION 

Interface 1/0 Description 

MSM6950 (AFE) mode definition. 

DT I Operation mode DT PT GT LT MODE 

ORIGINATE (Transmit-Lowband) 1 1 x 0 0 

PT I ANSWER (Transmit 
-Highband} 

No guard tone 1 1 x 0 1 

Note: Guard tones shall Guard tone; 550 Hz 0 0 0 0 1 

LT I 
be transmitted 
when DT=PT=O only. Guard tone; 1800 Hz 0 0 1 0 1 

DTMF tone, Answer Tone 0 1 1 0 x 
GT I Highband x x x 1 0 

Analog loop back 
Lowband x x x 1 1 

MODE I 
Note 4) 

A/0 I Answer/originate selection 
O; ORG (Transmit-Lowband) 
1; ANS (Transmit-Highband) 

INRS I O; Transmitter enable 
1; Transmitter disable 

FSPS I O; FSK modulation, Answer tone, 1; PSK, QAM modulation 
DTMF tone 

DTA I 
DTB/DTA 0 1 DTB/DTA 0 1 

0 DTMF FSK 0 Reversals (Note 2) Data 
DTB I 

1 Answer FSK (mark) 1 S1 data (Note 1) Mark m 
MCP3 I Scrambler/descrambler instigation 

Note 3) 
O; OFF 1; ON 

DOP2 I o DTMF tone (OTA= 0, DTB = 0) 
•See DSS column 

Refer to Table 6 

SCP1 I 
o Answer tone (DTA = 0, OTB= 1) Scrambler control 

Refer to Table 7 O; Unscramble 
1; Scramble 

DSPO I Descrambler control 
O; Undescramble 
1 ; Descramble 

Note 1) S1 data: Unscrambled repetitive double dibit pattern of 00 and 11 
at 1200 bps. 

Note 2) Reversals: Alternating binary ones and zeros. 
Note 3) To detect a sequence of 64 consecutive ones and to invert the next 

input. During Handshake and Re;mote DC Loop instigation, MCP3 
must be Low. 

Note 4) When analog loop back, MODE assignment is in reverse for A/O 
assignment. 
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Interface 1/0 Description 

DSS I Data signalling rate selection 
(Valid when PSK modulation) 

Data signalling rate DSS DOP2 

OAM 0 0 

2400 bps Special Signals 
(invalid when DTA=1, 0 1 

DTB=O) 

1200 bps PSK (4 phases) 1 0 

600 bps PSK (2 phases) 1 1 Refer to Table 
10 for details. 

1/2.3 I Speed conversion tolerance (Asynchronous mode) 
0; +1.0% 1; +2.3% 

-2.5% -2.5% 

RESET I Reset 
0; Normal operation 
1; Reset 

S158 I Timer selection of S1 data detection 
O; 50 msec (Handshake) 
1; 80 msec (Retraining start signal detect) 

SAS2 I Character bit length select 

Operation mode SAS2 SAS1 SASO 

m 0 0 0 
Synchronous 

SAS1 I 0 0 1 

9 bits 0 1 0 
BELL 

10 bits 0 1 1 

8 bits 1 0 0 

SASO I 
Asynchronous 

9 bits 1 0 1 
CCITT 

10 bits 1 1 0 

11 bits 1 1 1 

FCD 0 Fast carrier detection Note) Carrier detect circuit must be provided 
O; CD-ON using the discrete components. Refer. to 
1; CD-OFF Figure 6. 

SODA 0 Signal quality detector A (Optional function) 
(Retrain request) 

O; Normal quality 
1 ; Abnormal quality 
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Interface 1/0 Description 

SODS 0 Signal quality detector B (Optional function) 
(Bit error rate) 

O; BER (predictive) is under 10-•;10-4 

1; BER (predictive) is over 10-3 ;10-•-
See SQDC in Table 9. 

TRCD 0 S 1 data detector output 
0; Not detect t 1 : , 50 or 80 ms (Selected by S158) 
1; Detect t 2.S10ms 

Received signal ><l S1 data [><:_ 

~ 
Ht2 

TRCD 0 1 I 0 

US1D 0 Unscrambled mark detect output 
To detect unscrambled mark (digital "1 ") for 154 ms. 

DO ><I Unscrambled "1" C>< 
I 

US1D I • 154 m sec· I I 
(Valid when FCD = "0") 

---·-

ACK 0 Latch clock for DO, D1, RDIN. 
(Valid when REQF = 1) r Receiver signalling rate-

ACK ~-, .-, n I 1 I I 

' I ' 
I L ___ J L------------

REQF __________________ j 1 
I 
I 
L.--

DO, D1, I Data I~ Data I RDIN 

~ r >> 20µ sec 

REQF 0 Status indicator of DO, D1 and RDIN data 
O; Invalid 
1; Valid 

DO 0 Internal RD (PSK) 
(Undescrambled RD) 

O; Space 
1; Mark 

D1 0 Internal RD (FSK) 
O; Space 
1; Mark 
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Interface 1/0 Description 

RDIN 0 Descrambler input/output 
DSPO = O; RDIN is the undescrambled data. 
DSPO = 1; RDIN is the descrambled data. 

TD I Transmitted data 
(V.24 interface) 0; Space 

1; Mark 

ST1 I Transmitter signal element timing input Ito MODEM) 
(V.24 interface) 

ST2 0 Transmitter signal element timing output (from MODEM) 
(V.24 interface) 

RD 0 Received data 
(V .24 interface) 0; Space 

1; Mark 

RT 0 Receiver signal element timing output (from MODEM) 
(V.24 interface) 

AOUT 0 Transmit analog signal output (to phone line) 

AIN I Receive analog signal input (from phone line) 
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Interface 1/0 Description 

SDATA I 1. Serial control data for MSM61077 (GA) 

(First) (Last) --
SDATA I D 0 I D, I D2 I I D13 I D,.1 D" I -- I 

I 
I 

SCLK I 
SCLK lJlIU--------~ 

~T~ rT~ 
GSTB n_ 

~T~ 
T > 1 µs 

GSTB I 
Note: As for the description of D 0 ~D 15 , refer to the Table 8. 

2. Serial control data for MSM6928-07 (DSP) 

(First) (Last) 

I D 0 I D, I D2 I --- I D,31 D,.1 D,s I DSTB I EXTFLG 
-- -

SCLK muu--------~ 

f-r-/ rr~ n_ DSTB 
EXTFLG I 

~T~ 
r>1 µs 

Note: As for the description of D0 ~D,s, refer to the Table 9. 

Interface 1/0 Description 

+5 v Positive power supply 

-5 v Negative power supply 

GND Ground, OV 

Note) Higher dual power supplies, for instance, ±12V may be necessary for the analog line interface 
circuit when the transmit and receive analog signal level cannot be satisfied with ±5V power 
supplies. 
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Table 6 DTMF Tone 

MCP3 DOP2 SCP 1 DSP 0 Symbol Lowband Frequency Highband Frequency 

0 0 0 0 1 697 Hz 1209 Hz 
i 

0 0 0 1 2 697 1336 

0 0 1 0 3 697 1477 

0 0 1 1 4 770 1209 

0 1 0 0 5 770 1336 

0 1 0 1 6 770 1477 

0 1 1 0 7 852 1209 

0 1 1 1 8 852 1336 

1 0 0 0 9 852 1477 

1 0 0 1 0 941 1336 

1 0 1 0 * 941 1209 

1 0 1 1 # 941 1477 

1 1 0 0 A 697 1633 

1 1 0 1 B 770 1633 

1 1 1 0 c 852 1633 

1 1 1 1 D 941 1633 

m 
Table 7 Answer Tone 

MCP3 DOP2 SCP 1 DSP 0 Answer Tone Frequency 

- - - 0 2100 Hz 

- - - 1 2225 Hz 
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Table 8 MSM61077 Serial Control Data Table 

No. Name Description 

DO TESTA O; Normally set at digital "L"' level. 
1. Test mode. In the testing mode of this l.C., digital "H" have 

to be applied 

D1 DSS1 
Data signalling rate select 

O; 2400 bps 
1; 1200/600 bps (refer to D7) 

D2 SD CLP Enable GASAS, SWLA, SWLB 
O; Disable note 1) 

1; Enable 

03 GA123 Speed conversion tolerance selection 
O; +1 %/-2.5% 
1; +2, 3.%/-2.5% 

04 GAVB Speed conversion method selection 
O; CCITT 
1; Bell 

05 CD1 Receive timing PLL control 
O; Free run 
1; Normal operation 

06 CD2 Lock in time control of receive timing PLL 
O; Slow 
1; Fast 

07 OSSO Data signalling rate select m 
O; 1200 bps 
1; 600 bps 

08 GADC Received Data (RD) select 
O; Asynchronous (Receiver speed converter output) 
1; Synchronous (Direct demodulator output) Note 2) 

09 GASAS Speed conversion control 
O; Asynchronous (Enable speed converters) 
1; Synchronous (Disable speed converters) Note 3) 

010 GALS HS Transmission mode control for AFE (6950) 
O; 600/1200/2400 bps 
1; 300 pbs, DTMF, Answer Tone Note 4) 

011 GASLSH Originate or answer mode select 
O; Answer (Transmit - Highband) 
1; Originate (Transmit - Lowband) 
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No. Name Description 

D12 SWLA Character bit length (Asynchronous mode) 

D13 SWLB SWLB SWLA Character Length 

0 0 8 bits 

0 1 9 bits 

1 0 10 bits 

1 1 11 bits 

D14 STA Transmit element timing select 

D15 STB STB STA Transmit timing 

0 0 
ST 2 

0 1 

1 0 ST, 

1 1 RT 

Note 1) When SDCLP=O, don't change GASAS, SWLA, and SWLB. Keep the previous status. If changing 
GASAS, SWLA and SWLB when SDCLP=O, mis-operating may happen in the IC. 

Note 2) In case of receiving FSK signal, GADC must be HIGH. 
In case of synchronous operation (PSK, OAM), Both GADC and GASAS must be HIGH. 
In case of asynchronous operation (PSK, QAM), Both GADC and GASAS must be LOW. 

Note 3) Speed converters mean SYN/ASYN and ASYN/SYN converters. 
Note 4) When GADC=1, if GALSHS=1, RD is demodulated FSK signal. 

if GALSHS=O, RD is demodulated PSK or QAM signal. 
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Table 9 MSM6928-07 Serial Control Data Table 

No. Name Description 

DO XFCD FCD (carrier detect) signal for Demodulator 
O; OFF (S.et 0 when FCD = 1) 
1; ON (Set 1 when FCD = 0) 

01 TAPH AEQL operation control 

O; Active 

1; Hold 

02 OSSO Demodulator data signalling rate select 

03 DSS1 DSS1 OSSO Mode 

0 0 
16 values 2400 bps QAM 

0 1 

1 0 4 phase PSK 1200 bps 

1 1 2 phase PSK 600 bps 

Note) Not related to FSK mode. 

04 EGCO AEGL tap coefficient control 

05 EGC1 EGC1 EGCO °' See Appendix B. 

0 0 °'1 [[ 
f---

0 1 °'2 

1 0 °'3 
1 1 °'4 

Note) a4 = 0 (Tap hold) 

06 AQID Adaptive equalizer (AEQL) reset 
O; Reset (Set the center tape) 
1; Normal operation 

See Appendix B. 

07 PLCR Carrier PLL reset 
O· Reset 
1; Normal operation 
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No. Name Description 

08 PLEN Carrier PLL enable 
O; Disable 
1; Enable 

D9 SAN SORG Originate/answer mode select for receiver 
O; Answer (Receive - Lowband) 
1; Originate (Receive - Highband) 

D10 AGCTO AGC circuit control coefficients 

D11 AGCT1 AGCT1 AGCTO 13 See Appendix B. 

0 0 13, 

0 1 132 

1 0 

133 
1 1 

012 SODC Threshold level selection for SODB 
O; High (-10- 3 ) NOTE) Does not mean to measure 
1 · Low (-10-4 ) the bit error rate itself. 

See Appendix B. 

D13 SODEN LPF accumulate register clear for SODA and SODB 
(signal quality detected 

O; Normal operation 
1; Reset 

See Appensix B. 

D14 TR CDC Threshold level for S1 data detection 
O; Low (Handshake) 
1; High (Retrain} 

D15 XFCD1 OSP software reset except for AGC control 
O; Normal operation 
1; Reset 
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Table 10 shows the summary of transmitter mode definition. Table 11 shows the 
category of control data. 

In table 11, Initial Installation means the initialization procedure at power ON, or at 
make up .call. Call Progress means dialing procedure concerning the transmitting DTMF 
tone and detecting call progress tones. Handshake means Handshake sequence specified 
in the CCITT recommendation or BELL 212A Critera. Test Loop means testing procedure 
specified in the CCITT recommendation or BELL 212A Critera. 

Monitor means the output signals which the controller should observe during handshake 
sequence or data mode. Each control data is classified into these categories, and some of 
control data belong to different categories in duplicate. 

Please note that each control data will be mainly controlled in each procedure, but in 
special case, may be controlled in other procedure. 
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Table 10 Transmitter Mode Definition Table 

:~ INRS FSPS DTA DTB MCP3 DOP2 SCP1 DSPO 

Transmitter Disable 1 x x x x x x x 

DTMF Tone 0 0 0 0 See table 6 

Answer Tone 0 0 0 1 See table 7 

FSK 300 bps 0 0 1 0 x x x x 

<( 600 bps 0 1 1 0 1 1 1 1 
I- PSK <( 
Cl 1200 bps 0 1 1 0 1 0 1 1 

QAM 2400 bps 0 1 1 0 1 0 1 1 

0 1 0 1 0 0 0 x 
S1 data* 

0 1 0 1 0 1 0 x 
iii 
c:: 

0 1 1 1 0 0 0/1 x C> 

iii PSK USR/SCR-1* 
iii ·u 0 1 1 1 0 1 0/1 x 
Q) 

0. 
VJ 

0 1 0 0 0 0 0 x 
Reversals* 

0 1 0 0 0 1 0 x 

* When DOP2 = 1 and DSS = 0, Data Signalling Rate between DTE and Modem is at 2400 bps. 
But, Modulation Rate is maintained at 1200 bps. These mode shall be difined in the handshake sequence. 

DSS 

x 

x 

x 

x 

1 

1 

0 

1 

0 

1 

0 

1 

0 

X : Irrespective of 1 /0 
1 : Logical High 
0 : Logical Low 

GA 

DSS1 OSSO GALSHS 

x x x 

x x 1 

x x 1 

x x 1 

1 1 0 

1 0 0 

0 x 0 

1 0 0 

0 x 0 

1 0 0 

0 x 0 

1 0 0 

0 x 0 
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:i-..... 
0 
01 

~ 
OT 
PT 
LT 
GT 
MODE 
A/0 
INRS 
FSPS 
OTA 
OTB 
MCP3 
DOP2 
SCP1 
DSPO 
DSS 

"' 1/2.3 ... 
"' 0 RESET 

g S158 
c SAS2 
0 SAS1 (.) 

~ SASO 

"E FCD 

"' SQDA 0.. 
SQDB 
TRCD 
US1D 
ACK 
REQF 
DO 
01 
RDIN 
TD 
m 
ST2 
RD 
RT 
AOUT 
AIN 

Initial Call 
Installation Progress 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

Table 11 Category of Control Data 
Hand- Test Monitor Notes shake Loop 

0 
I DTMF Tone Loop, Dial Tone Loop, with or without 

0 Guard Tone. 
0 When LT= 1, AC Loop will be formed in 6950. 

0 When AC Loop Test, Transmitter mode must be in reverse. 
0 

I 0 
0 
0 Transmitter mode definition 
0 • DTMF, Answer Tone, 
0 

I 
• FSK, PSK, OAM 

0 •Unscramble, Scramble Mark 
0 •Data Signalling Rate 
0 

0 S158 shall be controlled as same as TRCDC. 

0 FCD status shall be always sensed in real-time. 
0 I Controller should observe SOD output frequently in 
0 order to request Retrain sequence if necessary. 
0 

In Data mode, US1D shall be used to detect RDL 0 
0 requirement. 

0 

1 

By observing DO, D1, and RDIN at the same time, 
0 Controller can recognize whether received signal is 
0 unscramble-1, scramble-1 or FSK mark. 
0 

0 0 
0 0 I These signals are V .24 interfaces. 
0 0 l Controller shall intermediate to accomodate these 
0 0 signals to the proper V .24 interface timing and status. 
0 0 

l Analog input and output in 6950. 
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:f-.... 
0 
Ol 

~ 
TESTA 
DSS1 
SDCLP 

"' GAL23 .... 
GAVB "' Cl 
CD1 g CD2 

c OSSO 0 
(.) GADC 

~ GASAS 
Q) GALSHS en 

<x: GASLSH 
(!) SWLA 

SWLB 
STA 
STB 
XFCD 
TAPH 
OSSO 

"' DSS1 .... 
"' EGCO Cl 

e EGC1 
.... AOID c 
0 PLCR (.) 

Cii PLEN 
·;: SAN SORG 
Q) 

en AGCTO 
Cl.. 

AGCT1 en 
Cl SODC 

SODEN 
TR CDC 
XFCD1 

Initial 
Installation 

0 

0 
0 
0 

0 

0 
0 
0 
0 
0 

0 

0 

El 
Call Hand- Test Monitor Progress shake Loop 

0 

0 
0 
0 
0 

0 0 
0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

Notes 

TESTA must be Logical Low. 

I Timing PLL of demodulator. 

GALSHS controls write clock of 6950. 
When AC Loop Test, GA mode must be in reverse. 

I In RDL, both STA and STB shall be Logical High. 

XFCD equals to negative logical state of FCD. 
Tap hold control for AEOL. 

I Data signalling rate of PSK/OAM demodulator in DSP. 
These are no relationship with FSK demodulator in DSP . 

j Adaptive EOL control 

Carrier PL L control 

I AGC control 

) SOD control 
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HANDSHAKE SEQUENCE 

Figure 1 to Figure 14 show the timing charts of control data in the Handshake Sequences 
as follows. 

Figure 7 2400 bps Orig. Modem CCITT 

Figure 8 2400 bps Ans. Modem CCITT 

Figure 9 1200 bps Orig. Modem CCITT 

Figure 10 1200 bps Ans. Modem CCITT 

Figure 11 1200 bps Orig. Modem BELL 

Figure 12 1200 bps Ans. Modem BELL 

Figure 13 300 bps Orig. Modem BELL 

Figure 14 300 bps Ans. Modem BELL 

The timing charts of control data in CCITT 600 bps Orig./Ans. are same as those in 
CCITT 1200 bps Orig./ Ans. except for data signalling rate assignments. In CCITT 600 bps, 
data signalling rate assignments, (DSS1, DSSO) of GA, (DSS1, OSSO) of DSP, and 
(DSS, DOP2) of MCU are logical high each other. 

r--------------------1 
I Before studying Handshake, please read the CCITT I 
I recommendations of V.22 and V.22-bis, also BELL I 
I 212A Critera carefully ! ! ! I 

L--------------------~ 

Supplementary Comments about Handshake Sequence. 

(Originate Modem) 

1) Originate modem shall wait the answer tone transmitted from the answer modem after 
dialing procedures. The answer tone detector of 2100 Hz is not incorporated in this 
chip set, therefore, carrier detection circuit is functioning as the detector. But the 
answer tone of 2225 Hz will be correctly detected by FSK demodulator in DSP through 

D1 output pin installed at GA. 
2) AGC control should start after XFCD turning OFF to ON. After 20 ms, AGC output 

level deviation will be converged within a limited range. 

3) In CCITT mode, Carrier PLL control of PLEN and PLCR should be controlled 20 ms 
later at the head of_ unscramble-1 in order to detect unscramble-1 correctly. 

4) There are two methods to recognize unscramble-1. One is to observe US1 D output, 
and the other is to observe DO output. 

5) AEOL control should start 100 ms after the end of S1 data (2400) or the end of 
unscramble-1 (1200). Because it takes 100 ms for timing PLL to be locked in a 
tolerance range. 
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6) In 2400 bps establishment, after recognizing S1 data each other, Data Signalling Rate 
for DTE shall be changed to 2400 bps. From this time, Data Signalling Rate of GA 
will be changed to 2400 bps, and also Data Signalling Rate between GA 
and MCU will be changed to 2400 bps. Transmitter should, however, transmit the signal 
of S1 data or scramble-1 at 1200 bps. At thi.s time, special signal transmitting mode is 
prepared. When DOP2=1 and DSS=O, Data Signalling Rate is at 2400 bps, but modula
tion is maintained on 4 phase at 1200 bps. In this case, transmitter decimates the 
incoming signal at 2400 bps, and keeps modulation on 4 pahse PSK at 1200 bps. 

(Answer Modem) 

1) Generally speaking, Answer modem should adopt own data signalling rate to the op
posite modem (Originate modem). Therefore, Answer modem must observe the several 
kinds of incoming signals at the same time because Answer modem can't know whether 
Originate modem is set on 300 bps, 1200 pbs, or 2400 pbs. In this case, the first judge
ment will be decided when detecting the first incoming signal, that is S1 data, scramble-
1, or FSK mark (1270 Hz). 
In this situation, when DSPO is set on High, S1 data, scramble-1, and FSK mark can 
be detected at the same time through TRCD, RDIN, D1 outputs, respectively. 

2) In Answer modem, AGC control, carrier PLL control, and AEOL control are almost 
same as those of Originate modem, but those control sequences are not separated unlike 
the Originate modem. As shown in the timing charts, each sequence should be control
led orderly (control after control). 

3) In 1200 bps/BELL establishment, scramble-1 signal should be detected while transmit
ting Answer tone. In this case, the state of DSPO concerning to descrambler control 
will be neglected because of Low state of FSPS. Hence, descrambler is uncontrollable 
externally at this time. But, if DSPO is set on High before FSPS turning to OFF, the 
previous state (that is logical High) of DSPO will be memorized in MCU, and as the 
result, descrambled output data will appear at RDIN. 

4) In FSK receiving, the control sequence concerning about carrier PLL, timing PLL and 
AEOL of demodulator will not be cared. 

5) In Data mode, US1D output shall be used as interrupt signal for controller to reply 
remote DC loop test requirement of the opposite modem. 
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CONTROLLER FOR COMMAND INTERPRETTING AND 
HANDSHAKE SEQUENCING, PHONE LINE INTERFACE 

The chip set provides only the original MOD EM functions as described, therefore, it is 
necessary to implement the controller with software, some network control circuit and 
phone line interface. 

Figure 6 (Application circuit) includes only the original MODEM functions, and does 
not show the additional functions which are required to realize the stand-alone MODEM. 

Figure 15 shows one example of the block diagram for it. 

OKI wishes to support customers for the design of the whole modern, and intends to 
provide an example of the controller and command interpretter with software. 

DTE INTF. 
(RS-232C) 

MODEM MODE 
CONTROL 

ORIGINAL 
MODEM 
(Figure 6) 

1/0 (Figure A-1) 

CONTROLLER 

TELEPHONE 

LINE 
. INTER- PHONE 
FACE LINE 

-----1 Cl RCU IT 1-------0 

RINGING SIGNAL DETECT 
OFF-HOOK DETECT 
PULSE DIALING 
DC LOOP CONTROL 
AUDIO MONITORING 
CALL PROGRESS TONE 
DETECT 

Figure 15 Intelligent MODEM block diagram 
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APPENDIX A 
Figure A-1 shows the example oi the interface circuit between the controller and the 

OKI PC MODEM 224. The main function of this circuit is to convert the serial bits stream 
into the pafallel bits stream. MSM82C55 acts as to expand the output port of the controller, 
that is 1 byte to 3 bytes. And some gates, latch (HC574F) are auxilialy prepared to supply 
the diagnostic signals (TRCD, US1 D, ... etc) to the controller. 
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-...., 
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-...., 

TD ._,. '-' ,.... ._, RD ._, 
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RT ._, -...., 
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._, 

._, 

._, 
-...., 

'-' 
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Figure A-1 An example of the interface circuit between OKI PC MODEM 224 and controller 

+MODEM· 2400 bps CHIP SET + 

MODE 
DT 
PT 
LT 
GT 
INRS 
FSPS 
DTA 
DTB 
MCP3 
DOP2 

SCP1 
DSPO 

A/0 
S158 
DSS 
SAS2 
SAS1 

SASO 
1/2.3 

TRCD 
US1D 
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SODB 
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REQF 
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APPENDIX B 
Figure B-1 shows the functional block diagram of the demodulator (MSM6928-07). 

In many cases, the demodulator functions are masked and uncontrollable, therefore, 
their performance largely depends on the chip itself. In case of the OKI PC MODEM 224, 
however, some blocks in the Fig. B-1 are controllable and adjustable to adapt the demodulat
ing environment with flexibility, so that the demodulation performance, that is the con
vergence ability of the adaptive equalizer, or bit error rate, could be improved. 

The OKI PC MODEM 224 allows the following functions to be controllable and 
adjustable. 

1) AGC Control 
2) Signal Quality Detector 
3) Carrier PLL 
4) Adaptive Equalizer 

Items of 1 ), 2), 4) are described in details as follows. 

AGC control to AFE 
(MSM6950) 

LPF 

RD (PSK) 
COSWT 

P/S 

A/D out Carrier Adaptive EQL & 

(MSM6950) 
PLL SOD 

SINWT 
SODA/B 

LPF 

FSK RD (FSK) Demodulation 

Timing 
R-PLL RT 

Extraction 

Figure B-1 Functional block diagram of demodulator 
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(I) AGC Control 

Figure B-2 shows the schematic explanation of the AGC control given to the AFE through 
DSP output port. These control are done by the following processes. 

1) Calculating the carrier power of the present input signal. 
2) Comparing the power value with the predetermined reference value (Vref). 
3) Feeding the subtracted value back to the AF E. 

When the FCD (carrier detection) turn OFF to ON, the error value is immediately fed 
back to the AF E to chase the input signal. But, when the input carrier level become 
into the steady, we had not better control the error value frequently because DSP could 
follow the carrier deviation sensitively even though it might be the instant carrier loss 
or its ripple. Therefore, the feed back quantity should be decreased at that time. Beta 
1-3 are supplementary coefficient multiplied by the error value, and selected by AGCT0-1 
listed in the table. 

MSM6950 

AGC AID 

m-A-130 

MSM6928-07 /AGC control 

Carrier 
Power 
Calculation 

Figure B-2 AGC control 

AGCT1 AGCTO (1 

0 0 
~~~--t-~~~--t~~~-

0 

0 

Note: 0 < (1 3 < {1 2 < {1 1 < 1 
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(II) Signal Quality Detector Output 

DSP includes the self-diagnosis function for the demodulated signal quality as shown in 
the Fig. B-3. Both SODA and SODB are output results of its function. The error value of 
the area decision is passed through the digital lowpass filter with a large time constant as a 
integlator, the output of which is compared with the predetermined threshold level by the 
digital comparator. 

The comparator-A compares the LPF output with Vr1, and outputs the result of SODA, 
which means that the status of demodulator is no convergence when it turns to the logical 
High level. This information shall be used for the retrain requirement to the opposite 
modem. 

The comparator-B compares the LPF output with Vr2 or Vr3, and outputs the result of 
SODB. Either Vr2 or Vr3 is selected as the threshold level for comparator-B by the control 
signal of SODC. The SODB means that the bit error rate of the demodulator section might 
be seemed to overreach the rate of 10-3 or 10-4 when it turns to the logical High level. 

Please note that the Vr2 and Vr3 which correspond to the preset rate of 10-3 and 
10-4 respectively are experimental values so that there are some difference between a 
measurement value and a predictive value. 

As mentioned before, the LPF has a large time constant, therefore, the internal accumu
lated register of LPF can be cleared by the SODEM to avoid the large transient time 
responses. 

(Appendix B) 

x RD (PSK) 

from AEOL P/S & SOD 

Y, SODA/B 

P/S RD SODEN 

x 
Error SODA 

Area Vr 1 
Decision LPF 

y .jx• + v• Comparators 

SODB 

Figure B-3 Signal quality detector SODC 
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(Ill) Adaptive Equalizer 
In the demodulator, the adaptive equalizer takes an important charge of it on to deter

mine its performance, and also has sophisticated functions .. The OKI PC MODEM 224 
adopts the MSE (Mean Square Error) method as the algorism of Adaptive Equalizer. Figure 
B-4 shows the schematic diagram of adaptive equalizer. When the FCD (carrier detection) 
turns OFF to ON, the adaptive equalizer begins to study the actual line condition in the 
training sequence, and determines the adaptive tap coefficients of the equalizer. At that 
time, to set the center value to tap coefficients of the equalizer (AOID = 0) would not 
only provide good convergence for demodulator speedy, but facilitate the following 
processes of equalizer algorism. And then, we should immediately renew the tap coefficients 
by adding or subtracting the error value. However, after the training sequence, we had 
not better change the tap coefficients frequently because Equalizer could follow the line 
environment changes sensitivity ever though it might be a little bit change caused by the 
frequency hit, jitter, or some other factors. Alpha 1~4 are supplementary coefficient multi
plied by the error value, and selected by EGC0-1 listed in the table. 

x (t) Tap Delay Line 

G 1 

Prediction Control 

Gi (i = 1 ~ 4) - Ci + °' • DCj 
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~ 
Supplementary 
coefficient 

Setting up center value 
(AQID =O) 

Figure B-4 Adaptive equalizer 
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Control 

EGG1 

0 

0 

1 

1 

1---~v (tl 

EGCO °' 
0 °'1 
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------------------+ MODEM·2400 bps CHIP SET+ 
APPENDIX C 
Initial Adjustment 

Trimming for Reference Voltage 

VR2 
MSM 
6950RS 

VR1 

,____ ______ +___, 0 

l +2.50V 

Figure C-1 

VR2 should be trimmed so that the DC voltage on pin 26 becomes +2.50 V. 

Adjustment for Transmit/Receive Signal Level 

MSM 
6950RS 

AOUT 

VRR 
100K 

Figure C-2 

A 

1000pF 

B 

First, connect a 600 n signal source to the transformer (normally 1200 Hz). 

Next, make the signal source level minimum iind make the modem send the single tone 
signal to the phone line tbrough the hybrid transformer. 

Then, t1,me VRT:so that the signal between point A and B should become -10 dBm. 
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+ MODEM·2400bps CHIP SET-------------------

Stop the modem to send the transmit signal, and set the signal level between point A and 
B at -10 dBm by increasing the signal source output level. 

Then, tune VAR so that the signal on AIN (pin 27) should be 0 dBm. 

Note 1: 0 dBm= 0.775 Vrms 
The input impedance of a level meter used for measurments must be "High". 

Note 2: The mode of the level meter should be "Balance" when measuring the signal level 
between point A and B. 
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"Unbalance" mode should be used when measuring the signal level on AIN (pin 
27), AOUT (pin 30). 



------------------+ MODEM·2400 bps CHIP SET+ 
APPENDIX D 
Decision Point Monitoring 

Decision point monitoring is the practical evaluation method. 
It can be easily performed by using XIC provided on the evaluation board and the 

external monitoring circuit. 

MSM6950 

r----., r------, 
I ', -- / I 

Pin11 -----¢ 
22P-

-----¢ ov 
Pin25 2 21 

26 -----¢ 3 20¢--- +5V 

27 -----¢ 4 19 ¢-- -12V 

28 -----¢ 5 18¢--- +12V 

MSM6928 
29 -----¢ 6 XIC 11¢--- Pin40 

30 ----¢ 7 16¢--- 39 

31 -----¢ 8 15 ¢--- 38 
MSM6928 

32 -----¢ 9 14 ¢--- 37 

33 ----¢10 13 ¢--- 36 

34 ----¢11 12 ¢--- 35 
I I L ___________ _J 

Figure D-1 

At first, it is required to put a 22 pin - IC socket into XIC's holes by soldering. 
Figure D-2 shows how to connect the external monitoring circuit (drawn in figure D-3) 

through the XIC's socket. 

XIC 
OKI PC MODEM 224 Eva. Board 

Monitoring 
Circuit 

(Figure D-3) 

X Oscillo
Y Scope 

Figure D-2 
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Figure-5. DECISION POINTS MONITORING CIRCUIT 

Oscillo-scope 
[XJ 
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* XIC is provided on the modem evalu
ation board. B0-815 are connected 
to pin25 through pin40 of MSM6928 
and ST is connected to pin11 of MSM 
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APPENDIX E 
The chip set does not include the carrier detect function, therefore, it is necessary to 

implement this function using discrete components. 

Figure E-1 shows an example of carrier detect circuit. In this circuit, OPA 4'h requires 
the power supply voltages of more than ±9V. When using ±5V for operational amplifier, 
it is necessary to re-design this circuit, especially for the part of threshold detector with 
hysteresis constructed by OPA 4'h. 

For normal! 2400 bps modem systems, it is difficult to apply ±5V as power supply 
voltages for1 line interface circuit. Because OAM modulated analog signal has the peak 
factor for the wave form and ±5V are too low to guarantee the linearity of the OAM analog 
signal. For 300 bps (FSK) and 1200 bps (PSK) modem systems, ±5V power supplies may be 
used for the line interface circuit. So, when the chip set is applied for 300 or 1200 bps 
systems and the power supply voltages are ±5V, the carrier detect circuit shown in Figure 
E-1 can not be applied without re-designning. 

MS~~!5~22 

10Kl ;;~ 

T r T -2.2V 

+(9-15IV OV -19-15lV 

Figure E-1 An example of external carrier detect circuit 
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OK.I semiconductor 

MSM6928-06 
DSP FOR 1200 BPS FULL DUPLEX MODEM CHIP SET 

GENERAL DESCRIPTION 
The MSM6928-06 is a digital signal processor which is used as a demodulator in the 

chip for 1200 bps full duplex modem based on Bell 212A standard or CCITT V22 standard. 

The MSM6928-06 operates as a PSK demodulator, FSK demodulator, FCD detector 
etc by using the digital signal processing method and it transmits the AGC signal to the 
MSM6950 (Analog Front End). 

The MSM6928-06 is fabricated by OKl's low power consumption CMOS silicon gate 
technology. By utilizing MSM6928-06 together with MSM6950, MSM80C31 (Modulator), 
MSM61057 (Asynchronous/Synchronous Switching, etc.), MSM81C55 and MSM2764 
(or MSM27C64), an intelligent modem system based on Bell 212A or CCITT V.22 standard 
can be realized easily. 

FEATURES 
• PSK Demodulation 

The received signal is multiplied with 
an internal demodulation carrier, and 
input to the next stage PDF, as a 
baseband signal. The PDF output is 
generated as the demodulated PSK
RD after the line distortion, is cor
rected by an automatic equalizer. 

• FSK Demodulation 
The received signal is demodulated 
through a BPF, a delay detector, and 
an LPF, and then output as FSK-RD. 

fil-A-138 

• FCD Detection 
In the FCD detection block, the level 
of the input signal is calculated and 
compared with a threshold level. The 
detection result is output as FCD. 

• AGC 
In the AGC block, the power of the 
input signal is calculated and its dif
ference from the reference voltage 
is output as the control signal for the 
Analog-Front-End variable control. 

• 42 pin plastic DIP package or 60 pin 
plastic flat package. 



PIN CONFIGURATION 

MSM6928-06RS 

MSM6928-06GS 

DSTB 1 

TESTB 2 

RESET 3 

STEP 4 

MCK 5 

ENDF 6 

INSCK 1 

(LSB) STF 0 a 
STF 1 9 

STF 2 
STF 3 11 

STF 4 12 

STF 5 13 

STF 6 14 

STF 7 15 

(MSB) STF 8 16 

START 11 

SYN 1a 

EXT FLG 19 

SCK 

(Top View) 

Voo 
41 BSC 

EXTB 15 (MSB) 
EXTB14 
EXTB13 
EXTB12 
EXTB11 
EXTB10 
EXTB 9 
EXTB 8 

EXTB 7 
31 EXTB 6 

EXTB 5 
EXTB 4 
EXTB 3 
EXTB 2 
EXTB 1 
EXTB 0 (LSB) 

24 TEST D 
23 TEST C 
22 TEST A 

42 pin DIP package 

START 
SYN 

EXT FLG 
NC 

SCK 51 

GND 52 

NC 
TESTA 
TESTC 55 

TESTD 
EXTB 0 51 

NC 5B 

EXTB 1 59 

EXTB2~1.-...~~~~~~~~~~~~ 

60 pin FLAT package 

NC 
,MCK 
STEP 
.RESET 
TESTB 
DSTB 
NC 
VDD 
NC 
BSC 

[[] 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Item Symbol Rating Unit Remark 

Power Supply Voltage Voo -0.3 - +7 v 
Input Voltage V1N -o.3 - v00 v 
Power Dissipation Pd 1.0 w 
Operating Temperature Range Top -10 - +70 oc 

Storage Temperature Range TsT -55~+150 oc 

Guaranteed Operating Range 

Item Symbol Rating Unit Remark 

Power Supply Voltage Voo +4.75 - 5.25 v 
Ambient Temperature Range Ta 0-+60 oc 

Static Electrical Characteristics 

m Voo = 5 v ±5%, Ta= o - 60°C 

Limit 
Item Symbol Condition Unit Remark 

Min Typ Max 

VoH IQ= -40µA 4.2 Voo 
Output Voltage - v -

Vol IQ= 1.6 mA -0.3 0.4 

V1H 2.4 Voo 
Input Voltage - - v -

V1L -0.3 0.8 

Input Leakge 
ltL 

GND < VtN - - ±10 µA -Current <Voo 

Bus Output BVoH IQ= -80µA 4.2 -

Voltage - v -
BVoL IQ= 1.6 mA - 0.4 

Bus Input BVtH 2.4 -

Voltage - - v -
BVtL - 0.8 

Bus Input 
BtL 

GND<VtN - ±10 µA 
@BUS OFF 

Leakage Current <Voo 
- Condition 

Operating 
looa - - 35 40 mA MCK: 5529.6 kHz Current 

Quiescent 
ioos - 0.3 mA MCK: OFF Current - -
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Dynamic Electrical Characteristics 

Limit 
Item Symbol Condition Unit Remark 

Min Max 

BSC-EXTB 

Delay Time TD Timing Chart A - 200 Common to 
EXTB 0 ~ EXTB 15 

Rise Time TR - 100 ns 
Refer to Figure 1 

Fall Time TF - 100 

DSTB-EXTB 

Pusle Width Tw Timing Chart B 300 -

Setup Time TsET 100 - ns Refer to Figure 1 

Hold Time TH OLD 100 -

SCK-SIN 

Pulse Width Tw Timing Chart C 180 -

Setup Time TsET 100 - ns Refer to Figure 2 

Hold Time TH OLD 100 -

SCY-SYN 

Pulse Width Tw Timing Chart D 180 -

Setup Time TsET 100 - ns Refer to Figure 2 

Hold Time TH OLD 100 -

START-START FLAG 

Pulse Width Tw Timing Chart E 1300 -

Setup Time TsET MC K = 5529 .6 kHz 100 - ns Refer to Figure 3 

Hold Time THQLD 
± 1 x 104 

100 -
MCK 

Rise Time TR Timing Chart F - 30 
ns 

Fall Time TF 1 - 30 
Refer to Figure 3 

Duty Ratio T1/T2 95 105 % 

Frequency FM 5529 5530 kHz 
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PIN DESCRIPTION 

Pin No. 
Pin Name 1/0 Function 

RS GS 

DSTB 1 ; 25 IN Loads the signal on EXT Bus into Input Register. __s--

TESTB 2 26 IN 
Test signal. Loads the signal on internal bus into Output Register. 

1 : Load, 0: Normal 

Operation start instruction signal. Operation in synchronization 

RESET 3 27 IN with ......Jt_ 

1: Stop, 0: Operation start 

Selects either of continuous operation and single step operation. 

STEP 4 28 IN 1: Continuous operation (Normal) 
0: Single step operation 

MCK 5 29 IN Master clock signal, normally 5529.6 kHz. 

ENDF 6 31 OUT Program specifying sync signal. 

INSCK 7 32 OUT Machine cycle sync signal. 

STF 0 8 35 IN External specifying address signal 2° (LSB) 

STF 1 9 37 IN External specifying address signal 2 1 

-
STF 2 10 38 IN External specifying address signal 2 2 

-
STF 3 11 39 IN External specifying address signal 23 

STF 4 12 40 IN External specifying address signal 24 

STF 5 13 41 IN External specifying address signal 2 5 

STF 6 14 43 IN External specifying address signal 26 

STF 7 15 44 IN External specifying address signal 2 7 

STF 8 16 45 IN External specifying address signal 2" (MSB) 

START 17 47 IN Opiiration starting sync signal. Loads external specifying address. 

SYN 18 48 IN 
Causes the serially input jump condition to be loaded into EXT F LG 
Register in the parallel form. 

EXTFLG 19 49 IN 
Serially input jump condition. This signal is loaded into S/P on the 

negativeiJoing edge of SCK. 

SCK 20 51 IN Serially input jump condition loading clock. 

GND 21 52 - Ground. 
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Pin No. 
Pin Name 1/0 Function 

RS GS 

TESTA 22 54 IN 
Test signal. Holds Program Counter. 

0: Hold, 1: Normal 

TESTC 23 55 IN Test signal. 

TESTD 24 56 IN Test signal. 

EXTB 0 25 57 1/0 External bidirectional bus 2• (LSB) 

EXTB 1 26 59 1/0 External bidirectional bus 21 

EXTB 2 27 60 1/0 External bidirectional bus 22 

EXTB 3 28 1 1/0 External bidirectional bus 23 

EXTB 4 29 2 1/0 External bidirectional bus 2• 

EXTB5 30 4 1/0 External bidirectional bus 2s 

EXTB 6 31 5 1/0 External bidirectional bus 26 

EXTB 7 32 7 1/0 External bidirectional bus 21 

EXTB 8 33 9 1/0 External bidirectional bus 2s 

EXTB9 34 10 1/0 External bidirectional bus 29 

EXTB 10 35 12 1/0 External bidirectional bus 210 0 [[ 
EXTB 11 36 13 110 External bidirectional bus 2" 

EXTB12 37 15 1/0 External bidirectional bus 212 

EXTB13 38 16 1/0 External bidirectional bus 213 

EXTB14 39 18 1/0 External bidirectional bus 21• 

EXTB 15 40 19 1/0 External bidirectional bus 21s (MSB) 

BSC 41 21 IN 
External bidirectional bus specifying signal. 

1: Input, 0: Output 

Voo 42 23 - Power supply +5 V 
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BSC 

EXTB0 _ 15 

OSTB 

EXTBo-15 

W-A-144 

-=1 t:cc R - 4.7kn -t> - ~EXTB_xx _____. __ 
~ • C=50PF 

Ic Vee= 5V, ov 

OUT LSI 

Loading Condition 

To 

--:==-===::::t-==="'-L-+--'-- 90% 

-~ 
TF 

To~ 

10% 

Timing Chart A 

--f Tw 

TsET THO LO 

Timing Chart 8 

10% 

90% 

+-

Figure 1 Test conditions and timing charts 



Tw 

SCK 

SIN 

Ts ET 
THOLD 

Timing Chart C 

SCK 

m 
SYN 

-----+Ts ET 

Tw 

Timing Chart D 

Figure 2 Test conditions and timing charts 
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START 

(RESET) 

STF 
(0 ~ 8) 

MCK 

Ts ET 

TR 

T1 

Tw 

Timing Chart E 

TF 

T2 

DUTY= T1/T2 

Timing Chart F 

Note: The test pin conditions are shown below. 

No. Pin Name Pin No. Set Condition 

1 TEST A 22 High 

2 TESTS 2 Low 

3 TESTC 23 High 

4 TESTD 24 High 

5 STEP 4 High 

Figure 3 Test conditions and timing charts 
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El 
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BSC 

EXTB15 
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EXTB11 

EXTB10 
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EXTB 8 

EXTB 7 
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EXTB 4 
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Q EXTB 2 
-

EXTB 1 

EXTB 0 

Figure 4 MSM6928-06RS Application example 
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TIMING CHARTS 

Input/Output Data 
Demodulating data (A/D output) and gain setting data for AGC are input and output 

via the bus every sampling period (STM). See Figure 5 and Figure 6. 

Control Signals 
Each baud rate (BTM) is divided into 12 (1 BTM = 12 STMs). and the start vectors are 

input from STF0-3 every STM. See Figure 7. 

Mode specifications, such as data speed, ORG/ANS switching, and FCD selection, are 
input as 8-bit serial data. See Figure 8. 
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0+~ 1µS 12 13 0 
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Figure 6 MSM6928-06 Timing Chart 
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Figure 7 MSM6928-06 Timing Chart 



EXT FLG Function 

D7~15 - ANY 

D6 - 1 : FIX 

D5 EXT-FCD 1 : ON 0: OFF 

D4 FCD SELECT 1 : EXT-FCD 0: INT-FCD 

D3 DATA SPEED 1; 600 bps 0: 1,200 bps 

D2 A-EOL 1: OFF 0: ON 

D1 FCD DETECT LEVEL 1: -35 dBm 0: -40d8m 

DO ORG/ANS 1: ORIGINATE 0: ANSWER 

EXTFLG DO D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12D13D1 D15 

SCK 

SYNC 

Figure 8 MSM6928-06 Timing Chart 
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OKI semiconductor 

MSM61057 
GATE ARRAY FOR 1200 BPS FULL DUPLEX MODEM CHIP SET 

GENERAL DESCRIPTION 
The MSM61057 is a gate array LSI which is used in the chip set for 1200 bps full duplex 

modem based on Bell 212A or CCITT V. 22 standard. 

The MSM61057 plays a role for asynchronous/synchronous converting, scrambler and 
descrambler in the 1200 bps full duplex modem system. 

The MSM61057 is fabricated by OKl's low power consumption CMOS silicon gate 
technology. By utilizing MSM61057 together with MSM6928-06 (Digital Signal Processor -
DSP used for Demodulator). MSM6950 (Analog Front End - AFE), MSM80C31 (Modu
lator), MSM81C55 and MSM2764 (or 27C64), an intelligent modem system based on Bell 
212A or CCITI V. 22 standard can be realized easily. 

FEATURES 
• S. PLL: 

Built-in a Digital PLL for Transmit
Timing (ST). ST is output from this 
PLL in the synchronous mode. 

• R. PLL: 
Built-in a Digital PLL for Receive
Timing (RT). Receive-Timing signals 
demodulated by the DSP are recovered 
in the PLL and output as RT. 

• DSP Control: 
The DSP is controlled by a start signal, 
start vectors, and bus control signals. 
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• Sync/Async and Async/Sync Conver
sion: 
MSM61057 provides a part of the 
sync/async and async/sync converting 
function. But main conversion are 
carried out by the MSM80C31. 

• AFE Control: 
MSM61057 controls the AFE's A/D 
and D/A conversion and AGC. 

• 40 pin plastic DIP package or 60 pin 
plastic flat package. 



PIN CONFIGURATION 

MSM61057RS 

MSM61057GS 

(Top View) 

MCK vcc 
MT CLR 

ST STB 

ST 1 

RT 

SCK 

SIN 

SD 

RD 

RSMP ACK 

RDO REQ 

RD 1 BIN 

ORT BCK 

RCK READ 

RIN ADS 

TIM 

STF 0 

STF 1 

STF 2 STRT 

GND STF 3 

40 Pin DIP package 

<( u.. 
~co~l-0 o~ 

uuuuuuu~1-~<(oo~owu 
zzzzzzzuoouo~oooc<( 

60 Pin FLAT package 

Ii 
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ELECTRICAL CHARACTERISTICS 
Please refer to that of MSM61000 series in OKI GATE ARRAY DATABOOK. 

PIN DESCRIPTION 

Pin No. 
Pin Name 1/0 Function 

RS GS 

MCK 1 1 I 
Master clock input (921.6 kHz ±0.01%). 
The duty of this clock should be 50% ±5%. 

MT 2 2 0 
This clock is available for modulation and it indicates the sample 
timing of AFE and D/A data. See Fig. 2. 

ST 3 3 0 
1200/600 Hz clock output. This clock is synchronous to INTERNAL/ 
ST1 /RT by setting ST A/B. See Fig. 2. 

ST1 4 4 I 
External transmit timing input. (1200/600 Hz ±0.01%). 
If ST 1 is not used, ST should be held the digital "Low". 

RT 5 5 I Receive timing signal input. 

SCK 6 6 0 
These pins may be used for device tests only. In normal operation, 

SIN 7 7 I 
SCK should be tied to SIN. 

Transmit-Data (SD) signal input. 

"1" 

(SD) l I I 
SD 8 8 I 

"O" 

(ST 1 ) 

J 
"1 " 

or 
(ST) "O" 

ON OFF ON OFF 

Receive-Data (RD) signal output. 

x x x 
''1" 

(RD) 

RD 9 9 0 "0" 

J 1 
"1" -

(RT) 
"O" 

ON OFF ON OFF 

--- ---
RSMP 10 10 I 

This is used for sampling PSKRD and FSKRD. RSMP should be made 
by inverting SAM in external. 
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Pin No. 
Pin Name 1/0 Function 

RS GS 

RD 0 11 11 I 
PSKRD signal input. PSKRD is the PSK Receive-Data which is 
demodulated in DSP, and it is input via Data-Bus. 

RD 1 12 12 I 
FSKRD signal input. FSKRD is the FSK Receive-Data which is 
demodulated in DSP, and it is input via Data-Bus. 

ORT 13 13 0 
Data Rate Receive-Timing (RT) signal output. 
This pin should be tied to the RT. 

ReK 14 14 0 
These pins may be used for device tests only. In normal operation, 

RIN 15 15 I 
they will be connected each other. 

TIM 16 16 I 
This is the input pin for the receive-timing signal which is 
demodulated in DSP. 

STFO 17 17 0 

STF1 18 18 0 DSP vector signal outputs. 

STF2 19 19 0 

qND 20 23 Ground reference of Vee. 

m 
STE3 21 21 0 DSP vector signal output. 

STRT 22 22 0 DSP start signal output. 

DSTB 23 20 0 
This is one of the DSP control signals. When the signal turns to digital 
"High", Parallel Bus Dates are input to the DSP. 

BSe 24 24 0 
The DSP output control signal. During digital "Low", the DSP 
parallel Bus outputs will be enable. 

SMP 25 25 0 DSP outputs are sampled by this signal. 

ADS 26 26 0 A/D convertor start timing signal. 

READ 27 27 0 A/D convertor data out timing signal. 

BeK 28 28 0 These pins may be used for device tests only. In normal operation, 

BIN 29 29 I 
BeK should be tied to BIN. 

REQ 30 30 0 
When the interrupt to the MSM80e31 is requested, this output turns 
active "High" 
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Pin No. 
Pin Name 1/0 Function 

RS GS 

ACK 31 31 I 

REQF 32 32 0 

DO 33 33 0 The timing diagram of these signals is shown in Fig. 3. 

D1 34 34 0 

MSD 35 35 0 

DATA 36 36 I 

CLK 37 37 I These pins are used to input the control signals from MSM80C31 
See Fig. 1. 

STB 38 38 I 

CLR 39 39 I 
During the CLR is active "High" all brocks may be initialized. In 
normal operation, this pin should be hold "Low". 

Vee 40 53 Supply voltage (+5 V nominal) 

m 
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MODE 

H/S 

300 FSK 
BELL 

1200+1 PSK ASYNC 

1200 

B-11 
C-11 

B-11 

B-IV 
CCITT C-IV 
V22 

B-IV 

C-V 

DATA 

CLK 

STB 

PSK SYNC 

H/S 

1200+1 ASYNC 

1200+2.3 ASYNC 

600+1 ASYNC 

500+2.3 ASYNC 

1205/1223 ASYNC 
301/305 

1200 SYNC 

600 SYNC 

INT·ST2 

ST2 

RT2 

S/P I S/P I S/P 
SPINS RSTF RD 

ST 
B 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1/ 
2.3 

ST 
A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

x 

0 

1 

V/B 

WL 
B 

0 

0 

0 

0 

0 

0 

0 

0 

8 0 

9 0 

10 1 

11 1 

CD 
1 

WL 
A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

CD 
2 

SL/SH F/P 

1/0 

1 

1/0 0 

1/0 0 

1/0 

1/0 0 

1/0 0 

1/0 0 

1/0 0 

1/0 0 

1/0 0 

1/0 0 

DSS I D/C 

SIA DIC DSS CD 
=REC 2 

1/0 

1 1/0 

0 0 0 1/0 

1 1 0 1 /0 

1/0 

0 0 0 1/0 

0 0 0 1/0 

0 0 1 1/0 

0 0 1 1/0 

0 1 0 1/0 

1 1 0 1/0 

1 1 1 1/0 

S/A I F/P ISL/SHI WL 
A 

CD 
1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

WL 
B 

V/B 

1 

0 

0 

0 

0 

0 

0 

0 

ST 
A 

1/2.3 

0 

0 

1 

0 

1 

ST 
B 

S/P S/P S/P 
RD RSTF SPINS 

0 

0 0 0 

0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 

0 

0 

See 
Figure 5, 6, 7 
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S/P RD I SP 

"1" 

S/P RSTF 
"O" 

S/P SPINS 
"0" ---------------------------

• S/P RSTF should be high for the duration of character length M (ST--+ SP) in both Bell 
212A and V.22 modes ii, iii. 
Low to high transitions should be synchronized with ST of S/P RD. 
High to low transitions should be synchronized with SP of S/P RD. 

• S/P SPINS should be low in both Bell 212A and V.22 modes ii, iv. 

Figure 5 Receiving Normal Data 

"1" 

S/P RD "O" ~1--------------J 
S/P RST~1 " ,-----1 

"O"__/ 

S/P SPINS 
"0"------------11-------------------

• S/P RSTF should be high for the duration of continuous A polarity, in both Bell 212A and 
V.22 modes. 

• S/P SPINS should be low for the duration of continuous A polarity, in both Bell 212A and 
V.22 modes. 

Figure 6 Receiving Break Signals 
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S/P RD 
ST Di DM-2 ST SP ST SP ST SP ST 5P ST SP ST SP ST SP ST 

S/PRSTF _j f ~~~~~~~~ 

S/PSPING ~ ~ f 1--(BELL M=10) 
-----1 

S/P SPING 
(V22, ii, iv) -------,~ ~f-

• S/P RD is as same as Fig. 5 

• S/P RSTF is as same as Fig. 5; however, when SP is absent, continues high till receipt of the 
next SP. 

• S/P SPINS should be high for three characters after detecting the absence of SP in V.22 ii, iv. 
High for seven characters after detecting the absence of SP in Bell M = 9. 
High for six characters after detecting the absence of SP in Bell M = 10. 
High for seven characters after detecting the absence of SP in V.22 ii, iv. 

Figure 7 Detecting Stop Reinserts 
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OK.I semiconductor 

MSM6928-07 
DSP FOR 2400 BPS FULL DUPLEX MODEM CHIP SET 

GENERAL DESCRIPTION 
The MSM6928-07 is. a digital signal processor which is used as a demodulator in the 

chip for 2400 bps full duplex modem based on CCITT V.22 bis standard. 

The MSM6928-07 operates as a QAM modulator, PSK demodulator, FSK demodulator, 
etc. by using the digital signal processing method and it transmits the AGC signal to the 
MSM6950 (Analog Front End). 

The MSM6928-07 is fabricated by OKl's low power consumption CMOS silicon gate 
technology. By utilizing MSM6928-07 together with MSM6950, MSM80C51-58 (Modulator), 
MSM61077 (Asynchronous/Synchronous Conversion, etc.), and external controller, an 
intelligent modem system based on CCITT V.22 bis standard can be realized easily. 

FEATURES 
• QAM/PSK Demodulation 

The received signal is multiplied with 
an internal demodulation carrier, and 
input to the next stage PDF, as a 
baseband signal. The PDF output is 
generated as the demodulated PSK
RD after the line distortion, is cor
rected by an automatic equalizer. 

• FSK Demodulation 
The received signal is demodulated 
through a BPF, a delay detector, and 
an LPF, and then output as FSK-RD. 

fil-A-164 

• AGC 
In the AGC block, the power of the 
input signal is calculated and its dif
ference from the reference voltage 
is output as the control signal for the 
Analog-Front-End variable control. 

• 42 pin plastic DIP package or 60 pin 
plastic flat package. 



--------------------+ MODEM·MSM6928-07 + 

PIN CONFIGURATION 

MSM6928-07RS 

MSM6928-07GS 

DSTB 1 

TESTB 2 

RESET 3 

STEP 4 

MCK _5 

ENDF 6 

INSCK ' 
(LSB)STFO 8 

STF 1 9 

STF 2 
STF 3 11 

STF 4 12 

STF 5 13 

STF 6 14 

STF 7 15 

(MSB) STF 8 15 

START 11 

SYN 18 

EXT FLG 19 

SCK 

(Top View) 

Voo 
41 BSC 

EXTB 15 (MSB) 

EXTB14 
m EXTB 13 

EXTB12 
EXTB 11 

EXTB10 
EXTB 9 
EXTB 8 

EXTB 7 
31 EXTB 6 

EXTB 5 
EXTB 4 
EXTB 3 
EXTB 2 
EXTB 1 

2s EXTB 0 (LSB) 
TEST D 
TEST C 

22 TEST A 

42 pin DIP package 

START 
SYN 

EXT FLG 
NC 

SCK 51 

GND 52 

NC 
TESTA 
TESTC 55 

TE STD 
EXTB 0 57 

NC 5a 

EXTB 1 
EXTB2 

NC 
29 MCK 

STEP 
21 RESET 

TESTS 
DSTB 
NC 
VDD 
NC 

21 BSC 
NC 

19 EXTB 15 
18 EXTB 14 

i.,......~~~~~~~~~~~~~"_NC 

60 pin FLAT package 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Item Symbol Rating Unit Remark 

Power Supply Voltage Voo -0.3 - +7 v 
Input Voltage V1N -0.3- Voo v 
Power Dissipation Pd 1.0 w 
Operating Temperature Range Top -10- +70 oc 

Storage Temperature Range TsT -55 - +150 oc 

Guaranteed Operating Range 

Item Symbol Rating Unit Remark 

Power Supply Voltage Voo +4.75 - 5.25 v 
Ambient Temperature Range Ta o-+60 oc 

Static Electrical Characteristics 

m Voo = 5 v ±5%, Ta= o - 50°c 

Limit 
Item Symbol Condition Unit Remark 

Min Typ Max 

VoH IQ= -40µA 4.2 Voo 
Output Voltage - v -

Vol la= 1.6mA -0.3 0.4 

V1H 2.4 Voo 
Input Voltage - - v -

V1L -0.3 0.8 

Input Leakge 
l1L 

GND < V1N - - ±10 µA -Current <Voo 

Bus Output BVoH IQ= -80µA 4.2 -

Voltage - v -
BVoL IQ= 1.6mA - 0.4 

Bus Input BV1H 2.4 -
- - v -Voltage 

BV1L - o:s 

Bus Input 
B1L 

GND<V1N - - ±10 µA 
@BUS OFF 

Leakage Current <Voo Condition 

Operating 
looa - - 35 40 mA MCK: 5529.6 kHz Current 

Quiescent 
loos - - 0.3 mA MCK: OFF Current -
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--------------------+ MODEM·MSM6928-07 + 

Dynamic Electrical Characteristics 

Limit 
Item Symbol Condition Unit Remark 

Min Max 

BSC-EXTB 

Delay Time TD Timing Chart A - 200 Common to 
EXTB 0 ~ EXTB 15 

Rise Time TR - 100 ns 
Refer to Figure 1 

Fall Time TF - 100 

DSTB-EXTB 

Pusle Width Tw Timing Chart B 300 -_____ _, 
Setup Time TsET 100 - ns Refer to Figure 1 

Hold Time TH OLD 100 -

SCK-SIN 

Pulse Width Tw Timing Chart C 180 -

Setup Time TsET 100 - ns Refer to Figure 2 

Hold Time TH OLD 100 -

SCY-SYN 

Pulse Width Tw Timing Chart D 180 -

Setup Time TsET 100 - ns Refer to Figure 2 

Hold Time TH OLD 100 -
-~ 

START-START FLAG 

Pulse Width Tw Timing Chart E 1300 - [[ 
--

Setup Time TsET MCK=5529.6kHz 100 - ns Refer to Figure 3 
1------

± 1 x 10-4 
Hold Time THQLD 100 -

MCK 

TR I Rise Time Timing Chart F - 30 
f------ ns 

Fall Time TFI - 30 
Refer to Figure 3 

Duty Ratio T1/T2 95 105 % 
[---· 

Frequency FM 5529 5530 kHz 
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PIN DESCRIPTION 

Pin No. 
Pin Name 1/0 Function 

RS GS 

DSTB 1 25 IN Loads the signal on EXT Bus into Input Register. __J 

TESTS 2 26 IN 
Test signal. Loads the signal on internal bus into Output Register. 

1 : Load, 0: Normal 

Operation start instruction signal. Operation in synchronization 

RESET 3 27 IN with __JL 

1: Stop, 0: Operation start 

Selects either of continuous operation and single step operation. 

STEP 4 28 IN 1 : Continuous operation (Normal) 
0: Single step operation 

MCK 5 29 IN Master clock signal, normally 5529.6 kHz. 

ENDF 6 31 OUT Program specifying sync signal. 

INSCK 7 32 OUT Machine cycle sync signal. 

STF 0 8 35 IN External specifying address signal 2° (LSB) 

STF 1 9 37 IN External specifying address signal 2 1 

STF 2 10 38 IN External specifying address signal 2 2 

--· 

STF 3 11 39 IN External specifying address signal 2 3 

STF 4 12 40 IN External specifying address signal 24 

STF 5 13 41 IN External specifying address signal 2 5 

STF 6 14 43 IN External specifying address signal 26 

STF 7 15 44 IN External specifying address signal 2 7 

STF 8 16 45 IN External specifying address signal 2" (MSB) 

START 17 47 IN Operation starting sync signal. Loads external specifying address. 

SYN 18 48 IN 
Causes the serially input jump condition to be loaded into EXT F LG 

Register in the parallel form. 

EXT FLG 19 49 IN 
Serially input jump condition. This signal is loaded into SIP on the 

negative-going edge of SCK. 

SCK 20 51 IN Serially input jump condition loading clock. 

GND 21 52 - Ground. 
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--------------------+ MODEM·MSM6928-07 + 

Pin No. 
Pin Name 1/0 Function 

RS GS 

TESTA 22 54 IN 
Test signal. Holds Program Counter. 

0: Hold, 1: Normal 

TESTC 23 55 IN Test signal. 

TE STD 24 56 IN Test signal. 

EXTB 0 25 57 1/0 External bidirectional bus 2• (LSB) 

EXTB 1 26 59 1/0 External bidirectional bus 21 

EXTB 2 27 60 1/0 External bidirectional bus 22 

EXTB 3 28 1 1/0 External bidirectional bus 23 

EXTB 4 29 2 1/0 External bidirectional bus 2• 

EXTB 5 30 4 1/0 External bidirectional bus 2' 

EXTB 6 31 5 1/0 External bidirectional bus 2• 

EXTB 7 32 7 1/0 External bidirectional bus 27 

EXTB 8 33 9 1/0 External bidirectional bus 2• 

EXTB 9 34 10 1/0 External bidirectional bus 2• 

EXTB 10 35 12 1/0 External bidirectional bus 210 

EXTB 11 36 13 1/0 External bidirectional bus 2" 

EXTB12 37 15 1/0 External bidirectional bus 212 

EXTB13 38 16 1/0 External bidirectional bus 213 

EXTB 14 39 18 1/0 External bidirectional bus 21• 

EXTB15 40 19 1/0 External bidirectional bus 2" (MSB) 

BSC 41 21 IN 
External bidirectional bus specifying signal. 

1 : Input, 0: Output 

Voo 42 23 - Power supply +5 V 
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+ MODEM·MSM6928-07 ---------------------

-=1 t:cc R e 4.7kn 
-{> -

~EXTB_xx ----~- 1> C= 50PF 

::!;;:c Vee= 5V, ov 

OUT LSI 

Loading Condition 

To 

BSC 

--- 90% 

10% 
EXTB0~ 15 TF 

To 
90% 

10% 

iII TR 

Timing Chart A 

---{ + OSTB 
Tw 

TsET THO LO 

Timing Chart B 

Figure 1 Test conditions and timing charts 
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--------------------+ MODEM·MSM6928-07 + 

Tw 

SCK 

SIN 

TsET 

Timing Chart C 

SCK 

II 
SYN 

-------T SET 

Tw 

Timing Chart D 

Figure 2 Test conditions and timing charts 
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+MODEM· MSM6928-07 .__-------------------

START 

(RESET) 

STF 
(0 ~ 8) 

MCK 

Ts ET 

TR 

T1 

Tw 

THOLD 
Timing Chart E 

TF 

T2 

DUTY= T1/T2 

Timing Chart F 

Note: The test pin conditions are shown below. 

No. Pin Name Pin No. Set Condition 

1 TESTA 22 High 

2 TEST B 2 Low 

3 TESTC 23 High 

4 TESTD 24 High 

5 STEP 4 High 

Figure 3 Test conditions and timing charts 
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+ MODEM·MSM6928-07 .__-------------------

TIMING CHARTS 

Input/Output Data 
Demodulating data (A/D output) and gain setting data for AGC are input and output 

via the bus every sampling period (STM). See Figure 5 and Figure 6. 

Control Signals 
Each baud rate (BTM) is divided into 12 (1 BTM = 12 STMs), and the start vectors are 

input from STF0-3 every STM. See Figure 7. 

Mode specifications, such as data speed, ORG/ANS switching, and FCD selection, are 
input as 16-bit serial data. See Figure 8. 
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Figure 6 MSM6928-07 Timing Chart 
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No. Name 
DO XFCD 

01 TAPH 

02 OSSO 
---+------------' 

03 DSS1 

04 EGCO 

05 EGC1 

Function 
FCD (carrier detect) signal for Demodulator 0; OFF (Set 0 when FCD = 1) 

1; ON (Set 1 when FCD = 0) 
AEQL operation control 

Demodulator data signalling 
rate select 

Note) 
Not related to FSK mode. 

AEGL tap coefficient control 

O; Active 
1; Hold 

DSS1 

0 

0 

1 

1 

EGC1 

0 

0 

1 

OSSO 

0 

1 

0 

1 

EGCO 

0 

1 

0 

16 values 
OAM 

Mode 

4 phase PSK 

2 phase PSK 

2400 bps 

1200 bps 

600 bps 

See Appendix B. 

Note) 
a'4 = 0 (Tap hold) 

~---+------~-+--~------------'=~1~='=~1~='=~a~4 ==---------
D6 AOID Adaptive equalizer (AEOL) reset O· Reset (Set the center tape) 

1; Normal operation 

07 PLCR 

DB PLEN 

09 SANSORG 

010 AGCTO 

--
011 AGCT1 

012 SODC 

013 SODEN 

014 TR CDC 

015 XFCD1 

EXTFLG 

See Appendix B. 
Carrier PLL reset 

Carrier PL L enable 

O· Reset 
1; Normal operation 
0; Disable 
1 · Enable 

Originate/answer mode select for receiver O; Answer (Receive - Lowband) 
1; Originate (Receive - Highband) 

AGC circuit control coefficients 
AGCT1 AGCTO (3 See 

0 0 !31 
Appendix B. 

0 1 !32 
1 0 

1 1 

Threshold level selection for SCDB 0; High (~10-'l 
1 · Low (~10-•J 

NOTE) 

See appendix B. 

LPF accumulate register clear for SODA and SODB 

Does not mean to 
measure the bit 
error rate itself. 

(signal quality detecter) O; Normal operation See Appendix B. 
1; Reset 

Threshold level for S1 data detection O; Low (Handshake) 
1; High (Retrain) 

DSP software reset except for AGC control O; Normal operation 
1; Reset 

SCK _.IUUlililfl 

SYNC 

Figure 8 MSM6928-07 Timing Chart 
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OKI semiconductor 

MSM61077 
GATE ARRAY FOR 2400 BPS FULL DUPLEX MODEM CHIP SET 

GENERAL DESCRIPTION 

The MSM61077 is a gate array LSI which is used in the chip set for 2400 bps full duplex 
modem based on Bell 212A, CCITT V. 22 and V.22-bis. 

The MSM61077 plays a role for asynchronous/synchronous converting, scrambler and 
descrambler in the 2400 bps full duplex modem system. 

The MSM61077 is fabricated by OKl's low power consumption CMOS silicon gate 
technology. By utilizing MSM61077 together with MSM6928-07 (Digital Signal Processor -
DSP used for Demodulator). MSM6950 (Analog Front End - AFE) and MSM80C51 (Modu
lator), an intelligent modem system based on Bell 212A or CCITT V.22 and V.22-bis can be 
realized easily. 

FEATURES 

• S. PLL: 
Built-in a Digital PLL for Transmit
Timing (ST). ST is output from this 
PLL in the synchronous mode. 

• R. PLL: 
Built-in a Dfgital PLL for Receive
Timing (RT). Receive-Timing signals 
demodulated by the DSP are recovered 
in the PLL and output as RT. 

• DSP Control: 
The DSP is controlled by a start signal, 
start vectors, and bus control signals 
derived from this GA. 

ill-A-178 

• Sync/Async and Async/Sync Conver
sion: 

MSM61077 provides a part of the 
sync/async and async/sync converting 
function. 

• AFE Control: 
MSM61077 controls A/D and D/A 

converters and AGC in AFE. 
• 60 pin plastic flat package. 



PIN CONFIGURATION 

MSM61077GS-K 

~'r-,.,..,...-,,.-,,-,,--n-,,-,,-rr-nr-rr-n-,,-,rrn-r' 

60 Pin FLAT package 

Jo IPT1 
29 BIN 

BCK 
21 READ 

ADS 
SMP 
BSC 
vcc 
STRT 

21 STF 3 
DSTB 

19 STF 2 
1s STF 1 
11 STF O 

m 
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:I> 
I 
~ 

CXl 
0 

V.24 
Interface 

El 

,- - - - - D~T-:-

1

1 16 BITS S/P CONVERTER ~..\:~ ) 

RSTF 

1 
l SPINS ·"-

1 .___ 1--I P_T_1""--'""--
A CK ): 

SD REOF 
........- (A/S) DATA T 

r+ SELECT MSD ). 
I ~D~O-...n.~-

r+ D1 ) 

BIN i-::;S~M~P--<.._-
[ BCK PRD J 

RD (~A) FRD 
----C>-'S~T'------4 RD ·SMP i-:..R..:..S:..:M::....P-n.--

RT ... ~ TIM ) 

I v 1 'f 
I LJ i..:1.:...PT..:..O~"\...o.-

". ). ST, S·PLL R·PLL DSP·CONT ~~!D) J 
1 C:UCl~~ f- :'.J ~LL~~ti:~u I L ...JUZUCl C: U f-f-f-f-f-UlUl _J 

U><.:J~ C: Cl f- UlUlUlUlUlClCO 
- -o-O<X, - --0-0-0.().().( -

" ' • I I ' '! 
To MSM6928-07 

Figure 1 MSM61077 Block Diagram 
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ELECTRICAL CHARACTERISTICS 
Please refer to that of MSM61000 series in OKI GATE ARRAY DATABOOK. 

PIN DESCRIPTION 

Pin Name Pin No. 1/0 Function 

MCK 1 I 
Master clock input (921.6 kHz ±0.01%). 
The duty of this clock should be 50% ±5%. 

IPTO 2 0 This signal is write clock of D/A converter in AFE. See Figure 2. 

ST 3 0 
2400/1200/600 Hz clock output. This clock is synchronous to 

INTERNAL/ST 1 /RT by setting ST A/B. See Figure 2. 

ST 1 4 I 
External transmit timing input. (2400/1200/600 Hz ±0.01%). 
If ST 1 is not used, ST should be held the digital "Low". 

RT 5 I Receive-Timing signal input. 

RSTF 6 I Control flag for SYN/ASYN converter. 

SPINS 7 I Control flag for SYN/ASYN converter. 

Transmit-Data (SD) signal input. 

~ 
"1" 

(SD) ! ! "O" 
SD 8 I 

(ST,) "1" 

J l or 
(ST) "O" 

ON OFF ON OFF 

Receive-Data (RD) signal output. 

x x x 
"1" 

(RDl 
RD 9 0 "O" 

I 
"1" -

(RT) 
"0" 

ON OFF ON OFF 

RSMP 10 I Latch clock input of demodulated receive data from DSP. 
The invert signal of SMP must be given to RSMP. 
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Pin Name Pin No. 1/0 Function 

PRO 11 I Demodulated Receive-Data input (PSK, QAM). PRO is given 
from 1/0 port of DSP. 

FRO 12 I Demodulated Receive-Data input (FSK). FRO is given from 
1/0 port of DSP. 

ORT 13 0 
Data Rate Receive-Timing (RT) signal output. 
This pin should be tied to the RT. 

RDIN 14 I Receive-Data input from descrambler output in MCU. 

TCLK 15 I Master clock for RPLL ( 1.8432 MHz). 

TIM 16 I This is the input pin for the Receive-Timing signal which is 
recovered in DSP. 

STFO 17 0 

STF1 18 0 Vector signal outputs for DSP. 
', 

STF2 19 0 

vcc 23 Voltage supply (+5V). 

STF3 21 0 Vector signal output for DSP. 

STRT 22 0 Start signal output for DSP. See Figure 4. 

DSTB 20 0 Write clock of 1/0 port for DSP. See Figure 4. 

BSC 24 0 Read clock of 1/0 port for DSP. See Figure 4. 

SMP 25 0 Latch clock of read data from 1/0 port. 

ADS 26 0 A/D convertor start timing signal. See Figure 4. 

READ 27 0 A/D convertor read timing signal. See Figure 4. 

BCK 28 0 
These pins may be used for device tests only. In normal operation, 

BIN 29 I BCK should be tied to BIN. 

IPT1 30 0 lnterrupt,signal to MCU. 
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Pin Name Pin No. 1/0 Function 

ACK 31 I 

REQF 32 0 

DO 33 0 The timing diagram of these signals is shown in Figure 3. 

D1 34 0 

MSD 35 0 

DATA 36 I Serial status control data input. See Table 1. 

CLK 37 I Shift clock of status control data. 

STB 38 I Strobe clock of status control data. 

CLR 39 I 
During the CLR is active "High", all blocks can be initialized. 
In normal operation, this pin should be set "Low" 

GND 53 Ground (0 V) 
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ST 

u f---i ,---, r-- 1200 PSK LOW 
LI LI 24000AM 

UlJ ~ 1200PSKHIGH 
2400 OAM 

IPTO Li u fr--u u :r--u-i.r- 600 PSK LOW 

UlJ ff lJU ----{f-----i n r--U Li 600 PSK HIGH 

lIU1JlJLfU1Jl--- ___ ------- - --- - --illUlJl FSK 

Figure 2 Timing Chart (1) 

CLR 

m REQ 

ACK 

REQF 
0 

D0,01 

:~ MSD 

Transmit data Receive data 

Figure 3 Timing Chart (2) 
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e 
:f> 
OJ 
(11 

r Mode 

Speed +1.0% 

"' Asynchronous Conversion a. 
.0 Tolerance +2.3% 
0 
0 
'<I" 
N Synchronous 2400±0.01% 

+1.0% 
c CCITT 

Speed 
:: Conversion 

1S. .r: Tolerance +2.3% 
" .0 <:: 

0 ><n 
0 "' :i BELL (1200+1.0--2.5%) 
N <!'. 0 
~ 

Synchronous 1200±0.01% 

Speed +1.0% 
1S. Asynchronous Conversion 
.0 
0 
0 
<O 

Synchronous 

300 bps 

DATA 

CLK 

STB 

Tolerance +2.3% 

600±0.01% 

Table 1 GA Mode Definition Table 

CD1 I CD2 

~ 

SWLAlSWLB STAISTB TESTA DSS 1 SD CLP GA123 GAVB OSSO GADC GASAS GALS HS GASLSH 

0 0 1 0 0 x 0 0 0 0/1 

0 0 1 1 0 x 0 0 0 0/1 
Transmit-

Character ter signal 
0 0 1 x x x 1 1 0 0/1 Bit length · Element 

Timing Definition Timing 
0 1 1 0 0 PLL 0 0 0 0 0/1 (8-11 bit) Definition 

Control (ST 1 ,ST2 , 

0 1 1 1 0 0 0 0 0 0/1 
RT) 

0 1 1 0 1 0 0 0 0 0/1 

0 1 1 x x 0 1 1 0 0/1 

0 1 1 0, 0 1 0 0 0 0/1 

0 1 1 1 0 1 0 0 0 0/1 

0 1 1 x x 1 1 1 0 0/1 

0 x x x x x Ix x 1 1 1 0/1 x I x xJx 

DCLPIGA123IGAVBI CD1 I CD2 I DSSO IGADCIGASASIGALSHSjGASLHsjSWLAISWLB I STA I STB 

~~~~~~~n__ 

-=-
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OJ 
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1 STM 

[

START 

DSP DSTB --u LJ 

AFE 

t 
BSC \ 
EXTB J><J-~~-;u~--rxr OUTPUT ~I INPUT l)<J 

~ 

[

ADS 

READ 

l J 

----:---=-:-t, ====-11 '1 ---, I ,- 11-- t1 = 78µ ' I = 11.3µ 

I 
I -- -----------------._. 

. 7.2 kHz 

Figure 4 Control Timing of DSP, AFE 
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OK.I semiconductor 

MSM6950 
ANALOG FRONT END LSI 

GENERAL DESCRIPTION 
The MSM6950 is a analog front-end LSI which is fabricated by OKl's low power con

sumption CMOS silicon gate technology for modem chip set based on Bell 212A. CCITT 
V. 22 and CCITT V. 22 bis standard. The MSM6950 consists of two BPFs, for low band 
and high band, an A/D converter with 8-bit parallel output, a D/ A converter with 8-bit 
parallel input, an AGC circuit controlled by external digital signals, a guard tone generator 
(550 Hz/1800 Hz selectable) and some analogue signal control switches for various appli
cations. 

The MSM6950 communicates with a modulator and a demodulator via each 8 bits par
allel digital line. 
This chip does not contain a carrier detect function but it will be performed with a digital 
signal processor dedicated to implement a demodulator by using digital signals from the 
AID converter. 

This device provides an analog signal input, an analog signal output and some signal-loop 
control inputs, and requires a 3.6864 MHz clock input to generate the operating time-base. 

FEATURES 
• Conforms to Bell 212A, 224 and 

CCITT V. 22 and V. 22 bis. 
• 8-bit parallel output A/D converter and 

8-bit parallel input D/ A converter on 
chip. 

• On-chip voltage reference. 
• On-chip AGC circuit controlled by 8-bit 

external digital signal, over the received 
signal level range of 48 dB with 0.19 dB 
step. 

• Dynamic range, 70 dB. 
• Guard tone mixing function, 550 Hz or 

1800 Hz. 

• Selectable cut off frequency of trans
mitting for the guard tone, the DTMF 
tone and another, 725 Hz or 2900 Hz. 

• Provides AC loop test function, a 
transmitting analog signal can be looped 
back as a receive analog signal within 
the chip. 

• Supply voltage, ±5V. 
• Low power dissipation, 80 mW. 
• 3.6864 MHz external clock for ope

ration. 
• 42-pin plastic DIP package or 56-pin 

plastic flat package. 
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m 

+ MODEM·MSM6950 ----------------------

PIN CONFIGURATION (Top view) 

42 pin DIP (MSM6950RS) 

VDD1 

GR1 

GR2 

AGCI 

MODE 

SP 

XIN 

GT 

FT 

AOUT 

PT 

OT 

VR2 

VA1 

AGCC 

AG 

DG 

56 pin FLAT (MSM6950GS) 
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AGGI 
GR2 
NC 
GR1 
vss 
VDD1 
NC 
TD1 
TD2 
TD3 
TD4 
TD5 

w 1-
o O z ::::> zN u lL 0 0.. - I- I- I- u 0 I- I- - a: 

Z0::2:cnXC!JLL...JZ<(o..0<(> 

<.0,.._00-:.l <(~NM'<;!" I~ lli:lo uuoooo:u~woooou 
zz1-1-1-S::2:cno:o:o:o:o:z 

VR1 
AGCC 
AG 
DG 
DG 

21 VDD1 
VDD2 
RDS 
RD7 
RDS 
RD5 



WRITE 

TD, 

TD, 

TD, 

TD, 

TD, 

TD, 

TD, 

TD, 

VR1 

VR2 

MCK 

RDS 

RD7 

RD6 

RD5 

RD4 

RD3 

RD2 

RD1 

READ 

START 

5l 

*' CX> 
co 

XIN FT SP 
~~~~~~~~~--;:34 32 35 PT--~~~~~~~~~- ' ~ 

I 

I I 

I I I 

I _ _, o----------------, ---J-;----;c~--------(~:~o~:--)-------;M~ i Aonco : 

' ~ DTMFTONE I r--._ 

AGCC AGGI RFO 

' 

SPF 
0--
'"'-' 
~ 

LOWS AND 

1 

. I 
' I ~--- I I ' /- - - - - - - 11 ' I I I '-----;----' ' -- ---+--- _ I I I t-- - - _J 

I -- --1-1_._ 1 • 1 t-_-.::.::_-:-----t ____ J I 

,) SPF 

~ 
HI SAND 

DIAL TONE 

11 t-,-----L-_-_-_::-;------J: w I I : _l ______ J 

Z I I 1 I oo I 

of-
_, _J 

I 
I I 

(.) ~ 
<ta 

I' 
I 
I 
I 

'I 
I I 
I' 

I 

_______________ !_ ____ ~ 

: I 
I I 
I I 
I I 
I I 
I I 

+5V +SV -5V OV OV I I 

Voo, Voo, VssAG DG LT 

El 

I 
I 

OT GT MODE 

RC4 

OJ .-
0 
n 

" 0 
)> 
c;) 
:0 
)> 
s: 
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3:: 
0 
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m 
3:: 
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Pin Assignment 

Pin No. 
In/Out Function Pin Name 

RS GS 

TD1 1 51 Input Transmit signal digital data input to DA ( LSB) 

TD2 2 52 Input Transmit signal digital data input to DA 

TD3 3 53 Input Transmit signal digital data input to DA 

TD4 4 54 Input Transmit signal digital data input to DA 

TD5 5 55 Input Transmit signal digital data input to DA 

TD6 6 3 Input Transmit signal digital data input to DA 

TD7 7 4 Input Transmit signal digital data input to DA 

TD8 8 5 Input Transmit signal digital data input to DA (MSB) 

WRITE 9 6 Input TD writing control signal for DA 

MCK 10 7 Input Master clock input 3.6864 MHz 

START 11 8 Input Control signal for starting of AD conversion 

READ 12 9 Input RD reading control signal for AD 

RD1 13 10 In/Out Receive signal digital data output from AD (LSB) 

RD2 14 11 In/Out Receive signal digital data output from AD 

RD3 15 12 In/Out Receive signal digital data output from AD 

RD4 16 13 In/Out Receive signal digital data output from AD 

RD5 17 16 In/Out Receive signal digital data output from AD 

RD6 18 17 In/Out Receive signal digital data output from AD 

RD7 19 18 In/Out Receive signal digital data output from AD 

ROB 20 19 In/Out Receive signal sigital data output from AD (MSB) 

m VDD2 21 20 Positive power supply (+5 V) 

DG 22 22,23 Digital ground (0 V) 

AG 23 24 Analog ground (0 V) 

AGCC 24 25 External capacitor terminal for AGC (0.1 µF) 

VR1 25 26 Input External resistor terminal for reference voltage 

VR2 26 29 Output External resistor terminal for reference voltage 

AIN 27 30 Input Receive analog signal input 

OT 28 31 Input Dial tone detecting loop H 

PT 29 32 Input DTMF signal transmitting loop H 

AOUT 30 33 Output Transmit analog signal output 

LT 31 35 Input AC loop test H 

FT 32 36 Input XIN enable (Filter test or External input) H 

GT 33 37 Input Guard tone select (1800/550 Hz) H/L 

XIN 34 38 Input External transmit analog signal input 

SP 35 39 Input DA output PAM width select 

MODE 36 40 Input Originate/Answer mode select L/H 

RFO 37 41 Output Receive filter output 

AGCI 38 44 Input AGC circuit input 

GR2 39 45 Output External resistor terminal for Guard tone level 

GR1 40 47 Input External resistor terminal for Guard tone level 

vss 41 48 Negative power supply (-5 V) 

VDD1 42 21,49 Positive power supply (+5 V) 
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ELECTRICAL CHARACTERISTICS 

1. Absolute Maximum Ratings 

Parameter Symbol Conditions 

VDD 
Supply voltage 

VSS 

Analog input voltage VIA 

Digital input voltage VID 

Operating temperature Top -

Storage temperature TsTG -

Ratings Unit 

-0.3 - +7 

+0.3--7 
v 

VSS - 0.3 - VDD + 0.3 

-0.3 - VDD + 0.3 

-40 - + 85 oc 
-55 - +150 
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2. Recommended Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

Voo 4.75 5.00 5.25 

Power Supply Voltage Vss 
With Respect to -5.25 -5.00 -4.75 v AG or DG 

AG,DG - - 0 -

Operating temperature Top - 0 - 70 oC 

R, - Transformer - 600 -
Impedance (Hybrid) 

R2 -
[600 n]: 

- 600 - n 
60051 

R3 - 60051 - 300 -

R4 - - 51 -

Rs - - 51 -

R6 - - 51 -

R1 - - 51 -

Ra - - 10 33 - Kn 

R• - - 36 -

R,o - - 100 -

R11 - - 51 -

R,2 - - 51 -

m c1 - - 2.2 -

C2 - - 1 -

c, - - 0.1 _, 

- µF 
C4 - - 1 -

C5 , C7 , C9 - - 10 -

c.' c. - - 1 -

R13 - Rzo - - - 20 - KP., 

Reference Voltage VR 
Adjusted by 

- +2.50 - v External Resistors 

Master Clock Frequency FMCK - 3.6860 3.6864 3.6867 MHz 

MCK Duty Cycle DMCK 50% to 50% 30 50 70 % 

Digital Input Rise Time TR Toi - To.' WRITE, 0 - 50 nS 

Digital Input Fall Time TF 
START, READ, 

0 50 nS Ro, -Ro 8 , See Figure 1 
-
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S1 Scramble Binary 1at1200 bps 

Answer Tone Unscramble binary 1at1200 S1 Scramble Binary 1at1200 bps 

SCR·B·1 
at 2400 

SCR·B·1 
at 2400 

Data 

Data 

I I I I I I I I I I 
I I I I 1 I 1 1 I 
I 1 I I I End I 450 ±10ms Begin I : I 
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I I . . I I LJ__ 
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1 .-! I , I I I I 

a 150~ I I I I 
TRCD -.!ms ~Oms j I I 
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Answer Tone Unscramble Binary 1 at 1200 S1 Scramble Binary 1at1200 bps 

S1 Scramble Binary 1at1200 bps 

SCR-B-1 
at 2400 

SCR-B-1 
at 2400 

Data 

Data 

I 
1 I I I End 1 I 450 ±10ms Begin : I I I 
I I of I 41 I • 16 way I I 

1 I I 1 S1 I I 1 dernions I l I I 
_ 1 I I 1 
FCD I I L-~~l~-'-l~~~~~-1-~~~-1-~~~-'-~~~~~......,.~-' 
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Parameter Symbol Condition Min Typ Max Unit 

WRITE Period * 1 Tpw 115 1 I 143 µS 0.0072 

WRITE Width Tww 0.55 - 100 µS 

START Period Tps 90 1/ 143 µS 0.0072 

START Width Tws See Figure 2, 3 1.1 - 79 µS 

READ Width TwR 2.2 - •2 µS 

START-> READ 
TsR 80 •2 µS Timing 

-

READ-> START 
TRs 15 •2 µS Timing -

Allowable XIN Input 
Vosx1N - -100 - +100 mV DC Offset Voltage 

Allowable AIN Input 
VosAIN - -100 - +100 mV DC Offset Voltage 

*1 Except for OK l's Special DPSK modulating mode (See APPLICATIONS INFORMATION 1-2) 

*2 TwR MAX= Tps - TsR - TRs 

TsR MAX = Tps - TwR - TRs 

TRs MAX= Tps - TwR - TsR 

Refer to Figure 9. 

3. Power Dissipation 
!Voo = +5 v ±5%, Vss = -5 v ±5%, Ta= o ~ 10°c) 

Parameter Symbol Condition Min Typ Max Unit 

Positive Power 
loo - - 12 20 mA Supply Current 

Negative Power 
lss - - 11 20 mA Supply Current 

Note: Voo means both of Voo1 and Voo2. 

W-A-193 

m 



4. Digital Interface 
(Voo = +5 v ±5%, Vss = -5 v ±5%, Ta= o ~ 10°c1 

Parameter Symbol Condition Min Typ Max Unit 

Input Low Voltage V1L - 0 - 0.6 v 

Input High Voltage V1H - 2.2 - Voo v 

Output Low Voltage VoL loL = 0.36 mA 0 - 0.4 v 

Output High Voltage VoH loH=20µA 2.4 - Voo v 

Input Low Current l1L oGSv 1NSv1L -10 - 10 µA 

Input High Current l1H V1H s V1N s Voo --10 - 10 µA 

DA Data Set-up Time Tso 0 - - µS 
See Figure 3 

DA Data Hold Time THO 1.1 - - µS 

AGC Data Set-up Time TsA 0 
See Figure 2 

- - µS 

AGC Data Hold Time THA 2.2 - - µS 

AD Data To, Pull-up Resistor 0.4 - 3 µS 
Output Delay Time = 20 Kn 

To2 See Figure 2 0.5 - 3 µS 
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5. Analog Interface 

(VDD = +5 v ±5%, Vss = -5 v ±5%, Ta= o ~ 10°c1 

Parameter 

Reference Voltage 

Reference Voltage 

Symbol. Condition 

Without Adjustment 
RB= oo 

Transmit Analog Signal Characteristics (XIN, AOUT) 

Input Resistance 

Input Voltage 

Output Voltage 

Load Resistance 

Load Capacitance 

DC Offset Voltage 

OK l's 
Special 

Absolute DPSK 

Voltage Mode 

Gain* FSK or 
Normal 
DPSK 

Tone Transmit 
Mode 

Total Harnomic Distortion 

ldel Channel Noise 

Frequency 

Signal Guard Tone Level 

Total 
Harmonic 
Distortion 

*GT= 20 log (V AOUTIVX1Nl 
Note: 0 dBm = 0.775 Vrms 

RXIN XIN 

Vx1N XIN 

VAOUT 
RAOUTL 10 Kn 

CAOUT ~ 100 pF 

RAOUT -

CAOUT -
VosT AOUT, XIN = 0 V 

GT, 1,200 Hz Originate 

GT, 2,400 Hz Answer 

GT a 2,400 Hz Answer with 
Guard Tone 

GT4 1,200 Hz Originate 

GTs 2,400 Hz Answer 

GT6 1,020 Hz 

THDT -

NIDLT 
Using a 0.3 ~ 3.4 KHz 
flat weighted filter 

FGT1 GT= V1L 

FGT2 GT =V1H 

VGT1 550 Hz Without 
adjustment 

VGT2 1,800Hz R = oo 11 

THDGT -

Min Typ Max Unit 

1.03 1.16 1.3 v 

200 350 - Kn 

- - 5 Vpp 

5 - - Vpp 

10 - - Kn 

- - 100 pF 

-1000 - +1000 mV 

7.5 - 9.5 dB 

12.5 - 14.5 dB 

11.5 - 13.5 dB 

1.0 - 3.0 dB 

0 - 2.0 dB 

1.0 - 3.0 dB 

- -50 -40 dB 

- -44 - dBm 

530 553.7 570 Hz 

1,780 1,799.7 1,820 Hz 

-13 -11 -9 dBm 

-12 -10 -8 dBm 

- -50 -40 dB 
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ill 

Receive Analog Signal Characteristics (A1N. RFQ) 

Parameter Symbol Condition Min Typ Max Unit 

Input Resistance RAIN A1N 200 350 - Kn 

Input Voltage VAIN A1N - - 5 Vpp 

1,200 Hz Answer 
Absolute Voltage Gain GR -1 - +1 dB 

2.400 Hz Originate 

RRFOL 10 Kn 
Output Voltage VRFO 5 - - Vpp 

CRFO .:S: 100 pF 

Load Resistance RRFO - 10 - - Kn 

Load Capacitance CRFO - - - 100 pF 

DC Offset Voltage VosR RF0.A1N =OV -500 - +500 mV 

Idle Channel Noise NIDLR 
Using a 0.3 - 3.4 KHz - -59 - dBm flat weighted filter 

Total Harmonic Distortion THOR - - -50 -40 dB 

6. Filter Transfer Characteristics 
Low-band BPF 

IVoo = +5 v ±5%, Vss = -5 v ±5%, Ta= o - 10°c1 

GFL1 50- 500 Hz - -44 -40 dB 

GFL2 555 Hz - -60 -48 dB 

GFL, 900Hz -1 - +1 dB 

GFL• 1,000 Hz Referred Gain 0 dB 

Relative Voltage 
GFLs 1,150 Hz -1 - +1 dB 

Gain to GFL4 

GFL6 1,350 Hz -1 - +1 dB 

GFL1 1,500 Hz -1 - +1 dB 

GFLs 1,800 Hz - -65 -45 dB 

GFL9 2400 Hz - -55 -50 dB 

Group Delay Distortion GDL 900 - 1,500 Hz - - 100 µS 
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High-band BPF 

Parameter Symbol Condition Min Typ Max Unit 

GfH1 .:;;_ 1,500 Hz - -55 -50 dB 

GfH2 1,640 Hz - -55 -50 dB 

GfH3 2,050 Hz -0.5 - +1.5 dB 

GfH4 2,200 Hz Referred Gain 0 dB 

Relative Voltage 
GfHs 2,400 Hz -1 +1 dB Gain to GfH 4 

GfH6 2,600 Hz -1 - +1 dB 

GFH7 2,750 Hz -0.2 - +1.8 dB 

GfH, 3,210 Hz - -43 -40 dB 

GfHo ~ 3,400 Hz - -35 -30 dB 

Group Delay Distortion GoH 2, 100 ~ 2,700 Hz - - 200 µS 

Multip-purpose LPF 

Parameter Symbol Condition Min Typ Max Unit 

GLPF1 300 Hz GT= V1L -1.5 -0.5 +0.5 dB 
Absolute Voltage Gain 

GLPF2 1,020 Hz GT= V1L -1 0 +1 dB 

GfLF1 0 ~ 200 H -1 - +1 dB 

Relative Voltage GfLF2 300 Hz Referred Gain 0 dB 

Gain to GLPFi GT= V1 L 
GfLF3 750 Hz -4 -3 -2 dB 

GfLF4 1,500 Hz - - -30 dB 

GfHF1 0 ~ 80 Hz -1 - +1 dB 

Relative Voltage GfHF2 1,020 Hz Referred Gain 0 dB 

Gain to G LPF 2 GT= V1H 
GfHF3 3,000 Hz -4 -3 -2 dB 

GfHF4 3,900 Hz - - -10 dB 
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7. AGC Circuit and DA, AD Converters 
(VoD = +5 v ±5%, Vss = -5 v ±5%, Ta= o - 10°c) 

Parameter Symbol Condition Min Typ Max Unit 

AGC Amplifier 

Input Resistance RAGCI - - 1 - Mn 

Variable Voltage 
GAGC - -4 - +43.8 dB Gain Range 

Voltage Gain 
GE -0.4 +0.03 +0.4 dB Accuracy --0.17 

Output 
VosAGC 

-60 +60 mV 
DC Offset Voltage (-3) - (+3) (LSB) 

Transmit Digital to Analog Converter 

Bits of Resolution BREST - - 8 - bit 

End-point Linearity NLDA - - 0.36 0.5 % 

Differential Non-linearity DNLDA - - 1/5 1 /2 LSB 

Plus 
PFVDA - - +2,481 - mV Full Scale 

Full Scale 
Minus 

NFVDA - - -2,500 - mV Full Scale 

DC Offset Voltage VosDA - -10 -1.5 +10 mV 

Receive Analog to Digital· Converter 

Bits of Resolution BRESR - - 8 - bit 

End'point Linearity NLAD - - 0.24 0.5 % 

Differential Non-linearity DNLAD - - 1/5 1/2 LSB 

Plus 
PFVAD - - +2,471 - mV 

Full Scale 
Full Scale 

Minus 
NF Vo A - - -2,490 - mV Full Scale 

DC Offset Voltage* VosAD - -1/2 - +1/2 LSB 

* Only of AD converter. In practice, Output DC Offset is determined by VosAGC and the gain of AGC 
circuit. 
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Figure 2 Receive Data Timing Chart 
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Figure 3 Transmit Data Timing Chart 
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PIN DESCRIPTION 

Pin No. 
Pin Name 

RS GS 

TD1 - TD8 

9 6 

MCK 10 7 

11 8 

12 9 

Function 

Transmit signal digital data input for DA conversion. These pins are 

8 bit parallel two's complement data input pins. The data is loaded to 
the DA converter at the falling edge of WRITE. TD1 is the LSB and 
TD8 is the MSB. Refer to Table 1 below. 

Table 1 *The reference voltage for AD conversion is +2.5 V. This 

output voltage is defined at AQUT· 

This signal enables TD1 - TD8 pins to write data into DA converter. 

The digital input from TD1 - TD8 is latched to the DA converter 
at the falling edge of WRITE signal, and then converted to analog 

signal. 

The analog output signal is renewed about 9 µsec after the falling 
edge of WRITE signal. The cycle of th is signal can be chosen out of 

115µsec-143µsec. 

A 3.6864 MHz clock signal should be applied to this pin. This is the 
time base for the operation of.the MSM6950. 

This signal enables MSM6950 to start the AD conversion. This signal 
is also used to latch the input data used for setting the amplitude of 
the AGC circuit. The input data is supplied from a demodulating chip, 
the general performance of which is digital signal processing. 

These two operations are performed at the falling edge of START. 

The cycle of this signal can be chosen out of 90 µsec - 143 µsec. 

This is a control signal for 3-state output data bus line, RD1 - RD8. 
While this pin is at digital 0 state, the output bus is activated and the 
result of the AD conversion is output from RD1 - RD8 terminals. 

While this pin is at digital 1 state, the output bus is inactivated and 

RD1 - RD8 become input terminals. 
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Pin No. 
Pin Name Function 

RS GS 

RD1 - RDS 13-20 10-13, These are 1/0 terminals controlled by START and READ terminals. 
16~19 When READ is set at digital 0 state, RD1 - RDS become output 

terminals and the AD conversion result is output from these pins 
with S bit parallel two's compliment format. Refer to Table 2. 

When READ is set at digital 1 state, RD1 - RDS become input 
terminals. The data input to these pins is loaded into the registers at 
the falling edge of START signal. In this case, this data is used at 
the gain setting data for AGC circuit. 

Nominal absolute voltage gain of AGC circuit is described in Table 3. 
The dynamic range of the AGC circuit is about 4S dB as shown in 
Table 3. 

READ= Digital 0 

RD, RD, RD, RD, RD, RD, RD, RD, Nominal Corre·sponding Voltage 
on the Input of AGC Circuit (AGCI) 

0 1 1 1 1 1 1 1 +2,480.5 mV 

I ""' 19.5 mV Step 

0 0 0 0 0 0 0 1 +19.5 mV 

0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 1 1 -19.5mV 

j ...., 19.5 mV Step 

1 0 0 0 0 0 0 0 -2,500 mV 

Table 2 

READ= Digital 1 

RD, RD, RD, RD, RD, RD, RD, RD, Nominal Absolute Voltage 
Gain of AGC Circuit (dB) 

1 1 1 1 1 1 1 1 +43.8 

1 1 1 1 1 1 1 0 +43.6 

s o.1875 dB Step 

0 0 0 0 0 0 1 0 -3.63 

0 0 0 0 0 0 0 1 -3B1 

0 0 0 0 0 0 0 0 -4.00 

Table 3 

VDD2 21 20 Positive power supply, +5 V. 

This power supply is internally connected to the digital output logical 
circuitry RD1 - RDS to avoid the deterioration to the noise 
performance. Same power supply as to VD Di should be used. 

DG 22 22,23 Digital ground level, 0 V. 

AG 23 24 Analog ground level, 0 V. 

AGCC 24 25 An external capacitor of more than 1 µF should be connected 
between AGCC and AG. This capacitor is necessary to compensate 
the DC offset voltage generated in the AGC circuit. 
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Pin No. 
Pin Name 

RI 
Function 

GS 

VR1, VR2 25, 26 26, 29 The MSM6950 provides the voltage reference which is used for AD 

and DA convertions. 

The electrical potential is stabilized to variations of temperature or 
supply voltages, but tends to be different from chip to chip. 

Therefore, a external adjustment is necessary. The resistors used to 
adjust the reference voltage are connected to these pins as shown 

in Figure 6. 

~'"" Jiv. lr 
~. AG 

R9 C2 

--I 
2 1µhAG 

Figure 6 (MSM6950RS) 

A bypass capacitor is required to keep this reference elect11cal in the 
silent condition. A capacitor with the value of more than 1 µF is 

recommended. The reference voltage on VR2 is determined by the 
following equation and the typical value is +2.5 V. 

VREF = 1.2 x 
R 8 + R 9 

[volts) 
Rs 

AIN 27 30 Receive analog signal input pin. The maximum input level is about 
+7.2 dBm (5 Vp-p). II 

DT, PT 28,29 31,32 These pins control the transmit and receive analog signal paths for AC 
loop test, DTMF tone, guard tone and call progress tone. For details, 
refer to Table 9. 

AOUT 30 33 This is the transmit analog signal output terminal. The output 
resistance is about 10 n and the load resistance should be more than 
10 kn. The higher the road resistor is, the lower the power dissipation 

of MSM6950 becomes. 

When the full scale digital data is input to DA, the output voltage on 

AOUT becomes as follows. 

1 nput Data to DA Reference Voltage Output Voltage (AOUT) 
-------

Plus Full Scale +2.17 v 
+2.5 v 

Minus Full Scale -2.19 v 

Table 4 
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Pin No. 
Pin Name Function 

RS GS 

LT 31 35 LT is used to provide the local AC loop test function. 

When digital 1 is input to LT, the transmit analog signal bypasses the 
transmit bandpass filter and is directly routed to the receive bandpass 
filter. At this time, the transmit analog signal must be of the same 
channel with the receiver. The passband of the receive bandpass 
filter is selected by LT and MODE as shown in Table 5. 

LT MODE Receive BPF's Passband AIN AOUT 

0 2,000 ..... 2,800 Hz 
1 Open Shorted to AG (OV) 

1 800 ""' 1 ,600 Hz 

0 . Normal Operating State 

Table 5 

FT 32 36 FT controls the external transmit signai to be input to the MSM6950 
and to send it over telephone line through the AOUT terminal. When 
FT is in digital 1 state, XIN is connected to the transmit filter input 
and external analog tones, such as DTMF tone, can be input to 
the MSM6950 through the XIN terminal. 

When digital 0 is applied to FT, the output signal from DA converter 
is routed to the transmit filter input. This is the normal application 
for the MSM6950. 

GT 33 37 GT controls the signal to select the frequency of the guard tone and 
this is a necessary function to be used internationally. 

At the same time, the passband width of LPF is decided according to 
the frequency. 

GT Guard Tone Frequency LPF's Passband 

0 550 Hz o- 725 Hz 

1 1,800 Hz 0 ..... 2,900 Hz 

Table 6 

LPF plays a role of rejecting harmonic components from the 
originated guard tone. In addition to it, this LPF can be also used in 
the receiver as the band limiting filter during call progress tone 
detection. 

XIN 34 38 XIN is an external analog signal input. As described in the paragraph 
for FT, XIN is activated when FT is in digital 1 state. The maximum 
input level is about +7 .2 dBm (5 Vp-p). 
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Pin No. 
Pin Name 

RS GS 

SP 35 39 

MODE 36 40 

RFO 37 41 

Function 

SP is a control signal input that determines the width of PAM signal 

output from DA and the voltage gain of the transmit amplifier. 

As the fundamental signal level changes according to the width of 

PAM signal, the compensation for the voltage gain is required to keep 

the transmit analog signal at a level. 

The advantage of the variable PAM width is effective in the special 

PSK modulating method devised by OKI. (Refer to APPLICATIONS 

INFORMATIONS 1-2 about this method) 

The width of PAM signal is determined by SP, LT and MODE as 
shown in Table 7. 

·--"~ ~~ T , Mode I PAM Signal Wi~~-----
0 • t 104µ5 --------1 -----1-- ---------------
1 0 0 104µ$ 

-----J------1 - ------ -----
1 0 1 i 52 µS --;--+--;---+--±to -----52,;S _____ _ 

f-----j- --------------
1 1 1 104 µ$ 

Table 7 

Operating Mode 

Other Than Below Cases 
-------- -----~---

Data Transmission 
OKI Original 
PSK Modulating - ---- ------
Method 

AC Loop-back Test 

The width could be 52 µsonly when OK l's original PSK modulating 
method is applied in the higher frequency channel. In the FSK mode 

and in the normal PSK mode, SP should be in digital 0 state. 

MODE determines the role of each BPF by controlling SWT and SWR 
as shown in the circuit configuration. 

When digital 0 is applied to this pin, the low channel BPF is assigned 

to the transmitter and the high channel BPF is assigned to the 
receiver. This condition is called as "Originate mode". When digital 1 
is input to MODE, the positions of BPFs are reversed and this is called 
as "Answer mode". 

During the AC loop back test, the frequency band used for this test 

becomes the receivers channel determined by MODE. 

MODE Mode I Transmit Filter I Receive Filter 

a-+---- -Oc-ig-in_et_e --lf-I -L -. B __ P_F_ (~~~~~;;o-~z) ~r-~~-~-;F··-(2,000 ~ 2 ,8~0 Hz} 

-~- t----- Answer ] H • BPF {2,000 - 2,800 HzQ~ L · BPF (800 ~ 1,600 Hz) 

Table 8 

R FO is the analog signal output of the receive filter. 

This signal is to be connected to the AGC circuit through an external 

capacitor of more than 0.1 µF. The load resistance should be more 
than 10 kn. The maximum voltage swing is about 5 Vp-p. 
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Pin Name 

AGCI 

GR2, GR1 

m 

vss 

m-A-206 

R'""" RS I GS 

38 44 

Function 

AGCI is the input pin of the AGC circuit and is connected to RFO 
through an external capacitor as shown in Figure 7. The role of the 
capacitor is to avoid a bad influence for the DC offset voltage 
generated in the receive filter. The input resistance is high and the 
maximum input voltage swing is about 5 Vp-p. 

Receive 
Filter 

Figure 7 (MSM6950RS) 

39, 40 45, 47 The output guard tone level can be adjusted by using external 
resistors as shown in Figure 8. 

41 

42 

Guard Tone 
Generator 

Figure 8 (MSM6950RS) 

The approximate output tone level is determined by the following 
equation. 

VAOUT = 20•1og -14 [dBm) 

In Bell's standard sets, as the guard tone function is not applied, GR1 
should be connected to GR2 directly. 

48 Negative power supply pin. -5 V. 

21. 49 Positive power supply pin. +5 V. 
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APPLICATIONS INFORMATION 
1. Operating Modes 

MSM6950 provides a variety of operating modes. By utilizing these operating modes of · 
MSM6950, a superior modem system can be realized easily. The operating modes determined 
by some control pins are summarized in Table 9. 

1-1 FSK and Normal PSK Mode 

This mode is useful not only for normal applications that utilize DSP as modulator and 
demodulator, but also for the special application that uses only filtering functions of the 
MSM6950. 

The sampling rate for DA and AD conversions - the same length as WRITE and ST ART 
signal respectively - should be between 7 kHz and 9 kHz. Timing chart is shown in Figure 
2 and Figure 3. In this mode, the wide of PAM signal derived from DA is to be set at 1 /9.6 
kHz. Therefore, when the sampling rate is 7.2 kHz, the amplitude of the fundamental com
ponent on DA's output is less than 2.5 dB compared with the PAM signal of 100% hold. 

The signal level of a sine wave of 2.5 Vp-p is +7.2 dBm equivalent. Therefore, if the 
transmit filter has a voltage gain of +2.0 dB, and DA has a voltage gain of -0.34 dB, the 
transmit output signal level on AOUT becomes as follows. 

VAQUT = +7.2 dBm - 2.5 dB+ 2.0 dB -0.34 = +6.36 dBm 
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1-2 OKl's Special DPSK Mode 

This is the special mode that can save the ROM size and number of processing step in 
the modulating processor. Normal DPSK and the special modulating method are shown in 
Figure 11 and 12, respectively. 

,-------------CoSwct-1 ,---------1 
I ROLL ,. 1' I 

OFF I 
FILTER I ' 

TD SCRAM- GRAY CODE 
1 BLER CONVERTER ROLL 

I OFF 
FILTER x I 

L?_s.!'.___ ________________ ~~cu 
Figure 11 

Figure 12 

DA FILTER 

I 

. I 
~~~-------j 

In the OKl's special DPSK mode, DSP is not required to perform multiplying of real 
part by COS wet and imaginary part by SIN wet. At the same time, as the coefficient table 
for multiplying is not required, the required ROM capacity of the DSP can be small. The 
special mode requires the special interface timing for handling the data of real and imaginary 
part from DSP to AFE to execute the equivalent processing in AFE. The data input timing 
for DA is as follows. 
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(Originate Mode) 

TD1-TD8 

( Base Band) 
Data 

DA 
Output 

Real 
Data 

lmagina- >-----------< 
ry Data 

td 
1/4800Hz 

Ts 
1/1200Hz 

Real 
Data 

------1/1200Hz --------

Figure 13 

Imagina
ry Data 

In the originate mode, the transmit carrier frequency is 1200 Hz. The interval between 
the real part data and the imaginary part data should be set at 1/4•fc (1/4•1200 Hz = 
1/4800 Hz) to generate the carrier of SIN wet. 

Using this method, the modulated signal, the carrier frequency of which is 1200 Hz, 
is obtained after filtering through the low channel BPF. The transmit output signal level on 
AOUT becomes as follows. 

VAQUT = +7.2 dBm+ 20·1og 1/8 + 20•1og y'2 + 6.0 dB+ 9 dB - 0.34 dB= +6.81 dBm 
-- --

A B C D E 

A: 1/8 PAM 
B: Vector sum of real and imaginary part 
C: Lower side band component after modulating 
D: Voltage gain of the transmit filter (See Table 9) 

The width of the PAM signal and the voltage gain are set automatically so as to satisfy 
the above equation. 
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<Answer Mode) 

TD1~TD8 

( Base Band) 
Data 

DA 
Output 

Real 
Data 

tr 

lmagina- >--------·-_, 
ry Data 

1 /9600Hz 

1/9.6kHz 

Ts 
-1/1200Hz 

Real 
Data 

'----------1 /1200Hz -------~ 

Figure 14 

In the answer mode, the transmit carriver frequency is 2400 Hz. 

Imagina
ry Data 

Same as in the originate mode, the interval time should be set at 1/4·fc (1/4·2400 Hz= 
1/9600 Hz). The modulated signal, the carrier frequency of which is 2400 Hz, is obtained 
after filtering through the high channel BPF. 

The transmit output signal level on AOUT becomes as follows. 

VAOUT = +7.2 dBm+ 20·1og 1/16 + 20·1og y'2 + 6dB+14.5 dB - 0.34 = +6.26 dBm 

The width of the PAM signal and the voltage gain are set automatically internally. 

When OKl's special modulating method is applied, there are some limitations about the 
transmit data on TD1 - TD8 and the timing of WRITE. But there are also many advantages 
about the modulator chip as described before. 
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1-3 Originate Transmission Mode 

The low band signal must be transmitted and the high band signal must be received. 
MODE determines the positions of two BPFs by controlling SWT1, SWT2, SWR 1 and SWR2. 
When MODE is in digital 0 state, the low channel BPF is assigned to the transmitter and the 
high channel BPF is assigned to the receiver. Both DT and PT should be in digital 1 state 
so that the guard tone function should be disabled. 

VR1 

VR2 

MCK 

RDS 

RD1 
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LT 

Figure 15 (MSM6950RS) 
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1-4 Answer Transmission Mode 

The high band signal must be transmitted and the low band signal must be received. When 
MODE is in digital 1 state, the high channel BPF is assigned to the transmitter and the low 
channel BPF is assigned to the receiver. In some applications, it is required to mix a guard 
tone to the high channel transmit signal in the answer mode. The control signals on DT, 
PT and GT determine the guard tone function. When DT and PT are in digital 1 state, the 
guard tone function is disabled and only the high channel transmitter is enabled. When 
DT, PT and GT are in digital 0 state, the guard tone, the frequency of which is 550 Hz, is 
mixed to the transmit signal. 

When GT is changed to digital 1 keeping DT and PT in digital 0 state, another guard tone, 
the frequency of which is 1800 Hz, is mixed to the transmit signal. 

The original guard tone is filtered through LPF and only its fundamental component 
is extracted and mixed to the transmit signal. The cut-off frequency of LPF is about 725 Hz 
while GT is in digital 0 state and becomes about 2900 Hz while GT is in digital 1 state. 

RDS 

XIN FT SP PT 
~~~--~--l~~21----~~~~~~~--~~--{35 29>\--~~~~~~~--~ 

AGCC AGCI RFO 

'' 11 I 1 
I I I -- - ...J 
11 I 1 11 

Tr~-~~_:~1=:_=~ =r===~_J~J-
•• I I 

: : 
1 

I 

: : 
'' '' '' '' '' 0 ' ' 

GT MOOE 

Figure 16 (MSM6950RS) 
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1-5 Tone Transmit Mode 

The signal path in this mode is shown in Figure 17. 

LPF put in this route has two kinds of its cut-off frequency (725 Hz/2900 Hz). So, 
this mode is effective in DTMF sigmiling and so forth. Refer to Table 9. 

SP PT 

,--------{:i«iJ---------------~35 n11-----------~ 

VR1 

VR2 

MCK 

RDS 

RD7 

RD6 

RD6 

RD4 

RD3 

RD2 

ROI 

Re.AD 
START 11 
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Figure 17 (MSM6950RS) 
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1-6 Tone Receive Mode 

The signal path in this mode is shown in Figure 18. 

As LPF put in this route has two kinds of cut-off frequency - 725 Hz and 2900 Hz, 
this mode is eHective for call progress tone monitoring, such as for tone dialing. Refer 
to Table 9. In this mode, AOUT is connected to AG (OV) internally. 

MCK 

RDS 

RD7 

RDS 

RDS 

RD4 

RD3 

R02 

AGCC AGGI RFO 

------------:----1 
' ' ' 
' ' l I I I 

RC4 

!)-~~~-~~~~~~~~ 
VoD1 Voo, V55AGDG LT DT GT MODE 

Figure 18 (MSM6950RS) _J 
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1-7 AC loop-back Test Mode 

The signal path in this mode is shown in Figure 19. 

The modem system has to receive its own transmit signal to check the modem operation. 

In this mode, the transmit BPF is skipped from the signal route and the channel used 
for AC Loop-back test determined by the receiver's channel determined by MODE. Refer to 
Table 9. 

AOUT is connected to AG (OV) internally. 

SP I 

VR1 

VR2 

MCK 

RDS 

RD7 
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RD4 
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RD1 
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Figure 19 (MSM6950RS) _J 
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DT PT 

1 1 

1 1 

0 0 

0 0 

1 1 

1 1 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

x x 
x x 
x x 
x x 

* 1 XIN--+ AOUT 
* 2 AIN--+ RFO 

Control Signal 

MODE GT 

0 x 
1 x 
1 0 

1 1 

0 x 
1 x 
1 0 

1 1 

0 0 

1 0 

0 1 

1 1 

x 0 

x 1 

0 x 
1 x 
0 x 
1 x 

* 3 AOUT is connected to Ground. 

SP LT 

0 0 

0 0 

0 0 

0 0 

1 0 

1 0 

1 0 

1 0 

0 0 

0 0 

0 0 

0 0 

x 0 

x 0 

0 1 

0 1 

1 1 

1 1 

Transmitter 

Guard DA-PAM Pass Band* 1 Gain*' 
Tone Width 

800-1600Hz +2.0dB 

2000-2800Hz +2.0dB 
104µs 

2000-2800Hz +2.0dB 550Hz 

2000-2800Hz +2.0dB 1800Hz 

800-1600Hz +9dB 104µs 

2000-2800Hz +14.5dB 

2000-2800Hz +13.5dB 550Hz 52µs 

2000-2800Hz +13.5d8 1800Hz 

0- 725Hz -0.5dB 

0- 725Hz -0.5dB 
104µs 

0-2900Hz OdB 

0-2900Hz OdB 

* 3 (0-10KHz) (OdB) 
104µs 

* 3 (0-10KHz) (OdB) 

* 3 (0-10KHz) (OdB) 52µs 

* 3 (0-1 OK Hz) (OdB) 104µs 

Table 9. Various Operating Modes 

El 

Receiver 

Pass Band* 2 Gain* 2 

2000-2800Hz OdB 

800-1600Hz OdB 

800-1600Hz OdB 
-

800-1600Hz OdB 

2000-2800Hz OdB 

800-1600Hz OdB 

800-1600Hz OdB 

800-1600H.z OdB 

2000-2800Hz OdB 

800-1600Hz OdB 

2000-2800Hz OdB 

800-1600Hz OdB 

0- 725Hz OdB 

0-2900Hz OdB 

2000-2800Hz OdB 

800-1600Hz OdB 

2000-2800Hz OdB 

800-1600Hz OdB 

Note 

Originate 

FSK 

Answer DPSK 

Originate 

OKl's Special 

Answer DPSK 

Guard Tone/DTMF Tone 
Transmitting 

Filtering for Call 
Progress Tone 

FSK 
AC DPSK 

Loop-
back 
Test OKl's Special 

DPSK 

• s: 
0 
c 
m s: 
s: 
CJ) 

s: 
a> co 
UI 
0 
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+MODEM·MSM6950+·~~~~~~~~~~~~~~~~~~~~~ . . 

2. Considerations for duplexer (Line Hybrid Using Op. Amps) 

In case of full-duplex systems, a duplexer plays a important role. Its purpose is to help 
reject transmit signal energy from the receive signal. 

Theoretically, a duplexer can be adjusted to achieve infinite rejection (no existence of 
cross-talk) - where the phase and amplitude of the inverting and non-inverting signals cancel 
through the duplexer OP-Amps. In practice however, telephone line impedances vary enough 
such that only about 10 - 15 dB of rejection can be expected. To attain this rejection, it is 
recommended that the duplexer components (R 1 , R2 , R3 and C1 in Figure 20) be tuned for 
the impedance and loss characteristics of the particular type of transformer being used. 
This will minimize the impedance variation of the line. 

Once these component values have been determined for a particular transformer type, 
further trimming is usally unnecessary on a board-to-board basis. A recommended procedure 
for balancing the duplexer, which was used in finding the values in Figure 20, is as follows. 

a) A recommended procedure for balancing the duplexer 

CD First, set the chip into the transmit squelch mode. Next, connect a 600 ohm signal 
source to points A and B (the signal source; -12 dBm and 1200 Hz). Tweak R 1 

until the loss at point A and B is exactly 6 dB. This allows maximum power transfer 
through the transformer. 

@ With R 1 at this new value, replace the signal source with a 600 ohm resistor at point 
A and B. Now output the transmit signal from AOUT via OPA 1 at the frequency of 
1200 Hz. 

Now tune R3 until the signal out of AOUT reaches a minimum at OPA2 output 
terminal (Vil. Then tune C1 until a new, lower minimum is reached which should 
be around 30 dB. 

The phase and amplitude of the two signal components have now been matched for 
the best rejection over the spread of telephone lines. · 

A crosstalk characteristic of the duplexer adjusted in steps CD through @ is shown in 
Figure 21. It was obtained by measuring the V0 -to-V2 transfer characteristic with the 
modern chip and the duplexer disconnected from each· other. 

The duplexer has the attenuation pole at about 1420 Hz when a line impedance is ideal 
600 ohm. 

bl Characteristics on an practical line 

Figure 21 also shows the practical characteristics of the duplexer connected to existing 
telephone lines. 

These are represented by V0 -to-V2 transfer characteristics; it should be noticed that the 
receive signal level at AIN terminal (V 3 ) will"be lower than V2 by about 6 dB typically 
because of the existence of R6 and R7 • 
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51k0 

B 

Figure 20 Duplexer (Line Hybrid Circuit) Considerations (MSM6950RS) 

0.3 frequency (Hz) 3.0kHz 
0 

t-+----- (ill) 

-10~ 

-20~--1-f=1---t"'==f==t=:::::t:=±=j:::__.,:.::4 

-30~ (II) 

-401---+--............. --l~----'lo.----l---+-~~L"~i------1---+r---1--(-l)-+----I 

; ::=-=-~~~_:--~,__ ~_\-:z-=-L:J-+--v+-----+--+-----+-+-----+--+----+--1----l---t 

(I) Terminal by 6000 pure resistor 

(II) Connected to a private phone line 

(ill) Connected to a public switched network 

Figure 21 Experimental Cross-Talk Characteristics 
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OKI semiconductor 

MSM6949 
ANALOG FRONT END LSI 

GENERAL DESCRIPTION 
The MSM6949 is an analog front end LSI which is fabricated by OKl's low power 

consumption CMOS silicon gate technology. The MSM6949 is used to implement an analog 
front end function required in the modem set based on CCITT V. 26, V. 27 and V. 29 re
commendations. 

The MSM6949 performs all basic analog signal processing functions such as transmit 
and receive filters, selectable amplitude equalizers, transmit signal level attenuator, fast 
carrier detector, AD and DA converter with 8-bit parallel input/output. 

In addition to it, the MSM6949 performs analog loop test, the detection of call progress 
tones, 75 bps backward channel transmitter and automatic gain control (AGC). AGC circuit 
is digitally controlled by the digital signal processor which performs the demodulating 
function. 

By utilizing the MSM6949 together with OKl's digital signal processors, a cost effective 
modem can be designed easily. 

FEATURES 
• Performs all analog signal processing 

functions required for CCITT V. 26, 
V. 27 and V. 29. 

• 75 bps backward channel FSK transmit
ter. 

• Interfaces to digital signal processors 
with receive and transmit parallel data 
bus. 

• Call progress tone monitoring. 
• An chip AGC circuit controlled by 

external digital signals, over the 
received signal level range of 51 dB 
with 0.2 dB step. 

• Analog loop test: A transmitting analog 
signal can be looped back as a receive 
analog signal within the chip. 

ill-A-220 

• A set of carrier detection circuits, the 
on/off levels of which, are fixed at each 
of the compromised values within the 
chip, and also can be adjusted by 
external resistors. 

• Two CD circuits are useful for Fall-Back 
operation and so forth. 

• 3.456 MHz external clock for operation. 
• On-chip voltage reference. 
• Few external components required. 
• Supply voltage, ±5V. 
• Low power dissipation: 140 mW typi

cal. 
• Power stand by mode available. 
• 64 pin mini-size DIP, 68 pin PLCC will 

be avail able by 10 '87. 
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+ MODEM· MSM6949 + 

PIN CONFIGURATION (Top View) 

64 pin mini DIP (MSM6949SS) 

BAS 1 64 VDD1 
BTD 2 63 ATT3 

TRSW 3 62 ATT2 
RDL 4 61 ATT1 
WAT 5 60 EQT2 
TDS 6 59 EQT1 
TD7 7 58 LT 
TD6 8 57 PWDN 
TD5 9 56 BOUT 
TD4 10 55 XIN 
TD3 11 54 AOUT 
TD2 12 53 NC 
TD1 13 52 AIN 
MCK 14 51 VR2 

VDD2 15 50 VR1 
NC 16 49 CD2H 

RDS 17 48 CD2L 
RD7 18 47 CD1H 
RD6 19 46 CD1L 
RD5 20 45 RFO 
RD4 21 44 AGCI 
RD3 22 43 AGCO 
RD2 23 42 AGCC 
RD1 24 41 vss 
ROB 25 40 AG 
RDA 26 39 DG 

ST 27 38 EQR2 
READ 28 37 EQR1 
AGCW 29 36 BWC2 

csw 30 35 BWC1 
LD1 31 34 CD2 
LD2 32 33 CD1 m 

68 pin PLCC (MSM6949JS): Available by 10 '87. 
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PIN ASSIGNMENTS (SS --- 64 pin mini-size DIP, JS --- 68 pin PLCC) 

Pin No. 
Pin Name Function 

SS JS 

BRS 1 Request to Send for backward channel (V .23) 

BTD 2 Transmit Data for backward channel (V.23) 

TRSW 3 Control signal for connection of DA input bus 

RDL 4 Latch clock for RD to input to DA within chip 
-------

WRT 5 Control signal for writing TD to DA 

TDB 6 MSB 

TD7 7 -

TD6 8 -

TD5 9 -

TD4 10 
Transmit signal digital data bus input to DA 

-
TD3 11 -

TD2 12 -

TD1 13 LSB 

MCK 14 Master clock input 3.456 MHz 

VDD2 15 +5V power supply 

N.C. 16 

ROB 17 MSB 

RD7 18 -

RD6 19 -
RD5 20 Receive signal digital data bus output from AD -(3-state 1/0) 

m 
RD4 21 -
RD3 22 -
RD2 23 -
RD1 24 LSB 

ROB 25 Additional digit for RD bit shifting 
RDA 26 (3-state output) 

ST 27 Control signal for starting of AD conversion 

READ 28 Control signal for reading RD from AD 

AGCW 29 Writing clock for setting data to AGC circuit 

csw 30 RD bit shifting enable 

LD1 31 Outputs of level comparators put to AGC circuit's output. 

LD2 32 
These are used to set AGC at typical gain when detecting 
urgent changes. 

CD1 33 Carrier detect for OAM/PSK signal 

CD2 34 Carrier detect for FSK signal (T.30) 
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Pin No. 
Pin Name 

SS JS 
Function 

BWC1 35 

BWC2 36 
Receive filter bandwidth select 

EOR1 37 Fixed compromise cable amplitude equalization select 
EOR2 38 for receiving 

DG 39 Digital ground (OV) 

AG 40 Analog ground (OV) 

vss 41 -5V power supply 

AGCC 42 External capacitor terminal for AGC circuit 

AGCO 43 AGC circuit output 

AGCI 44 AGC circuit input connected for RFO through external 
capacitor 

RFO 45 Receive filter output connected to AGCI through external 
capacitor 

CD1L 46 

CD1H 47 
Carrier detect level select for CD1 

CD2L 48 
Carrier detect level select for CD2 

CD2H 49 

VR1 50 
On-chip reference voltage adjust using external resistors 

VR2 51 

m AIN 52 Receive analog signal input 

N.C. 53 

AOUT 54 Transmit analog signal output 

XIN 55 External analog signal input 

BOUT 56 75 bps FSK transmit signal output 

PWDN 57 Power down mode select 

LT 58 Analog loop test 

EOT1 59 Fixed compromise cable amplitude equalization select for 
EOT2 60 transmitting 

--
ATT1 61 

ATT2 62 8 steps attenuator select for transmit signal level 

ATT3 63 ·. 

VDD1 64 +5V power supply 
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ELECTRICAL CHARACTERISTICS 

1. Absolute Maximum Ratings 

Parameter Symbol Condition Ratings Unit 

Power supply Yoo -0.3 - +7 

voltage 
Vss -7 - +0.3 Ta= 25°C 

Analog input 
V1A 

With respect to 
Vss-0.3 - v00+o.3 

v 
voltage AG or DG 

Digital input 
V10 -0.3 - v00+o.3 voltage 

Operating 
Top - -40 - 85 temperature 

oC 
Storage 

TsTG - -55 - 150 temperature 

m 
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2. Recommended Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

VDD With respect to 4.75 5,00 5.25 

Power Supply 
Vss 

AG or DG 
-5.25 -5.00 -4.75 v Voltage 

AG,DG - - 0 -
Operating 

Top - 0 - 70 oc 
Temperature 

R1 - Transformer - soo -
impedance (Hybrid) 

R2 - - soo - n 
soon 

R3 - soon : soon - 300 -

R4 - - 51 -
R5 - - 51 -
RS - - 51 -

- kn 
R7 - - 51 -
RB - 10 33 -

R9 - - 3S -

Cl - - 2.2 -

C2 - - 1 -

m C3 - - 0.1 -
- µF 

C4 - - 1 -
C5,C7,C9 - - 10 -

CS,C8 - - 1 -

R10~R17 - - - 10 - kn 

Reference Voltage VREF 
Ajusted by External - +2.50 - v Resistors 

, Master Clock Frequency fMCK 3.4557 3.45S 3.45S3 MHz 

MCK Duty Cycle DMcK 50% to 50% 30 50 70 % 

Digital Input Rise Time tr RDL, WRT, MCK, ST, 0 - 50 ns 
READ,AGCW 

Digital Input Fall Time tf See Figure 1 0 - 50 ns 
-
ST Period tps 51 - 143 µs 

ST Width tws See Figure 2, 3 0.3 - tps-0.3 µs 

READ Width twRE 0.3 - - µs 
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Parameter Symbol Condition Min Typ Max Unit 

ST-> READ 
tsR 51 - tps+50 µs Timing 

-
ST-> AGCW 

ts A 5 - tps-10 µs Timing 

AGCWWidth twA 
See Figure 2, 3 

0.3 - tps-0.3 µs 

WAT Period tpw 20 - 143 µs 

WAT Width tww 0.3 - tpw-0.3 µs 

AOL Period tPRD 20 - 143 µs 

RDL Width twRo See Figure 3 0.3 - tpRo-0.3 µs 

RDL-> WAT 
tRow 0 - tpRo-0.6 µs Timing 

Allowable XIN Input 
VosXIN - -100 - +100 mV DC Offset Voltage 

Allowable AIN Input 
VoSAIN - -100 - +100 mV DC Offset Voltage 

Refer to Figure 16. 
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3. Power Dissipation 
(Voo = +5V ±5%, Vss = -5V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

loos - 0.2 0.5 mA 
Power-Down Current PDWN = 1 

lsss - 0.2 0.5 mA 

loo - 14 25 mA 
Active Current PDWN = 0 

lss - 13 25 mA 

NOTE) Voo means both of Voo1 and VoD2· 

4. Digital Interface 
(Voo = +5V ±5%, Vss = -5V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Input Low Voltage V1L - 0 - 0.6 v 
Input High Voltage V1H - 2.2 - Voo v 
Output Low Voltage Vol IOL = 0.4 mA 0 - 0.4 v 
Output High Voltage VoH loH=20µA 2.4 - Voo v 
Input Low Current l1L DG S V1N S V1L -10 - 10 µA 

Input High Current l1H V1H S V1NSV00 -10 - 10 µA 

m TD Data Set-up Time tsTD 100 - - ns 

TD Data Hold Time tHTD 100 - - ns 
See Figure 2, 3 

AGC Data Set-up Time tsAG 100 - - ns 

AGC Data Hold Time tHAG 100 - - ns 

RD Data Set-up Time tsRD 100 - - ns 
See Figure 3 

RD Data Hold Time tHRD 100 - - ns 

AD Data to1 - - 300 ns 

Output Delay Time See Figure 2, 3 
to2 - - 300 ns 
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5. Analog Interface 
(VDD = +5V ±5%, Vss = -5V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol 

Reference Voltage 

Reference Voltage VR 

Condition 

Without adjustment 
R = ~ 8 

Min Typ Max 

+1.02 +1.20 +1.38 

Backward Channel Transmit Signal Output (BOUT), External Signal Input (XIN) 

Output Resistance Ros - - 10 20 

Load Resistance RsoUT - 10 - -

Load Capacitance CsoUT BOUT - - - 100 

DC Offset Voltage Voss - -200 - +200 
--------· 

Output Carrier Level VsouT 
RsoUT L 10 kn 1.74 2.19 2.76 
VREF = +2.50 V -2 0 2 

BWC Transmit Signal 
LRBWC 

V AOUT (450 Hz) 
-1 0 1 Level Ratio V AOUT (390 Hz) 

BWC Mark 
fosM BTD = 0 389 390 391 

Transmit "1" 

Carrier 
1------

Frequency Space 
foss BTD = 1 449 450 451 "O" 

Input Resistance Rx1N - 25 50 -
XIN 

Input Signal Level Vx1N 
4.38 - - - +6 

NOTE) 0 dBm= 0.775 Vrms = 2.19 Vpp 

Transmit Analog Signal Ouput (AOUT) 

Output Resistance RoT - - 10 20 
--

Load Resistance RA OUT - 10 - -

Load Capacitance CAOUT - - - 100 

DC Offset Voltage VosT XIN =AG -200 - +200 

Forward* EQT1 = 1 
f1N 

1.8 kHz 3.48 4.38 5.52 
Channel EQT2 = 1 Full scale +4 +6 +8 Transmit ATT1 = 1 

Level VAOUT ATT2 = 1 
(Single ATT3 = 1 Tone) 

VREF = +2.50 V 

Idle Channel Noise N1DLT 
Using a 0.3 ~ 3.4 kHz - -80 -flat weighted filter 

Total Harmonic 
THDT - -65 -50 Distortion -

Unit 

v 

n 

kn 

PF 

mV 

Vpp 
dBm 

dB 

Hz 

Hz 

kn 

Vpp 
dBm 

n 

kn 

PF 

mV 

Vpp 
dBm 

dBm 

dB 
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* Tr~nsmit data (TD1-TD8) determine this level essentially. If the DA converter sends a single sine wave 
signal of which amplitude is ±2.5 Vop (Full scale of DA converter, equivalent +7 dBm) to the transmit 
filter, the transmit signal level at AOUT becomes +6 dBm (4.37 Vpp). But, generally in PSK or OAM 
modulation, maximum peak factor of about 3 dB or 7 dB should be considered in the design. Therefore, 
for instance, the transmit signal in the OAM forward channel is designed to be -1 dBm. This value 
shows one example of designs. 

Parameter Symbol Condition Min Typ Max Unit 

Receive Analog Signal Input (AIN) 

Input Resistance RAIN - 100 - - kn 

Receive Signal Single Tone 

Level Range VAIN 
4.36 1095 mVo-p 

Allows the level increase by PSK (Single Tone) or OAM modulation. -48 - 0 dBm 

Receive Filter Output (RFO) 

Output Resistance RoR - - 10 20 n 

Load Resistance RRFO - 50 - - kn 

Load Capacitance CRFO - - - 100 PF 

DC Offset Voltage VosR AIN =AG -200 - +200 mV 

Output Signal Level VRFO 
EQR1=1, EQR2 = V1 VAIN 

VAIN 
VAIN dBm 

f1N = 1800 Hz -2 +2 

Idle Channel Noise. N1DLR Using a 0.3 - 3.4 kHz - -80 - dBm flat weighted filter 

Totel Harmonic 
THOR -50 dB Distortion - - -

AGC Circuit Input (AGCI), Output (AGCO) 

Input Resistance RAGCI - 50 100 - kn 

Allowable Input 
VosAGCI - -0.5 - +0.5 mV DC Offset Voltage AGCI 

input Signal 
·YAGCI - -45.4 - +5.6 dBm Level Range* 

Output Resitance RoA - - 10 20 n 

Load Resistance RAGCO V AGCO = -6 dBm 10 - - kn 

Load Capacitance CAGCO AGCO - - - 100 PF 

DC Offset Voltage VosA - -50 - +50 mV 

Output Signal Level* VAGCO 
Controlled by 
Demodulator - -6 - dBm 

*When VAGCI is within this range, the signal level output from AGC circuit should be about -6 dBm 
with digitally controlling by the demodulating DSP. 
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6. Attenuator, Amplitude Equalizers and Filters Characteristics 
(Voo = +5V ±5%, Vss = -5V ±5%, Ta: 0 ~ 70°C) 

Parameter 

Attenuator 

Attenuation Accuracy 
(0 ~ 14 dB, 2 dB step) 

Symbol Condition 

To the Designed Values 

Amplitude Equalizer (Transmit and Receive Paths) 

600 Hz 

EOO EQT(R)1 = 1 1200 Hz 

(Through) EQT(R)2 = 1 
2400 Hz 

3000 Hz 

600 Hz 

EQ1 EQT(R)1 = 1 1200 Hz 

Frequency (I) EQT(R)2 = 0 2400 Hz 
Characteristics 

(Relative gain to ) 3000 Hz 
the gain at 1800 Hz f1N 

600 Hz 

EQ2 EQT(R)1 = 0 1200 Hz 

(II) EQT(R)2 = 1 2400 Hz 

3000 Hz 

600 Hz 
See Figure 4 

1200 Hz EQ3 EQT(R)1 = 0 

(Ill) EQT(R)2 = 0 2400 Hz 

3000 Hz 

Geo1 
EQT(R)1 = 1 

Gain Tolerance 
EQT(R)2 = 0 

(Relative gain to the) Geo2 
EQT{R)1 = 0 

f1N 1800 Hz 
gain of EQO at EQT(R)2 = 1 
1800 Hz 

EQT(R)1=0 
Ge03 EQT(R)2 = 0 

Min Typ Max Unit 

-1 0 +1 dB 

-1 0 +1 

-0.5 0 +0.5 

-0.5 0 +0.5 

-1 0 +1 

-2.1 -1.1 -0.1 

-1 .2 -0.7 -0.2 

+0.2 +0.7 +1.2 

+0.4 +1.4 +2.4 
dB 

-4.8 -3.3 -1.8 

-2.8 -1.8 -0.8 

+0.4 +1.4 +2.4 

+1.2 +2.7 +4.2 

-6.8 -5.3 -3.8 

-3.7 -2.7 -1.7 

+1.0 +2.0 +3.0 

+2.3 +3.8 +5.3 

-0.5 0 +0.5 

-0.5 0 +0.5 dB 

-0.5 0 +0.5 

NOTE) This spec is applicable for only amplitude equalizers and does not include other filters' frequency 
characteristics. 
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+ MODEM·MSM6949 +---------------------

Parameter Symbol Condition Min Typ Max Unit 

BWC Transmit LPF 

2·toBM 780 Hz - -60 -55 dB 
2nd/3rd Harmonics BTD=O 
Components Amplitude 3•foBM 1170 Hz - -60 -55 dB 

(Relative values to ) Hawe 
the fundamental Noss 900 Hz - -60 -55 dB 
component amplitude BTD = 1 

3•f0BS 1350 Hz - -60 -55 dB 

Transmit LPF 

390 Hz -2 0 +2 dB 
Transmit LPF 

EQT1,2= 1 450 Hz 

Voltage Gain GTL ATT1,2,3=1 
Vx1N = OdBm 1700 Hz 

1800 Hz -0.8 +1.2 +3.2 dB 

Frequency - Amplitude EOT1, 2 = 1 2400 Hz +0.5 +1.5 +2.5 dB 
Characteristics 

ATL ATT1,2,3=1 f1N 
(Relative gain toJ Vx1N = OdBm 6000 Hz - -26 -23 dB 

GTL at 390 Hz 

Group Delay 
DTL 

EQT1, 2 = 1 - - 150 µs 
Distortion /300 Hz~ f1N ~ 4000 Hz 

Receive BPF 

Receive BPF 
EQR1, 2 = 1 

Voltage Gain GAB VA1N=OdBm -2 0 +2 dB 
f1N = 1700 Hz 

Frequency - Amplitude 
150 Hz - -17 -14 dB 

Characteristic 
EOR1, 2 = 1 300 Hz -4 -3 -1 dB 

(Relative gain to) ARB VAIN= 0 dBm f1N 
+4 GAB 3000 Hz +3 +6 dB 

6000 Hz - -19 . -16 dB 

Group Delay 
ORB 

/ 
EOR1, 2 = 1 

- - 1 .3 ms 
Distortion 300 Hz~ ffN ~ 4000 Hz 
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Parameter Symbol Condition Min Typ Max Unit 

Receive HPF 

Receive HPF 
EQR1,2=1 

Voltage Gain GRH VAIN= OdBm -2 0 +2 dB 
*' f1N = 620 Hz 

Frequency - Amplitude 390 Hz - -77 -65 dB 
Characteristics 

ARH 
EQR1, 2 = 1 f1N 450 Hz - -71 -65 dB 

( Rela.tive gain to) VAIN =OdBm 
GRH *' 500 Hz - -40 -36 dB 

Group Delay 
DRH 

EQR1,2=1 
- - 1 ms 

Distortion *2 800 Hz~ f1N ~4000 Hz 

* 1 : Includes Receive BPF's characteristics. *2· Only Receive HPF itself. 

Receive LPF (for Call Progress Tone Detection) 

Receive LPF 
EQR1, 2 = 1 

Voltage Gain GRL VAIN= 0 dBm -2 0 +2 dB 

*' f1N = 620 Hz 

Frequency - Amplitude EOR1, 2 350 Hz -3 -2 -1 dB Characteristics 
ARL = 1 f1N 

(Relative gain to ) VAIN 910 Hz - -60 -54 dB 
GRL *' = OdBm 

*'. Includes Receive BP F's characteristics. 

NOTE) Each Spec. is measured according to the following table. 

Circuits Signal Signal BWC1 BWC2 ATT EQT EOR Measured Reference 
Input Output 1,2,3 1,2 1,2 Block Figure 

000 
Attenuator XIN AOUT - - I 1 - ATT + T•LPF 5 

111 

Transmit Amplitude 00 
XIN AOUT - - 1 I - AEQL + T·LPF 4,5 Equalizer 

11 

BWC BOUT AOUT 1 1 1 1 BWC•LPF 5,6 Transmit LPF ->XIN - + T•LPF 

Transmit LPF XIN AOUT - - 1 1 - T•LPF 5 

Receive Amplitude 00 
AIN RFO 1 1 - - I AEQL 4 Equalizer 

11 

Receive BPF AIN RFO 0 0 - - 1 R•BPF 7 

Receive HPF AIN RFO 0 1 - - 1 R•HPF + R•BPF 7,8 

Receive LPF AIN RFO 1 0 - - 1 R•LPF + R•BPF 6, 7 

Table 1 
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7. DA, AD Converter and AGC Circuit 

(VDD = +5V ±5%, Vss = -5V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Transmit Digital to Analog Converter 

Bits of Resolution BREST - - 8 - bit 

DA Conversion 
VREF +2.50 v Reference Voltage - - -

Plus Full 
PFVDA 

TD8-TD1: 
+2.16 +2.21 +2.27 v 

Full Scale VREF = 01111111 

Scale* Minus Full + 2.50 v TD8 -TD1: 
Scale NFVDA 10000000 -2.29 -2.23 -2.18 v 

Linearity* NLDA - 0.36 0.5 % 

*This specification is defined as the voltage at the AouT terminal, but does not include the DC offset 
voltage at the terminal. 

Receive Analog to Digital Converter 

Bits of Resolution BRESR - - 8 - bit 

AD Conversion 
VREF +2.50 v Reference Voltage - - -

Plus Full 
PFVAD +2.42 +2.48 +2.54 v Scale VREF = + 2.50 V 

Full Equivalent values to the input Scale* Minus Full 
NFVAD 

voltage of AD converter -2.56 -2.50 -2.44 v Scale 

Linearity* NLAD - - 0.24 0.5 % 

Output DC Offset* Vos.11,D - -1/2 - +1/2 LSB 

*This specification does not include the DC offset voltage at the input of the AD converter (AGCO). 

AGC Circuit 

Gain Control 
BRESA 8 bit Bits of Resolution - - -

Dynamic Range DYAGC - - 51 - dB 

Gain Setting 
Minimum Step GsTP - - 0.2 - dB 

Gain Setting Accuracy GE - -0.2 0 +0.2 dB 

Total Harmonic 
THDAGC - - - -50 dB Distortion 

Signal to Noise Ratio SNAGC 
Set Gain = Maximum 

50 - - dB Signal/Noise at AGCO 
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8. Timing Characteristics 
(Voo = +5V ±5%, Vss = -5V ±5%, Ta= 0 ~ 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Carrier Detect and Level Comparator for AGC Circuit 

OFF..,.ON TcooN1 VA1N=OdBm - 2.5 - ms 

ON _,.OFF TcoOFF1 
CD1L 
=O 

f1N = 1700 Hz - 9.6 - ms 

OFF..,.ON TcoON2 BWC1 VAIN= -36 dBm - 3.5 - ms 
=O 

ON _,.OFF TcoOFF2 f1N = 1700 Hz - 6.0 - ms 

OFF..,.ON TcoON3 VAIN =OdBm - 1.8 - ms 

CD1 ON _,.OFF TcoOFF3 CD1L f1N = 1800 Hz - 9.0 - ms CD1H 
See = 1 

Figure 9-1 
OFF..,.ON TcoON4 =Vss BWC1 VAIN= -39 dBm - 3.1 - ms 

ON _,.OFF TcoOFF4 
=O 

f1N = 1800 Hz 4.6 - - ms 

OFF..,.ON TcoON5 CD1L VAIN= OdBm 0 1.8 90 ms 

ON _,.OFF TcoOFF5 
=O f1N = 400 Hz 0 1.8 90 ms 
BWC1 

OFF..,.ON TcoON6 
= 1 VAIN= -40 dBm 0 5.0 90 ms 
BWC2 

ON _,.OFF TcooFF6 
=O f1N = 400 Hz 0 4.6 90 ms 

OFF..,.ON TcoON7 VA1N=OdBm - 1.2 - ms 

CD2 ON _,.OFF TcoOFF7 f1N = 1650 Hz - 10 - ms 
CD2H ,see 

Figure 9-1 OFF..,.ON TcoON8 =Vss VAIN= -40 dBm - 5.6 - ms 

ON _,.OFF TcoOFF8 f1N = 1650 Hz - 2.2 - ms [[ 
LD1 OFF..,.ON TLD10N - 2.5 - ms 

See 
Figure 9-2 ON _,.OFF TLD10FF - 1.5 - ms 

LD2 
See 

OFF..,.ON TLD20N - 5.4 - ms 

Figure 9-2 ON _,.OFF TLD20FF - 0.6 - ms 

Power Down Control Timing 

Power ON Time TPWON 
PWDN: 1 __,. 0 

200 ms See Figure 10 - -

Power Down Time TPWOFF 
PWDN: 0_,.1 - - 10 ms See Figure 10 
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9. Transmission Performance 

(VDD = +5V ±5%, Vss = -5V ±5%, Ta= 0 - 70°C) 

Parameter Symbol Condition Min Typ Max 

Transmitter 

4- 8 kHz - - -20 
Out-of-Band Energy EQT1, 2 = 1 
Referred to Carrier EoT VAOUT= OdBm 8-12kHz - - -40 
Level See Figure 11 

12 kHz - - - -60 

Receiver 

Dynamic Range DYR As a single tone -48 - 0 

THcDON1 
CD1 L = 0 ON - -39.2 -

THcDOFF1 BWC1 = 0 
CD1 

OFF - -49.3 -

Carrier Detect THcDON2 
CD1H CD1L= 1 ON - -41.8 -

Threshold * 3 
THcDOFF2 = Vss BWCl = 0 

CD1 
OFF - -46.8 -

THcDONI BWC1=1 
CD1 

ON/ 
-45*' - -

OFF3 BWC2 = 0 dFF 

THcDON4 ON - -45 -
CD2H = Vss CD2 

THcDOFF4 OFF - -50 -

* 2 Optional THcDON5 CD1L: o-vDD ON Adjustable 
Carrier CD1 
Detect THcoOFF5 CD1H: o-vDD OFF Adjustable 
Threshold 
by THcoON6 CD2L: o-voo ON Adjustable 
External CD2 
Potentials THcoOFF6 CD2H: o-vDD OFF Adjustable 

* 1 This operating mode is used during the call progress tone monitoring and does not provide the 
hysteresis of the detect ON and OFF level. 

Unit 

dB 

dB 

dB 

dBm/ 
600.11 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

* 2 In this mode, CD1 's ON/OFF and CD2's ON/OFF levels are determined by external adjustments. 
It is impossible to use the optional threshold either for CD1 or CD2. 

*3 Threshold levels are defined by a single tone input on the AIN terminal. In actual applications, 
however, input analog signal is not a single tone but a modulated signal by FSK, PSK or QAM. 
Therefore, the hysteresis values (CD/OFF-CD/ON) become less than the differences of CD/ON and 
CD/OFF levels shown in the specification table. 
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AGCW 

RD1~ 

RDS 

TD1~ 

TD8 

Figure 1 Definition of Rise/Fall Time 

-------tsR-------;-..~o-ttWRE 

---tsA----;~r-----+---+----------~ 

High Impedance 

tD1 tD2 

Figure 2-1 Receive Data Timing Chart 

Invalid Data 

Figure 2-2 Transmit Data Timing Chart 

A: AD Data Output 
B: AGC Gain 

Data Input 

NOTE) Figure 2-1 and Figure 2-2 show the timing when transmit data is input to the chip via TD1 
through TD8. 
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AGCW 

RD1-
RD8 

tws 
i--~~~~~~~~~~tps~~~~~~~~__,~ 

.~~~~~~~~~ 

i--~~~~~~-tRs~~~~~~~-+---i 

twR 

tsRD tHRD 

High Impedance 

tsAG !HAG tD1 !D2 

A: AD Data Output 
B: AGC Gain Data Input 
C: DA Data Input 

Figure 3 Transmit and Receive Data Timing Chart 

NOTE) Figure 3 shows the timing when transmit, receive and AGC data are interfaced via RD1 through 
RDS as a common data bus. 
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Figure 6 LPF for Backward Channel/Receive LPF Frequency Characteristics 

NOTE) The LPF is used for both transmit and receive path changed its bandwidth . 
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+ MODEM·MSM6949 +----------------

CD1/CD2 

Figure 9-1 

AIN 

m _J L I L 
TL010N j I TL.;::.D1:_.:::0f:....:....F_-1-----+------

LD1 

LD2 

TLD20N l-TLD20FF 

Figure 9-2 
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XIN 
or 
AIN 

PWDN 

AOUT 
or 

RFO 

Figure 10 Power Down Mode Response 

_, _________________________________ , ____ ~ 
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Transmit 
Carrier 0 I-'~~~._,, 
Level 

-20 

-40 

-60 

dB 

Figure 11 Maximum Level of Out-of-Band Energy 
Relative to the Transmit Carrier Level 
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+MODEM·MSM6949+~~~~~~~~~~~~~~~~~~~~~

PIN DESCRIPTION 

Pin No. Pin Name ,____ ___ __, 
SS JS 

BRS 

BTD 2 

TRSW 3 

RDL 4 

ill-A-246 

Function 

The chip contains 75 bps FSK modulator (420 ± 30 Hz) 
that is useful for some kinds of applications, such as videotex 
systems. 

BRS controls the modulator to send FSK signal over 
telephone line through AOUT. 

BRS FSK signal transmit 
f---

Digital 0 Enable 

Digital 1 Disable 

Table 2 

BTD is the transmit data that should be converted to the 
modulated FSK signal to be sent over telephone line. 

BTD FSK signal frequency 

Digital 0 "Space" 450 Hz 

Digital 1 "Mark" 390 Hz 
'--- --Table 3 

On-chip DA converter can operate according to not only 
TD, but also RD for its input data. This function is 
significant in the special application where both RD and TD 
are given to and taken from the same data bus line. 

At this case, it is required to put TRSW on digital 1 state for 
connecting the input of DA to RD terminals internally in 
place of TD terminals. 

A clock pulse should be input to RDL to latch RD on it's 
positive edge. 

Refer to Figure 12. 

Transmit/ 
Receive <::==::>IR Data bus D,..__.._..>--____ ...,_ _ __. 

Figure 12 

Transmit 
Filter 

AGC 
Receive 
Filter 



Pin Name 
Pin No. 

Function f---

SS JS 

WRT 5 This signal controls to write the data on TD1 ~ TD8 into 
the DA converter. 

These data are latched on the positive edge of WRT. 

TD1 13 Transmit signal digital data input for DA conversion. 
I \ These pins are 8-bit parallel two's complement data input 

TD8 6 pins, and the data are loaded into the DA converter on the 
positive edge of WRT. 

TD1 is the LSB and TD8 is the MSB. Refer to Table 4. 

TD/RD 8 7 6 5 4 3 2 1 

Plus Full Scale 0 1 1 1 1 1 1 1 
f--· 

' i I 
I 

1---------------L-__ ' 
Plus 0 0 0 0 0 0 0 0 I 0 

Minus 0 1 1 1 1 1 1 1 1 
I I 
I 

I 
' I 

Minus Full Scale 1 I 0 li1° I 0 I 0 I 0 0 
'-----· L-

Table 4 8-digit Data Table for TD and RD 
----!-· 

MCK 14 A 3.456 MHz clock signal should be applied to this pin. 
This is the time base for the operation of MSM6949 and 
is divided down within the chip for variety of internal uses. m 

·----·---·-

VD02 15 Positive power supply, +5V. 

This pin is internally connected only to the digital output 
logic circuitry for RD1 ~RDS, RDA and RDB. 

RD1 24 These are 1/0 terminals. When READ is held on digital 0 
I I state, these pins become output terminals and the result of 

RDS 17 the AD conversion with 8-bit (or 10-bit) parallel two's 
complement format appears. Refer to Table 4. 

When READ is held on digital 1 state, these pins become 
input terminals and the data input to these pins are loaded 
into the register storing them as the gain setting data for 
AGC circuit on the positive edge of AGCW. 
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Pin No. 
Pin Name 1------~ 

SS JS 
Function 

To input digital 1 to each digit of RD1 ~ RD8 means the 
following amplitude per digit for AGC circuit. 
--------~··-·----~---·----

Pin Gain Pin Gain 

RD1 +0.2 dB RD5 +3.2 dB 
1-------

2 +0.4 6 +6.4 
1------1--------+-------~-----" 

3 +0.8 7 +12.S 
~---------+----------+----1------~ 

4 +1.6 s +25.6 
L--------'------------~------'---------------' 

Table 5 

The actual values of AGC circuit's relative and obsolute gain 
are as shown in Table 6. 
-----------------------

Gain (dB q RD 
--- ··----~- ----,-----

s 7 6 5 4 3 2 1 Relative Absolute 

1 0 0 0 0 0 0 0 -25.5 -11.6' 
1----+-- ----+------

1 0 0 0 0 0 0 1 -25.3 -11.4 
1--_L____ _._l_______l _ __L ___ __L__ -~ 

' 7? I 'Tlt;-1,-1 ;-1,+~"' + ~13.81 
o o o]TI~ +0.1 +14.o 

f----- - - ' - +----·- ' 
' ' I I 

I -------+--
0 1 1 1 1 1 1 o +25.3 +39.2 I 

1----+----+-------+----+-----+--+----+--+------+---------j 

0 1 1 1 1 1 1 1 +25.5 +39.4 

Table 6 
-----+-----+------+------------------------------

ROB 25 

RDA 26 

ST 27 

ID-A-248 

These are 3-state output pins to extend the RD bit length 
when CSW is set at digital 1 state. When CSW is set at digital 
1 state, each digit of RDS~ RD1 is shifted toward less 
significant bit by 2 bits and this makes RDA become LSB 
and MSB appears on RD6, RD7 and RDS with the same data. 
This processing is useful to attenuate the received signal 
level for the demodulator. 

This signal allows the MSM6949 to start the AD conversion 
on the negative edge of ST. The conversion period should be 
within 51 ~ 143 µs. The latest AD converted data appear 
on the RD pins 44 µs after from the falling edge of ST. 



Pin No. Pin Name L_ ____ _J 

SS JS 

READ 2S 

AGCW 29 

Function 

This is a control signal for 3-state output data bus line 
RDS- RD1, RDA and RDB. 

While this pin is in digital 0 state, the output bus is active 
and the result of the AD conversion appears on RDS - RD 1, 

While this pin is in digital 1 state, the output bus is inactive 
and RDS- RD1, RDA and RDB become input terminals. 

This signal controls to load the gain setting data into the 
register for AGC circuit through RDS - RD1 on the positive 
edge of AGCW. At this time, READ must be in digital 1 
state. 

------'----'---'------------------------------
csw 30 

LD1 31 

LD2 32 

As mentioned in the description of RDA and RDB, the RD 
bit length is extended from S-bits to 10-bits and the 
position of each digit is shifted by 2-bits toward the less 
significant digit when CSW is set at digital 1 state. 

These output signals are of comparators which have different 
threshold levels each other and the inputs are connected to 
the output of AGC circuitry (AGCO). 

When AGCO shows an extraordinary signal level by the 
abrupt change in the received signal level, LD1 and LD2 
can be a warning signal for the demodulator and the AGC 
circuit. 

~'--____ Si_g_na_l_l_ev_e_l_o_n_A_G_C_O_(d_B_m_l __ ~ 
I ~ +2 +1 -14.5 -15.5 

LD1 0 

LD2 0 -~ 1 

Table 7 

For example, the demodulator should be reset when LD1 
indicates the digital 0 state. 

In other case when LD2 indicates the digital 1 state, the 
AGC circuit should be set at the nominal gain by setting 
digital 0 to all of RD digits for the quick escape from the 
abnormal state. Refer to Table 7 and Figure 13. 

AGCO 

LD1 

LD2 
Figure 13 
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Pin Name 
Pin No. 

Function 
SS JS 

CD1 33 The MSM6949 provides a pair of carrier detect circuitry 
and each of them has a inherent detect level which is 
internally fixed. 

CD2 34 On the other hand, their carrier detect levels can be 
determined by external circuit by using CD1 L, CD1H, 
CD2L and CD2H. 

Usually, CD1 is used for 2400, 4800, 7.200 and 9600 bps 
data transmission, or for call progress tone monitoring. CD2 
is used for FSK transmission, such as CCITT T. 30. The 
state of digital 1 means that the received signal is within the 
level range to be demodulated. 

When indicating the digital 0 state, the received data should 
be ignored as meaningless information. 

Refer to the descriptions for CD1 L, CD1H, CD2L and CD2H. 

BWC1 35 These control signals determine the receive filter bandwidth 
according to the application's requirement. Refer to 
Figure 6, 7 and 8. 

BWC2 36 Band-BWC1 BWC2 Receive Filter Composition width Application 

D 
~ 0.3 -

No backward 
0 0 

3.4 kHz 
channel 
transmitting 

~ 0.6 ~ 
Backward 

0 1 channel 
3.4 kHz 

transmitting 

~ 0.3-
Call progress 

1 0 
0.65 kHz· 

tone monitor-
ing 

-1£o~£ol. 
Special case 

1 1 Through (External) 
Filter 

Table 8 

Le th__ l£ 1 
0.6 kHz 0.65 kHz 0.3 3.4 kHz 

<HPF> <LPF> <BPF> 
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Pin Name 
Pin No. 

Function 
SS JS 

When a modem operates without backward channel (BWC) 
transmiting, receive signal bandwidth should be extended 
to 0.3 kHz for better transmission data quality. When a 
modem operates with BWC transmitting, the receive filter 
must reject the BWC signal which leaks from own BWC 
transmitter through the hybrid circuit in the 2-wire 
facilities. 

As backward channel transmitting signal's components 
exsist below 0.6 kHz, the received data quality would 
be deteriorated if HPF to eliminate them is not 
used. 

Usually, the frequencies of call progress tones are included 
in the range from 0.3 kHz to 0.65 kHz. The MSM6949 
have the filter for detecting those tones. 

EQR1 37 For better transmission data quality, amplitude equalizers 
are provided about MSM6949 in both transmitter and 
receiver. 

EQR2 38 

~ ~ Equalizing Characteristics 
1 2 

0 0 ill 

0 1 II 

1 0 I 

1 1 Through m 
Table 9 

Refer to Figure 4. 

DG 39 Digital ground, OV. 

AG 40 Analog ground, OV. 

When digital and analog circuitry are implemented in the 
same chip, analog functional performances are easy to be 
deteriorated by the digital noise. Especially, when the 
digital noise is asynchronous to the operating timing for 
analog circuitry, such as switched capacitor filter, AD and 
DA converter, the chip's performances become serious. 
The delicate chip is designed carefully so that the 
influence becomes less, but it is important not to mix the 
noise to AG as possible and design of PCB should be 
taken care of. 

Vss 41 Negative power supply, -5V. 
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+ MODEM·MSM6949 + 

Pin Name 
Pin No. 

SS JS 

AGCC 42 

AGCO 43 

AGGI 44 

RFO 45 

CD1L 46 

-~ 

CD1H 47 

CD2L 48 

CD2H 49 

ill-A-252 

Function 

An external capacitor of 1 µF should be connected 
between AGCC and AG. This capacitor is necessary to 
compensate the DC offset voltage generated in the AGC 
circuit. 

The output of the AGC circuit. This pin is used for the 
chip test, etc. The gain setting data should be loaded into 
the chip through RDS~ RD1 so that the signal level at 
AGCO becomes -6 dBm. 

AGGI is the input of the AGC circuit and RFO is the 
receive filter's output. These pins should be mutually 
connected via an external capacitor of 0.1 µF. This 
capacitor is required as an AC-coupling not to transfer 
the DC offset voltage to the AGO circuit. The input 
impedance of AGCI is typically 100 k.Q. 

As described in the description of CD1 and CD2, a pair 
of carrier detect circuits can be used with the internally 
fixed inherent detect levels. 

On the other hand, detect levels can be externally 
adjusted for various kinds of applications. Internal fixed 
values and external adjustments are as follows. 

CD1 CD2 
CD1 L CD1 H CD2L CD2H BWC1 BWC2f---~---+-~-~ 

ON OFF ON OFF 

0 vss * 0 -39.2 -49.3 -

1 vss * 0 -41.8 -46.8 -

vss 0 -45 

Operating 
MODE 

7200/9600 
bps 

2400/4800 
bps 

Call Progress 
Tone 

* * * VSS * • - - -45 -50 300 bps 
l----+----·--+----1----'-----+---+---+---i-----l----l.--'(-T_. 3_0.:__) ----" 

>OV >OV • 0 

>OV >OV • 

• >OV >OV • 

Depend on 
* VcD1L· -

Vco1H 
Depend on 

o Vco1L. -
Vco1H 

Depend on 
VcD2L· 
Vco2H 

External 
Adjustment 

NOTE 1) Unit of CD1/2 detect level: dBm (0 dBm= 0.775 Vrms) 
2) These levels are defined with a single tone. 

Table 10 



Pin Name 
Pin No. 

SS JS 

VR1 50 

-------+----1------j 

VR2 51 

AIN 52 

Function 

If an external adjustment is required, each of these 
terminals should be connected to the appropriate 
potential, which is over OV, and this determines the 
carrier detect ON/OFF level. Four different kind of 
potentials determine the level as follows. 
-----~---

Terminal 

CD1L 

Carrier 
Detect 

CD1 OFF 
----+------

CD1H 

CD2L 

CD1 ON 

CD2 OFF 

CD2 ON 

As an aim for external adjust
ment, it can be forecast that 
the carrier detect threshold 
level becomes about -40 dBm 
when the input potential is 
plus 2.5 V. The relation 
between the potential and 
the level is linear. 

CD2H 

Table 11 

The MSM6949 provides the voltage reference which is 
used for AD and DA conversions, carrier detect, back
ward channel transmitter, etc. 

The potential is stabilized to variations of temperature 
or supply voltages, but tends to be different from chip to 
chip. Therefore, an external adjustment is necessary. 

The resistors used to adjust the reference voltage are 
connected to these pins as follows. 

AG 

R8 + R9 > 20 k!?. 

Ch AG 

Figure 14 

A bypass capacitor is required to keep this reference 
potential in the silent condition and the value of 1 µF 
is recommended. The reference voltage on VR2 (VREF) is 
approximately determined by the following equation and 
the typical value is +2.5V. 

V 1 2 R8 + R9 [VJ REF'.::::'. . X----
R8 

This pin is the receive analog signal input. The maximum 
input level is about 0 dBm (1.1 V 0_p). 
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Pin No. 
Pin Name 1---~-----l 

SS JS 

AOUT 54 

Function 

This is the transmit analog signal output pin. The output 
resistance is about 1 on and the load resistance should be 
more than 10 kil. 

The output signal level is set at typically +3 dBm or -1 dBm 
for PSK or OAM mode, respectively. 

____ __,__. _ _,__ ___ ,__ ___________________________ _ 
XIN 55 

BOUT 56 

PWDN 57 

LT 58 

m-A-254 

This is an external analog signal input. Usually, XIN is 
used as the input for the backward channel transmitter, 
and frequently for an external DTM F tone. 

This signal is routed to the transmit filter's input via an 
adder same as the signal from the DA converter. 

B.W 
Transmitter 

Transmit 
Filter 

OdBm 

Figure 15 

An external operational~mplifier can be omitted when 
the DTMF tone is not input to XIN, and BOUT is 
connected to XIN directly. 

This is an output terminal of the backward channel 
transmitter. Refer to the description for XIN. 

The signal level is about 0 dBm. 

While call progress tone monitor.ing is proceeding, BOUT 
is internally connected to AG, because LPF is used in the 
receiver side. 

When digital 1 is input to PWDN, whole functions in the 
MSM6949 are disabled and the MSM6949 goes into the 
power standby mode. At this time, AOUT and RFO 
become high impedance state. 

LT is used to provide ~he signal path for the local analog 
loop (AC) test function. 

When digital 1 is input to LT, the transmit analog signal 
is routed to the input of the receive filter and AOUT is 
connected to AG internally. 



Pin Name 
Pin No. 

Function 
SS JS 

EOT1 59 Refer to the description of EOR 1 and EOR2. 

EOT2 60 

ATT1 61 The MSM6949 provides attenuator for transmit signal. 
j ( 

) 

ATT3 63 ATT1 ATT2 ATT3 Signal Level Loss (dB) 

0 0 0 14 

0 0 1 12 

0 1 0 10 

0 1 1 8 

1 0 0 6 

1 0 1 4 

1 1 0 2 

1 1 1 0 

Table 12 

voo1 64 Positive power supply, +5V. 
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Backward 
Channel m 2 ~ 

>--------------<BTD ATT31------_. 
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APPLICATION 





OKI semiconductor 

MSM6052 
CMOS 4BIT SINGLE CHIP LOW POWER MICROCONTROLLER FOR 
TELEPHONE 

GENERAL DESCRIPTION 
The OKI MSM6052 is low-power and high-performance single-chip 4 bits microcontroller 

employing complementary Metal Oxide Semiconductor technology, especially designed for use in 
sophisticated telephone sets. Integrated onto a single chip are 4 bits ALU, 28 kbits of mask 
programmable ROM, 2560 bits of data RAM, programmable timer, oscillator, 1 2 bits of input port, 12 
bits of output port and 4 bits of input/output port. In addition to these units, DTMF generator is 
provided. 

With MSM6052, sophisticated telephone sets become feasible by a single chip instead of 
conventional 3-chip configuration. 

FEATURES 

• Low Power Consumption 0.3mA Typical @3V 
(DTMF output off) 

• 2048 x 14 Internal ROM 
• 640 x 4 Internal RAM 
• 3 x 4 Input Port 
• 3 x 4 Output Port 
• 1 x 4 Input/Output Port 
• DTMF Generator 
• Buzzer Sound Output 
• 4 Bits Programmable Timer Applicable for 

Output of Dial Pulse 

FUNCTIONAL BLOCK DIAGRAM 

101 
102 
103 
104 
IOE 

H8 _,---L___ 

XT 
Xi' 

32kHz 
TIMING 
GENERATOR 

DP OUT DTMFOUT 

PROGRAMMABLE DTMF 
TIMER CIRCUIT 

! I 
AC TEST 

INSTRUCTION 
DECODER 

I I 
"oo Vss 

BD 

• Interrupt by Progammable Timer 
• 5 Level Stack 
• Power Down Mode 
• 52 Instruction Sets 
• Instructions Useful for Data Management 

(Data Search and Block Data Transfer) 
• 2.5 to 6.0V Operating Voltage 
• 3.58 MHz Oscillator 
• 17.9 µ.S Instruction Cycle 
• -20 to 75°C Operating Temperature 
• 28 Pin DIP or 40 Pin DIP or 44 Pin FLAT 

L-----------------~ 

DATA RAM 
640 word x 4 bit 

PROGRAM ROM 
2048 word x 14 bit 

fil-B-3 
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+TELEPHONE· MSM6052 + 

PIN CONFIGURATION 

(Top View) 40 Lead Plastic DIP 

LOGIC SYMBOL 

ID-B-4 

KEYBOARD [ 
INPUT 

KEYBOARD [ 
INPUT 

INPUT PORT [ -

KEYBOARD[ 
OUTPUT 

HOOK SWITCH 

OSCILLATION [ 

(Top View) 28 Lead Plastic DIP 

(Top View) 44 Lead Plastic Flat Package 

R4 

R5 

R6 

R7 

RB 

R3 

RS 
14 

11 

12 

'<!" C"J"N ;.... 
N ,.... Q Q Q _U Q ,.... N- (") '<!" 
o::a:wwwzwuuuu 

J OUTPUT PORT 

J IOPORT 

OUTPUT ENABLE 

DlALPUSLE 
OUTPUT 

DTMFOUTPU;r 

BUZZER OUTPUT 

32kHz OUTPUT 

RESET 

TEST 

J POWER 

13 

02 

01 

03 

NC 

04 

DP OUT 

DTMFOUT 

104 

103 

102 



PIN DESCRIPTION 

Pin Name Function 

Voo Pource source 

Vss Circuit ground potential 

AC Terminal to clear internal logic, pulled down to Vss-
After power is turned on, the MSM6052 must be reset by this terminal. 

TEST Terminal to test internal logic, pulled down to Vss-
This terminal must be open in normal operation. 

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

XT,XT 
Input and output terminals of oscillator inverter. 
3.58 MHz ceramic resonator is connected to these terminals. 

HS Input terminal connected to the hook switch, pulled up tp Voo. 
DP OUT Output terminal of dial pulse. 

Dial pulse rate (1 0 pps or 20 pps) and Make Break ratio (40% or 33 %) can 
be selected by software. 

DTMFOUT Output terminal of DTMF signal 

BO Output terminal of buzzer sound 

32 kHz Output terminal of 32 kHz clock 

R1-R4 Input port pulled down to Vss. 
Rs-Ra 

11-14 Input port having clocked pull-down resistor to Vss-
Only when this port is accessed, pull-down resistors are connected to this 
port. 

C1-C4 Output port 
01-04 

101-104 Tri-state bidirectional port 

IOE Output terminal 
When 101 - 104 is accessed, input completion signal (when read) or 
load signal (when written) is output from IOE terminal. 

fil-B-5 
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FUNCTIONAL DESCRIPTION 

A block diagram of the MSM6052 is given on 
page 102. Each block of logic will be briefly 
discussed. For more information, please refer to 
the MSM6052 user's manual. 

Program ROM 
The MSM6052 will address up to 2 k words 

of internal mask programmable ROM. Each word 
consists of 14 bits and all instructions are one 
word. The instructions are routed to a 
programmed logic array which generates the 
signals necessary for control of logic. 

Data RAM 
Data is organized in 4 bit nibbles. Internal 

data RAM consists of 640 nibbles. 
All locations are addressed by 1 O bits 

address registers (AR 1, AR2), 2 bits bank 
register (B), 4 bits page register (Pl or a part of 
the instruction's operand. 

ALU 
The ALU performs 4 bits parallel operation of 

RAM and ACC contents, or RAM contents and 
an immediate digit. It sets or resets the three 
flags (Z, C, G) depending on the condition. 

Program Counter (PC) 
The program counter is 11 bits wide counter 

to specify the address of program ROM. 
The PC is incremented by one every 

execution of the instruction, and then specifies 
the next instruction to be executed. However, the 
contents of the PC are rewritten by the execution 
of Jump, Call or Branch instruction. 

As there is no boundary in the ROM, Jump, 
Call or Branch instruction can be put anywhere 
in the ROM 

Stack 
The MSM6052 has 5 level stack aparting 

from data RAM. The contents of the PC are 
loaded into stack when Call instruction is 
executed or interrupt is generated. Nesting of 
subroutines within subroutines can continue up 
to 4 times including the interrupt. 

Input Port 

Port (R1 - R4) 
4 bits input port. Each pin of the ports is 

pulled down to Vss by internal resistor, and 
status of the port is fetched by input instruction. 

Port (R5 - RS) 
4 bits input port. Each pin of the port is pulled 

down to Vss by internal resistor, and status of 
the port is fetched by input instruction. 

m-B-6 

Port (11 - 14) 
4 bits input port. Each pin of the ports is 

pulled down to Vss by internal resistor and 
transistor. Only when it is desired to fetch status 
of the port, input current flows through these 
pins. Status of the port is fetched by input 
instruction. 

Output Port 

Port (C1 - C4) 
4 bits output port. These ports consist of data 

latches and buffers, and the contents of data 
latches are rewritten by output instruction. 

Port (01 - 04) 
4 bits output port. These ports consist of data 

latches and buffers, and the contents of data 
latches are rewritten by output instruction. 

Electrical characteristics of 03 and 04 are 
different from those of 01 and 02. 03 and 04 of 
the ports are used as XMIT MUTE and MUTE 
normally. 

Port (E01 - E04) 
4 bits output port. These ports consist of data 

latches and buffers, and the contents of data 
latches are rewritten by output instruction. 

• Input/Output Port 
Port (101 - 104) 
4 bits bidirectional port. These ports consist 

of data latches, output buffers and input buffers. 
The contents of data latches are rewritten by 
output instruction and status of the port is 
fetched by input instruction. 

Address Registers (AR1, AR2) 
The address registers are used to specify 1 0 

bits address of data RAM, when data search 
instruction (ROAR) or block data transfer 
instruction (MVAR) is executed. 

These registers are up/down counter, and 
incremented or decremented by 1 with 
execution of the instruction. 

Timing Generator 
By connecting 3.58 MHz ceramic resonator 

to XT and XT terminal, the timing generator 
generates basic timing signal to control the 
MSM6052. 

The MSM6052 can operate in 2 modes, 
normal operating mode and power down mode. 
STOP instruction is used to place the MSM6052 
in the power down mode. The oscillation stops 
and the entire functions are stopped. However, 
the contents of RAM and all registers are 
maintained. 



Programmable Timer 
The programmable timer consists of 4 bits 

down counter and 1 /1 00 prescaler. 
Any of 7990.1 Hz clock, 1997 .5 Hz clock and 

998.8 Hz clock is input to 1 /1 00 prescaler. 
Output of 1 /1 00 prescaler decrements 4 bits 
down counter by 1 . 

When the contents of 4 bits down counter is 
decremented to 0, the programmable timer 
generates interrupt. 

This programmable timer can be used as dial 
pulse generator. Dial pulse rate (10 pps, 20 pps) 
and Make/Break ratio (40%, 33%) of dial pulse 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature 

Power Dissipation 

OPERATING CONDITIONS 

Parameter 

Operating Voltage 

Memory Retension 
Voltage 

-
Operating Temperature 

DC CHARACTERISTICS 
(VDD = 3V, Ta = -20 lo 75°C) 

Parameter Symbol 

"H" Input Voltage V1H 

"l" Input Voltage Vil 

"H" Output Current (1) IOH1 

"l" Output Current (1) IOl1 

"H" Output Current (2) IOH2 

"l" Output Current (2) lol2 

"H" Output Current (3) loH3 

"l" Output Current (3) Iola 

Voo 

V1 

Vo 

Tslg 

Po 

Symbol 

Voo 

VooM 

To pr 

Voo=3V 

Voo=6V 

voo=3V 

Voo=6V 

Oa,0• 
DP OUT 

C1-C• 

01, 02, BO 

which the programmable timer generates are 
selectable. 

DTMF Circuit 
DTMF circuit is used lo generate DTMF 

signal. 12 kinds of DTMF signal (0 to 9, #,•)can 
be output by output instruction. 

BO Circuit 
BO circuit generates the square wave which 

can be used as the confirmation sound, warning 
sound and so on. 15 kinds of sound (4.66 lo 
0.82 kHz) are output by output instruction 
specifying the frquency. 

Conditions Limits Unit 

Ta= 25°C -0.3 to 7.0 v 

Ta= 25°C -o.3 to v 00+o.3 v 
Ta= 25°C -o.3 to Voo+o.3 v 

- -55to125 oc 
Ta= 25°C 200 mW 

Limits Unit 

2.5106.0 v 
1.2 lo 6.0 v 

-20 to 75 oc 

Limits 
Conditions Unit 

Min Typ Max 

2.2 - - v 
4.4 - - v 

- - 0.8 v 
- - 1.6 v 

VoH=2.6V -200 - µA 

Vol =0.4V 500 - - µA 

VoH=2.6V -1 - mA 

Vol =0.4V 10 - - µA 

VoH=2.6V -20 - - µA 

Vol =0.4V 10 - - µA 

ffi-B-7 



m 

DC CHARACTERISTICS {CONT.) 

Parameter Symbol 

"H" Output Current (4) IOH• 

"L" Output Current (4) IOL• 

"H" Output Current (5) loHs 

"L" Output Current (5) IOLs 

Pull-up Resistance Rup 

Pull down Rdwon 1 
Resistance (1) 

Pull down Rdwon 2 
Resistance (2) 

Input Leak Current l1L 

Current IDDP 
Consumption (1) 

Current IDDT 
Consumption (2) 

Memory retention 
Current 

IDDM 

AC CHARACTERISTICS 
(VDD = 3V, Ta= -20 to 75°C) 

Parameter Symbol 

Key Input Time TKIN 

Tone Output Voltage VouT 

High/Low Level Ratio dBcR 

Distortion Ratio %DIS 

Rise/Fall Time (1) 
tTLH1 

tTHL1 

Rise/Fall Time (2) 
tTLH2 

tTHL2 

Rise/FallTime (3) 
trLH3 

tTHL3 

Rise/Fall Time (4) 
tTLH• 

tTHL• 

m-B-8 

Conditions 

101-10. VoH=2.6V 
IOE 
Eo1 -Eo. VoL=0.4V 

32 kHz 
VoH=2.6V 

VoL=0.4V 

HS 

R1-Ra 

I 1 - I•, AC, TEST 

101-10. 0 SV1N SVDD 
VDD= 2.5 to 6.ov 

DTMFoutput VDD=3V 
off vDD=6V 

DTMFoutput VDD=3V 
on VDD=6V 

ON HOOK Ta=25°C 

VDD=2.5V Ta=-2oto75°C 

Conditions 

VDD=2.5 to 6.ov 

vDD=2.5V 
Row only 

VDD=4.0V RL=1 kO 
VDD=6.ov 

VDD=2.5 to 6.ov 

RL=1 kO 

03, 0•, DP OUT 
CL=50 pF 

C1-C• 
CL=50 pF 

01, 02, BD, 32 kHz 
CL=50 pF 

101-IO•, IOE, E01 -EO• 
CL=50 pF 

Limits 
Unit 

Min Typ Max 

-150 - - µ,_A 

300 - - µ,A 

-40 - - µ,A 

25 - - µ,A 

17 - 150 kO 

33 - 300 kO 

10 100 kO 

- - ±2 µ,A 

- 0.3 0.6 mA 

- 1.2 2.4 mA 

- 1.2 2.4 mA 

- 3.5 7.0 mA 

- O.Q1 0.2 µ,A 

- - 2 µ,A 

Limits 
Unit 

Min Typ Max 

33 - - ms 

- 250 -

- 350 - mV 
- 480 - rms 

1 2 3 dB 

- 1 5 % 

- - 0.5 
µ,S 

- - 0.5 

.L - 0.5 

10 
µ,S 

- -

- - 5 
µ,S 

- - 10 

- - 1 
µ,S 

- - 1 



DESCRIPTION OF INSTRUCTIONS 

Instruction Code 
Mnemonic Operation 

13 12 11J_10_l 9 _l 8 7_j_6_l5_l4 3_j_2_l1_l0 

ADDACC,AP 0 0 0 0 0 p 0 1 0 0 A AP - (AP) + ACC 

ADD#D,AP 0 1 1 0 0 p D A AP-(AP) +D 

(.) ADC AP 0 0 0 0 0 p 0 1 0 1 A AP-(AP) +ACC +C 
·0i 

AP - (AP) - ACC .Q SUBACC,AP 0 0 0 0 1 p 0 1 0 0 A 
"O 
c SUB #D,AP 0 1 1 0 1 p D A AP-(AP)-D 
"' (.) 

~ SBC AP 0 0 0 0 1 p 0 1 0 1 A AP - (AP) - ACC - C 
E 

CMPACC,AP 0 0 0 0 1 p 1 1 1 0 A (AP)-ACC :5 
~ CMP#D,AP 0 1 0 1 1 p D A (AP)-D 

XORACC,AP 0 0 0 0 0 p 0 1 1 1 A AP-(AP)VACC 

XOR #D,AP 0 1 1 1 1 p D A AP-(AP)VD 

BIT ACC,AP 0 0 0 0 0 p 1 1 1 0 A (AP) VACC 

c BIT #D,AP 0 1 0 1 0 p D A (AP)VD 
0 

~ BISACC,AP 0 0 0 0 0 p 0 1 1 0 A AP - (AP) V ACC 
~ 
c. BIS#D,AP 0 1 0 0 0 p D A AP-(AP) VD 0 -ili BICACC,AP 0 0 0 0 1 p 0 1 1 0 A AP - (AP) /\ ACC 

BIC#D,AP 0 1 0 0 1 p D A AP-(AP) AD 

RORAP 0 0 0 0 0 p 0 0 1 0 A L(AP)-c:=J 

~ ROLAP 0 0 0 0 1 p 0 0 1 0 A L(AP)-C--1 

a: ASRAP 0 0 0 0 0 p 0 0 1 1 A O-(AP)-C 

ASL AP 0 0 0 0 1 p 0 0 1 1 A C-(AP)-0 

SEZ 0 0 0 0 1 0 1 0 1 0 0 0 0 0 z-1 

CLZ 0 0 0 0 0 0 1 0 1 0 0 0 0 0 z-o 

c SEC 0 0 0 0 1 0 1 0 0 1 0 0 0 0 c-1 
0 

~ CLC 0 0 0 0 0 0 1 0 0 1 0 0 0 0 c-o 
~ c. SEG 0 0 0 0 1 0 1 0 0 0 0 0 0 0 G-1 0 
Cl 

"' CLG 0 0 0 0 0 0 1 0 0 0 0 0 0 0 G-0 u:: 
SEA 0 0 0 0 1 0 1 0 1 1 0 0 0 0 Z - 1 , C - 1 , G -1 

CLA 0 0 0 0 0 0 1 0 1 1 0 0 0 0 z-o,c-o.G-o 

MOVACC,AP 1 1 1 1 0 1 0 0 0 0 A AP-ACC 

~ MOVACC,AX 1 1 1 1 0 0 x A AX-ACC 
"iii 
c MOV#D,AP 0 1 1 1 0 p D A AP-D g 
"' MOVAP, ACC 1 1 1 1 1 1 0 0 0 0 A ACC-(AP) 
1ii 

ACC-(AX) 0 MOVAX,ACC 1 1 1 1 1 0 x A 

CHG AP 1 1 1 0 0 1 0 0 0 0 A (AP)-ACC 
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tTELEPHONE·MSM6Q526-~~~~~~~~~~~~~~~~~~~ 

DESCRIPTION OF INSTRUCTIONS (CONT.) 

Instruction Code 
Mnemonic Operation 

1312 11 10 9 8 7 6 5 4 3 2 1 0 

CHG AX 1 1 1 0 0 0 x A (AX) +-+ACC 

ROAR 1 1 0 0 0 0 0 0 0 0 0 0 0 0 ACC-(AR1) 

ROAR+(-) 1 1 0 0 0 0 0 0 1 0/1 0 0 0 0 ACC +-(AR1), AR1 +-AR1±1 

ACC +-(AR1) 
ROAR +(-),Z 1, 1 0 0 0 0 0 1 0 0/1 0 0 0 0 if (AR 1)=0 then PC+- PC + 1 

else AR 1 +-AR 1 ± 1 , repeat 

ACC-(AR1) 
ROAR +(-),N 1 1 0 0 0 0 1 0 0 0/1 0 0 0 0 if (AR 1)fO then PC +-PC + 1 

else AR 1-AR1 ±1, repeat 

ACC +- (AR 1), L +- L - 1 
ROAR+(-), Z, L 1 1 0 0 1 0 0 1 0 0/1 0 0 0 0 if (AR 1)=0 or L=O 

then PC+- PC+1 
else AR 1-AR1 ±1, repeat 

ACC +- (AR 1), L +- L - 1 
ROAR+(-), N, L 1 1 0 0 1 0 1 0 0 0/1 0 0 0 0 if (AR1)10 or L=O 

then PC +-PC + 1 
else AR 1 +-AR 1 ± 1 , repeat 

~ MVAR 1 1 0 1 0 0 0 0 0 0 0 0 0 0 AR2+-(AR1) 
iii MVAR + (-) 1 1 0 1 0 0 0 0 1 0/1 0 0 0 0 AR2 +-(AR1), , c: 

~ AR1 -AR1 ±1, AR2-AR2±1 

"' AR2+-(AR1), ta 
0 MVAR +(-),Z 1 1 0 1 0 0 0 1 0 0/1 0 0 0 0 if (AR 1) =0 then PC +-PC + 1 

else AR1 -AR1±1, 
AR2 +-AR2±1, repeat 

AR2+-(AR1) 
MVAR +(-),N 1 1 0 1 0 0 1 0 0 D/I 0 0 0 0 if (AR 1)1'0 then PC+- PC +1 

else AR1 -AR1 ± 1, 
AR 2 ._AR 2± 1 , repeat 

AR2 +- (AR1), L +-L-1 
MVAR+(-), L 1 1 0 1 1 0 0 0 0 0/1 0 0 0 0 if L=O then PC -PC +1 

else AR 1 - AR 1 ± 1, 
AR2 --:-AR2±1, repeat 

AR2 - (AR 1), L - L -1 
if (AR 1) =0 or L=O 

MVAR + (-), Z, L 1 1 0 1 1 0 0 1 0 0/1 0 0 0 0 then PC -PC +1 
else AR1-AR1±1, 
AR2 -AR2±1, repeat 

, AR2 -(AR1), L -L-1 
if (AR1)"fO or L=O 

MVAR + (-), N, L 1 1 0 1 1 0 1 0 0 0/1 0 0 0 0 then PC-PC +1 
else AR 1 ._AR 1 ± 1, 
AR2 -AR2 ±1, repeat 

Q) CALLadrs 1 0 1 8 10 89 Ba a7 a6 a5 a4 a3 a2 a, a0 STACK +-(PC), PC -adrs 
c: :s RET 0 0 0 0 0 0 
0 

1 1 0 0 0 0 0 0 PC - (STACK) + 1 
.... 
.c RTI 0 0 0 0 1 0 1 1 0 0 0 0 0 0 PC +-(STACK) or 
:::> 

PC._ (STACK) +1 en 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 

Instruction Code 
Mnemonic Operation 

1312 11 10 9 8 7 6 5 4 3 2 1 0 

JMP adrs 1 0 0 a 10 a9 a8 a7 a6 a5 a. a3 a 2 a 1 ao PC -adrs 
c. 
E JMP @AP 0 0 0 0 0 p 1 1 0 1 A PC - (PC) + (AP) + 1 :::i ...., 

JMPIO @AP 0 0 0 0 1 p 1 1 0 1 A PC - (PC)+ ((AP)/\ 7H) +1 

BEQn if Z=1 then PC-PC - n or 
(BZE n) 1 1 1 0 1 p 0 1 0 n. n3 n2 n, no PC-PC+ n +1 

else - PC - PC + 1 

BNE n if Z=O then PC-PC - nor 
(BNZn) 1 1 1 0 1 p 1 1 O n4 n3 n2 n, n0 PC-PC+ n + 1 

else PC - PC +1 

if C=1 then PC - PC-nor 
BCSn 1 1 1 0 1 p 0 0 0 n 4 n3 n2 n1 n0 PC-PC +n + 1 

else PC -PC +1 

if C=O then PC - PC - n or 
BCCn 1 1 1 0 1 p 1 0 0 n4 n3 n2 n, n0 PC-·PC+n+1 

.c else PC -PC +1 u 
c: 
~ if G=1 then PC - PC - nor 
co BGTn 1 1 1 0 1 p 0 0 1 n. n3 n2 n1 n0 PC-PC+ n + 1 

else PC -PC +1 

if G=O then PC - PC - nor 
BLE n 1 1 1 0 1 p 1 0 1 n. n3 n2 n 1 n0 PC -PC +n+1 

else PC - PC +1 

if G=1 or Z=1 
BGEn 1 1 1 0 1 p 0 1 1 n. n3 n2 n1 n0 then PC - PC - n or 

PC-PC+n+1, 
else PC - PC +1 

if G=O and Z=O 
BLTn 1 1 1 0 1 p 1 1 1 n. n3 n2 n 1 n0 then PC - PC -n or 

PC-PC+n+1 
else PC -PC+1 

IN PORT, AP 0 0 0 1 0 p PL A AP-(PORT) ---. :::i 

"5 .e- OUT AP, PORT 0 0 1 0 PH P PL A PORT-(AP) 
c. :::i 

Eo OUT #D, PORT 0 0 1 1 PH 0 PL D PORT-D 

STOP 0 0 1 1 1 0 0 0 0 0 0 0 0 0 Stop system clock 

"' HALT 0 0 1 1 1 0 0 0 0 1 0 0 0 0 Halt CPU 
~ 

ACT 0 0 1 1 1 0 0 0 1 0 0 0 0 0 Activate CPU .c 
0 
"C El 0 0 1 1 1 0 0 1 1 0 1 0 0 0 Enable timer interrupt c: 
<IS 

e DI 0 0 1 1 1 0 0 1 1 0 0 1 0 0 Disable timer interrupt 

"E ET 0 0 1 1 1 0 0 1 1 0 0 0 1 0 Enable timer activate 0 
u 
:J DT 0 0 1 1 1 0 0 1 1 0 0 0 0 1 Disable timer activate 
a. 
(.) EC 0 0 1 1 1 0 0 1 1 1 1 0 0 0 Enable output port (C1-C•) 

DC 0 0 1 1 1 0 0 1 1 1 0 1 0 0 Disable output port (C 1-C.) 
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DESCRIPTION OF INSTRUCTIONS (CONT.) 

Instruction Code 
Mnemonic 

1312 11 10 9 8 7 6 5 4 3 2 1 

OM 0 0 1 1 1 0 0 1 1 1 0 0 1 

g~ 
c: Q) IM 0 0 1 1 1 0 0 1 1 1 0 0 0 o.c: 
U"Q 
:Ju 
a. c: RST 0 0 1 1 1 0 1 0 0 1 0 0 0 
() "' 

NOP 0 0 0 0 0 0 0 0 0 0 0 0 0 

APPLICATION FOR DISPLAY TELEPHONE 

INTERFACING WITH LCD SEGMENT DRIVER 

COM a1-g5 

LOAD 

MSM6052 

101 

102 

103 

SI MSM58292 SO 

CLOCK 

Operation 
0 

0 Set 1/0 port (IO ,-10.) to 
output mode 

1 Set 110 port (IO ,-10.) to 
input mode 

0 Reset divider 

0 No operation 

LCD 

COM a1-g5 

LOAD 

SI MSM58292 

CLOCK 

INTERFACING WITH A OCT MATRIX LCD DRIVER/CONTROLLER 

LCD 

1 6 CHARACTERS 

E01 Dl1 
E02 R/W CP CP 

MSM5259 
IOE E L LOAD 

MSM6052 
104 

MSM6222 
DF DB7 DF 

103 DB6 
102 DBS 
101 DB4 
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APPLICATION FOR DISPLAY TELEPHONE (CONT.) 

INTERFACING WITH FLT SEGMENT DRIVER 

MSM6052 

E01 
E02 

E03 

E04 

FLT 

D1••D5 Sa ••••Sg 

RESET 

LOAD 
MSL9512 

SIN 

CLOCK 

m 
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OK.I semiconductor 

MSM6052-01RS/20RS 
TONE/PULSE SWITCHABLE REPERTORY DIALER 

GENERAL DESCRIPTION 

The MSM6052-01 RS and MSM6052-20RS are repertory tone/pulse switchable dialer 
which are fabricated by OKl's low power consumption CMOS silicon gate technology. 
These LSls can generate either DTMF (Dual Tone Multi Frequency) signal or DP (Dial 
Pulse) signal. 

The repertory memory has a capacity of 500 digits. Maximum 54 telephone numbers 
of 32 digits maximum/number can be stored in it, so far as total number of stored digits 
does not exceed 500. 

It operates on 2.5 V '""6 V single supply. Standby current is 0.2 µA maximum and 
memory retention voltage is 1.2 V. 

FEATURES 
• Either DTMF signal or DP signal gener

ation. 
• DP/TONE output starts 100 msec after 

keying in normal dialing (-20RS). 
• DP/TONE output starts 300 msec after 

keying in normal dialing ( -01RS). 
• 500 digits repertory memory. 

(54 numbers maximum, 32 digits 
maximum/number). 

• 24 numbers repertory dialing by single 
key dialing plus maximum 30 numbers 
repertory dialing by 2-digit abbreviated 
code dialing. 

• Last number redial (32 digits maximum). 
• Mixed dialing/storing. 

m-B-14 

• Auto insersion of 4 seconds access pause. 
• Pulse rate 10/20 pps pin selectable. 
• Make/Break ratio 34/66 or 40/60 pin 

selectable. 
• Tone output for valid key input (2 kHz, 

32 msec). 
• Alarm tone for wrong operations. 
• Single contact matrix keyboard to be 

used. 
• 3.58 MHz oscillation circuit on chip 

for ceramic resonator. 
• Supply voltage range 2.5 V ~ 6 V. 
• Low standby current 0.2 µA maximum. 
• 28-pin plastic DIP Package. 
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PIN CONFIGURATION 

KEYBOARD INTERFACE 

1 2 3 RECALL R, 

4 5 6 STORE R, 

7 8 9 PAUSE R, 

* 0 # TONE R, 

I 
L1IL13 L2ILu L3/Lts L4/L16 R, 

Lsfl11 L6/L111 L,/L19 lalL10 R, 

L9/L21 L10IL22 L11IL23 L,2IL24 R, 

t c, 

c, 

c, 

c, 

~L1 ..... 11 

Voo { >------ LSEL 

A 7 x 4 single contact keyboard shall be used. L1 /L 13 ~ L12/L24 are one touch memory 
recall keys. By connecting or disconnecting LSEL to/from Voo. two telephone numbers 
can be assigned for each key. So, the 24 numbers in total can be recalled by single key 
operation. 

In addition to it, maximum 30 numbers can be abbreviated into 2-digit address code 
(00 - 29). 

ID-B-15 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

Ri ~ R1 1~1 Key input pins. 
C1 ~c4 25~28 C1 ~ C4 are set to low level in on-hook mode, while they 

are set to high 1,evel in off-hook standby mode. When 
the key input is off, key scanning and oscillation stop. 
Single contact keyboard shall be connected. 

-
HS 8 Hook switch input pin. 

HS= High: On-hook 
HS= Low: Off-hook 

LSEL 24 Selection pin for L 1 ~ L 12 or L 13 ~ L24 for single-key diali ng 
LSEL =Low: Li~ L12 
LSEL =High: L13 ~ L24 

MB 10 Make/Break ratio selection pin. 

MB= Low: 40/60 
MB= High: 34/66 
This input is sensed during the transition stage from 
On-hook to Off-hook. 

DRS 11 Dial rate selection pin. 

DRS= Low: 10 pps 

m DRS= High: 20 pps 

This input is sensed during the transition stage from 
On-hook to Off-hook. 

MODE SEL 9 DP/DTMF mode selection pin. 

MODE SEL =Low: DP mode 
MODE SEL =High: DTMF mode 

The status at off-hook is maintained. 

lflTONEI key is pressed when this pin is being set to low 
level, the DTMF mode is established. 

-
XT,XT 12, 13 Ceramic resonator connection pins. 

Since this LSI is provided with oscillation inverter and 
feed-back resistor, 3.58 MHz ceramic resonator and 
capacitors are connected to XT and XT pin. 

VDD. Vss 18, 15 VDD= Positive power supply pin. 2.5 V ~ 6 V. 

Vss= Negative power supply pin (Ground). 

AC 16 IC initial pin. When IC.is powered on, "H" level reset signal 
has to be applied to this pin. 

TEST 14 Test pin. 

ffi-B-16 
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Pin Name Pin No. Function 

BD 17 Buzzer output pin. 
It outputs key tone for valid key input. 
It also outputs various alarm/confirming tone. 
Refer to "Sound output waveforms" for details. 

DTMF OUT 19 DTMF output pin. 
In case of double keying or pressing some key without 
releasing a previous key, DTMF output is disabled, 

DIAL PULSE 20 Dial pulse output pin. 

Make: High 
Break: Low 
HS= High (On hook): Low 

XMITMUTE 21 Transmit mute output pin. 
-

When HS= High (On-hook): Low 

When HS= Low (Off-hook) 

CD While DP signal or DTMF signal is being 
sent out: Low 

@ All other times: High 

--
MUTE 22 Mute output pin. 

When HS= High (On-hook): Low 

When HS= Low (Off-hook) 

CD While DP is being sent out: Low 

@ All other times: High m 
DP MODE OUT 23 Dial Pulse Mode output pin. 

MODE SEL =High: Low 

MODE SEL =Low: High 

When mode is changed to DTMF mode by TONE key 
input: Low 

fil-B-17 
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FUNCTIONAL DESCRIPTION 
Dialing Function 

(1) Normal Dialing 

Off-Hook ~-····~ 

Maximum 32 digits can be sent out at a time. Further key inputs are effective only 
after the first 32 digits have been sent out to the line. If more than 32 digits are dialed, 
redialing of that number is disabled. Pressing I PAUSE I key causes 4 seconds access pause. 
The access pause is released automatically 4 seconds later or manually by pressing I PAUSE I, 
I RECALL I. I STORE I or I TONE I key again. 

Switching from DP dialing to DTMF dialing can be done during the course of dialing. 
By pressing I TONE I key during DP mode, the mode is changed to DTMF mode. When 
I TONE I key is pressed, if DP signal is being sent out, the mode will be changed after send
ing out all DP signal and an access pause of 4 seconds is automatically inserted. An access 
pause can be released earlier by pressing I PAUSE I, I RECALL I, I STORE I or I TONE I key, 
if so desired. 

(2) Redialing 

Off-Hook 

The last dialed number can be redialed by pressing I RECALL I key twice. The functions 
of I TONE I and I PAUSE I signals included in the redialed number are same as in the 
repertory dialing. When the redialing is being prohibited, an alarm sound is generated at the 
second I RECALL I key input. The normal dialing can follow after that leaving the telephone 
off hook. 

(3) Repertory Dialing 

Off-Hook 

Off-Hook 

The telephone numbers abbreviated to IQ code can be dialed by single key operation 
lI!J ~ IL 2 4I ). while those abbreviated to 2-digit can be dialed by pressing I RECALL! key 

followed by 2-digit code. 

If a wrong address code is input, an alarm sound is generated. 
If a stored number has an access pause, dialing halts for 4 seconds or until I PAUSE I , 

I RECALL), JSTOREI or )TONEI key is pressed. If a stored number has a )TONE I signal, 
the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds 
or until I PAUSE I, !RECALL), I STORE I or !TONE I key is pressed. 
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(4) Mixed Dialing 

Off-Hook []] []] [QJ . .. . . ~ [fil [&] [&] 
'--v----J '----v--' ~ 

Redial Normal dialing 2-digits 
abbreviated 
code dialing 

Q 
t 

Single key 
dialing 

Mixed dialing of normal dialing, redialing and repertory dialing can be done. In that case, 
however, redialing must come to the first part. If the digits of the mixed dialed number 
is up to 32, that number can be redialed. 

Memory Storing/Clearing Function 

(1) Storing of telephone number 

Off-Hook ~ ~ ~@]~ ~ 

~@][] 

(Store into 2-digits abbreviated 
code address) 

(Store into single key address) 

Storing operation can be continued leaving the telephone off hook. When the storing 
of a telephone number has been completed, a sound is generated to indicate that the next 
number's storing is allowed. The first I STORE I key input can be omitted from the second 
number. 

If the empty space of the repertory memory is less than l6 digits, an alarm sound is 
generated at the first I STORE I key input. In other words, if an alarm is not generated 
at the first I STORE I key input, minimum 16 digits can be newly stored. 

An alarm sound is generated at the 500th digit input showing the memory has no more 
capacity. That 500th input digit can be stored in the memory, however, if the 501st digit 
is input, an alarm sound is generated again. That input digit is neglected and the entire key 
operation is disabled until the telephone is hooked on. 

Maximum digits of a telephone number to be stored is 32. I TONE I signal and I PAUSE I 
signal are counted as one digit respectively. 

If the 33rd digit is input, an alarm sound is generated and the entire key operation is 
disabled until the telephone is hooked on. 

24 telephone numbers can be abbreviated to single key address codes, which are 
IQ ~ IL24I _ Other than those single key address codes, maximum 30 telephone numbers 

can be abbreviated to 2-digit address codes, which are 00 ~ 29, so fas as total stored digits 
in the repertory memory do not exceed 500. 

[]] ~ rn can be used for the first digit ~ ' and []] ~ []] can be used for the second 
digit ~ . If a wrong number is used, an alarm sound is generated and that input is 
neglected. 
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(2) Mixed Storing 

Off-Hook [fil @] ..... ~ [[j ~ ~ ~ §j §j 
...... Store into 2-digit abbreviated code address 

Off-Hook [fil Q ~ .................... ~ (Q ~ (Q 
......... Store into single key address 

The telephone number once stored in the repertory memory can be used as a part of the 
newly stored telephone number in the form of abbreviated code ( ~ or [[] I Ail I A2 l ) . 
Maximum 32 digits can be mixed-stored. Either ~ or [BJ I Ail I A2 1 is counted as 
3 digits. 

Therefore, if Q;] key or [!!] key is pressed at 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 

Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 

(3) Clearing of Telephone Number 

Off-Hook ~@_]~ [&] 
~ [fil ~ 

Clearing operation can be continued leaving the telephone off hook. Pressing I STORE I 
key twice followed by ~ key or 2-digit code clears the stored number in that address. 
Clearing operation and storing operation can be done alternately leaving the telephone 
off-hook. 

If a wrong address code is input after pressing I STORE I key twice, an alarm sound is 
generated and that key input is neglected. 

Redial Inhibition 

Off-Hook 

Off-Hook 

[fil ~ ~ (After signals sent out) 

~ ..... ~ (After signals sent out) 

Pressing I STORE I key twice after all signals have been sent out to the line disables 
the redialing of that telephone number. It is applicable to any of normal dialing, repertory 
dialing and mixed dialing. Redialing is also disabled when more than 32 digits are dialed 
or after telephone number's clearing/storing operation. 

Others 

When there is no data in the specified memory address, an alarm sound is generated and 
that key input is neglected. 
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SOUND OUTPUT WAVEFORM 

Operation Confirmation Sound 
It is output for valid key input. 

2 kHz 

_Jllllllll-----~llllllll~~lllllllL 
.1 I. 32 msec 

Storing Confirmation Sound 

It is output when storing or clearing of telephone number has been completed. 

2 kHz 2 kHz 

_JlllllllLJlllllll.________.lllllllllll -------- ------lllllllL 
.1 1. 32 msec 1. 0.5 sec .1. 0.5 sec I 

0 (g 

Alarm Sound (a) 

It is output for the followings. 

• Wrong key input. 
• 33rd digit input for storing. 
• !STORE Ikey input when the empty capacity of repertory memory is less than 16 digits. 

2 kHz 3.5 kHz 

_Jlllll~LJlllllllLJ~ll~ILJlllL 
.1 1. 32 msec I · 288 msec .1 

Invalid key 
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Alarm Sound (b) 

It is used when the repertory number using other telephone number's abbreviated code 
as a part of it is used as a part of newly stored number. 

2 kHz 2 kHz 3.5 kHz 

_JllllllLJ~lllllLJ~lll~------1 
.1 I . 32 msec I . 288 msec. I 

Alarm Sound (c) 

It is output when there is no data in the accessed memory address. 

1 kHz 

_Jlllllllllll----- llllL_ 
1. 288 msec .1 

2 kHz 2 kHz 1 kHz 

_JllllllLJllllllllLJllllllllll ----- llllL 
. I I • 32 msec 1. 288 msec .1 

Alarm Sound (d) 

It is output when redial is prohibited. 

2 kHz 1 kHz 

_JlllllllLJlllllllll ---- llllL 
.1 1. ~~ec 1. 288 msec • J 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Limits Unit 

Supply Voltage Voo Ta= 25°C -0.3 - +7.0 v 

Input/Output Voltage V10 Ta= 25°C Vss-0.3 - v00+o.3 v 

Power Dissipation Po Ta= 25°C 200 mW 

Operating Temperature Topr - -20 - +75 oc 

Storage Temperature Tstg - -55 - +125 oC 
--;:-

DC Characteristics 
Voo = 3.0 v, Vss = o v, fosc = 3.579545 MHz, Ta= -20 - +75°c 

Parameter Symbol Condition Min Typ Max Unit 

Operating Voltage Voo 2.5 - 6.0 v 

Memory Retention 
VooM Standby mode 1.2 - 6.0 v Voltage 

Current 
looP Pulse Mode, No load 300 600 µA Consumption (1) -

Current 
looT Tone Mode, No load 1.2 2.4 mA Consumption (2) -

Memory Retention Voo = 2.5 v 
Current looM ON HOOK, 

Ta= 25°C 
- - 0.2 µA 

IOH1 
MUTE, VoH = 2.6 v -200 - - µA 

Output Current 
XMIT MUTE, DP Ioli Vol = 0.4 v 500 - - µA 

Output Current 
IOH2 

c, - c. 
VoH = 2.6 v -1 - - mA 

10l2 Vol = 0.4 v 10 - - µA 

loH, DP MODE OUT VoH = 2.6 v -20 - - µA 
Output Current 

BD 
lol, Vol = 0.4 v 10 - - µA 

l1H1 V1H = 3.0 v - - 2 µA 
Input Current HS 

l1l1 V1l =OV -20 - -180 µA 

l1H2 V1H = 3.0 v 10 - 90 µA 
In put Current R, - R 7 

I 1 lz Vil =OV - - -2 µA 

l1H, lSEl, MB, DRS V1H = 3.0 v 30 - 300 µA 
In put Current MODE SEl 

I 1l, AC, TEST V1l =OV - - -2 µA 
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AC Characteristics 
fosc = 3.579545 MHz, 2.5 v::::: Voo::::: 6.0 v, Ta= -20 ~ +75°C 

Parameter Symbol Condition Min Typ Max Unit 

Key Input Time TKIN 33 - - ms 

ROW side only Voo = 2.5 v 150 250 350 mV Tone Output VouT RL=1Kn rms 
Voo =4.0 v 200 340 570 

High/Low Level 
dBcR 1.0 2.0 3.0 dB Ratio 

Distortion %ois - 5 10 % 

Tone Output Frequency tosc = 3.579545 MHz 

Key Input 
Nominal Frequency Output Frequency Distortion 

(Hz) (Hz) (%) 

Ri 697 699.1 +0.30 

R2 770 766.2 -0.49 

R3 852 847.4 -0.54 

R4 941 948.0 +0.74 

C1 1209 1215.9 +0.57 

C2 1336 1331.7 -0.32 

C3 1477 1471.9 -0.35 m 
Signal Output Timing tosc = 3.579545 MHz 

Parameter Symbol Condition Typ Unit 

Tone Output Time Ttone Tone auto dial 100 mS 

T1DP1 Tone auto dial 100 ms 
Inter Digit 
Pause T1DP2 Pulse auto dial ( 10 pps) 800 mS 

T1DP3 
Pulse auto dial (20 pps) 

450 ms 
MSM6052-01 RS 

T1DP3 
Pulse auto dial (20 pps) 

500 mS 
MSM6052-20RS 
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TIMING CHART 
DP MODE TIMING CHART 
1) Normal dialing 

HS 

KEYIN 

osc 

MUTE 

XMUTE 

DP 

TONE 
H 

DRS 

2) Mode change-over by Tone key 

HS 

KEYIN 

osc 

MUTE 

DP 

TONE 

Tmop "'Tiop 

..... MSM6052-01 RS 

..... MSM6052-20RS 

c___ _ ___..n.___ __ 
- 33mS 

300 mS 
100 ms 

32 ~ 64 ms 

Ttone~ 
Tmot 

'-~~~~~~~-

Tmot"' 100 mS 
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3) Repertory dialing 

HS 

KEVIN 

osc 

MUTE 
Repertory dialing 300 mS MSM6052-01 RS 

125 ms MSM6052-20RS 
33 mS MSS6052-01 RS 

100 ms MSM6052-20AS 
32-64 ms 

XMUTE Repertory dialing 10 pps 1600 mS 
20 pps 900 mS MSM6052-01 AS 

'-----------------R-,d-ie_li__,ng ~g ~~~ 1ggg ~~ MSM6052-20RS 

DP 

TONE 

DTMF MODE TIMING CHART 
1) Normal dialing 

HS 

KEVIN 

osc 

MUTE 

XMUTE 

DP 

TONE ------"~ Tmot 

fil-B-26 
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300 mS ..... MSM6052-01 RS 
100 ms ..... MSM6052-20RS 

20 pps 450 mS MSM6052-01 RS 
k--'-o..! 20 pps 500 mS MSM6052-20RS 

32~64mS 

Tmot = 100mS 
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2) Repertory dialing, Last number re-dial 

HS 

DP 

TONE 

Repertory dialing 300 mS MSM6052-01 RS 
125 ms MSM6052-20AS 

Redialing 33 mS MSM6052-01RS 
100 ms MSM6052-20RS 

.__,._..32_- 64 ms 

Repertory dialing 200 mS 
Redialing 100 ms 
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OKI semiconductor 

MSM6052-05GS/10RS/11RS 
TONE/PULSE SWITCHABLE REPERTORY DIALER 

GENERAL DESCRIPTION 
The MSM6052-05GS, MSM6052-10RS and MSM6052-11 RS are Tone/Pulse switchable 

repertory dialer which are fabricated by OKl's low power consumption CMOS silicon 
gate technology. All of these LSls can generate either DTMF (Dual Tone Multi Frequency) 
signal or DP (Dial Pulse) signal. 

The repertory memory has a capacity of 500 digits. Maximum 54 * telephone numbers 
of 32 digits maximum per telephone number can be stored in it, so far as the total number 
of stored digits does not exceed 500 digits. 

All of these LSls operate on 2.5 V - 6.0 V single supply voltage. Stand-by current is 
0.2 µA maximum and the memory retention voltage is 1.2 V. 

FEATURES 
• Either DTMF or DP signal can be 

generated. 
• 500 digits repertory memory (54 * 

numbers maximum, 32 digits maxi
mum/number). 

• 24 telephone numbers which can be 
recalled by single key operation and 
additional 30* telephone numbers 
which can be recalled by 2-digits abbre
viated code. 

• Mixed dialing, Mixed storing (Repertory 
memory can be stored as a part of 
another repertory memory). 

MSM6052-05GS I 

• Last number redial (32 digits maximum) 
• Auto pause 4 sec. 
• Pulse rate 10/20 pps pin selectable. 
• Make/Break ratio 34/66 or 40/60 pin 

selectable. 
• Alarm output for l(Vrpng operations. 
• 3.58 MHz for ceramic resonator oscilla

tion circuit on-chip. 

• Supply voltage range 2 .5 V - 6 V. 
• Low stand-by current 0.2 µA maximum. 

MSM6052-1 ORS MSM6052-11 RS 

Both of On-Hook memory storing/clearing and 
Memory Storing/ Off-Hook memory storing/clearing On-Hook memory 

Clearing or storing/clearing only 
On-Hook memory storing/clearing only 

selectable 

Matrix keyboard input 

Keyboard Interface or 
4-bit parallel data input Matrix keyboard input 

selectable 

Package 44 pin plastic FLAT J 40 pin plastic DIP 28 pin plastic DIP 
package package package 

* In case of MSM6052-05GS and MSM6052·10RS, "Senbl" pin has to be set at "H" level to enable 
30 numbers stored into 2-digits abbreviated code. 
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PIN CONFIGURATION 

R, 

R, 

HS 
MODE SEL 

R, 

DRS 

XT 

XT 

32 kHz 

NC 
TEST 

R, 
RS 

MODE SEL 
MB 
NC 

DRS 

MSM6052-10RS 

MSM6052-05GS 

Q_ 

0 
,..-CJUUUUJ _,.."' ... a: a: 2 z 2 z _J u (.) u u 

LEDp R, 

c, 
c, 
c, 
c, 
LSEL 

LEDs 

DP MODE OUT 

MUTE 

XMITMUTE 

DP OUT 

DTMF OUT MODE SEL 

Pen bl 
MB 

OHSenbl 

Sen bl DRS 

KEYenbl XT 
VDD 

BD XT 

AC TEST 

Vss 

LSEL 
LEDs 
DP MODE OUT 

MUTE 
NC 
XMIT MUTE 
DP OUT 
DTMF OUT 
Pen bl 
OH Sen bl 
Sen bl 

MSM6052-11 RS 

c, 
c, 

c, 
c, 

LSEL 

DP MODE OUT 

MUTE 

XMIT MUTE 

DP OUT 

DTMF OUT 

VDD 

BD 

AC 

Vss 
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KEYBOARD INTERFACE 
Both of MSM6052-05GS and MSM6052-10RS have an option to choose either keyboard 

input or 4-bit parallel data input. This option is selected by the status of KEYenble pin. 
As for MSM6052-11 RS, data is only input from the keyboard. The interface of MSM6052-

05GS and MSM6052-10RS with the keyboard and 4-bit parallel data input is described 
in the Figure 1, while the interface of MSM6052-11 RS with the keyboard is described in 
the Figure 2. 

4-bit parallel data 

Dstb + 

R, 

Note 

Either single contact matrix keyboard input or 4-bit parallel data input is selected by the status 
of KEYenbl pin. 
When Keyenbl pin is at "H" level: Single contact keyboard Input. 
When KEYenbl pin is at "L" level: 4-bit parallel data input. 

Figure 1 MSM6052-05GS, MSM6052-10RS keyboard interface. 
(Interface with single contact matrix keyboard and 4-bit parallel data input) 
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Note 

Interface with a single contact matrix keyboard 

~ Output pin 
C1 C2 Input pin ~ 

R1 1 2 

R2 4 5 

R3 7 8 

R4 * 0 

R5 L1/L13 L2/L14 

R6 L5/L17 L6/L16 

C3 

3 

6 

9 

# 

Figure 2. 
MSM6052-11RS 
Keyboard Interface 

C4 

RECALL 

STORE 

PAUSE/REDIAL 

TONE 

L3/L15 L4/L16 

L7 /L17 L8/L19 

R7 L9/L21 L 10/L22 L 11/L23 L 13/L24 

r >----- LSEL 
L13~24 

A 7 x 4 matrix single contact keyboard shall be used. L 1/L 13~L12/L24 are single key 
dialing keys. By connecting or disconnecting LSEL to/from Voo. two telephone numbers 
can be assigned for each key. 

So, the 24 numbers in total can be recalled by single key operation. *In addition to it, 
maximum 30 numbers can be abbreviated into 2-digit address code (00 ~ 29). 

* In this case, Sen bl pin of MSM6052-05GS and MSM6052-1 ORS shall be set to "H" level. 
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4·bit parallel data input (Only MSM6052-05GS and MSM6052-10RS) 

When 4-bit parallel data input is selected by setting KEYenbl pin at "L" level, operation 
is executed by 4-bit data and strobe signals. 

In this case, however, dialing by single key operation cannot be used. 

Figure 3 shows an 4-bit parallel data in)jlut timing, while Figure 4 shows the 4-bit data 
and its corresponding data input from the keyboard. 

Dstb ____.l1
-------i. • .____I _______. 

33 msec min. 

Figure 3 4-bit parallel data input timing 

HEX Data 0 1 2 3 4 5 6 7 8 9 A B c D E F 

s R p R 
T Er E 

T 0 DU c KEY Data 0 1 2 3 4 5 6 7 8 9 0 * # N I S A R L E E eE L 

Note: C, -:- C4 shall be set at "L" level when OFF-Hooked in the stand-by mode. Oscillation 
will stop when key input or 4-bit parallel data input is stopped. 

Figure 4 4-bit parallel data and its corresponding key data 
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PIN DESCRIPTION 

Pin No. 
Pin Name Function 

-05 -10 -11 

R 1 -R 7 1-4. 4-9, 1-7, Key input pins. 
6, 11, 25-28 As for MSM6052-11 RS, C1 -C4 are set to low level 

c,-c: 34-37, 36-39 in on-hook mode, while they are set to high level in 
43,44 off-hook standby mode. 

As for MSM6052-05GS and MSM6052-10RS, the 
C1 -c. conditions are as follows. 

Keyboard input: On-hook mode: Low 
Off-hook stand-by mode: High 

4-bit parallel data input: Constantly low 

Dstb 5 10 - (Only MSM6052-GS and MSM6052-10RS) 
When 4-bit parallel data input is selected, the data 
strobe signal is input to this pin. 

HS 7 12 8 Hook switch input pin. 
-
HS= "H" level or open : On-hook 
HS = "L" level : Off-hook 

LSEL 33 35 24 Selection pin for single key dialing. 
LSEL = "L" or open : L, - L, 2 
LSEL = "H" : L,, - L2• 

MB 9 14 10 Make/Break ratio selection pin. 
MB= "L" or open : 40/60% 
MB="H" : 34/66% 

Note: This input is sensed in the transition stage m 
from On-hook to Off-hook. 

DRS 11 15 11 Dial rate selection pin. 
DRS= "L" or open : 10 pps 
DRS= "H" : 20 pps 

Note: This input is sensed in the transition stage 
from On-hook to Off-hook. 

MODE SEL 8 13 9 DTMF/DP mode selection pin. 
MODE SEL = "L" or open : DP mode 
MODE SEL = "H". : DTMF mode 

If ITONE I key is pressed in the DP mode, the 
DFMF mode is established. 
Note: This input is sensed in the transition stage 

from On-hook to Off-hook. 

DTMF OUT 26 29 19 DTMF output pin. 
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Pin No. 
Pin Name Function 

-05 -10 -11 

DP OUT 27 30 20 Dial pulse output pin. 
This pin is at "H" level for "Make", and at "L" 
level for "Break". A "L" level output is also 
obtained when HS= "H" or open (On-hook). 

XMIT MUTE 28 31 21 Transmitter mute output pin. 
When HS= "H" or open (On-hook) : 

XMIT MUTE= "L" 
When HS= "L" (Off-hook) 

i. While DP signal or DTMF signal is being 
output : XMIT MUTE= "L" 

ii. All other times : XMIT MUTE = "H" 

--
MUTE 30 32 22 Mute output pin. 

When HS= "H" or open (On-hook) : MUTE= "L" 
When HS= "L" (Off-hook) 

i. While DP signal is being output: MUTE= "L" 
ii. All other times : MUTE= "H" 

DP MODE 31 33 23 Dial pulse mode output pin. 
OUT When HS status is changed from "H" or (On-hook) to 

"L" (Off-hook), either "H" level or "L" level signal 
is output from this pin by following conditions. 

MODE SEL = "L" : 
DP MODE OUT= "H" level output 

m MODE SEL = "L" level output 
DP MODE OUT= "L" level output 

A "L" level signal is output from DP MODE OUT 
pin even when MODE SEL = "L" and HS= "L", 
if JTON EI key is pressed. 

-
XT,XT 12,13 16, 17 12, 13 Ceramic resonator connection pin. 

Since MSM6052 is provided with an on-chip 
oscillation inverter and feed-back resistor, a 
3.58 MHz ceramic resonator and capacitors are 
to be connected to XT and XT. 

AC 19 22 16 Internal initialization pin. 
When this IC is powered on, a reset signal ("H" level). 
has to be applid to this pin. 

VDD· Vss 18, 21 21,24 15,18 vDD: Positive power supply pin (2.5 V ~ 6.0 V) 

Vss : Negative power supply pin (Ground) 

TEST 16 20 14 Test pin. This pin should be left open. 

BD 20 23 17 Buzzer output pin. 
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Pin No. 
Pin Name Function 

-05 -10 -11 

KEYenbl 22 25 - (Only MSM6052-05GS and MSM6052-10RS) 
Either matrix keyboard input or 4-bit parallel data 
input is selected according to the status of this pin. 

KEYenbl = "H" : matrix keyboard input 
operation. 

KEYenbl = "L" : 4-bit parallel data input 

OHSenbl 24 27 - (Only MSM6052-05GS and MSM6052-10RS) 
Memory storage method is determined by the status 
of this pin. 
OHSenbl = "H" : Both of On-hook memory storing 

and Off-hook memory storing 
are possible. 

OSHenbl = "L" : Only On-hook memory storing is 
possible. 

Senbl 23 26 - (Only MSM6052-05GS and MSM6052-10RS) 

Memory storing into 2-digits abbreviated code is 
enabled/disabled by the status of this pin. 

Senbl = "H": Memory storage into 2-digits 
abbreviated code is enabled. 

Senbl = "L" : Memory storage into 2-digits 
abbreviated code is disabled. 

Pen bl 25 28 - (Only MSM6052-05GS and MSM6052-10RS) 

Manual pause cancel function is enabled/disabled 
by the status of this pin. 

Penbl = "H": Manual pause cancel function m 
is enabled. 

Penbl = "L": Manual pause cancel function 
is disabled. 

When manual pause cancel function is disabled, 

I PAUSE I key is only used to establish the pause. 

LEDs 32 34 - (Only MSM6052-05GS and MSM6052-10RS) 
A "H" level signal is output during the memory 
store/clear operation. All other times, a "L" level 
signal is output. 

LEDp 38 40 - (Only MSM6052-GS and MSM6052-10RS) 
A "H" level signal is output when a pause is 
established, while a "L" level signal is output at 
all other times. 

32 kHz 14 18 - (Only MSM6052-056S and MSM6052-10RS) 
Output terminal of 32 kHz lock. 
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FUNCTIONAL DESCRIPTION 

Dialing Function 

(1) Normal Dialing 

Off-Hook ~ ~ [Q;J ----- ~ 
( [Q;;J designatesfor@J~m:J, [ffi ,[!],IP/RI or !TONE! keys) 

*IP/RI : I PAUSE/REDIAL I 

The maximum number of digits which can be dialed out at a time in the DP mode 
is 32 digits. Any additional digit is dialed out only after the first 32 digits are dialed 
out. 

Before the first 32-digits are dialed out, any key input from the keyboard is 
inhibited. 

If more than 32-digits are dialed out either in DTMF or DP mode, redialing of that 
number is disabled. 

Note: In the DP mode, [EJ and [!] key inputs are invalid. 

(2) Redialing 

Off-Hook JPIRJ 

When JP/RI key is firstly pressed once after the telephone is On-hooked, the last dialed
out telephone number is dialed out. 

IP/RI : IPAUSE/REDIALI 

If the redial function is inhibited, an alarm tone is generated and normal dialing can be 
executed after that. 

(3) Repertory Dialing 

Off-Hook [[] [&] [&] 
or 

Off-Hook I Lnl 

2-digits abbreviated code dialing 

------- Single key dialing 

I RECALL I 

I Li/L12I ~I L13/L24 

@]' OJ' [I] 
@] ~ [[] 

In case of 2-digits abbreviated code dialing, an alarm tone is generated if any key other 
than [[] OJ or rn key is pressed after [[] key. 

In this case, however, if [BJ key is pressed again after the alarm tone and 2-digits 
abbreviated code is addressed after [BJ key, the memory contents of that 2-digits 
abbreviated code will be dialed out. In this case, if any key other than []] key is firstly 
pressed after the alarm tone, an alarm tone will be generated again. 

An alarm tone is also generated if the specified repertory memory has no contents, or 
if anotehr repertory has been specified within the selected repertory. 
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(4) Mixed Dialing 

Off-Hook IP/RI [§] ----- [Q:;;] [[] [&] ~ [g 
t ~~t 

Redial Normal dialing 2-digits abbreviated Single key 
code dialing dialing 

Consecutive dialing of redialing, normal dialing, 2-digits abbreviated code dialing and 
single key dialing is possible. In case of mixed dialing, however, redialing of the last 
dialed number can be executed only once and it must come to the first part of the 
mixed dialing. 

If the digits of the mixed dialed number do not exceed 32, that mixed dialed number 
can be redialed. (In this case, both of 2-digits abbreviated code memory contents and 
single key memory contents are counted as 3-digits. The digits of the redialing, however, 
depends on the contents of the redialing.) 

(5) Pause 

When the I PAUSE I key is pressed, transmission of DTM F/DP signal will temporarily 
be suspended after that digit. This pause is automatically released 4 seconds later. In 
addition to this automatic pause releasing, manual pause cancelling by pressing the 
I PAUSE I key during the 4-seconds pause is available for MSM6052-11 RS. As for 
MSM6052-05GS and MSM6052-10RS, this manual pause cancelling function is enabled/ 
disabled by the status of Penbl pin. (Refer to the Note below.) 

By this manual pause canceling function by pressing I PAUSE I key during the 4-seconds 
pause, multi digits pause can also be cancelled by a single pause cancel operation. 

Note: As for MSM6052-05GS and MSM6052-10RS, the status of Penbl pin enables/ 
disables the manual pause cancel function. 

Penbl = "H" : Pause can be manually cancelled by pressing I PAUSE I key. 

Penbl = "L" : Pause cannot be cancelled manually. 

(6) Switching to DTMF mode 

When I TONE I key is pressed in the DP mode, the mode is switched to DTM F mode 
from that digit. 

When I TONE J key is pressed during the DP signal is being transmitted out, a pause 
will automatically be inserted after the transmission of DP signal has been completed. 
DTMF mode is established and signals are transmitted after this pause has been released. 

This pause can also be cancelled manually. (Refer to (5) Pause.) 

(7) Key input confirmation tone 

As for MSM6052-11 RS, an operation confirmation tone is generated for the input by 
[QJ - [[], I RECALL I, I STORE I. I PAUSE/REDIAL I and I TONE I keys in the DP 
mode and input by I RECALL I , I STORE I. I PAUSE/REDIAL I and I TONE I keys in 
the DTM F mode. 

As for MSM6052-05GS and MSM6052-10RS, no operation confirmation tone is gener
ated for the input by these keys. An operation confirmation tone, however, will be 
generated for memory storing/clearing operation. 
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Memory Storing/Clearing Function 

As for MSM6052-05GS and MSM6052-10RS, two different types of memory storing/ 
clearing operations are available and these are determined'by the status of OHSenbl pin. 

As for MSM6052-11 RS, only On-Hook memory storing/clearing is available. 

MSM6052-05GS 1 MSM6052-10RS MSM6052-11 RS 

OHSenbl pin= "H" level: Memory storing/clearing Only On-Hook condition 
is possible both in 
On-Hook and *Off-Hook 
condition 

OHSenbl pin= "L" level: Only On-Hook condition 

Memory storing/clearing operation condition 

* When Off-Hook memory storing/clearing is available, memory storing/clearing 
operation can be done even after the dialing operation. 

Memory storing/clearing operation is commenced by pressing I STORE I key and is 
stopped when any of following conditons is established. 

i. When the memory storing/clearing operation has completed. 
ii. When the interval between any two key inputs exceeds 20 seconds. 
iii. When the number of digits exceeds 32. 
iv. When total number of digits stored in the memory exceeds 500. 

An alarm tone is generated for above iii. and iv. 
A key input confirmation tone is generated for all key inputs. 

(1) Storing of telephone number 

Memory storing operation can be done by following operations. 

@J ~ ~ ~ @] ~ (&] Store into 2-digits abbreviated 
code address 

~@] [Q Store into single key .address 
[[) : ..... , S-TO~R-E--.1 

In case of storing telephone number into 2-digits abbreviated code address, ~ shall 
be any of @] , DJ or (I] and (&] shall be any of @] "" [[). For any input other 
than these keys, an alarm tone is generated. 

In this case, however, by pressing l STORE I key again enables to select the 2-digits 
abbreviated code address again. 

If any key other than I STORE I key is pressed, an alarm tone is generated. 

If the empty space of the repertory memory is less than 16 digits, an alarm tone is 
generated at the first I STORE I key input. In other words, if an alarm is not generated 
at the first I STORE I key input, minimum 16 digits can be newly stored. 
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An alarm tone is generated at the 500th digit input showing the memory has no more 
capacity. That 500th input digit can be stored in the memory, however. if the 501st 
digit is input, an alarm tone is generated again and memory storing operation is can
celled. 

Maximum digits of a telephone number to be stored is 32. I TONE\ key input and pause 
information by \PAUSE/REDIAL\ key input are counted as one digit respectively. 

If the 33rd digit is input, an alarm sound is generated and memory storing operation is 
cancelled. 

24 telephone numbers can be abbreviated to single key dialing address, which are 
[IL] ~ \L24 \ . Other than those single key dialing address, maximum 30 telephone 

numbers can be abbreviated to *2-digit address codes, which are [QQJ ~ ~,so far as 
total stored digits in the repertory memory do not exceed 500. 

* In this case, Senbl pin of MSM6052-05GS and MSM6052-10RS has to be set to "H" level. 

(2) Mixed Storing 

[]] JP/RJ ~ [Q;] nm ~ [[] [&] ~ [;;] []] IA'1I ~ 
----- Store into 2-digits abbreviated code address 

[]] IP IR I [[!] [Q1J nm ~ [[] [&] !&] [;;] []] [;;;] 
----- Store into single key address 

JP/RJ 

[Ql] ~ ~ 

~~ [&] 
[Q 
JA'1I IA'2I 
[Q 

Last dialed telephone number 

Normal dial 

Already stored telephone number 

Already stored telephone number 

Newly stored address 

Newly stored address 

The telephone number once stored in the repertory memory can be used as a part of 
the newly stored telephone number in the form of abbreviated code. The last dialed 
telephone number can also be used as a part of newly stored telephone number, but 
in this case the last dialed telephone number should come to the first part of the newly 
stored telephone number. Otherewise, input by J PAUSE/REDIAL J key is regarded as 
a pause information. 

Maximum 32 digits can be mixed stored. Either [;;] or J RECALL J [&] ~ is 
counted as 3 digits, while number of the digit of the last dialed out telephone number 
depends on the contents of redialing. 

If [!;] key or \RECALL\ key is pressed at the 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 

Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 

ffi-B-39 

m 



m 

+TELEPHONE· MSM6052-05/10/11 ----------------

(3) Clearing of telephone number 

(]] m [Ai] ~ Clear the 2-digits abbreviated code address 

[[) [[) II;;] Clear the single key address 

Pressing I STORE I key twice followed by [;;] or ~ ~ clears the stored number 
in that address. 

(4) Redial Inhibition 

Redialing is disabled by one of following conditions has been established. 

m-B-40 

i. When more than 32 digits are dialed out in a single dialing operation. 
ii. In the memory storing/clearing operation, I STORE I is pressed followed by any 

valid key input. 
iii. When the telephone is On-hooked, I PAUSE/REDIAL I key is pressed twice 

prior to any key. 
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BUZZER OUTPUT WAVEFORM 
Key Input Confirmation Tone 

It is output for the following key input. 

Operation MSM6052-05GS l MSM6052-10RS MSM6052-11 RS 

DP @]-@),All 
mode Function keys 

Normal operation -
DTMF All Function keys 
mode 

Memory storing/ 
Valid key inputs Valid key inputs 

Clearing operation 

2 kHz 

_Jllllll 1111111 llllllL_ 
I I 
: 32 msec. : 
I• • 1 

0 ~ ~ m 
Memory Storing/Clearing Confirmation Tone 

It is output when storing/clearing of telephone number has been completed. 

2 kHz 

_J11111 LJ I I I I I .____I _____.I I 11111111 L 
j I I 

: 32 msec. 0.5 sec. : 0.5 sec. : 
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Alarm Sound 

i. It is output for the followings. 
Wrong key input 
33rd digit input for storing 
I STORE I key input when the empty capacity of repertory memory is less than 
16 digits 

2 kHz 

_Jlllllll'----1 -
288 msec. ! 

Invalid key input 

ii. It is output when the repertory number, using other telephone number's abbreviated 
code as a part of it, is used as a part of newly stored number. 

3.5 kHz 1 kHz 

_Jllllllll _Jllllllll 
I I I I 
I 288 msec. I I 288 msec. I 
I I I I 

I I I I 

~ G 51 5J 

iii. It is output when there is no data in the accessed memory address. It is also output 
when redial is prohibited. 
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TIMING CHART 
DP mode Timing chart 

1) Normal dialing 

KEVIN 

osc 

DP 

TONE 

2) Repertory dialing 

KEVIN 

DRS 

TIDP ~ TMOP 

osc --fi..._ll ________ 1111--: ----

rl-A-:Repertory dialing 125 ms d 

MUTE __J J-L Redialing 100 ms ~32 ~ 64 ms 

,---,_-1 0 pps 1600 ms 
DP 20 PPS 1000 ms 

TONE 

L 
L 
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3) Mode change-over by TONE key 

HS 

KEY IN ir--1~-----"'~ r--1 key--: :--2 ~ 34 ms '---------

OSC --IHI 1~1 _11 __ ml--. --

MUTE . ~100 ms W 1 j [_33 msL_ 

DP 

TONE 

_;__J :· "L l'f--33 ms - 64 ms ! 1-64 ms 

I 
I 

1'00 ms 

----~'----------~~~~-----
------------------T-t o_n_.e~~Tmot 

Tmot = 100 ms 

DTMF mode timing chart 

1) Normal dialing 

HS 

KEVIN 

osc 

MUTE 

XMIT 

DP 

TONE 

ID-B-44 

n Ill 

----11HI II! Ill llL----'----W,111
1---I ---

_J 
I :-33 ms~ 64 ms 

I 

100 ms 
I 

'' '' ': 
'' 
'' I I 

i-33 ms 
'--------' ' - 64 ms 

100 ms 

L 

~~~~~~~~~___.f ~4.__,_~~~~-
I I I I I I 

!·t!r: _t/:·c 
Ttone / \___ Tmot 100 ms Tmot 

Tmot ':" 100 ms 
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2) Repertory dialing, Redialing 

KEVIN 

osc ---ffi-1,___ ________ ___JJJ,l~~----
MUTE _J :, ;; L_ --:\.:--

' ''l-33 ms ~ 64 ms 

~Repertory dialing 125ms 
1
: 1~~· L_ 

XMIT ' Redial 100 ms 
I '----------------'-.1...-J 

: Repertory dialing 125 ms 
' Redial 100 ms DP 

TONE 
: : I 

~ 
Tt~ne 'T1~P 

Signal output timing 

Parameter Symbol Condition Typical Unit m 
Tone Output Time T tone Tone auto-dial 100 ms 

TIDP 1 Tone auto-dial 100 ms 

Inter Digit Pause TIDP 2 Pulse auto-dial (10 pps) 800 ms 

TIDP3 Pulse auto-dial (20 pps) 500 ms 

fosc = 3.579545 MHz 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Conditions Ratings Unit 

Power Supply Voltage Voo Ta= 25°C -0.3 - 7 v 
Input Voltage V1 Ta= 25°C -0.3 - Voo +0.3 v 
Output Voltage Vo Ta= 25°C -0.3 - Voo +o.3 v 
Power Dissipation Po Ta= 25°C 200 max mW 

Storage Temperature Tstg - -55 - +125 oc 

Operating Ranges 

Parameter Symbol Conditions Ratings Unit 

Power Supply Voltage Voo fosc = 3.58 MHz 2.5 - 6 v 

Memory Retention Voltage VooM - 1.2 - 6 v 
Operating Temperature Top - -20- 75 oc 

DC Characteristics 
Voo = 3.0 v, Vss = o v, fosc = 3.579545 MHz, Ta= -20 - +75°C 

m Parameter Symbol Conditions Voo Min Typ Max Unit 
-

"H" output current ( 1) IOH1 MUTE VoH=2.6V 3.0 v -0.2 - - mA 
XMIT MUTE 

"L" output current ( 1) iou DP OUT VoL=0.4V 3.0 v 0.5 - - mA 
-

"H" output current (2) IOH2 VoH=2.6V 3.0 v -1.0 - - mA 
c, - c. 

"L" output current (2) IOL2 Vol =0.4V 3.0 v 10 - - µA 

"H" output current (3) IOL3 DP MODE OUT VoH = 2.6 V 3.0 v -20 - - µA 
LEDs 

"L" output current (3) IOL3 BD VoL=0.4V 3.0 v 10 - - µA 

"H" output current (4) IOH• VoH = 2.6 V 3.0 v -150 - - µA 
LEDp 

"L" output current (4) IOL• VoL=0.4V 3.0 v 300 - - µA 

"H" output current (5) IOHs VoH = 2.5 V 3.0 v -40 - - µA 
32 KHz 

"L" output current (5) IOHs VoL=0.4V 3.0 v 25 - - µA 

3.0 v 2.2 - -
"H" input voltage V1H - v 

6.0 v 4.4 - -
3.0 v - - 0.8 

"L" input voltage VIL - v 
6.0V - - 1.6 
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Parameter Symbol Conditions Voo Min Typ Max Unit 

"H" input current (1) l1H1 V1H = 6.0 V 6.0 v - - 2 µA 

HS 3.0 v -20 - -180 
"L" input current (1) l1L1 V1L = 0 V µA 

6.0 v -40 - -360 

V1H = 6.0 V 6.0V 20 - 180 
"H" input current (2) I 1H2 µA 

R, ~ R 8 V1H = 3.0 V 3.0 v 10 - 90 

"L" input current (2) 11 L2 V1L=OV 6.0V - - -2 µA 

MB V1H = 6.0 V 6.0 v 60 - 600 
"H" input current (3) l1H, DRS µA 

LSEL V1H=3.0V 3.0 v 30 - 300 MODESEL 

"L" input current (3) I 1L, 
AC 

V1L = 0 V 6.0 v -2 µA TEST - -

"H" input current (4) llH• KE Yen bl V1H = 6.0 V 
Senbl 

6.0 v - - 2 µA 

"L" input current (4) 11 L• 
OH Sen bl 

V1L = 0 V 6.0 v -2 µA Penbl - -

3.0 v - 0.3 0.6 
Power supply current ( 1) looP Pulse mode, No load mA 

6.0 v - 1.2 2.4 

3.0 v - 1 .. 2 2.4 
Power supply current (2) looT Tone mode, No load mA 

6.0 v - 3.5 7.0 

Power supply current (3) looM 
When on-hook mode 2.5 v - - 0.2 µA No load (Ta= 25°C) 

AC Characteristics 
fosc = 3.579545 MHz, 2.5 v :S. v00 :S. 6.0 v, Ta= -20 ~ +75°C 

m 
Parameter Symbol Conditions Voo Min Typ Max Unit 

Cycle time tcv f = 3.579545 MHz 3.0 v - 17.9 - µs 

2.5 v - 250 -
For row only mV 

Tone output VouT 4.0V - 350 -
RL = 1 k.11 rms 

6.0 v - 480 -

3.0 v 1 2 3 
High/low level ratio dBcR - dB 

6.0 v 1 2 3 

3.0 v - 1 5 
Distortion % dis R L = 1 k.11 % 

6.0V - 1 5 

Switch input time TKIN - - 33 - - ms 
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DTMF Tone Output Frequency 

Nominal frequency (Hz) Output frequency (Hz) Distortion (%) 

R, 697 699.1 +0.30 

R2 770 766.2 -0.49 

R3 852 847.4 -0.54 

R• 941 948.0 +0.74 

c, 1209 1215.9 +0.57 

c2 1336 1331.7 -0.32 

C3 1477 1471.9 -0.35 

fosc; 3.579545 MHz 

m 
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MSM6052-25RS 
TONE/PULSE SWITCHABLE REPERTORY DIALER 

GENERAL DESCRIPTION 

The MSM6052-25RS is a repertory tone/pulse switchable dialer which is fabricated by 
OKl's low power consumption CMOS silicon gate technology. This LSI can generate either 
DTM F (Dual Tone Multi Frequency) signal or DP (Dial Pulse) signal. 

The repertory memory has a capacity of 505 digits. Maximum 52 telephone numbers 
of 32 digits maximum/number can be stored in it, so far as total number of stored digits 
does not exceed 505. 

It operates on 2.5 V ~ 6 V single supply. Standby current is 0.2 µA maximum 
(V 00 = 2.5 V Ta= 25°C) and memory retention voltage is 1.2 V. 

FEATURES 
• Either DTMF signal or DP signal gener

ation. 
• DP/TONE output starts 100 msec after 

keying in normal dialing 
• 505 digits repertory memory. 

(52 numbers maximum, 32 digits 
maximum/number). 

• 22 numbers repertory dialing by single 
key dialing plus maximum 30 numbers 
repertory dialing by 2-digit abbreviated 
code dialing. 

• Last number redial (32 digits maximum). 
• Mixed dialing/storing. 

• Auto insersion of 4 seconds access pause. 
• Pulse rate 10/20 pps pin selectable. 
• Make/Break ratio 34/66 or 40/60 pin 

selectable. 
• Tone output for valid key input (2 kHz, 

32 msec). 
• Alarm tone for wrong operations. 
• Single contact matrix keyboard to be 

used. 
• 3.58 MHz oscillation circuit on chip 

for ceramic resonator. 
• Supply voltage range 2.5 V ~ 6 V. 

• Low standby current 0.2 µA maximum. 
(Voo = 2.5 V, Ta= 25°C) 

• 28-pin plastic DIP Package. 
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PIN CONFIGURATION 

KEYBOARD INTERFACE 

1 2 3 

4 5 6 

7 8 9 

* 0 # r-
L1 IL12 L2 IL,3 L3 IL14 

L5 IL16 L6 iL17 L7 IL18 

L9 /L20 L10IL21 L11/L22 

R (Recall) 

STORE 

PAUSE 

TONE 

i 
L4 IL15 

L8 /L19 

Redial 

t 

f---

c, 

R, 

R, 

c, 

c, 

c. 
L SEL 

DP MODE OUT 

MUTE 

DIAL PULSE 

OTMF OUT 

Voo 

BD 

AC 

Vss 

R, 

R, 

R, 

R, 

c, 

c, 

c, 

c, 

~L,-L,, 

Voo 0---- LSEL PIN 

A 7 x 4 single contact keyboard shall be used. L 1 /L 12~L 11/L 22 are one touch memory 
recall keys. By connecting or disconnecting LSEL to/from Voo. two telephone numbers 
can be assigned for each key. So, the 22 numbers in total can be recalled by single key 
operation. 

In addition to it, maximum 30 numbers can be abbreviated into 2-digit address code 
(00 ~ 29). 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

R1 ~ R1 1~7 Key input pins. 
C1 ~c4 25~2a C1 ~ C4 are set to low level in on-hook mode, while they 

are set to high level in off-hook standby mode. When 
the key input is off, key scanning and oscillation stop. 
Single contact keyboard shall be connected. 

-
HS 8 Hook switch input pin. 

HS= High: On-hook 
HS= Low: Off-hook 

LSEL 24 Selection pin for L 1 ~L ll or L 12 ~L 22 for single-key dialing. 
LSEL = Low: L1 ~ Ln 
LSEL =High: L12 ~ L22 

MB 10 Make/Break ratio selection pin. 

-MB - Low· 40/60 
MB= High: 34/66 
This input is sensed during the transition stage from 
On-hook to Off-hook. 

DRS 11 Dial rate selection pin. 

DRS= Low: 10 pps 
DRS= High: 20 pps 

This input is sensed during the transition stage from 
On-hook to Off-hook. 

MODE SEL 9 DP/DTMF mode selection pin. 

MODE SEL =Low: DP mode 
MODE SEL =High: DTMF mode 

The status at off-hook is maintained. 

lfiTONE!key is pressed when this pin is being set to low 
level, the DTMF mode is established. 

-
XT, XT 12, 13 Ceramic resonator connection pins. 

Since this LSI is provided with oscillation inverter and 
feed-back resistor, 3.58 MHz ceramic resonator and 
capacitors are connected to XT and XT pin. 

VDo, Vss 18, 15 VDD: Positive power supply pin. 2.5 V ~ 6 V. 

Vss: Negative power supply pin (Ground). 

AC 16 IC initial pin. When IC is powered on, "H" level reset signal 
has to be applied to this pin. 

TEST 14 Test pin. 
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Pin Name Pin No. Function 

BO 17 Buzzer output pin. 
It outputs key tone for valid key input. 
It also outputs various alarm/confirming tone. 
Refer to "Sound output waveforms" for details. 

DTMF OUT 19 DTMF output pin. 
In case of double keying or pressing some key without 
releasing a previous key, DTMF output is disabled. 

DIAL PULSE 20 Dial pulse output pin. 

Make: High 
Break: Low 
HS= High (On hook): Low 

----

XMIT MUTE 21 Transmit mute output pin. 

When HS= High (On-hook): Low 
-

When HS= Low (Off-hook) 

CD While DP signal or DTMF signal is being 
sent out: Low 

@ All other times: High 

--
MUTE 22 Mute output pin. 

When HS= High (On-hook): Low 
-

m When HS= Low (Off-hook) 

CD While DP is being sent out: Low 

@ All other times: High 

DP MODE OUT 23 Dial Pulse Mode output pin. 

MODE SEL =High: Low 

MODE SEL =Low: High 

When mode is changed to DTMF mode by TONE key 
input: Low 
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FUNCTIONAL DESCRIPTION 
Dialing Function 

(1) Normal Dialing 

Off-Hook ~ ..... ~ 

Maximum 32 digits can be sent out at a time. Further key inputs are effective only 
after the first 32 digits have been sent out to the line. If more than 32 digits are dialed, 
redialing of that number is disabled. Pressing I PAUSE] key causes 4 seconds access pause. 
The access pause is released automatically 4 seconds later or manually by pressing [PAVSEJ, 
I RECALL I, I STORE I or I TONE I key again. 

Switching from DP dialing to DTMF dialing can be done during the course of dialing. 
By pressing I TONE I key during DP mode, the mode is changed to DTMF mode. When 
I TONE I key is pressed, if DP signal is being sent out, the mode will be changed after send
ing out all DP signal and an access pause of 4 seconds is automatically inserted. An access 
pause can be released earlier by pressing J PAUSE I. I RECALL\. J STORE J or J TONE I key, 
if so desired. 

(2) Redialing 

Off-Hook 

The last dialed number can be redialed by pressing I RediaD key. The functions of [TONE I 
and J PAUSE I signals included in the redialed number are same as in the repertory dialing. 
When the redialing is being prohibited, an alarm sound is generated at the JRedial Ikey input. 
The normal dialing can follow after that leaving the telephone off hook. 

(3) Repertory Dialing 

Off-Hook 

Off-Hook 

The telephone numbers abbreviated to [Q code can be dialed by single key operation 
[!] ~ IL22I ). while those abbreviated to 2-digit can be dialed by pressing I RECALL I key 

followed by 2-digit code. 

If a wrong address code is input, an alarm sound is generated. 
If a stored number has an access pause, dialing halts for 4 seconds or until I PAUSE I , 

J RECALL I, JSTOREI or JTONEJ key is pressed. If a stored number has a JTONE I signal, 
the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds 
or until IPAUSEI, !RECALL!, !STORE! or ITONEI key is pressed. 
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(4) Mixed Dialing 

Off-Hook I Redial ] ~ ..... ~ [fil [_&] ~ 
'----v----1 ~ ~ 

~ 
+ 

Redial Normal dialing 2-digits Single key 
abbreviated 
code dialing 

dialing 

Mixed dialing of normal dialing, redialing and repertory dialing can be done. In that case, 
however, redialing must come to the first part. If the digits of the mixed dialed number 
is up to 32, that number can be redialed. 

Memory Storing/Clearing Function 

( 1) Storing of telephone number 

Off-Hook [I] [Q:!J 

[}]~ 

~m~ [&] 

~m[J 

(Store into 2-digits abbreviated 
code address) 

(Store into single key address) 

Storing operation can be continued leaving the telephone off hook. When the storing 
of a telephone number has been completed, a sound is generated to indicate that the next 
number's storing is allowed. The first I STORE I key input can be omitted from the second 
number. 

If the empty space of the repertory memory is less than 16 digits, an alarm sound is 
generated at the first I STORE I key input. In other words, if an alarm is not generated 
at the first I STORE I key input, minimum 16 digits can be newly stored. 

An alarm sound is generated at the 505th digit input showing the memory has no more 
capacity. That 505th input digit can be stored in the memory, however, if the 506th digit 
is input, an alarm sound is generated again. That input digit is neglected and the entire key 
operation is disabled until the telephone is hooked on. 

Maximum digits of a telephone number to be stored is 32. I TONE l signal and [PAUSE] 
signal are counted as one digit respectively. 

If the 33rd digit is input, an alarm sound is generated and the entire key operation is 
disabled until the telephone is hooked on. 

24 telephone numbers can be abbreviated to single key address codes, which are 
II!J ~ IL 221 . Other than those single key address codes, maximum 30 telephone numbers 

can be abbreviated to 2-digit address codes, which are 00 ~ 29, so fas as total stored digits 
in the repertory memory do not exceed 505. 

[QJ ~ rn can be used for the first digit [KJ ' and []] ~ []] can be used for the second 
digit ~ . If a wrong number is used, an alarm sound is generated and that· input is 
neglected. 
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(2) Mixed Storing 

Off-Hook [I] l[J ..... @;] ~ ~ [&j [}] ~ §] 
...... Store into 2-digit abbreviated code address 

Off-Hook [}_] 6!}j @::J .................... @;] ~ ~ ~ 
......... Store into single key address 

The telephone number. once stored in the repertory memory can be used as a part of the 
newly stored telephone number in the form of abbreviated code ( [Q or [[) ~ I A2 \ ) . 

Maximum 32 digits can be mixed-stored. Either [DJ or [BJ ~ [E2] is counted as 
3 digits. 

Therefore, if ~ key or [[] key is ,pressed at 31st or 32nd digit, an alarm sound is 
generated and storing is disabled. 

Abbreviated code used for the newly stored number must not include abbreviated code 
of the other telephone number. 

(3) Clearing of Telephone Number 

Off-Hook ~~~ [&] 
~[]~ 

Clearing operation can be continued leaving the telephone off hook. Pressing I STORE I 
key twice followed by [I;] key or 2-digit code clears the stored number in that address. 
Clearing operation and storing operation can be done alternately leaving the telephone [ij 
off-hook. 11 

If a wrong address code is input after pressing I STORigj key twice, an alarm sound is 
generated and that key input is neglected. 

Redial Inhibition 

Off-Hook 

Off-Hook 

~ ~ ~ (After signals sent out) 

[i2] ····- ~ (After signals sent out) 

Pressing I STORE I key twice after all signals have been sent out to the line disables 
the redialing of that telephone number. It is applicable to any of normal dialing, repertory 
dialing and mixed dialing. Redialing is also disabled when more than 32 digits are dialed 
or after telephone number's clearing/storing operation. 

Others 

When there is no data in the specified memory address, an alarm sound is generated and 
that key input is neglected. 
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SOUND OUTPUT WAVEFORM 

Operation Confirmation Sound 
It is output for valid key input. 

2 kHz 

_Jlllllll.___I _llllllll...____lllllllL 
.1 I. 32 msec 

Storing Confirmation Sound 

It is output when storing or clearing of telephone number lias been completed. 

2 kHz 2 kHz 

_JlllllllLJlllllll~ -~11111111111 -------- ------lllllllL 
.1 1. 32 msec 1---- 0.5 sec .1. 0.5 sec ~I 

0 [g 

m 
Alarm Sound (a) 

It is output for the followings. 

• Wrong key input. 
• 33rd digit input for storing. 
• filQFL~key input when the empty capacity of repertory memory is less than 16 digits. 

2 kHz 3.5 kHz 

_JlllllllLJlllllllLJllllllllLJlllL_ 
.1 1. 32 msec J • 288 msec , J 

Invalid key 
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Alarm Sound (b) 

It is used when the repertory number using other telephone number's abbreviated code 
as a part of it is used as a part of newly stored number. 

2 kHz 2 kHz 3.5 kHz 

_JllllllLJlllllllLJllllllll--- --- ~111~1 
. I I . 32 msec I . 288 msec I 

Alarm Sound (c) 

It is output when there is no data in the accessed memory address. 

1 kHz 

_Jlllllllllll---- -llllL_ 
J. 288 msec • f 

2 kHz 2 kHz 1 kHz 

_JlllllllLJllllllllLJllllllllll ----- llllL 
. I I. 32 msec 1. 288 msec • I 

Alarm Sound (d) 

It is output when redial is prohibited. 

2 kHz 1 kHz 

_JlllllllLJlllllllll ---- llllL 
. I J. ~~ec 1. 288 msec • I 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Limits Unit 

Supply Voltage Voo Ta= 25°C -0.3 - +7.0 v 

Input/Output Voltage V10 Ta= 25°C Vss-0.3 - v 00+o.3 v 

Power Dissipation Po Ta= 25°C 200 mW 

Operating Temperature Topr - -20 - +75 oc 

Storage Temperature Tstg - -55 - +125 oc 

DC Characteristics 
Voo = 3.0 v, Vss = o v, tosc = 3.579545 MHz, Ta= -20 - +75°c 

Parameter Symbol Condition Min Typ Max Unit 

Operating Voltage Voo 2.5 - 6.0 v 

Memory Retention 
VooM Standby mode 1.2 - 6.0 v Voltage 

Current 
looP Pulse Mode, No load 300 600 µA Consumption (1) 

-

Current 
looT Tone Mode, No load 1.2 2.4 mA Consumption (2) -

m Memory Retention Voo = 2.5 v 
Current looM ON HOOK, 

Ta= 25°C 
- - 0.2 µA 

IOH1 -- VoH = 2.6 v -200 - - µA MUTE, Output Current 
XMIT MUTE, DP IOl1 Vol = 0.4 v 500 - - µA 

IOH2 VoH '= 2.6 v -1 - - mA 
Output Current c, - c. 

10l2 Vol = 0.4 v 10 - - µA 

IOH3 DP MODE OUT VoH = 2.6 v -20 - - µA 
Output Current BD 

lol, Vol = 0.4 v 10 - - µA 

l1H1 - V1H = 3.0 v - - 2 µA 
Input Current HS 

l1l1 V1l =OV -20 - -180 µA 

l1H2 V1H = 3.0 v 10 - 90 µA 
Input Current R, - R 7 

11 l1 V1l =OV - - -2 µA 

l1H, lSEl, MB, DRS V1H = 3.0 v 30 - 300 µA 
Input Current MODE SEl 

I 1 l' AC, TEST V1l =OV - - -2 µA 
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AC Characteristics 
fosc = 3.579545 MHz, 2.5 v ~ VDD ~6.0 v. Ta= -20 - +75°C 

Parameter Symbol Condition Min Typ Max Unit 
1---

Key Input Time TKIN 33 - - mS 

ROW side only VDD = 2.5 v 150 250 350 mV Tone Output VouT AL= 1 Kn rms 
VDD =4.0 v 200 340 570 

High/Low Level 
dBcR 1.0 2.0 3.0 dB Ratio 

Distortion %Dis - 5 10 % 

Tone Output Frequency tosc = 3.579545 MHz 

Key Input Nominal Frequency Output Frequency Distortion 
(Hz) (Hz) (%) 

R, 697 699.1 +0.30 

R2 710 766.2 -0.49 

R3 852 847.4 -0.54 

R4 941 948.0 +0.74 

c, 1209 1215.9 +0.57 

C2 1336 1331.7 -0.32 

C3 1477 1471.9 -0.35 

Signal Output Timing tosc = 3.579545 MHz 

Parameter Symbol Condition Typ Unit 

Tone Output Time Ttone Tone auto dial 100 ms 

T1DP 1 Tone auto dial 100 ms 
Inter Digit 
Pause TIDP2 Pulse auto dial (10 pps) 800 mS 

TIDP 3 Pulse auto dial (20 pps) 500 mS 
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TIMING CHART 
DP MODE TIMING CHART 
1) Normal dialing 

HS 

KEY IN r--1 
-l-J.-.32 ~64~m,-------~ 

osc -t-1 nn--------~1----

MUTE 

DP 

TONE 

Trnop = TioP 

2) Mode change-over by Tone key 

HS 

KEYIN 

osc 

MUTE 

XMUTE 

DP 

TONE 

Tmot = 100 mS 
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3) Repertory dialing 

HS 

KEVIN 

osc 

MUTE 

XMUTE 

DP 

TONE 

DTMF MODE TIMING CHART 
1) Normal dialing 

HS 

KEVIN 

osc 

MUTE 

XMUTE 

DP 

TONE ---~~Tmot 

ii 
#32-64m• L 

L 
10 pps 800 ms 
20 pps 500 ms 

I 

32-64mS 

100mS 

Tmot = 100mS 
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2) Repertory dialing, Last number re-dial 

HS 

KEYIN 

osc --1-1~--------~11-I ---
MUTE 

XMUTE 

OP 

TONE 
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OKI semiconductor 

MSM5070RS/MSM5071RS 
TONE/PULSE SWITCHABLE DIALER WITH REDIAL 

GENERAL DESCRIPTION 
The MSM5070RS and the MSM5071 RS are TONE/PULSE switchable dialers, with a 

redial function, which are fabricated by low power consumption CMOS metal gate tech
nology. 

The only difference between the MSM5070RS and MSM5071 RS is Make/Break Ratio. 
The MSM5070RS has 33/67% Make/Break Ratio, while MSM5071 RS has 40/60% Make/ 

Break Ratio. 
These LSI can generate either DTM F or DP signal. 
The maximum number of digits which can be dialed out are 31 digits. If the last dialed 

telephone number exceeds 32 digits, this redial memory area is used as a FIFO momory. 
The operating voltage of these LS ls are 2.5 V - 5 V, while the minimum voltage required 

for memory retention is 1.2 V. 

FEATURES 
• Auto switching of DTMF/DP signal for 

redial function 
• Last number redial, 31 digits maximum 

(If the dialed out telephone number 
exceeds 32 digits, this redial memory 
area is used as a FIFO memory.) 

• Manual pause (By pressing either 
PAUSE or TONE key) 

• Pulse rate selectable, 10 pps/20 pps 
• Either single contact keyboard or stand

ard 2 of 8 keyboard can be used 

• Operating voltage, 2.5 V - 5 V 
• Memory retention voltage, 1.2 v 

minimum 
• 3.58 MHz crystal oscillation 
• MUTE/XMIT MUTE output 
• 18 pin plastic DIP package 

Make/Break Ratio Type No. 

33/67% MSM5070RS 

40/60% MSM5071 RS 
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FUNCTIONAL BLOCK DIAGRAM 

X. MUTE MUTE DP 

OUTPUT LOG IC 

REDIAL MEMORY 31DIGIT 

KEYBOARD LOGIC 

PIN CONFIGURATION 

C3 

Vss 

XMIT MUTE 7 

XT 

XT 

0 

TONE XT XT 

CONTROL LOGIC 

INPUT LOGIC 

KEYBOARD LAYOUT 

RD 1 2 3 -RI 

-R2 
RD 4 5 6 RESET 

PAUSE 7 8 9 -R3 

TONE . 0 # -R4 

T T T 1 
Cz C3 

4 x 4 matrix keyboard as shown above shall be used. Either single contact keyboard or 
standard 2 of 8 keyboard can be used. 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

R1 ~ R4 13 ~ 16 Key input pins scanned at 500 Hz. 
Single contact keyboard or 2 of 8 keyboard shall be 

Co~ C3 2~5 
connected. 

HOOK SWITCH input pin, pulled up to VDD. 
HS 12 HS= Open: "ON HOOK" 

HS= Vss : "OFF HOOK" 

DTMF OUT 18 
DTMF output pin. 
Open emitter output. 

Dial pulse output pin. 
MAKE High level 

DP 17 BREAK: Low level 
"ON HOOK": Low level 

CMOS Output 

MUTE output pin. 
"ON HOOK" Low level 

--
MUTE 11 During DP output: Low level 

All other time (When HS= Low level): High level 
CMOS output 

MUTE output pin for transmitter. 

XMITMUTE 
(HS= Open) "ON HOOK" Low level 

7 During DP or DTMF output: Low level 
All other tim(! (When HS= Low level): High level ID 
Mode selection pin. 

MODE 10 
MODE= "VDD": DTMF mode 
MODE ="Open": DP mode, 10 pps 

MODE= "Vss" : DP mode, 20 pps 

3.58 MHz crystal connection pin. 
Since both MSM5070RS and MSM5071 RS are provided 
with on-chip CG, CD and Rfb, no external components 

XT,XT 8,9 are required for the connection except a crystal 
oscillator. 

~ ~ 
J; 

'J 

CGT 

cof =r_ 
...._,. 
XT 
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FUNCTIONAL DESCRIPTION 

Redial 
The maximum number of digits which can be stored in the redial memory area is 31 

digits. As for the number which exceeds 32 digits, this memory area is used as a FIFO 
memory, in this case the redial function is prohibited. 

By pressing [[BJ key, the redial function is disabled. If IJ1B] key is pressed or the tele
phone is ON HOOKed during DTMF/DP signal is being output, signal output is stopped and 
the redial is disabled. rDDl [ROI 

Note: L!!BJ: ~ 
Mode Selection 

Signal output mode is selected by the condition of MODE pin (pin 10) as described in 
PIN DESCRIPTION. 

Mode change from DP mode to DTM F mode 
DTMF mode can be established automatically by connecting MODE pin to VDD or 

pressing TONE key during DP mode. The mode cannot be changed from DTM F mode to 
DP mode by the input from the keyboard. 

If the mode is changed from DP mode to DTMF mode by pressing the TONE key, a pause 
is automatically inserted and the output of signal is disabled until the pause is manually 
released. 

Pause 
A pause is inserted by pressing the I PAUSE I key or ~key. This pause is manually 

released by pressing any key. At that time, !PAUSE[, [REDIAL[andlTONElkeysfunction 
only to release a pause, and their original functions are suppressed. In case of other keys, 
however, they provide not only a_pause release function but also their original function. 

If a pause is used during the course of dialing, this 'pause' information is automatically 
inseterd. In case of redial, however, the pause condition has to be released manually. 

Mixed Dialing 
After the stored number has been redialed, normal dialing can be added. In that case, 

the repertory number plus added number is stored in the memory for the next redialing, 
if the total digits are within 31. If the total digits are more than 31, redialing is disabled. 

ID-B-66 



--------------+ TELEPHONE·MSM5070/71 + 

DP MODE TIMING CHART 
• Normal Dialing 

KEVIN .....__11111 ___. IWL..-11111 ____, 
I 

0 sc -----1--i...._lll __ llllHUIU.-1111 __ __iwllll---1 -
---11--tKIN 

i\iIDTE - ,.------;I I 
XMIT MUT~ ~--~ ~---~ L 

DP 

• Redial 

REDIAL ___ _ 
KEVIN 

osc ---1---4...___lll ------'llWllllll1------
--l l-tK1N 

MUTE:= l~-"'--. 

XMIT MUT~I ~ _______ __._ ......... 

DP 

1~PD~1 /, t1DP ./ 
Break 

L 
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DTMF MODE TIMING CHART 
• Normal Dialing 

HSI I 
KEVIN II I LI 

I 
osc--1---1~ II 11111 11111 

MUTE 

tKIN 

DP 

XMITMUTE_J I =4 ~tMOT I I L 
TONE ~~ ~ 

tpop 1-rJ 
tTONE 

m • Redial 

HSI I 
KEVIN 11111 

I 
osc 

11111 1111 

MUTE ~r'KIN L 
XMIT MUTE I L 

TONE 

tpop 
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AC CHARACTERISTICS 
1) Key Operation Time 

Parameter 

Effective key input time 

Key scanning frequency 

Key input time 

On-Hook confirming time 

2) DTMF Output Frequency 

Symbol 

tKD 

fKEY 

tKIN 

tONH 

Key input Nominal frequency 
(Hz) 

Ri 697 

R2 770 

R3 852 

R4 941 

C1 1209 

C2 1336 

C3 1477 

3) DTMF Signal 

Parameter Symbol 

Tone output time tTONE 

Predigit pause tPDP 

lnterdigit pause t1DP 

Mute time after DP tMOT 

4) DP Signal 

Type No. 
Make Dial pulse 

% PPS 

10 
MSM5070RS 33 

20 

10 
MSM5071 RS 40 

20 

fx-TAL = 3.579545 MHz 2.5 ~ VDD ~ 5.0 v 
Min Typ Max Unit 

35 - - ms 

- 500 - Hz 

32.7 34.7 36.7 ms 

2 - - ms 

fx-TAL = 3.579545 MHz 

Output frequency Distortion 
(Hz) (%) 

699.1 +0.30 

766.2 -0.49 

847.4 -0.54 

948.0 +0.74 

1215.9 +0.57 

1331.7 -0.32 

1471.9 -0.35 

fx-TAL = 3.579545 MHz 

Min Typ Max Unit 

- 100 - ms 

63.3 65.3 67.3 ms 

- 100 - ms 

- 100 - ms 

fx-TAL = 3.579545 MHz 

Break tPDP tmp tMOP 
ms ms ms ms 

67 98.3±2 831.3±2 800 

33.5 31.8±2 465.3±2 450 

60 105.3±2 905.3±2 800 

30 35.3±2 485.3±2 450 
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ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition Rating Unit 

Supply 
Voo Ta= 25°C -0.3 ~6.0 v voltage 

Input 
V1N Ta= 25°C Vss -0.3 ~ voo +o.3 v voltage 

Output 
vouT Ta= 25°C Vss -0.3 ~ Voo +o.3 v voltage 

Power Po Ta= 25°C 200 mW 
dissipation 

Operating 
Top - -20 ~ +75 oc 

temperature 

Storage 
Tstg - -55 ~+125 oc 

temperature 
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ELECTRICAL CHARACTERISTICS 
fx-TAL = 3.57945 MHz Ta= 25°C 

Parameter Symbol Condition 
Rating 

Unit 
Min Typ Max 

Operating 
Voo -voltage 2.5 - 5.0 v 

Power 
loo 

No load, during tone output, 
3 6 mA consumption (1) Voo = 5 v -

Power 
1002 

No load, key input off, operation 
100 µA consumption (2) halt, Voo = 5 v - -

Memory retention 
VooH On hook, operation halt 1.2 - 5.0 v voltage 

Memory retention 
IDDH 

On hook, operation halt, - - 0.2 µA current Voo = 2.5 v 

Input voltage ( 1) V1H1 o.av00 - Voo 
l:fs>-C3, RI -R.) Voo = 2.5 - 5 v v 

V1L1 Vss - o.2v00 

V1H2 o.9Voo - Voo 

Input voltage (2) 
V1M2 Voo = 2.5 - 5 v 0.4Voo 0.5Voq o.6v00 v (MODE) 

V1L2 Vss - o.1v00 

IF/Sut current (1) ltH1 V1H = 5.0 V - - -1 
(H ) 

ltL1 
Voo = 5 v 

VtL=O.OV 
µA 

-60 -120 -240 

Input current (2) IJH, VtH = 1.2 V -20 -30 -50 
(C0 -C3,R1-R4 ) l1L2 

Voo = 5 v 
VtL=1.2V 120 180 275 

µA 

ltH3 V1H=4.5V 110 160 250 
Input current (3) 

ltMs Voo =5 v V1M=2.5V -20 0 20 µA (MODE) 
It Ls V1L = 0.5 V -110 -160 -250 

Output voltage ( 1) 
VoM Voo = 2.5 - 5 V Open o.45Voo o.5v00 0.55\/ro v (MODE) 

Outeut current IOH1 VQH =2.6V -0.2 - -
(XMITMUTE,) v 00 =3 v mA 
MUTE, DP IOL1 VoL =0.4 V 0.5 - -

Oscillation rise 
tRISE Voo = 2.5- 5 v 3.0 10 ms time -

Tone output 
VouT Voo =3 v RL = 1 kn - 300 - mV 

voltage RMS 

High/Low ratio dB CR Voo = 2.5- 5 v 1.5 2.0 2.5 dB 

Distortion %Dis Voo = 2.5- 5 v - - 10 % 

Internal CD,CG Voo = 2.5- 5 v 12 pF capacitance - -
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OK.I semiconductor 

MSM6224RS 
DTMF TONE DIALER LSI 

GENERAL DESCRIPTION 

The MSM6224RS is a TONE dialer LSI which is fabricated by OKl's low power consump
tion CMOS silicon gate technology. 

The MSM6224RS can generate 16 kinds of DTM F (Dual Tone Multi Frequency) signals 
each of which consists of 4 higher group frequency and 4 lower group frequency_ 

FEATURES 

• Either the standard 2 of 8 keyboard or the 
calculator type keyboard can be used. 

• Low power consumption by use of the 
CMOS silicon gate technology. 

FUNCTIONAL BLOCK DIAGRAM 

osc 1 

OSCO 
[LOW) 

"' PR 

R2 PROGRAMMABLE 

R3 
CK DIVIDER 

A4 
160, 146, 132, 118 

SiNGIT 
fITTiE INHIBIT 

INHIBIT LOGIC 

Ci 

C2 KEYBOARD PROGRAMMABLE 
LOGIC CK DIVIDER CJ 

(COLUMN! PR 92, 84, 76, 68 
C4 

[HtGHJ 

Voo o----

Vss ~ 

• Supply voltage 2.5 V ~ 8.5 V. 
• Either the single tone or the dual tone 

ouptut. 
• 3.579545 MHz crystal oscillation. 

Voo 

TRANSMIT 

& 
MUTE LOGIC 

16fL CK 8 STAGE 

JOHNSON 

COUNTER 

8 STAGE 

16fH JOHNSON LADDER 

NETWORK 
COUNTER 

TONE 
OUT 
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PIN CONFIGURATION 

16 Lead Plastic DIP 
(TOP View) 

fil-8-74 

Voo 

C1 

C2 

C3 

vss 

OSC1 

TONE OUT 

SINGLE TONE INHIBIT 

R1 

R2 



PIN DESCRIPTION 

Pin Name 

OSC1, OSCO 

MUTE 

Pin No. Function 

7, 8 The 3.579545 MHz crystal oscillator is connected to these pins. 

14, 13, 
12,.11, 
3, 4, 
5,9 

10 

A feedback resistor and the condensers are incorporated. 

MSM6224RS 

R 1 - R4 are the 1/0 pins of the row side, while C1 ~ C4 are 
the 1/0 pins of the column side. All of those pins are provided 
with the pul I up resistors internally. The resistance value is 
20K - 150K ohms. 
The dual tone is output from the TONE OUT pin by connecting 
a row input to a column input or by setting both of a row 
input and a column input to the ground voltage. Either the 
calculator type keyboard or the standard 2 of 8 keyboard 
can be used with MSM6224RS. 

1 2 3 A C----0--.< Keyboard 
C---+--+----4--l R2 1n!erface 

4 5 6 B 

f----t---t--+--
7 8 9 c 

ROW COLUMN C2 

--L+ L.._ COLUMN 
GNO - ~ 

L__ ROW 
MSM6224RS 

Standard 2 of 8 ~eybo"rd 

The Table 1 shows the relation between the nominal frequency 
and the tone output frequency while the Table 2 shows the 
input conditions of R 1 - R4 and C1 - C4. 
•Refer to the note. 

The MUTE pin drives the external bipolar transistor by the 
CMOS output. This pin is low level when the key input is off, 
while it becomes high level when the key input is on. The MUTE 
is used for the mute of the receiver. 

Key input 

~~ 

MUTE~ 

m-B-75 



+TELEPHONE· MSM5070/71 

Pin Name 

XMIT 

Pin No. Function 

2 The XMIT pin drives the external bipolar transistor by the NPN 
open emitter output. This pin is high level when the key input 
is off, while it becomes open when the key input is on. The 
XMIT pin is used for the mute of the transmitter. 

Voo 

XMIT 

MSM6224AS 

Keyinput~ 

XMIT~ 

Open 

SINGLE TONE INHIBIT 15 When more than two columns are selected against only one 
row, or when more than two rows are selected against only 
one column, the single tone is output from the TONE OUT 
pin. The SINGLE TONE INHIBIT pin is the negative logic input 
pin to control the output of the TONE OUT pin in those cases. 
Refer to the Table 2. 

TONE OUT 16 

Voo. Vss 1, 6 

W-B-76 

When the input to this pin is high level, both of the single tone 
and dual tone are output from the TONE OUT pin. When the 
input to this pin is low level, however, the single tone is 
prohibited to output from the TONE OUT pin and becomes 
DC level. This pin is provided with the pull up resistance of 
20K - 150K ohms. 

SINGLE TONE INHIBIT 

MSM6224RS 

The low group frequency and the high group frequency selected 
by the keyboard are synthesized and output from this TONE 
OUT pin. Because the output form is the NPN open emitter 
style, the load resistance must be connected externally. It is 
same for the case of the single tone output. The output ampli
tude of the high group is 1 - 2 dB bigger than that of the low 
group. The distortion of the dual tone is maximum 10%. 

Voo is a power supply pin. 
Vss is a ground pin. 



Note: 

Table 1 

Effective input Nominal Tone output Accuracy Remarks 
frequency frequency 

R1 697 Hz 699.1 Hz +0.30 % 
-

770 Hz 766.2 Hz -0.49 % R2 
(ROW) 

R3 852 Hz 847.4 Hz -0.54 % 
Low group 

-
R4 941 Hz 948.0 Hz +o.74 % 

C1 1209 Hz 1215.9Hz +0.57 % 
-
C2 1336 Hz 1331.7 Hz -0.32 % 

(COLUMN) 
C3 1477 Hz 1471.9 Hz -0.35 % 

High group 

C4 1633 Hz 1645.0 Hz +o.73 % 

Table 2 

Row input Column input Tone output* Note 

No No ov 
1 1 fl +fH Dual tone 

No 1 fH 
Single tone 
(Only column) 

1 No ov 
More than 2 No ov 
More than 2 1 fH Single tone 

No More than 2 ov 
1 More than 2 fL Single tone 

More than 2 More than 2 ov 
*The tone output shown is in the case when the load resistance is connected between the TONE OUT 

pin and the Vss· 
fl: Low group fH: High group 
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E LE CTR ICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Condition Limit Unit 

Supply voltage VDD Ta= 25°C -0.3 - 9.5 v 

Storage temperature Tstg -55- +150 co 
Input voltage V1 v ss-0.3-v oo+0.3 v 

Output voltage Vo vss-0.3-Voo+o.3 v 

Maximum current power 
Po Ta= 70°C 500 mW dissipation 

Operating Range 

Parameter Symbol Condition Limit Unit 

Supply voltage VDD - 2.5- 8.5 v 

Operating temperature Top - -30-+70 co 

ill-8-78 



DC Characteristics 
(Ta= -30 - +85°C) 

Parameter Symbol Conditions 
Limit Applicable Unit 

Min Typ Max pin 

v 00=3.ov loH=15mA 1.5 
"H" output voltage VoH XMIT 

v 00=1ov loH=50mA 7.0 v 

"OFF" leak current IOFF Voo=8.5V VoF=OV 100 µ.A XMIT 

v 00=3.ov v 0 w2.5v 0.17 
"H" output current loH mA MUTE 

v 00=B.5V v 0 wa.ov 0.57 

Voo=3.0V VoL =0.5V 0.53 
"L" output voltage IOL mA MUTE 

Voo=8.5V Vol =0.5V 2.0 

"H" input voltage V1H 0.1 v 00 Voo 
c1-~ 
R1-R4 

"L" input voltage V1L Vss o.3 v 00 
.. 

"L" input current l1L Voo=8.5V V1L=OV 0.0567 0.425 mA .. 
"H" input current l1H Voo=8.5V V1w8.5V 10 µ.A .. 
"TONE OUT" mV output voltage VouT Voo=3.0V RL=1 Kn 235 437 TONE OUT 
(Single tone) (Row tone) rms 

Difference of high/ dB CR v 00=3.o - a.5v 1 1.5 2 dB .. 
low band level 

Distortion %DIS Voo=3.0 - 8.SV 10 % .. 
SINGLE 

"H" input current l1H Voo=B.5V V1=8.5V 1 µ.A TONE 
INHIBIT 

"L" input current llL Voo=8.5V V1=0V 0.0567 0.425 mA .. 
"H" input voltage V1H 0.1 v 00 Voo v .. 
"L" input voltage V1L Vss o.3 v 00 v .. 
Power consumption 

loos No load Voo=B.5V 200 µ.A .. 
(Stand-by) Key-OFF IE 
Power consumption 

loo No load Voo=B.5V 25 mA (Operating) Key-ON 

"L" output voltage Vol Voo=3V IOL =0.2mA 0.4 v C1-C4, 
R1-R4 

TONE OUT Rise tRise Voo=3.o - a.5v 5 ms TONE OUT Time 
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+TELEPHONE·MSM6224a-~~~~~~~~~~~~~~~~~~~ 

Sample Waveform of The Single Tone 

1.0 VDD 

0.9 

0.8 

0.7 

0.6 

0.5 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

0.4 

0.3 
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0.1 

VREFI 

Tone Amplitude (mV rms) 

m-B-80 

900 

800 

700 

600 

500 

400 

300 

15 15 15 

22 23 24 25 26 27 28 29 30 31 

t-



OK.I semiconductor 

MSM6234RS 
DTMF TONE DIALER LSI 

GENERAL DESCRIPTION 

The MSM6234RS is a TONE dialer LSI which is fabricated by OK l's low power consump
tion CMOS silicon gate technology. 

The MSM6234RS can generate 16 kinds of DTMF (Dual Tone Multi Frequency) signals 
each of which consists of 4 higher group frequency and 4 lower group frequency. 

FEATURES 
• The standard 2 of 8 keyboard can be used. 
• The low power consumption by use of 

CMOS silicon gate technology. 
• Supply voltage 2.5 V ~ 8.5 V. 

FUNCTIONAL BLOCK DIAGRAM 

[LOW] 

PROGRAMMABLE 

CK 

160, 146, 132, 118 

LOGIC 

PROGRAMMABLE 

92, 84, 76, 68 

[HIGH] 

Vsscr-- voo 

DISABLE 

• Either single tone or dual tone output. 
• 3.579545 MHz crystal oscillation. 
• Interface with microcomputer. 

8 STAGE 

COUNTER 

16fH 8 STAGE 

TONE 
OUT 
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PIN CONFIGURATION 

16 Lead Plastic DIP 
(Top View) 

TONE DISABLE 

ill-B-82 

Cl 

C2 

C3 

VSS 

OSC1 

OSCO 

TONE OUT 

SINGLE TONE INHIBIT 

R2 

R3 

R4 

AKD 



PIN DESCRIPTION 

Pin Name 

OSC1, OSCO 

Pin No. Function 

7, 8 The 3.579545 MHz crystal oscillator is connected to these pins. 

14, 13, 
12, 11, 
3, 4, 
5,9 

10 

A feedback resistor and the condensers are incorporated. 

3.579545 MHi 
OSCl 

_[ 
= 

OSCO 

Those are input pins of negative logic to be connected to the 
keyboard. The standard 2 of 8 keyboard can be used with 
MSM6234RS as illustrated below. 

• 0 

R "'20K!l "-' 150K.H 

vss 

2 of 8 keyboard MSM6234AS 

R1 - R4 are the input pins of thr row side, while C1 - C4 are 
the input pins of the column side. All of those pins are provided 
with the pull up resistor of 40K - 100K ohms internally. 

The dual tone is output from the TONE OUT pin, by setting 
both of a row input and a column input to the ground voltage. 

The Table 1 (See Note) shows the relation between the nominal 
frequency and the tone output frequency, while the Table 2 
(See Note) shows the input condition of R1 - R4 pins and 
Ci - C4 pins. 
•Refer to the Note. 

AKD pins drives the external bipolar transistor by its N-channel 
open drain output. This pin is open when the key J!!e!it is off, 
while it becomes low when the key input is on. AKD is used 
for the mute of the transmitter/receiver. 

Keyinput~ 

AKD 

MSM6234RS 

AKO~ 
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Pin Name 

TONE DISABLE 

Pin No. Function 

2 This is an input pin to control the output of the TONE OUT 
pin. When the input to this pin is high level, the TONE OUT 
pin normally operates. When the input to this pin is low level, 
however, the output from the TONE OUT pin is prohibited 
even if the key input is on. 

AKO is effective at that time. This pin is provided with the 
pull up resistance of 20K ~ 150K ohms internally. 

Key input 

~ I ON OFF 

TONE DISABLE "H" "L" 

AKO~ "L" I Open 

TONE OUT 

TONE DISABLE 

SYNGLETONE INHIBIT 15 When more than two columns are selected against only one row, 
or when more than 2 rows are selected against only one column, 
the single tone is output from the TONE OUT pin. This SINGLE 
TONE INHIBIT pin is a negative logic input pin to control 
the output of the TONE OUT pin in those cases. Refer to the 
Table 4. 

TONE OUT 16 

Voo. Vss 1, 6 

m-B-84 

When the input to this pin is high level, both of the single tone 
and dual tone are output from the TONE OUT pin. When the 
input to this pin is low level, however, the single tone is prohib
ited to output from the TONE OUT pin and becomes DC level. 

This pin is provided with the pull up resistance of 20K ~ 150K 
ohms. 

MSM6234AS 

The low group frequency and the high group frequency selected 
by the keyboard are synthesized and output from this TONE 
OUT pin. Because the output form is the NPN open emitter 
style, the load resistance must be connected externally. It is 
same for the case of the single tone output. The output ampli
tude of the high group is bigger than that of the low group by 
1 ~ 2 dB. 

The distortion of the dual 
tone is maximum 10%. 

Voo is a power supply pin. 
Vss is a ground pin. 

, MSM6234RS 

vss 



Note: 

Table 1 

Effective input Nominal Tone output Accuracy Remarks frequency frequency 

R1 697 Hz 699.1 Hz +0.30 % 

(ROW) 
R2 770 Hz 766.2 Hz -0.49 % 
-

852 Hz 847.4 Hz 
Low group 

R3 -0.54 % 
-
R4 941 Hz 948.0 Hz +0.74 % 
-
C1 1209 Hz 1215.9 Hz +0.57 % 

C2 1336 Hz 1331.7 Hz -0.32 % 
(COLUMN) High group 

C3 1477 Hz 1471.9Hz -0.35 % 
-
C4 1633 Hz 1645.0 Hz +0.73 % 

Table 2 

Row input Column input Tone output* Note 

No No ov 
1 1 fl+ fH Dual tone 

No 1 fH 
Single tone 
(Only column) 

1 No ov 
More than 2 No ov 
More than 2 1 fH Single tone 

No More than 2 ov 
1 More than 2 fl Single tone 

More than 2 More than 2 ov 
*The tone output shown is in the case when the load resistance is connected between the TONE OUT 

pin and the Vss-

fH: High group 

Sample interface circuit with microcomputer 

R1 

R2--- R2 

RJ----~ R3 

R4~ R4 

TONE 1 6 8 D 
OUT~ 

,, --I r I . 
---I r---- t1d Vss 

tt~50 mS AND 45 ms;:;;tid;:;;3s 
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+ TELEPHONE·MSM6234 .---------------------

ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Condition Limit Unit 

Supply voltage VDD Ta= 25°C -0.3 -9.5 v 
Storage temperature Tstg -55- +150 oc 
Input voltage V1 GND-0.3-Voo+0.3 v 
Output voltage Vo GND-0.3-Voo+0.3 v 

Operating Range 

Parameter Symbol Condition Limit Unit 

Supply voltage VDD - 2.5-8.5 v 
Operating temperature Top - -30-+70 oc 

DC Characteristics 

Limit Applicable Parameter Symbol Conditions Unit 
Min Typ Max pin 

"H" input voltage V1H 0.1 v 00 Voo v C1-C4, 
R1-R4 

"L" input voltage V1L Vss o.3 v 00 v " 

"L" input current l1L Voo=8.5V V1L=OV 0.0567 0.425 mA " 

"H" input current l1H v 00=a.5v v 1w1ov 10 µA " 

"TONE OUT" 
VouT v 00=3.0V RL =1 Kn 235 437 mV TONE OUT output current rms 

Difference of high/ 
dB CR Voo=3.o - 8.5V 1 1.5 2 dB " low band level 

Distortion % DIS v 00=3.o - a.5V 10 % " 

TONE 
"H" input current l1H v 00=a.5v V1w8.5V 1 µA DISABLE 

SIT* 

"L" input current l1L Voo=8.5V V1L =OV 0.0567 0.425 mA " 

"H" input voltage V1H 0.1 v 00 Voo v " 

"L" input voltage V1L Vss o.3 Voo v " 

Power consumption 
loos No load Voo=a.5v 200 µA " (Stand-by) Key-OFF 

Power consumption 
loo No load Voo=8.5V 25 mA (Operating) Key-ON 

v 00=3V VOL =0.5V 0.53 1.3 
AKO "L" output current IOL mA 

Voo=8.5V VoL =0.5V 2.0 5.3 

"OFF" leak current IOFF 10 µA AKO 

TONE OUT Rise tRise v 00=3.0 - 8.5V 3.0 5.0 mA TONE OUT Time 

*SIT= SINGLE TONE INHIBIT 
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Sample Output Waveform of the Single Tone 
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C. COMBO IE 
CODEC 





OK.I semiconductor 
MSM6932 {µ-Law)/MSM6933 {A-Law) 
SINGLE CHIP CODEC WITH FILTER (COMBO) 

GENERAL DESCRIPTION 

MSM6932 and MSM6933 are CMOS devices containing a companding CODEC and PCM 
filters on a single chip. It converts voice signals to PCM signals (µ-law or A-law) and vice 
versa. It contains analog pre-filter, transmit switched capacitor filter (SCF), receive SCF, 
analog post-filter and CODEC. 

The transmit section and the receive section are designed to operate in both synchronous 
and asych ronous applications. 

Each section requires sampling clock (8 kHz) and data clock (from 64 kHz to 2048 kHz) 
respectively. 

FEATURES 

• Pre-channel Single Chip CODEC with 
Filters. 

• ±5 V Power Supplies. 
• Low Power Dissipation. 

65 mW operating (TYP) 
7 mW standby (TYP) 

• Follows the µ-companding Law. (MSM-
6932) 

• Follows the A-companding Law. (MSM-
6933) 

BLOCK DIAGRAM 

• Synchronous or Asynchronous Opera
tion. 

• Serial Data Rate of 64KBPS to 2048-
KBPS. 

• On-chip Full Auto-ZERO Circuit. 
• On-chip Analog Pre-Filter and Post

Filter. 
• Excellent Power Supply Rejection Ratio 

25 dB (from 300 Hz to 300 kHz) 
• On-chip Precision Voltage reference. 

COMP 
TRANSMIT 

PLL 

TRANSMIT 
CONTROLLER 

XcLOCK 

PCM OUT 

--------------------QU--O TMC 

AouT 
VooO-
VssO-
AG0-
DG0--

RECEIVE 
CONTROLLER 

~====:j 

RECEIVE 
PLL 

BS* 
PCM IN 

Re LOCK 

RsYNC 

"-'£ only MSM6932 

fil-C-3 



+COMBO CODEC·MSM6932/33 +·-----------------

PIN CONFIGURATION 

Vss--+ ~PCM OUT 

TMC--+ -XcLOCK 

A1N--+ _xSYNC 

AG--+ -oG 

AouT~ -ss* 

-RsYNC 

VREF- -RcLOCK 

Voo- -PCM IN 

llE only MSM6932 

ELECTRICAL CHARACTERISTICS 

[j] Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Voo -0.3 - +7 v 
Supply Voltage 

Vss +0.3 - -7 v 

Reference Voltage VREF o-voo v 

Analog Input Voltage VAIN Vss - o.3 - v00 + 0.3 v 

Digital Input Voltage Vo1N -0.3 - Voo + o.3 v 

Operating Temperature .Top 0-10 cc 

Storage Temperature Tstg -55 - 150 cc 

m-C-4 



-----------------+COMBO CODEC·MSM6932/33 + 

Recommended Operating Conditions 

Parameter Symbol Conditions Min Typ Max Unit 

Voo 4.75 5 5.25 v 
Supply Voltage 

Vss -5.25 -5 -4.75 v 

Reference Voltage VREF - 2.5 - v 
Analog Input Voltage VAIN -VREF - +VREF v 
Input High Voltage V1H XSYNC,XCLOCK,PCMIN, 2.0 - Voo v 
Input Low Voltage VIL 

RSYNC,RCLOCK,TMC,BS 0 - 0.8 v 

Clock Frequency f c XCLOCK,RCLOCK 64 - 2048 kHz 

Sync Pulse Frequency f s XCLOCK,RSYNC - 8 - kHz 

Clock Duty Ratio DR XCLOCK,RCLOCK - 50 - % 

Digital Input Rise Time t1r 
XSYNC,XCLOCK,PCM IN - - 50 ns RSYNC, RCLOCK (Fig. 2) 

Digital Input Fall Time t1r 
XSYNC,XCLOCK,PCMIN - - 50 ns RSYNC, RCLOCK (Fig. 2) 

txs XCLOCK ~ XSYNC (Fig. 3) 50 - - ns 
XMIT. Sync Timing 

tsx XSYNC ~ XCLOCK (Fig. 3) 150 - - ns 

tRs RCLOCK ~ RSYNC (Fig. 3) 50 - - ns 
RCV. Sync Timing 

tsR RSYNC ~ RCLOCK (Fig. 3) 100 - - ns 

XMIT. Sync Pulse Width twx (Fig. 3) 1 /fc - 117 µs 

RCV. Sync Pulse Width twR (Fig. 3) 1 /fc - 117 µs m 
PCM IN Set-up Time tos (Fig. 3) 100 - - ns 

PCM IN Hold Time toH (Fig. 3) 100 - - ns 

Analog Output RAL 10 - - kn 

Allowable Load 
CAL - - 100 PF 

Digital Output RoL 1 - - k.Q 

Allowable Load 
Col - 100 PF -

Operating Temperature Top 0 - 70 oc 

fil-C-5 



+COMBO CODEC·MSM6932/33 +-----------------

DC Characteristics 

Parameter Symbol Condition Min Typ Max Unit 

loo. - - 11 mA 
Supply Current 
(Operating) 

lss. - - 11 mA 

1002 
v00 = +5.25 v - 1.0 3 mA 

Supply Current Vss = -5.25 v 
(Stand-by) 

1ss2 - 0.3 1.5 mA 

Reference Current IREF - -- 100 µA 

Input High Voltage V1H 
Voo = +5.25 v 2.0 - - v 
Vss = -5.25 v 

Input Low Voltage V1L 
v00 = +4.75 v 
Vss = -4.75 v - - 0.8 v 

l1H Voo = +5.25 v V1 =5V - - 2.0 µA 
Input Leakage Current 

Vss = -5.25 v 
l1L V1 =OV - - 0.5 µA 

Output Low Voltage Vol 
Voo = +4.75 v - - 0.4 v 
Vss = -4.75 v 

Output Leakage Current loH 
v00 = +5.25 v - - 10 µA 
Vss = -5.25 v 
Except for AIN - 5 - PF 

Input Capacitance C1N 
AIN - 5 - PF 

Analog Input Resistance R1N f1N < 3.4 kHz - 1 - MU 

m 
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-----------------+COMBO CODEC·MSM6932/33 + 

AC Characteristics 

Condition 

Parameter Symbol f Level 
Min Typ Max Unit 

(Hz) (dBmo) 

Loss S1 60 0 20 - - dB 

Loss S2 300 0 -0.1 - 0.2 dB 

Loss S3 810 0 Reference Value 

XMIT FILTER Loss S4 2010 0 -0.1 0.2 dB Frequency Response 
-

Loss S5 3000 0 -0.1 - 0.2 dB 

Loss S6 3400 0 -0.1 - 0.8 dB 

Loss S7 4600 0 29 - - dB 

Loss R 1 300 0 -0.1 - 0.2 dB 

Loss R2 810 0 Reference Value 

RCV FILTER Loss R3 2010 0 -0.1 - 0.2 dB 

Frequency Response 
Loss R4 3000 0 -0.1 - 0.2 dB 

Loss R5 3400 0 -0.1 - 0.8 dB 

Loss R6 4600 0 Voo; 29 - - dB 

Loss 1 60 
+5 v 

0 20 - - dB 
Vss; 

Loss 2 300 0 -5 v -0.2 - 0.4 dB 

Total Loss 3 810 0 Reference Value 

Frequency Response 
Loss 4 2010 0 -0.2 - 0.4 dB 

Loss 5 3000 0 -0.2 - 0.4 dB 

Loss 6 3400 0 -0.2 - 1.6 dB 

SD1 1020 3 36 - - dB 

SD2 1020 0 36 - - dB 

Signal to 
SD3 1020 -30 36 - - dB Distortion Ratio (* 1 ) 

SD4 1020 -40 31 - - dB 

SD5 1020 -45 26 - - dB 

•I. The measurement is taken with P-message filter. 
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t COMBO CODEC·MSM6932/33 +-----------------

Condition 

*·· 
*3. 

Parameter Symbol f 
(Hz) 

GTl 1020 

GT2 1020 

Gain Tracking GT3 1020 

GT4 1020 

GT5 1020 

Idle Channel Noise * 2 NIDL 

Absolute Delay Time 

tGDl 500 

tGD2 600 

Group Delay Time tGD3 1000 
Frequency Response 

tGD4 2600 

tGD5 2800 

Single Frequency 
Nl BK 

Leakage Level N2 128K 

Cross Talk Attenuation CR 810 

tso 

Digital Output txo1 

Delay Time txo2 

txo3 

Output Fall Time toot 

AVS 810 
Absolute Gain * 3 

AVR 810 

The measurement is taken with P-message filter. 
0dB = 1.251 Vrms 

m-C-8 

Level 
(dBmo) 

3 

-10 

-40 

-50 

-55 

0 

0 

0 

0 

0 

0 

0 

0 

Min Typ Max Unit 

-0.4 - 0.4 dB 

Reference Gain Value 

-0.4 - 0.4 dB 

-0.9 - 0.9 dB 

-2.9 - 2.9 dB 

- - -71 dBmOP 

Voo = - - 0.52 ms 
+5 v 

- - 1.5 ms 
Vss = 
-5V - - 0.75 ms 

- - 0.25 ms 

- - 0.25 ms 

- - 1.5 ms 

- - -50 dBmO 

- - -50 dBmO 

66 - - dB 

Voo= 50 - 300 ns 
+5V 

Vss= 50 - 300 ns 

-5V 50 - 300 ns 
RL= 
2kil 50 - 300 ns 

CL= - - 100 ns 
lOOPF 

Voo = -0.5 0 0.5 dB 
+5 v 
Vss= -0.5 0 0.5 dB 
-5 v 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

Vss 1 
Vss is a negative supply pin. The voltage supplied to this pin should be 
-5 v ±5%. 

Test mode control input pin. 

TMC 2 
TMC is a control input for operating mode selection, such as normal operating 
mode and analog loop-back mode. 
The operating modes are listed in the following table. 

"TMC" Mode "AOUT" "AIN" 

V1H 
Receive Signal Output 

Operating Connected to Xmit Signal Input 
(2.0 v -v00 ) 

RCVF1L Output 

V1L 
Analog 

Loop Back ov Disconnected 
(0- 0.8 V) 

(Refer to Fig. 1) 

A1N is an analog signal input pin and is normally connected to the transmit 
filter input. The input analog signal is bandwidth-limited to 3.4 kHz and is 

AIN 3 
converted to the 8 bits PCM signal. 

The input analog signal must remain between+ VREF and - VREF for accurate 
conversion. 

In the analog loop-back mode, this pin is disconnected from any other circuits. 

AG 4 
Analog ground pin. 

AG is connected to the analog system ground. 

AouT 5 
AouT is an analog signal output pin and is connected to the receive filter output. 
The output voltage range is ±2.5 V. 

(NC) 6 

VREF 7 
VREF is an input of the external voltage reference. This pin is left in open or 
connected to AG to activate the internal voltage reference. 

Voo 8 
Voo is a positive supply pin. The voltage supplied to this pin should be 
+ 5V ±5%. 

PCM1N is an input pin of the PCM signal. This signal is serial data and is 

PCM1N 9 converted to the analog signal under control of RsYNC and RcLOCK. The 
input PCM data rates range from 64KBPS to 2048KBPS. 

RcLOCK is an input pin of the clock that provides the basic timing and control 

Re LOCK 10 signals required for the input of the PCM signal. 
The frequency of this clock must be coincident with the input PCM data rate. 

m-C-9 
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Pin Name Pin No. Function 

RsYNC is an input pin of the pulse signal that is synchronized with RcLOCK 
and is used for taking out the required signal from the input serial PCM data. 

RSYNC 11 
This signal makes the whole operation in the receive section synchronized. 
When RsYNC is connetected continuously low or continuously high, the 
receive section is powered down. 
The frequency of this signal is 8 kHz± 50 ppm. 

7 bits control input pin. 

BS 12 
In the normal mode and the analog loop back mode, a positive or negative 
transient of BS signs! provides a 7 bits decode operation with MSM6932. 
(Refer to Fig. 4) 

DG 13 
Digital ground pin. 
DG is connected to the digital system ground. 

XsYNC is an input pin of the pulse signal that is synchronized with XcLOCK 
and makes the operation in the transmit section synchronized. 

XsYNC 14 The output signal from the PCMouT pin is naturally synchronized with this 
signal. When XsYNC is connected continuously low or continuously high, the 
transmit section is powered down. The frequency of this signal is 
8 kHz ± 50 ppm. 

XcLOCK is an input pin of the clock that provides the basic timing and control 

XcLOCK 15 signals required for the output of PCM signal. Clock rates of 64 kHz - 2048 kHz 
can be used for XcLOCK· 

PCMouT is an output pin of the PCM signal. The result of conversion from 

PCMouT 16 
analog to digital is output from this pin as 8 bits serial data. This data is shifted 

out under control of XsYNC and XcLOCK. 
Because of an open-drain output, wired-OR connections are easily performed. 

XMIT FIL. 

RCV FIL. 

Figure 1 

Note: A 'positive or negative transient of BS signal provides a 7 bits decode operation. 
(Refer to Fig. 4) 
This pin is not connected to internal circuits with MSM6933. 

m-C-10 
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I 

TEST CIRCUIT 

74LS04 

SYNC~-----' 2kf1 
-----'----'----•,..---_~- +5V 

74LS04 

CLOCK 

µA741 JJA741 

Analog 
Input 6000 :o~ I 

1oµFT f I 

Note 1: SYNC and CLOCK timing. 

ll_Jj 
-5V GND +5V 

(OV) 

600.0. 

Note 2: Make the connection wire between No. 4 pin and.No. 13 pin as short as possible. 
Note 3: Use a test socket with short leads. 

Analog 
Output 

m-C-11 



t COMBO CODEC·MSM6932/33 .__ _______________ _ 

2.4V--1- \2.4V 

1.4V_j_ - 1-1.4V 

04V ll, .li-04V 
twx 
twR 

t1r I I t,f 
toot 

Figure 2 Definitions of Rise Time and Fall Time 

m 

XcLOCK ~txs 1 tsx 2 

XSYNC ~ I .. \.__ ____________ _..:_ ____ Transmitter 
- ~· I Section 

PCM OUT I 

11\ill~.84 85 86 87881/t 

~·-~~~ ~ 

R n:r 2 
R

CLOCK ~ .lR: tsR 

SYNC _ \ Receiver 
twR ,11---'-l ---------------Section 

PCM IN X 81 X 82 ~ 84 X 85 X 86 X 87 X 88 X 
tos""'t l ~toH 

Figure 3 Basic Time Chart 
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OK.I semiconductor 

MSM6962/6982(J.t-Law) 
MSM6963/6983(A-Law) 
SINGLE CHIP CODEC WITH FILTER (COMBO) 

GENERAL DESCRIPTION 

MSM6962, MSM6982, MSM6963 and MSM6983 are CMOS devices containing a com
panding CODEC and PCM filters on a single chip. It converts voice signals to PCM signals 
(µ-law or A-law) and vice versa. It contains analog pre-filter, transmit switched capacitor 
filter (SCF), receive SCF, analog post-filter and CODEC. 

The transmit section and the receive section are designed to operate in both synchronous 
and asychronous applications. 

Each section requires sampling clock (8 kHz) and data clock (512 kHz, 1024 kHz, 
1536 kHz, 1544 kHz or 2048 kHz) respectively. 

FEATURES 
• Per-channel Single Chip CODEC with 

Filters. 
• ±5 V Power Supplies 
• Low Power Dissipatoin 

55 mW operating (TYP) 
4 mW standby (TYP) 

• Follows the µ-companding Law. (MSM-
6962 and MSM6982) 

• Follows the A-companding Law. (MSM-
6963 and MSM6983) 

PACKAGE VARIETY 

µ-Law A-Law 

MSM6962RS MSM6963RS 

MSM6982JS MSM6983JS 

MSM6982ES MSM6983ES 

fil-C-14 

• Synchronous or Asynchronous Opera
tion. 

• Serial Data Rate of 512KBPS, 1024-
KBPS, 1536KBPS, 1544KBPS or 2048-
KBPS. 

• On-chip Full Auto-ZERO Circuit. 
• On-chip Analog Pre-Filter and Post

Filter. 
• Excellent Power Supply Rejection Ratio 

30 dB (from 300 Hz to 300 kHz) 
• On-chip Precision Voltage reference. 

Package No. of Pin 

Plastic DIP 16 

PLCC 28 

LCC 28 
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BLOCK DIAGRAM 

SAMPLE 

I 
TRANSMIT 

DIVIDER 

TRANSMIT 
CONTROLLER 

XCLOCK 

PCM OUT 

- - - - - - - - -- - - - - - -- - -~ TMC 

AouT 

vDDO--
VssO--
AG()--
DG()---

PIN CONFIGURATION 

"C" 
LADDER RECEIVE 

CONTROLLER 

RECEIVE 
DIVIDER 

ss* 

PCM IN 

RcLOCK 

RsYNC 

*only MSM6962 and MSM6982 

MSM6962/63RS 

MSM6982/83ES 

Cl (.) (.) (.) (.) (.) :;, 
0 ZZZZZ ID 

vss 
TMC 2 

AIN 
AG 
AOUT' 
NC 
VREF 1 

Voo ' 

XSYNC 
XCLOCK 21 

PCMOUT 2a 

Vss 

RSYNC 
11 RCLOCK 
1s PCMIN 
15 Voo 

TMC 
AIN 
AG 

14 Voo 

Cl(.)(.)(.)(.)(.) 1-
<( ZZZZZ ::J 

0 
<( 

VR 
VREF 

16 PCMOUT 
15 XCLOCK 
"XSYNC 
,, DG 
12 BS* 
11 RSYNC 
10 RCLOCK 
'PCMIN 

MSM6982/83JS 

Cl(.)(.)(.)(.)(.) :;, 
0 ZZZZZ ID 

RSYNC XSYNC 
XCLOCK 
PCMOUT 
Vss 

11 RCLOCK 

TMC 
AIN 
AG 

PCMIN 
15 Voo 
14 v00 

Cl (.) (.)(.) (.) (.) I
<( zzzzz ::J 

0 
<( 

VREF 
NC 

*only MSM6962 and MSM6982 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Voo -0.3 - +7 v 
Supply Voltage 

Vss +0.3 - -7 v 

Reference Voltage VREF o-voo v 

Analog Input Voltage VAIN Vss - o.3 - v 00 + 0.3 v 

Digital Input Voltage Vo1N -0.3 - v 00 + o.3 v 

Operating Temperature Top -10 - 80 QC 

Storage Temperature Tstg -55 - 150 QC 

fil-C-16 
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Recommended Operating Conditions 

Parameter Symbol Conditions Min Typ Max Unit 

Voo 4.75 5 5.25 v 
Supply Voltage 

Vss -5.25 -5 -4.75 v 
Reference Voltage VREF - 2.5 - v 
Analog Input Voltage VAIN -VREF - +VREF v 
Input High Voltage V1H XSYNC, XCLOCK, PCM IN, 2.0 - Voo v 
Input Low Voltage V1L 

RSYNC,RCLOCK,TMC,BS 
0 - 0.8 v 

Clock Frequency f c XCLOCK,RCLOCK 512, 1024 
kHz 1536, 1544,2048 

Sync Pulse Frequency f s XCLOCK,RSYNC - 8 - kHz 

Clock Duty Ratio DR XCLOCK,RCLOCK 40 50 60 % 

Digital Input Rise Time t1r 
XSYNC,XCLOCK,PCMIN - - 50 ns RSYNC, RCLOCK (Fig. 2) 

Digital Input Fall Time t1r 
XSYNC,XCLOCK,PCMIN 
RSYNC, RCLOCK (Fig. 2) - - 50 ns 

---1 ·----

txs XCLOCK--> XSYNC (Fig. 3) 50 - - ns 
XMIT. Sync Timing 

tsx XSYNC--> XCLOCK (Fig. 3) 150 - - ns 
-

tRs RCLOCK--> RSYNC (Fig. 3) 50 - - llS 

RCV. Sync Timing 
tsR RSYNC--> RC LOCK (Fig. 3) 100 - - ns 

XMIT. Sync Pulse Width twx (Fig. 3) 1 /fc - 117 /.IS D 
RCV. Sync Pulse Width twR (Fig. 3) 1 /fc - 117 /.IS 

PCM IN Set-up Time tos (Fig. 3) 100 - - ns 

PCM IN Hold Time toH (Fig. 3) 100 - - ns 

Analog Output RAL 10 - - kn 

Allowable Load 
CAL - 100 PF -

Digital Output RoL 1 - - kn 

Allowable Load 
Col 100 PF - -

Operating Temperature Top 0 - 70 oC 

m-C-17 
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DC Characteristics 

Parameter Symbol Condition Min Typ Max Unit 

1001 - 5.5 11 mA 
Supply Current 
(Operating) 

Issi - 5.0 11 mA 

1002 
Voo = +5.25 v 

- 1.0 3 mA 
Supply Current Vss = -5.25 v 
(Stand-by) 

lss2 - 0.3 1.5 mA 

Reference Current IREF - 5 100 µA 

Input High Voltage V1H 
v00 = +5.25 v 

2.0 1.7 - v 
Vss = -5.25 v 

Input Low Voltage V1L 
v00 = +4.75 v 
Vss = -4.75 v 

- 1.6 0.8 v 

l1H v00 = +5.25 v V1=5V - < 0.5 2.0 µA 
Input Leakage Current 

Vss = -5.25 v 
l1L V1 = OV - < 0.5 0.5 µA 

Output Low Voltage Vol 
Voo = +4.75 v - < 0.2 0.4 v 
Vss = -4.75 v 

Output Leakage Current loH 
Voo = +5.25 v 
Vss = -5.25 v 

- <5 10 µA 

Except for AIN - 5 - PF 
Input Capacitance C1N 

AIN - 5 - PF 

Analog Input Resistance R1N f1N < 3.4 kHz - 1 - M.11 

D 

fil-C-18 
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AC Characteristics 

Parameter Symbol f 
(Hz) 

Loss Tl 60 

Loss T2 300 

Loss T3 820 

Transmit Loss T4 2020 Frequency Response 

Loss T5 3000 

Loss T6 3400 

Loss T7 3980 

Loss Rl 300 

Loss R2 820 

Receive Loss R3 2020 

Frequency Response Loss R4 3000 

Loss R5 3400 

Loss R6 3980 

SD Tl 

SD T2 
Transmit 
Signal to Distortion SD T3 1020 
Ratio (*!) 

SD T4 

SD T5 

SD Rl 

SD R2 
Receive 
Signal to Distortion SD R3 1020 
Ratio (*1 ) 

SD R4 

SD R5 

*!. The measurement is taken with P-message filter. 
*2· MSM6962 

MSM6982 

MSM6963 
MSM6983 

vDD; +5 v ±5%, Vss; -5 v ±5%, vR; o v 

Condition 

Level Min Typ Max Unit 
(dBmO) 

20 26 -

-0.1 -0.03 0.2 

Reference Value 

0 -0.1 0.0 0.2 dB 

-0.1 0.10 0.2 

0 0.45 0.8 

14 16 -

-0.1 -0.02 0.2 

Reference Value 

-0.1 0.0 0.2 
0 dB 

-0.1 0.10 0.2 
--

0 0.65 0.8 
"'--

14 16 -
·-

3 36 43 -

0 36 41 -

-30 36 40 - dB 

~ -40 *2 31 -
3 

-45 *2 26 ez -
5 

3 36 44 -

0 36 41 -

-30 36 41 - dB 
f-· 

*2 ~· -40 31 -
5 

-45 *2 26 ~ -
5 

m-C-19 
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Condition 

Parameter Symbol f Level Min •. Typ Max Unit 

(Hz) (dBmO) 

GT T1 3 --0.2 -0.01 0.2 

GTT2 -10 Reference Value 

Transmit 
GTT3 1020 -40 --0.2 0.05 0.2 dB Gain Tracking 

GTT4 -50 --0.4 0.25 0.4 

GTT5 -55 --0.8 0.10 0.8 

GT R1 3 --0.2 0.02 0.2 

GT R2 -10 Reference Value 

Receive 
GT R3 1020 -40 --0 .2 -0.05 0.2 Gain Tracking 

GT R4 -50 --0 .4 --0.16 0.4 

GT R5 -55 --0.8 --0.13 0.8 

Idle Channel Transmit N10L T - - -89 -75 

Noise *3 dBmOp 
Receive N10L R - - - -89 -75 

Analog Input Level V1N 1020 0 1,182 1,252 1,326 Vrms 

Analog Output Level VouT 1020 0 1,182 1,252 1,326 Vrms 

Absolute Delay Time to - - - 0.47 0.5 ms 

D 
tGo T1 500 - 0.2 0.75 

tGD T2 600 - 0.1 0.35 

Transmit tGD T3 1000 - 0 0.125 

Grciup Delay Time 0 ms 
tGo T4 1800 Reference Value 

tGo T5 2600 - 0.05 0.125 

tGoT6 2800 - O.D7 0.75 

tGD R1 500 - --0.02 0.75 

tGD R2 600 - --0.02 0.35 

Receive tGD R3 1000 - 0.03 0.125 

Group Delay Time 0 ms 
tGo R4 1800 Reference Value 

tGD R5 2600 - O.D7 0.125 

tGD R6 2800 - 0.10 0)5 

*3 . The measurement is taken with P-message filter. 
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Condition 

Parameter Symbol f Level Min Typ Max Unit 

(Hz) (dBmO) 

Tto R CRT 1020 - -90 -66 
Crosstalk 0 dBmO 

R to T CR R 1020 - -78 -66 

Discrimination Against DIS 4.6K - -25 30 32 dB Out-of-Band Input Signals 72K -

Spurious Out-of-band 
so 

300-
0 -33 -30 dBmO Signals at the Output 3400 -

Intermodulation IMO 1 
fa=470 -4 -40 -38 dB fb=320 -

Spurious In-band Signals SI 1020 0 - -45 -40 dBmO at the Output 

Single Frequency Noise Ns - - - -60 -50 dBmO 

Transmit PPSR T - 30 -
Voo PSRR dB 

Receive PPSR R o- 200 - 30 -
Transmit NPSR T 300K mVp-p 

30 - -
Vss PSRR dB 

Receive NPSR R - 30 -

tso 50 150 200 

Digital Output txo, 50 100 200 

Delay Time R pull= 1 kn ns 
txo. CL=100pF 50 100 200 

txo. 50 180 200 E 
Digital Output Fall Time toot - 20 100 ns 
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PIN DESCRIPTION 

Pin No. 
Pin Name Function 

RS ES,JS 

Vss 1 1 
Vss is a negative supply pin. The voltage supplied to this pin should be 
-5 v ±5%. 

Test mode control input pin. 

TMC 2 2 
TMC is a cwntrol input for operating mode selection, such as normal 
operating mode and analog loop-back mode. 
The operating modes are listed in the following table. 

"TMC Mode "AOUT" AIN" 

V1H 
Receive signal output 

(2.ov ~ v 001 Operating Connected to to Xmit signal input 
RCVFLI output 

V1L 
Analog 

Loop back ov Disconnected (0 ~ 0.8V) 
(Refer to Fig. 1) 

AIN is a analog signal input pin and is normally connected to the transmit 
filter input. The input analog signal is bandwidth-limited to 3.4 kHz and 
is converted to the 8 bits PCM signal. 

AIN 3 3 The input analog signal must remain between+ VREF and - VREF for 
accurate conversion. 

D 
In the analog lo9p-back mode, this pin is disconnected from any other 
circuits. 

AG 4 4,5 
Analog ground pin. 
AG is connected to the analog system ground. 

AouT 5 11 
AouT is a analog signal output pin and is connected to the receive filter 
output. 
The output voltage range is ±2.5 V. 

VREF 7 13 
VREF is an input pin of the external voltage reference. This pin is left in 
open or connected to AG to activate the internal voltage reference. 

Voo 8 14, 15 Voo is a positive supply pin. The voltage supplied to this pin should be +5 
±5%. 

PCM IN is an input pin of the PCM signal. This signal is serial data and is 

PCM1N 9 16 
converted to the analog signal under control of RsYNC and RcLOCK. The 
input PCM data rates are 512KBPS, 1024KBPS, 1536KBPS, 1544KBPS or 
2048KBPS. 
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Pin No. 
Pin Name Function 

RS ES,JS 

RcLOCK is an input pin of the clock that provides the basic timing and 

Ac LOCK 10 17 control signals required for the input of the PCM signal. 
The frequency of this clock must be coincident with the input PCM data rate. 

RsYNC is an input pin of the pulse signal that is synchronized with RcLOCK 
and is used for taking out the required signal from the input serial PCM data. 

RsYNC 11 18 
This signal makes the whole operation in the receive section synchronized. 
When RsYNC is connected continuously low or continuously high, the 
receive section is powered down. 
The frequency of this signal is 8 kHz ±50 ppm. 

7 bits control input pin. 

BS 12 19 
In the normal mode and the analog loop back mode, a positive or negative 
transient of BS signal provides a 7 bits. decode operation with MSM6962 and 
MSM6982. (Refer to Fig. 4) 

DG 13 25 
Digital ground pin. 
DG is connected to the digital system ground. 

XsYNC is an input pin of the pulse signal that is synchronized with Xe LOCK 
and makes the whole operation in the transmit section synchronized. 

XsYNC 14 26 
The output signal from the PCMouT pin is naturally synchronized with this 
signal. When XsYNC is connected continuously low or continuously high, 
the transmit section is powered down. The frequency of this signal is 
8 kHz ±50 ppm. 

XcLOCK is an input pin of the clock that provides the basic timing and 

XcLOCK 15 27 
control signals required for the output of PCM signal. Clock rates of 
512KBPS, 1024KBPS, 1536KBPS, 1544KBPS or 2048KBPS can be used for 

Ii 
XcLOCK. 

PCMouT is an output pin of the PCM signal. The result of conversion from 

PCMouT 16 28 
analog to digital is output from this pin as 8 bits serial data. This data is 

shifted out under control of XsYNC and XcLOCK. 
Because of an open-drain output, wired-OR connections are easily performed. 

XMIT FIL. 

RCV FIL. 

Figure 1 
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SIGNAL TO DISTORTION RATIO 

50~--------~------~ 

SID 
(dB) 

[With P-message filter] 

40+--+----"-l-~--'lt'-----+1--+~--+----l---1 

-=AID 
---- =1 DIA 

0 -10 -20 -30 -40 -50 

INPUT LEVEL (dBmo) 

GAIN TRACKING CHARACTERISTICS 
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LOSS 
(dB) 

1 .0 "t-----+----+----+-------+-----t-------41-----1 

--=AID 
_ 1 .O +-----+---+-----+----_-_-= DI A ----41----+---1 

0 -10 -20 -30 -40 -50 

INPUT LEVEL (dBmo) 
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TEST CIRCUIT FOR MSM6962 AND MSM6963 

74LS04 

SYNC o>-----1[>-------~ 2k0. 
~~-~--.--vv.r- +5V 

74LS04 

CLOCK 0-----1 

2345678 
µA741 

I I 

Analog 
:1111 

I 
Input 6000. ITT 10µF OµF 

Note 1: SYNC and CLOCK timing. 

SYNC 

CLOCK 

111 
-5V GND +5V 

(OV) 

µA741 

Note 2: Make the connection wire between AG and DG as short as possible. 
' Note 3: Use a test socket with short leads. 

6000. 

Analog 
Output 
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2.4V--1- \2.4V 

1.4V--' 

.1~1·:.v o•v /I. twx 
twR 

tlr I I tit 
toot 

Figure 2 Definitions of Rise Time and Fall Time 

D 

XcLOCK ~txs 1 tsx 2 

XsYNC ~ />~--------------'-----Transmitter 
~' I Section 

PCM OUT 1 

111~~88ut ~-~~~ ~ 

R n~ 2 
R

CLOCK ~ JlRS ~SR 

SYNC _ \ Receiver twR • l,_ __ I ---------------Section 

PCM IN X 81 X 82 ~ 84 X 85 X 86 X 87 X 88 X 
tos~ l ~-.toH 

Figure 3 Basic Time Chart 
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OK.I semiconductor 

MSM6996H/6996V/6998(A-Law) 
MSM6997H/6997V/6999 (µ-Law) 
SINGLE CHIP CODEC WITH FILTER (COMBO) 

GENERAL DESCRIPTION 
MSM6996, MSM6997, MSM6998, MSM6999 are CMOS devices containing a companding 

CODEC and PCM filters on a single chip. It converts voice signals to PCM signals (µ-law or 
A-law) and vice versa. It contains analog pre-filter, transmit switched capacitor filter (SCF ), 
receive SCF, analog post-filter and CODEC. 

The transmit section and the receive section are designed to operate in both synchronous 
and asynchronous applications. 

Each section requires sampling clock (8 kHz) and data clock (64 ~ 2048 kHz) respec
tively. 

FEATURES 
• Per-channel Single Chip CODEC with 

Filters. 
• ±5 V Power Supplies. 
• Low Power Dissipation. 

70 mW operating (TYP) 
5 mW standby (TYP) 

• Follows the A-companding Law (MSM-
6996, MSM6998) 

• Follows the µ-companding Law (MSM-
6997, MSM6999) 

• Synchronous or Asynchronous Opera
tion. 

• 600 .Q drive (MSM6996, MSM6997) 
• 600 .Q push-pull drive (MSM6998, MSM-

6999) 

ill-C-28 

• Serial Data Rate Range: 64K BPS ~ 
2048 KBPS. 

• On-chip Full Auto-ZERO Circuits and 
PL Ls. 

• On-chip Analog Pre-Filter and Post
Filter. 

• Excellent Power Supply Rejection Ratio 
30 dB (from 300 Hz to 300 kHz) 

• On-chip Precision Voltage reference. 
• Transmit level adjust. 
• Standard 16 pin Package (ceramic or 

plastic) 
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BLOCK DI AG RAM ( MSM6996H/MSM6996V/MSM6997 H/MSM6997V) 

VooO-
Vss 0-
AG 0-
DG 0--

I 

'2 I 
TMCO--- - - __ .._ _ ----, 

I 
I 

AOUT~ 
,!, 

BLOCK DIAGRAM (MSM6998/MSM6999) 

VooO-
Vss 0-
AG0-
DG0--

XSYNC 

XCLOCK 
L-~~~~~~vPCMOUT 

RC LOCK 

RSYNC 

•1 BS: Only MSM6997 
'2 Only MSM6996V 

MSM6997V 

·ss Only MSM6999 

XSYNC 

XCLOCK 
PCM OUT 

PON/BS' 
PCM IN 
RCLOCK 

RSYNC 
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PIN CONFIGURATION 

MSM6996H/MSM6996V 

MSM6997H/MSM6997V 

Vss 

PCMOUT 

PDN/BS*2 

DG 

*1. Only MSM6996V/MSM6997V 
*2. BS: Only MSM6997/MSM6999 

m-C-30 

AIN-

GSX 

AOUT-

PCMIN 

MSM6998 

MSM6999 

DG 

XSYNC 

RSYNC 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Rating Unit 

Voo -0.3 - + 7 v 
Supply Voltage 

Vss + 0.3 - - 7 v 

Analog Input Voltage VAIN Vss - o.3 - v 00 + o.3 v 

Digital Input Voltage Vo1N - o.3 - v 00 + o.3 v 

Operating Temperature Top -10 -+80 oc 

Storage Temperature Tstg - 55 - 150 oc 

fil-C-31 
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Recommended Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

Voo - 4.75 5 5.25 v 
Supply Voltage 

Vss - -5.25 -5 -4.75 v 
Analog Input Voltage VAIN - -2.5 - +2.5 v 
Input High Voltage V1H XSYNC,XCLOCK,PCMIN, 

RSYNC, RCLOCK, TMC, 
2.0 - Voo v 

Input Low Voltage V1L BS 0 - 0.8 v 
Clock Frequency f c XCLOCK, RC LOCK 64 - 2048 kHz 

Sync Pulse Frequency f s XSYNC, RSYNC - 8 - kHz 

Clock Duty Ratio DR XCLOCK, RCLOCK 40 50 60 % 

Digital Input Rise Time t1r 
XSYNC,XCLOCK,PCMIN - - 50 ns RSYNC, RC LOCK (Fig. 2) 

Digital Input Fall Time t1f 
XSYNC,XCLOCK,PCM IN 

- - 50 ns RSYNC, RCLOCK (Fig. 2) 

txs XCLOCK-+ XSYNC (Fig. 3) 50 - - ns 
XMIT. Sync Timing 

tsx XSYNC-+ XCLOCK (Fig. 3) 150 - - ns 

tRS RCLOCK-+ RSYNC (Fig. 3) 50 - - ns 
RCV. Sync Timing 

tsR RSYNC-+RCLOCK (Fig. 3) 100 - - ns 
--

XMIT. Sync Pulse Width twx (Fig. 3) 1 /fc - 117 µs 

II PCV. Sync Pulse Width twR (Fig. 3) 1 /fc - 117 µs 

PCM IN Set-up Time tos (Fig. 3) 100 - - ns 

PCM IN Hold Time toH (Fig. 3) 100 - - ns 

Analog Output RAL - 600 - - n 

Allowable Load 
CAL 100 pF - - -

Digital Output RoL - 1 - - kn 

Allowable Load 
Col 100 pF - - -

Operating Temperature Top - 0 - 70 oc 
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DC Characteristics 

Parameter Symbol Condition Min Typ Max Unit 

Supply Current loo, - - 11 mA 

(Operating) 
lss, Voo = +5.25 v 11 mA - -

1002 
Vss = -5.25 v 

- 1.3 3 mA Supply Current 
(Stand-by) 

1ss2 0.3 1.5 mA -

Input High Voltage V1H 
V DD= +5.25V 

2.0 - - v 
Vss = -5.25 v 

Input Low Voltage V1L 
v00 = +4.75 v 

- - 0.8 v 
Vss = -4.75 v 

l1H Voo = +5.25 v V1 =5 V - - 2.0 µA 
Input Leakage Current 

Vss = -5.25 v l1L V1 =OV - - 0.5 µA 

Output Low Voltage Vol 
Voo =+4.75 v 

- - 0.4 v 
Vss = -4.75 v 

Output Leakage Current IOH 
Voo = +5.25 v 

- - 10 µA 
Vss = -5.25 v 

Except for AIN - 5 - pF 
Input Capacitance C1N 

AIN - 5 - pF 

Analog Input Resistance R1N - - 1 - MS< 

Ii 
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AC Characteristics 

Condition 

Parameter Symbol f Level Min Typ Max Unit 
(Hz) (dBmO) 

Loss T 1 60 20 - -

Loss T 2 300 -0.1 - 0.2 

Loss T 3 820 Reference Value 

Transmit Loss T4 2020 0 -0.1 0.2 dB Frequency Response -

Loss Ts 3000 -0.1 - 0.2 

Loss T 6 3400 0 - 0.8 

Loss T 7 3980 14 - -

Loss R1 300 -0.1 - 0.2 

Loss R2 820 Reference Value 

Receive Loss R3 2020 -0.1 - 0.2 
Frequency Response 0 dB 

Loss R4 3000 -0.1 - 0.2 

Loss R 5 3400 0 - 0.8 

Loss R6 3980 14 - -

SDT1 3 36 - -

SD T 2 0 36 - -

m Transmit Signal to SD T 3 1020 -30 36 - - dB Distortion Ratio (* 1 ) 

SD T 4 -40 31 - -

SD T 5 -45 26 - -

SD R 1 3 36 - -

SD R2 0 36 - -

Receive Signal to SD R 3 1020 -30 36 - - dB Distortion Ratio (* 1 ) 

SD R4 -40 31 - -

SD Rs -45 26 - -

*'. The measurement is taken with P-message filter. 
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Parameter 

Transmit 
Gain Tracking 

Receive 
Gain Tracking 

Idle Channel 
Noise *2 

Transmit 

Receive 

Analog Input Level *3 

Analog Output Level * 3 

Absolute Delay Time 

Transmit 
Group Delay Time 

Receive 
Group Delay Time 

Symbol 

GTT2 

GT Ts 

GT R 2 

GTR 4 

GT Rs 

N1DL T 

NioL R 

VouT 

tD 

tGD T 2 

tGD T 3 

tGD Ts 

tGD R3 

tGD R4 

tGD Rs 

f 
(Hz) 

1020 

1020 

1020 

1020 

500 

600 

1000 

1800 

2600 

2800 

500 

600 

1000 

1800 

2600 

2800 

Condition 

Level 
(dBmO) 

3 

-10 

-40 

-50 

-55 

3 

-10 

-40 

-50 

-55 

0 

0 

0 

0 

*'· The measurement is taken with P-message filter. 

*". 

Min Typ Max Unit 

--0.2 0.2 

Reference Value 

--0.2 0.2 dB 

--0.4 0.4 

--0 .8 0.8 

--0.2 0.2 

Reference Value 

--0.2 0.2 dB 

--0.4 0.4 

--0.8 0.8 

-75 
1--~--+~~-+~~-~~1BmOp 

-75 

~Vrms 

W.~~~Vrms 
0.5 ms 

0.75 

0.35 

0.125 
ms 

Reference Value 

0.125 

0.75 

0.75 

0.35 

0.125 
ms 

Reference Value 

0.125 

0.75 
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Condition 

Parameter Symbol f Level Min Typ Max Unit 
(Hz) (dBmO) 

Tto R CRT 1020 - - -66 
Crosstalk 0 dBmO 

R to T CR R 1020 - - -66 

Discrimination Against DIS 
4.6K- -25 30 dB Out-of-band Input Signals 72K - -

Spurious Out-of-band so 
300- 0 -30 dBmO Signals at the Output 3400 - -

Intermodulation IMO 1 fa= 470 -4 -38 dB fb = 320 - -

Spurious In-band Signals SI 1020 0 - - -40 dBmO at the Output 

Single Frequency Noise Ns - - - - -50 dBmO 

Transmit PPSR T - 30 -

Voo PSRR dB 
Receive PPSR R o- 200 - 30 -

Transmit NPSR T 300K mVp-p 30 - -
Vss PSRR dB 

Receive NPSR R - 30 -

tso 50 - 200 

Digital Output Delay Time txo 1 50 - 200 

m txo2 
R pull= 1 KQ 50 - 200 ns 
CL= 100 pF 

txo, 50 - 200 

Digital Output Fall Time toot - - 100 ns 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

AIN + 1 These three pins are used for the transmit level adjustment. AIN+ is a 

Non-inverting Analog Input pin which is connected to the non-inverting 

AIN - 2 
input of a transmit amplifier. 

AIN- is a Inverting Analog Input pin which is connected to the inverting 

GSX 3 input of the transmit amplifier. 

GSX is a Tramsmit Amplifier Output Pin. 

AG 4 AG is a analog ground pin. 

AG is connected to the analog system ground. 

AOUT is the analog signal output pin and is connected to the receive filter 
AOUT 5 output. The output voltage range is ±2.5 V. This output can drive the 

impedance of 600 n. 

Test mode control input pin. 

This is a control input pin for operating mode selection, such as normal 
operating mode and analog loop-back mode. 
The operating modes are as follows. 

TMC- "TMC" Mode "AOUT" "AIN" 

~MSM6996V) 6 Receive Signal MSM6997V 
only 

V1H 
Operating Output Xmit Signal Input 

(2.0 v ~ Vool Connected to 
RCV FIL Output 

V1L 
Analog 

Loop Back ov Disconnected 
(0 ~ 0.8 V) (Refer to Fig. 1) II 

AOUT-

~SM6998) 6 
This is the inverting analog output pin. This output can drive the 

MSM6999 impedance of 600 n. 
only 

NC 

(MSM6996H) 6 As for MSM6996H and MSM6997H, this pin should be left open. 
MSM6997H 

only 

VDD 7 
VDD is the positive power supply pin. The voltage supplied to this pin 

should be +5 V ±5%. 

PCM signal input pin. This signal is serial data and is converted to the 
PCMIN 8 analog signal under control of RSYNC and RCLOCk. The input PCM data 

rate range is from 64KBPS to 2048KBPS. 
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Pin Name Pin No. Function 

Receive Clock Input pin. The clock that provides the basic timing and 

RC LOCK 9 
control signals required for the input of the PCM signal is input to this pin. 
The frequency of this clock must be coincident with the input PCM 
data rate. 

Transmit Clock Input pin. The clock that provides the basic timing and 

XCLOCK 10 control required for the output of the PCM signal is input to this pin. 
The clock frequencies are from 64 kHz to 2048 kHz. 

Receive Synchronous Signal Input pin. The pulse signal that is 
synchronized with RCLOCK and is used for taking out the required signal 
from the input serial PCM data is input to this pin. The signal makes the 

RSYNC 11 whole operation in the receive section synchronized. When RSYNC is 
connected continuously low or continuously high, the receive section is 
powered down. 
The frequency of this signal is 8 kHz ±50 ppm. 

Transmit Synchronous Signal Input pin. The pulse signal that is 
synchronized with XCLOCK and makes the whole operation in the 
transmit section synchronized, is input to this pin. 

XSYNC 12 The output signal from the PCMOUT pin is naturally synchronized with 
this signal. When XSYNC is connected continuously low or continuously 
high, the transmit section is powered down. The frequency of this signal 
is 8 kHz ±50 ppm, 

DG 13 
Digital Ground level pin. 
DG is connected to the digital system ground. 

Power Down Signal Input pin. 
This is an input of the power-down control signal. When this input is held 

PON/BS 14 
at low level more than 1 ms, the chip is put into the power-down mode. 
For the µ-law devices (MSM6997 and MSM6999), this pin also provides 
the half-bit decoder shift for the 7 bit decode operation according to 
alternating the state of the pin. Refer to Fig. 4. 

PCM Signal Output pin. Open-drain output of the PCM signal is output 
from this pin. The result of conversion from analog to digital is output 
from this pin as 8 bit serial data is shifted out under control of XSYNC 

and XCLOCK. 

PCM OUT 15 ENCODING FORMAT 

MSM6996, MSM6998 MSM6997, MSM6999 
81 82 83 84 85 86 87 88 81 82 83 84 85 86 87 88 

VIN= +Full Scale 1 0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 
VIN= +0 1 1 0 1 0 1 0 1 1 1 1 1 1 1 1 1 
VIN= -0 0 1 0 1 0 1 0 1 0 1 1 1 1 1 1 1 
VIN =-Full Scale 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 

VSS 16 
This is the negative power supply pin. The voltage supplied to this pin 
should' be -5 V ±5%. 
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XMIT FIL. 

AouT RCV FIL. 

Figure 1 

II 
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TEST CIRCUIT 

CLOCK 

SYNC o---f:»----------------. 
PDNrr-----+-----~ 

Control ..--+-+--+-+-+--I---. 
NORMAL: 1 

Analog 
Input 

10 9 

1 2 3 4 5 6 7 8 

-5V ov +5V 

for MSM6996, MSM6997 

PDNrr-----+-------. 

2Kn 

Control ....--+-+--+--+-+-----. 

NORMAL: 1 

Analog 
Input 

600.Q 

12345678 

-5V ov +5V 

for MSM6998, MSM6999 

600.Q 

Note 1 : Make the connection wire between No. 4 pin and No. 13 pin as short 
as possible. 

Note 2 : Use a test socket with sher leads. 
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Analog Output 
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2.4V--1-
\2.4V 

1.4V_j 

t~'·:.v 0.4V _// 

twx 

I. tWR 

I I t1f 
t1r to Of 

Figure 2 Definitions of Rise Time and Fall Time 

Xe LOCK 

XsYNC 

m Re LOCK J}tR~S~ tsR2 

RsYNC _ twR \1--...,..----------------- Receiver 
J I Section 

PCMIN • x 81 x 82 ~ 84 x 85 x 86 x 87 x 88 x 
toH~ j ~tos 

Figure 3 Basic Time Chart 
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Signal to Distortion Ratio 

so~~~~~~~~.,.-~~~~~~~~~~ 

SID 
(dB) 

0 

Gain Tracking Characteristics 

LOSS 
(dB) 

--=AID 

----=DIA 

-10 -20 

[With P-message filter] 

-30 -40 -50 

INPUT LEVEL (dBmo) 

1 .0 +-------+---+------+-------+-----·---+------+-----I 

0.2 

-0.2 

--=AID 

-1.0 +-----j---+-----+-----_-_- = DI A _ __,__ __ __,_ _ _, 

0 -10 -20 -30 -40 -50 

INPUT LEVEL (dBmo) 
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OK.I semiconductor 

MSM6814 (µ,-Law) 
MSM6815 (A-Law) 
SINGLE CHIP COMBO CODEC WITH TIME SLOT ASSIGNMENT 

GENERAL DESCRIPTION 
The MSM6814 and MSM6815 are single chip COMBO CODEC with time slot assignment (TACO

DEC) which are fabricated by OK l's low power consumption CMOS silicon gate technology. 

The MSM6814 and MSM6815 can control the time slot of the PCM data externally. It consists of 
analog pre-filters, A/D converter, DI A converter, transmit time slot assignment circuit and receive time 
slot assignment circuit. 

FEATURES 
• lndependant transmit and receive time slot 

assignment 
• 32 time slot per frame maximum 
• Clock rate selectable (512 KHz, 1024 KHz, 

1536 KHz, 1544 KHz, 2048 KHz) 
• Time slot control by serial interface 
• Follows the µ,-companding Law (MSM6814) 
• Follows the A-companding Law (MSM6815) 

BLOCK DIAGRAM 

AIN+ Pre. 
AIN- Filter 

GSX 

Voltage 
Ref. 

TMC 0-----

VFRO LPF 

PWI ~ 

I 
AG 

AOUT+ +1 

AOUT-

ID-C-44 

• On-chip voltage reference 
• On-chip full auto zero circuit 
• ±5 V power supplies 
• Low power dissipation 

60 mW operating (TYP) 
5 mW standby (TYP) 

• 22 pin plastic DIP package 

D/A Rec. Conv. TSAC 

TSX 
DX 
XSYNC 

BCLK 

DCLK 
DC 
cs 

DR 
RSYNC 
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PIN CONFIGURATION 

II 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Ratings Unit 

vDD -0.3-+7 
Supply voltage 

Vss -7-+0.3 
Ta =25°C v 

Analog input 
V1A voltage Vss - o.3 - VDD + o.3 

Digital input 
V1D voltage -o.3 - vDD + o.3 

Operating 
Top - -10-+80 temperature 

oc 
Storage 

Tstg - -55 -+150 temperature 

Recommend~d Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

VDD 4.75 5.0 5.25 
Supply voltage v 

Vss -5.25 -5.0 -4.75 

m 
Analog input 

VAIN - - 5 Vp_p voltage 

High input 
V1H 

XSYNC, RSYNG.JlCLK, 2.0 2.4 VDD v voltage DR, DCLK, DC, CS, TMC 

Low input 
V1L 

XSYNC, RSYNG.JlCLK, 
0 0 0.8 v voltage DR, DCLK, DC, CS, TMC 

512 
1024 

Clock frequency le BCLK - 1536 - KHz 
1544 
2048 

Synclonizing 
Is XSYNC, RSYNC - 8 - KHz signal frequency 

Clock duty cycle DL BCLK 40 50 60 % 

Digital input XSYNC, RSYNG.JlCLK, 

rise time tr DR, DCLK, DC, CS - - 50 ns 
(Refer to Figure 1) 

Digital input XSYNC, RSYNQ,J!CLK, 

fall time ti DR, DCLK, DC, CS - - 50 ns 
(Refer to Figure 1) 

Tss BCLKtoSYNC 0 
Synclonize (Refer to Figure 2) 
signal ns 
timing 

Tss SYNCtoBCLK 50 
(Refer to Figure 2) 
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Recommended Operating Conditions (Cont.) 

Parameter Symbol Condition Min Typ 

Synclonize 
Tws 

XSYNC, RSYNC 
400 signal width (Refer to Figure 2) 

DR set-up time To RS (Refer to Figure 4) 100 

DR hold time ToRH (Refer to Figure 4) 100 

Data clock width 
TwcH DCLK (Refer to Figure 5) 244 

TwcL DCLK (Refer to Figure 5) 244 

Tcs1 DCLKtoCS 50 
(Refer to Figure 5) 

Tcs2 CS to DCLK 100 
(Refer to Figure 5) 

CS signal timing 
Tcs3 (Refer to Figure 5) 50 

Tcs4 (Refer to Figure 5) 50 

DC set-up time Toes (Refer to Figure 5) 100 

DC hold time TocH (Refer to Figure 5) 100 

TIMING CHART 

0.4V 

,._,_ __ Tws 

tr 

Figure 1 Definition of Rise Time and Fall Time 

BCLK 

XSYNC 
RSYNc---+......J 

--+--- Tws 

Tss Tss 

Figure 2 Synclonizing Signal Time Chart 

Max Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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BCLK 

TSX 

TTS1 TTS2 

Figure 3 Transmit Signal Basic Time Chart (Time Slot 1 is selected) 

TORS TDRH 

Figure 4 Receive Signal Basic Time Chart (Time Slot 1 is selected) 
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DCLK 

DC 

(a) When DCLK is continued 

DCLK 

(b) DCLK is Burst CLOCK and, CS is Fixed at "L" 

Figure 5 Time Slot Data Timing 
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Both of above operations are controlled by XSYNC signal 

•1 

XSVNC 

DCLK 

DC _J .__1...._ ____ _,,I ~---------
Timeslot reset data I Timeslotdata 

CS "O" I 

Dx 

Output to the prior time slot 

AOUT 

Open 

GNDlevel 

Figure6 

,.,. L Outputtothespecified 
timeslot 

Note*1: Maximum numberforN is5. 

When the time slot is fixed, data on Dx is output on the 1st time slot 4 frames' after the internal 
power-on reset has been reset. Time required for power on reset is max 1 ms. 

XSYNC 2 3 4 

(Internal ) 
Power-on 
reset 

DCLK "1" 

cs uon 

Dx Output to the 1st time slot 

Power on 

Figure7 
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DC Characteristics 

Parameter Symbol Condition Min Typ Max Unit 

Supply current 1001 - - 14 mA 
(Operating) lss1 - - 14 mA Voo=+5.25 V 

1002 Vss=-5.25 V - 1.0 3 mA Supply current 
(Stand-by) lss2 - 0.3 1.5 mA 

Input high VIH Voo= +5.25 V 2.0 1.7 - v voltage Vss =-5.25 V 

Input low VIL Voo =+4.75 V - 1.6 0.8 v voltage Vss =-4.75 V 

Input leakage llH Voo =+5.25V V1=5V - <0.5 2.0 µ,A 
current hL Vss=-5.25V V1=0V - <0.5 0.5 µ,A 

Output low VOL Voo = +4.75 V - <0.2 0.4 v voltage Vss=-4.75V 

Output leakage IOH Voo= +5.25 V - <5 10 µ,A current Vss =-5.25 V 

Input 
capacitance C1N - 5 - PF 

TRANSMIT Analog Interface 

Parameter Symbol Condition Min Typ Max Unit 

Input resistance RINX AIN+,AIN- 1 - - Mn 

Load resistance RLGX GSX 10 - - Kn 

Load capacitance CLGX GSX - - 100 PF 

Output level VOGX GSX, RL = 10 Kn -2.5 - 2.5 v 

Offset voltage VOSGX Gain= 10 -20 - 20 mV 

RECEIVE Analog Interface 

Parameter Symbol Condition Min Typ Max Unit 

Input resistance RINPW PWI 1 - - Mn 

RLVF VFRO 10 - - Kn 
Load resistance 

RLAO AOUT +, AOUT - 600 - - n 

CLVF VFRO - - 100 PF 
Load capacitance 

CLAO AOUT +, AOUT- - - 100 PF 

VovF VFRO, RL = 10 Kn -2.5 - 2.5 v 
Output level 

VOAO AOUT +, AOUT-, -2.5 - 2.5 v RL =600 n 

VosvF VFRO -150 - 150 mV 
Offset voltage 

VOSAO AOUT +, AOUT - , 
PWl=OV -20 - 20 mV 
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A.C. Characteristics 
VDD = +5 v ±5%, Vss = -5 v ±5% 

Condition 
Parameter Symbol Min Typ Max Unit 

f Level 
(Hz) (dBmO) 

Loss T1 60 20 26 -

Loss T2 300 -0.1 -0.03 0.2 

Loss T3 820 Reference Value 
Transmit 
frequency response Loss T4 2020 0 -0.1 0.0 0.2 dB 

Loss T5 3000 -0.1 0.10 0.2 

Loss T6 3400 0 0.45 0.8 

Loss T7 3980 14 16 -

Loss R1 300 -0.1 -0.02 0.2 

Loss R2 820 Reference Value 

Loss R3 2020 -0.1 0.0 0.2 
Receive dB 
frequency response Loss R4 3000 0 -0.1 0.10 0.2 

Loss R5 3400 0.0 0.65 0.8 

Loss R6 3980 14 16 -

SDT1 3 36 43 -

J] SDT2 0 36 41 -
Transmit 
signal to distortion SDT3 1020 -30 36 40 - dB 
Ratio (-1) 

~ SDT4 -40 ·2 31 -
3 

SDT5 -45 •2 26 ~ -
5 

SD R1 3 36 44 -

SDR2 0 36 41 -
Receive 
si~nal to disortion SDR3 1020 -30 36 41 - dB 
raio(·1) 

~ SDR4 -40 •2 31 -
5 

SDR5 -45 ·2 26 ~ -
5 

·1: The measurement is taken with P-message filter. 

MSM6814 

MSM6815 
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-----------------+COMBO CODEC·MSM6814/15+ 

Condition 
Parameter Symbol Min Typ Max Unit 

f Level 
(Hz) (dBmO) 

GTT1 3 -0.2 -0.Q1 0.2 

GTT2 
Transmit 

-10 Reference Value 

gain tracking GTT3 1020 -40 -0.2 0.05 0.2 dB 

GTT4 -50 -0.4 0.25 0.4 

GTT5 -55 -0.8 0.10 0.8 

GTR1 3 -0.2 0.02 0.2 

GTR2 
Receive 

-10 Reference Value 

gain tracking GTR3 1020 -40 -0.2 -0.5 0.2 

GTR4 -50 -0.4 -0.16 0.4 

GTR5 -55 -0.8 -0.13 0.8 

Idle Transmit NIDL T - - - -89 -75 
channel dBm Op 
noise•s Receive NIDLR - - - -89 -75 

Analog input level VIN 1020 0 *4 ~ ~ ~ Vrms 

Analog output level VOUT 1020 0 *4 ~ ~ ~ Vrms 

Absolute delay time tD - - - 0.47 0.5 ms ID tGDT1 500 - 0.2 0.75 

tGDT2 600 - 0.1 0.35 

Transmit tGDT3 1000 - 0 0.125 
0 ms 

Group delay time tGDT4 1800 Reference Value 

tGDT5 2600 - 0.05 0.125 

tGDT6 2800 - 0.07 0.75 

tGD R1 500 - -0.02 0.75 

tGDR2 600 - -0.02 0.35 

Receive tGDR3 1000 - 0.03 0.125 
Group delay time 0 ms 

tGDR4 1800 Reference Value 

tGDR5 2600 - 0.07 0.125 

tGDR6 2800 - 0.10 0.75 

•a: The measurement is taken with P-message filter. 

•4:, 
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+COMBO CODEC·MSM6814/15 -----------------

Condition 
Parameter Symbol Min Typ Max Unit 

f Level 
(Hz) (dBmO) 

TtoR CRT 1020 - -90 -66 
Crosstalk 0 dBmO 

RtoT CRR 1020 - -78 -66 

Discrimination 
against DIS 4.6K- -25 30 32 - dB out-of-band 72K 
input signals 

Spurious so 300- 0 - -33 -30 dBmO out-of-band signals 3400 at the output 

Intermodulation IMO 1 fa=470 -4 - -40 -38 dB lb= 320 

Spurious in-band 
signals at the 
output 

S1 1020 0 - -45 -40 dBmO 

Sir:igle frequency Ns - ·- - -60 -50 dBmO noise 

Transmit PPSRT - 30 -
Voo PSRR dB 

Receive PPSRR o- 200 
- 30 -

Transmit NPSRT 300K mVp-p - 30 -
VssPSRR dB 

Receive NPSRR - 30 -

Tox1 50 - 200 

Tox2 50 - 200 
Digital output delay R pull= 1 kf! ns 
time Trs1 CL= 100 pF 

Refer to Figure 3 
50 - 300 

TTS2 50 - 300 

Digital output fall 
time tDDI - 20 100 ns 
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----------------+COMBO CODEC·MSM6814/15+. 

PIN DESCRIPTION 

Pin No. 

3 

2 

4 

5 

6 

7 

8 

Pin Name Function 

AOUT - Receive analog Signal output pins. 
The maximum output signal swing is 5 Vp-p. 
These output can drive the impedance of 600 n. 

AOUT + The output level of AOUT - is a reversed output level of AOUT +. 
These output levels are fixed at OV in the power down mode. 

AG Analog ground level. 

PWI Input pin for the receive buffer amplifier. 

VFRO 

VDD 

RSYNC 

DR 

Receive level can be adjusted by using VFRO pin and PWI. 

.----0-v-~-1~ 
R1 K PWI 
~t---0--1+>-..-..--A_o_ur_+-0 

"R2 

"R2~10K!l 

Output pin for receive filter. 
Voltage swing of output signal is 5Vp-p. 
So, it can drive a resistor of 1 O Kn or more. 

Positive power supply pin. +5 V ±5% has to be applied. 

Input pin for the receive synchronous signal. 
This signal is the base signal for the time slot of the receive PCM 
signal (DR). 
Rising edge of BCLK signal followed by the rising edge of this 
signal becomes the first clock. (Refer to Figure 4) 

PCM signal input pin. PCM signal is written at the falling edge of 
BCLK signal. It is latched into the internal resistor when the 8-bit 
data is written. Time slot, to which the data is written, can be 
control by following two methods. 
1) Fix the time slot 

Time slot 1 is selected by fixing the DCLK at "H" when the 
power is turned on. 

2) Variable time slot 
Time slot can be selected out of 1 - 32 according to the time 
slot data (DC). Refer to the description about DC, DCLK, CS. 

The method for AD/DA conversion and coding method of 
input/output is conformed to CCITT's recommendation G 711. 
MSM6815 is also provided with the even number's reverse 
function. 

Input/ DX/DR 
output 
level MSM68t4 MSM6815 

+FS 1 0 0 0 0 0 0 0 1 0 1 0 1 0 1 

+ 0 1 1 1 1 1 1 1 1 1 1 0 1 0 1 0 

- 0 0 1 1 1 1 1 1 1 0 1 0 1 0 1 0 

-FS 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 

0 

1 

1 

0 

m-C-55 
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+COMBO CODEC·MSM6814/15 +-----------------

PIN DESCRIPTION (CONT.) 

Pin No. 

10 

11 

12 

Pin Name Function 

CS Time slot control signal input pin for receiving and transmitting of 
data. 

DC DCLK . . . . . . . . A clock which enables to write a time slot data. 
8-bit burst clock or a continuous clock. Cycyle of 

DCLK the clock is 488 ns minimum. 
CS ........... Chip select signal input pin. 

When this pin is at "L" level, DCLK signal becomes 
valid. 

DC . . . . . . . . . . . Time slot data input pin. 

DC1 DC2 

0 0 

0 

0 

DC4 DC5 

0 0 

0 0 

0 0 

It consists of DC1 - DCe and the data is written at 
the falling edge of DCLK ~ignal. 

DC3 Operation 

x Specify the time slot ofTransmit or Receive 

x Specify the time slot of Transmit 

x Specify the time slot of Receive 

x Reset fortimeslotfunction, power down mode. 

DCs DC7 oca Time Slot 

0 0 0 

0 0 2 

0 0 3 

0 30 

0 31 

32 

Time slot can be specified out of 1 - 32. 
When the frequency of BCLK is lower than 2048 KHz, maximum 
number of the time slot is specified as follows. In this use, however, 
no time slot is chosen when 17th time slot is specified when BCLK 
is operated at 1 024 KHz. 

BCLK Variable time slot 

512KHz 1- 8 

1024KHz 1-16 

1536KHz 1 -24 

1544KHz 1 -24 

2048KHz 1 -32 

In the variable time slot mode, the relation between the time slot 
data input and output data Dx is described in figure 6 below. 
(The specified time slot appears.from the Nth frame followed by the 
falling edge of 8th bit of DCLK.) 
To have the time slot assignment function reset, disable the Dx 
output in the first frame followed by the falling edge of 8th bit of 
DCLK. 
In this case, AOUT is also fixed at GND level. 



-----------------+COMBO CODEC·MSM6814/15+ 

PIN DESCRIPTION (CONT.) 

Pin No. Pin Name Function 

13 BCLK Shift clock input pin to write/read the PCM data (Dx or DR). This 
signal has to be a continuous clock signal as it is counted down 
and is used as the clock signal for SCF filter and timing signal for 
AD/DA conversion. 
To guarantee the frequency characteristics of the filter, diviation of 
the input clock frequency has to be ±50 PPM. 
If the frequency characteristics of the equipment is not specified 
strictly, MSM6814 and MSM6815 operate normally if the clock 
signal and SYNC are within the range of the figure described in 
following table. (In this case, however, electrical characteristics of 
MSM6814 and MSM6815 cannot be guaranteed.) 

Number of clock 
Nominal data 

between SYNC signal rate of DX 
and DR 

Main value Minimum Maximum 

512 Kb/s 64 64 65 

1024 Kb/s 128 127 130 

1536Kb/s 192 190 195 

1544Kb/s 193 190 195 

2048Kb/s 256 253 257 

SYNC 

I I 
BCLK JlJ1Jlfi. --- -___ 1J1fUUl 

/--Numberofclock-----! 
m 

14 DG Digital ground pin. 

15 DX PCM signal output pin. 
This signal is synchronized with the rising edge of BCLK signal. 
The time slot, output from Dx, can be controlled by following two 
methods. 
1) Fix the time slot 

Time slot 1 is selected by fixing the DCLK at "H" when the 
power is turned on. 

2) Variable time slot 
Time slot can be selected out of 1 - 32 according to the time 
slot data (De). Refer to the description about De, DCLK, CS. 

The output of this pin is a open drain output and is at "open" except 
when time slot is output. A pull-up resistor of more than 1 KO has 
to be connected between VDD and Dx. 

16 XSYNC Input pin for the transmit synchronous signal. 
This sifrnal is the base signal for the time slot of the transmit PCM 
signal Dxl. 
Rising edge of BCLK signal followed by the rising edge of this 
signal becomes the first clock (Refer to Figure 3). XSYNC is not 
necessary to be synchronized with the RSYNC, but it has to be 
synchronized with BCLK. Frequency of this signal is 8 KHz. By 
fixing this synchronizing signal at either "H" or "L", power down 
function can be realized. 
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+COMBO CODEC·MSM6814/15 ----------------

PIN DESCRIPTION (CONT.) 

Pin No. 

17 

18 

19 

20 

21 

22 

m-C-58 

Pin Name Function 

TSX Output pin for transmit time slot signal. 
The selected time slot is output when this signal is at "L'' level. This 
pin has to be pulled-up by a resistor with more than 2 KO as it is 
open drain output. 

TMC Mode switching signal input pin. Operation mode or analog 
loop-back mode can be selected. 

GSX 

AIN-

AIN+ 

Vss 

TMClnput Mode 

>2.0V Normal 

<0.8V Analog loop-back 

AOUT+ 

AOUT-

- Normal operation 

- - - - Analog loop-back mode 

These three pins are used for the transmit level adjustment. AIN+ 
is a non-inverting analog input pin which is connected to the 
non-inverting input of a transmit amplifier. 

AIN- is a inverting analog input pin which is connected to the 
inverting input of the transmit amplifier. 

GSx is a transmit amplifier output pin. Adjustment can be done by 
following method. 

C1 AIN+ 
Analog --li-.---~J---1 

RC Active 
filter 

input 
R1 AIN-

Gain=1 +f!g<10 
AG R3 

Note: 1. R2 +R3 > 1 OK.O 
2. When the DC off-set voltage of analog input is more 

than 20 mV, C1 and R1 should provide for DC blocking. 
In this case, cut-off frequency of HPF, composed by R1 
and C1, should be less than 30 Hz 

3. R1 should be less than 20 Kn. 

Negative power supply pin. 
-5 V ±5% has to be applied. 
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OKI semiconductor 

MSA4710 
SUBSCRIBER LINE INTERFACE CIRCUIT 

GENERAL DESCRIPTION 
The MSA4710 is designed to provide BSH functions and to meet PABX transmission 

performance requirements. 

This device can replace the hybrid transformer circuit. 

FEATURES 
• B (Batteryfeed). S (Supervision). and 

H (Hybrid) functions integrated on chip 
• Design to meet Central Office and 

PABX quality transmission require-
ments 

• All transmission performance para
meters can be externally programable 

• Free from parastic SCR's using di
electric isolation technology 

• Size and weight reduction over conven
tional approaches 

• 28 pin plastic DIP package, 28 pin 
PLCC package 

ID-D-3 
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BLOCK DIAGRAM 

XMIT 

REC 

JVBB JCn 
Figure 1 OKI SLIC functional block diagram 

PIN CONFIGURATION 

28 pin Plastic Dip Package 

VBB B 
A PE 

NE PB 

NB N.C 

N.C G 

CN cc 
RY vcc 

CDC 5CN 
VEE E 

4WR N.C 

N.C BF 
PAD RNG 

BNO zx 
BN1 4WS 

MSA4710RS 

m-D-4 

Top View 

28 pin Plastic Leaded Chip Carrier Package. 

N.C 
CN 

RY 

CDC 

VEE 
4WR 

N.C 

"' QJW al WCD 
ZZ<C>a:to..CL. 

MSA4710JS 

N.C 

G 
cc 
vcc 
SCN 

E 
N.C 



PIN DESCRIPTION 

Name Pin No. Function 

VBB 1 Battery supply, -48V input. 

The Ring voltage sensing input. This input is high impedance (apr. 
A 2 38 kO), and is connected to the built-in over voltage protection 

circuit. 

NE 3 The Ring current sensing input and is connected to the emitter of 
NPN Darlington transister and the power resistor REA. 

NB 4 The base drive output for the NPN Darlington transister. 

N.C. 5 No connection 

CN 6 Battery noise rejection capacitor input. This capacitor value is 60 V 
1 µF. 

RY 7 AC performance adjusting resistor Ry input. 

CDC 8 AC high impedance providing capacitor Cdc input and constant 
current feed at the short line adjusting zener diode input. This 
capacitor value is 15 V 4.7 µF. 

VEE 9 -5 V input. 

4WR 10 Receive input and is connected to the positive input of the built-in 
buffer operational amplifier. 

N.C. 11 No connection 

PAD 12 Pad control input. A logic level "H" makes the transmission level of 
4WR to 2 Wire be 4dB lower. 

. BNO 13 The balancing network drive output . 

2 wire terminating impedance compornent Zx input, transhybrid 

BN1 14 impedance Zt or Zb input and 2 wire to XM IT transmission gain 
adjusting resistor Rs input. This input sumes the current from the 
BNO through Zb, Zt, the ZX through Zx and the 4WS through Rs. 

4WS 15 Transmit output. 

zx 16 2 wire terminating impedance compornent Zx input. This pin has 
a low input impedance. 

Ringing mode control input. A logic level "H" enables either the 
Tip or Ring power Darlington transister to source the half of return 

ANG 17 current of the Ringing signal, changes the threshold of the fault 
current detector and inhibits the loop current detector from 
operating. 

Battery-feed mode control input. A logic level "H" switches off both 
BF 18 the Ring and Tip current drive amp. and presents a high impedance 

to the line. (apr. 80 kO). 

N.C. 19 No connection 

E 20 Should be connected to G. 
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Name Pin No. Function 

-- Output of both the fault current detector and loop current detector. 
SCN 21 A logic level "H" indicates Off-hook or line fault condition. This 

output is open-collector with a built-in pull-up resistor. {apr. 10 kQ) 

vcc 22 +5V input. 

cc 23 Compensation capacitor Cc, in series with Re, input. These capacitor 
and resistor are 4700 pF (30 V) and 2 kQ, respectively. 

G 24 Ground input. 

N.C. 25 No Connection 

PB 26 The base drive output for the PNP Darlington power transistor. 

PE 27 The Tip current sensing input and is connected to the emitter of the 
PNP Darlington power transister and the power resistor REB. 

The Tip voltage sensing input. This input is high impedance {apr. 
B 28 38 kQ) and is connected to the built-in over voltage protection 

circuit. 

m 
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ABSOLUTE MAXIMUM RATINGS 
Ta= 25°e 

Rating Symbol Value Unit 

Vss -60-+0.3 

Supply voltage Vee -0.3-+7.0 v 
VEE -7.0-+0.3 

Tip and Ring voltage 
sensing terminals 

IA, Is ±200 mA A and B input 
current 

Receive signal 
V4WR VEE-0.5 - Vee+0.5 v input voltage 

Operating junction T· 125 oe 
temperature J 

Storage temperature 
Tstg range -55-150 oe 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Min. Typ. Max. Unit 

Vss -53 -48 -43 

Supply voltage Vee +4.75 +5 +5.25 Vdc 

VEE -5.25 -5 -4.75 

Operating ambient 
Ta 0 - 70 oe 

temperature 

Loop current IL 20 - 80 mA 

Longitudinal 
IAe - - 10 ~ induced c~rrent conductor 
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ELECTRICAL CHARACTERISTICS 
Ta= 0°C - 70°C, VBB = -48 v ±5 V, Vee= +5V ±5% 

•REA= REB = 45n., Ry= 4.7 Kn 
• 2 wire terminating impedance = 900 n. +2.16 µF 
•Balancing network= 800 n#(100 n. + 50µF) 

Parameters Symbol Conditions 

Minimum battery feed 
ILM 

VBB = -48 V 
current RL = 1900 n 

ON-Hook Pso 
VBB = -53 V 
RL =open 

Power Vee= +5.25 v, VEE= -5.25 v 
dissipation 

VBB = -53 V 
OFF-Hook Ps1 RL = 50 n 

Vee= +5.25 V, VEE= -5.25 v 

IBB VBB = -53 V 

ON-Hook supply current tee 
RL =open 
Vee= +5.25 v 

IEE 
VEE= -5.25 V 

VBB = -53 V 
2-wire leak current ILEAK ~=On 

B = H 

0.2 KHz - 0.5 KHz 
2-wire return loss RL Fig. 3 

0.5 KHz - 3.4 KHz 

Frequency response FR Fig. 2 f = 0.3 KHz - 3.4 KHz 

Insertion loss variety ~Lt Fig. 2 
f=1004Hz 
IL = 20 mA - 80 mA 

Idle channel noise N1 C-message Fig. 5 

0.2 KHz - 0.5 KHz 

Transhybrid loss THL Fig. 4 0.5 KHz - 2.5 KHz 

2.5 KHz - 3.4 KHz 

Fig. 6 0.2 KHz - 3.4 KHz 

Longitudinal balance LB The matchig of REA and REB 
is ±0.1% 

Power supply noise 
PsR 

Fig. 7 0.2 KHz - 3.4 KHz 
rejection ratio Vin= 100 mVp-p 

ID-D-8 

VEE= -5V ±5% 

Min. Max. Unit 

20 - mA 

- 170 mW 

- 700 mW 

- 2.4 

- 7.8 mA 

- 5.4 

- 1.0 mA 

23 -
dB 

29 -

-0.1 +0.1 dB 

-0.1 +0.1 dB 

- 10 dBrnc 

23 -

28 - dB 

23 -

46 - dB 

30 - dB 



G24 = 20 log I~~ j@ VR = OV 

G42 = 20 log \ ~~ I@ VT= OV 

• 2-wire terminating impedance, 
Zto =goon+ 2.16 µF 

•Battery feed resistance, ADC= 2 x 200n 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800SU(100n + 50 nF) 

(See APPLICATIONS INFORMATION) 

RL=201og '~~ l-6dB 

10 Kn 
(±1%) 

10 Kn 
(±1%) 

• 2-wire terminating impedance, 
Zto =goon+ 2.16 µF 

•Battery feed resistance, ADC= 2 x 2oon 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800n#(100n + 50 nF) 

(See APPLICATIONS INFORMATION) 

-----------------111 
~----4---+5V 

" iii 

~ tvx 
"' 3.2K < 
(/) 
:; 10 

4WA 

21 
12K. 

SCN 
VA 

BF 18 

ANG 
17 

.,,. 

Dz -5V 

-48V 

Figure 2 Transmit & Receive Gain Test Circuit 

~----------------111 

.-------+--~+5V 

4WA~1~0---~-J\IV\r..("}...., 

SCN 1"2:.!.1---<l 

BF 10 

ANG l.!1!...7 ---0-4 

L-------~-5V 

Figure 3 2-wir,e Return Loss Test Circuit 
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100.11 
(±1%) 

50 nF 
(±1%) 

• 2-wire terminating impedance, 
Zto =goon+ 2.16 µ,F 

• Battery feed resistance, R DC = 2 x 200n 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800n#(100n + 50 nF) 

(See APPLICATIONS INFORMATION) 

C=100µF 

RL 

~------..---------.---111 

0 
;::: 
" <( 
<J) 

....-----~i---~+5V 

2 4WR~1~0----4~AA....-<)-, 

SCN1'°2"'-1 --...('\ 

BF 18 

RNG ~1"-7---l~ 

12K 

'--------- -5V 

Figure 4 Transhybrid Loss Test Circuit 

0 

" " <( 
<J) 

~-----<I---- +5V 

2 4WR:~1~0c..._ ___ ._,l/\f',..--(j.-, 

?~~~[I >20H 

J-..._ _____ -'\1\1\r~ 
SCN 1'20..:.1---<1 

8F 18 

C= 100µF 

• 2-wire terminating impedance, 
Zto = goon + 2.16 µ,F 

•Battery feed resistance, ADC= 2 x 200n 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800n#(100n + 50 nF) 

(See APPLICATIONS INFORMATION) 

ill-D-10 

RNG!-'1"-7---<~ 

'----------5V 

Figure 5 ldel Channel Noise Test Circuit 
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Ls = 20 log I~~ I 

'W+c 

IEEE Std 455-1985 

• 2-wire terminating impedance, 
Zto = 9000 + 2.16 µF 

•Battery feed resistance, RDC = 2 x 2000 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800!2#(100.fl. + 50 nF) 

(See APPLICATIONS INFORMATION) 

4700P 

• 2-wire terminating impedance, 
Zto = 900.n + 2.16 µF 

•Battery feed resistance, RDC = 2 x 200.n 
•Transmit and receive gain, G24 = G42 = 0 dB 
•Balancing network, ZL = 800.fl.#(100.n + 50 nF) 

(See APPLICATIONS INFORMATION) 

I• 

+5V 

22 
CN 
PE 

"' o; 

0 

lvx " " 3.2K " "' :2 
4WR 

10 

SCN 21 
12K 

BF 16 VR 

RNG 17 

Figure 6 Longitudinal Balance Test Circuit 

Dz 4.7 
K 

4WR1~1~0---~~~A,....(~ 

SCN L.:2'"'-1---n 

8F 10 

RNGl-'1"'-7---<,_. 

12K 

VEN 

VBN 

+5V 

-5V 

-48V 

Figure 7 Supply Noise Rejection Test Circuit 
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APPLICATIONS INFORMATION 
The OKI SLIC is comprised of a bipolar dielectric isolated integrated circuit. MSA4710, 

two comprementary Darlinton power transisters, a 2-wire terminating compornents, Zx, 
two transhybrid rejection impedances Zt, Zb nine resistors and three capacitors as shown 
in Figure 1. 

The circuit of Figure 1 will provide: 

Adjustable resistive battery feed 
Adjustable maximum loop current at the short line 
Adjustable 2-wire terminating impedance 
Adjustable transmit and receive gain 
2-wire balancing to 4-wire single ended conversion 
Adjustable balancing network 
Hook-state output 
Line fault current limiting (apr. 50 mA) 
Rejection of longitudinal induced current (10 mArms/conductor) 
Adjustable longitudinal balance. 

1) DC CHARACTERISTICS 

a) Battery feed 

In the Off-hook state the equivalent battery feed resistance RDC is given by 

RDC = (REA+ REB)x4.44 ............ (1) 

Examples 

RDC = 2x2oon 
RDC = 2x220S1 

REA= REB = 45S1 
REA= REB = 50S1 

The matching of REA and REB is critical to a number of AC performance parameters. 

b) Maximum loop current limiting 

The constant current feed at the short line is acheived by connecting a zener diode 
between the terminal CDC and VBB. 

The constant current value is given by: 100 ~--------------~ 

lei= 0.9x(Vz-2)/REA 

... (2) Vz:. Zener voltage 

Typical Battery feed characteristics 

is shown in Figure 8. 
<( 

.§ ... 
c 
~ 
:I 

(.) 

a. 
0 

.3 

Figure 8 Typical Batteryfeed Characteristic 
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2) SUPERVISION 

The OKI SLIC has two comparators, CompO and Comp1, to supervise the subscriber line 
conditions. The CompO can detect the sum current of the Ring and Tip through the power 
resistors REA, REB, and the Comp1 can detect the absolute differential current between the 
Ring and Tip through REA and REB. Thereby, the subscriber's On-hook or Off-hook and 
Dialing pulses can be detected by CompO, and subscriber line's troubles such as Ring-to
ground or Tip-to-battery fault can be detected by Comp1. 

The Current-limit-circuit can make the fault current limiting at apr. 50 mA when the 
Comp1 detects the fault current. 

Functional circuit diagram of supervision is shown in Figure 9, and the threshold current 
value is shown in table 1. 

The RNG function can be used to send the Ringing signal. (see Figure 11) 

When RNG is logic level "H", to prevent the two comparators from detecting the ringing 
signal current which flowes into the short line in the On-hook state, the detecting threshold 
of Comp1 is become higher than that of the detecting line fault, and output of the Compo 
is inhibited from making the SCN low, and at the same time, to prevent the Current-limit
circuit which causes the Ringing signal current to distort from operting, the output of 
the Comp 1 is inhibited from driving the Current-limit-circuit. 

COMPO 

(REA•IA + REB·ls) 

COMP1 VREFO 

to 
Tip& RING 
Current 
drive amp. 

Current 
Limit 
Circuit 

Hysteresis 
Cont. 

VREF1 

VREF2 

VREF3 

VREF4 

IA: Ring Current 
Is: Tip Current 

Figure 9 Functional Circuit Diagram 

BF 

0.279 x VEE 

0.262 x VEE 

0.571 x VEE 

0.128xVEE 

0.667 x VEE 
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+ PABX·MSA4710 +-_;_---------------------

Table 1 

(IA+ Isl ORllA- IBI 

VREF VOLTAGE 
CURRENT DETECTION - THRESHOLD 

[mA] 

REA=REB=45Q REA = R EB = 50 Q 

(VEE= 5 V) ~A+ Is llA-IBI IA+ Is llA - Isl 

VREFO = 1.395 V 2 x 15.5 - 2 x 14.0 -

VREF1=1.310 V 2 x 14.6 - 2 x 13.1 -

VREF2 = 2.855 V - 71.2 - 64.2 

VREF3 = 0.640 V - 16.0 - 14A 

VREF4 = 3.335 V - 83.4 - 75.1 

3) AC CHARACTERISTICS 

The AC functional circuit diagram of the OKI SLIC is shown in Figure 10. 

a) 2-wire terminating impedance 

2-wire terminating impedance Zto is given by eq. (3) 

Zto = (V Lfl Ll = Zx/(Ki x Kvol. . . . . . . . . . (3) 

The value of Zx can be derived from eq. (3) to provide the desired 2-wire terminating 
impedance. 

Zx = Zto x (Ki x Kvol ................ (4) 

Both the value of the current gain Ki and the voltage gain Kvo are given by table 2. 

b) Transmit and receive gain 

2-wire to XMIT and REC to 2-wire transmission gain G24, G42 are given by eq. (5) 
and eq. (6) respectively. 

G24 = IVxlVL I"' I Rs x Kvo/Zxl. ....... (5) 

I I Kv 1 x Kv3 x z 1 / G42 = VLIVR = I K [Z1 + Zx/!Kvo x Kill ............ (6) 
· VO 

The impedance ZI may be chosen a general transmission impedance 600Q or 900Q. 
The value of Rs may be calculated to provide the disired G24 for given Zx .by eq. (4) and 
Kvo by table 2. 

Rs= lzx x G24/Kvol ................ (7) 

The value of the receive attnuator Kv3 may be. desired from eq. (6) and (4) once ZI is 
known. 

Kv3 = Gz4 x I (Z1 + Ztol/(Z1 x Kv1/Kvol I ......................... (8) 
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c) Transhybrid rejection 

Current 
Amp 

+ 
+ 

= 

ix 

Figure 10 AC Functional Circuit Diagram 

= 

XMIT 

Vx 

Transhybrid rejection is acheived with OK I SLIC by taking advantage of the 180° phase 
reversal of the current ix at the negative input of OPS amp with respect to receive signal V R. 
When the receive signal VR transmits to 2-wire, the return current ix from 2-wire and the [DI 
cancel current is apear at the negative input of OPS amp. 

These ix and ib are given by eq. (9) and (10). 

. VR x Kv1 x Ky3 1 
IX= X .......... (9) 

(Ki x Kvol Zx 
(Z1 +K K ) 

ix VO 

ib = -VR x Kv1 x Kv2 x Ky3/(Zb + Ztl .. (10) 

The value of the impedance Zb and Zt are selected to exactly cancel out the return 
current ix and are determined by eq. (11) and (12). 

Zb =Ki x Kvo x Kv2 x ZQ . ........... (11) 

Zt = Kv2 x zx =Ki x Kvo x Kv2 x Zto· .. (12) 

The impedance ZQ may be an actual subscriber line loop impedance, including phone set. 
The value of Kv2 is shown table 2. 

d) Longitudinal balance 

The longitudinal balance is determined by the matching both the gain of the Tip and Ring 
current drive amp. 

The longitudinal balance may be improved by making a little adjustment of either poweF 
resistor REA and REB because the gain of the Tip and Ring current drive amp are 
determined by the ratio of the power resistors and the built-in resistors respectively. 
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Table 2 

Example gain 
Symbol of gain Actual gain of OKI SLIC @Ry= 4.7 K 

@REA=REs=45Q 

K· 
Ry 

• 3.858 201 I REA+ REB 

Kvo 0.167 0.167 

Kv1 1.60 1.60 

Ky2 1.517 1.517 

Ki·Kvo 0.644 • 
Ry 

33.6 
(REA+ REB) 

Ki·Kvo·Kv2 0.977 • R~ 51.0 
REA+ REB 

DESIGN EXAMPLES 
Table 3 and Table 4 are shown the design examples of the 2 wire terminating impedance 

component Zx and the two transhybrid rejection impedances Zt, Zb, in the case of REA= 
REB = 45 Q and Ry= 4.7 KQ. 

(1) 2-wire terminating impedance Zx. 

Table 3 

Required 2 wire Determined impedance 
No. terminating impedance from table 2 Remark 

Zto Zx. (Rx. Cx) 

Rx Cx Apply to North America 
1 o-\!v\.--1 ~ o-1VV\r----j ~ (AT&T) 

9000 2.16µ 30.2K 64nF (See CCITT rec. 0517) 

Rx Cx 
Apply to NTT 

2 ~~ ~I--<> (See CCITT rec. 0517) 
6000 1µF 20.2K 30nF 

220nF 
(1) 

6.5nF 

3 ~ 
Cxx Rx1 c Apply to BT 

o-J XRx2 (See CCITT rec. 0517) 
10.1 K 

10000 33.6K 

Note (1) Cxx= needed to be provided to block the DC ('.::'.. 0.68µF ± 50%) 

i21 When a required 2-wire return loss cannot be obtained even when an externaly impedance 
Zx is selected, it is possible to improve the characteristic merely by adjusting the externally 
resistor Ry. 

fil-0-16 



(2) Transhybrid rejection impedances Zt and Zb. 

Table 4 

2-wire terminating 2-wire subscriber 
Determined impedances 

No. impdeance Zto line loop impedance 
from table 2 

Remark 
( 1) ( 1) 

Zt Zb 

soon 40.8K 

1 ~ ~ North America 
nonloaded I ine 

1oon 50.uF 1nF 

- 45.9K 

1650n 
o--"vV\r--l 1--o 

84.2K 

o--Wv---1 f--o o-CJ-o 
42.4nF 

~ North America 2 900n 2.16 .uF loaded line 

1oon 5nF 0.1nF 

-

2.16.uF 21.2nF North America 

3 D-'\/v\r----1 ~ o--Wv---1 f--o 
special service 
line 

900n 91.8K 

(Zt + Zb) 

72nF 42.3K 
1 µF 

~ ~~ 4 o---'l/Vv--1 f--o NTT 

soon 38.3K 
830n 1.4nF 

(Zt + Zb) 

1ooon 620n 51K 31.6K 

5 ~ ~ ~ BT 

220nF 310nF 4.3nF 6.1nF 

Note (1): See LSSGR and CCITT redbook Rec. 0517. 
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RINGING SIGNAL INSERTION 
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Tip 

Ring 
Relay 

Ringing 
Current 

H 
L 

HJ . , 
·~~ 0,. 
a." 

1S2597 

1S2597 

Negative half 
cycle current 

Silent period 

Cn 
5 2420 22 

27 CN 
o-------<PE 

REA 

Dz 

23 cc 

Ringing period 

4WR~1=0-----<'-'\.A~--< 

SCNr2~1-+------; 

8F 1a 

RNGr1~7 -+--+-----l 

PAD~12~+--+---------< 

Silent period 

ANG 

SCN H ----------------. 
L 

t 
Loop current detector 

G 

+5V 

RNG 

PAC 

-5V 

-48V 

Note: BF should be always logic level "L" may detect a charge or discharge 
current. 
(See APLICATIONS INFORMATION) 

Figure 11 Signal Insertion Circuit Diagram 



OK.I semiconductor 

MSA4722-1 
SOLID-STATE RELAYS FOR sue IN THE PABX 

GENERAL DESCRIPTION 
The MSA4722-1 is a solid-state relay function LSI for SLIC in the PABX and it consists 

of eight high-voltage PNPN Switches. The MSA4722-1 is designed to provide R.T functions 
for SLIC. 

This device can replace conventional electromagnetic relays. 

FEATURES 
• R (Ringing signal sending & Ring trip 

interface), T (Network test switch) and 
Cutoff (Separate the Battery-Feed 
circuit from subscriber line) functions 
on chip. 

• High voltage functions integrated in 
dielectric isolation technology. 

FUNCTIONAL BLOCK DIAGRAM 

• Low ON-Resistance & High OFF
Resistance. 

• Size and Weight reduction over electro
magnetic relays. 

• 22 pin plastic DIP package. 

GTO NOR 

A 2 

---<Cil--- --<IOD>-----
15 s. 14 

5 

~Battery 
L,/ Feed 

1 Circuits 

I• 

T PNPN switch with 
1 GTO function 

@ Control terminals 
(TTL compatible) 

Figure 1 MSA4722-1 Functional Block Diagram 
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+PABX·MSA4722-1 +~~~~~~~~~~~~~~~~~~~~~~ 

PIN CONFIGURATION 

Top View 

RB 1 22 vcc 

A 2 21 RC 

AA 3 20 (N.C) 

NT1 4 19 CR 

BB 5 18 VEE 

NTO 6 17 TRP 

B 7 16 RNG 

(N.C) 8 15 GTO 

RA 9 14 NOR 

(N.C) 10 13 PLP 

E 11 12 NTC 
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PIN DESCRIPTION 

Name Pin No. Function 

RB 1 Ringing signal sending power resistor RG1 input and connected to Ring line 
through the switch Sl. The resistor value is 510 n., 1 W. 

A 2 Connected to Ring line. 

AA 3 Connected to the poled negative terminal of the Battery-feed circuit. 

NT1 4 Connected to the Network test equipment. 

BB 5 Connected to the poled positive terminal of the Battery-feed circuit. 

NTO 6 Connected to the Network test equipment. 

B 7 Connected to Tip line. 

N.C. 8 Unused. 

Connected to the power resistor RG2 which supply the battery for Tip line 
RA 9 in order to feed the DC current for detecting the customer's off-hook. 

The value of the resistor RG2 is 220 n., 0.25 W. 

N.C. 10 Unused. 

E 11 Connected to ground. 

NTC 12 Network test switches S5, S6 control input. A logic level "H" connects the 
Battery-feed circuit to the Network test equipment through S5 and S6. 

PLP 13 Superimposing VBB switches S2B control input. A logic level "H" super-
imposes VBB during the Ringing signal is sent. 

. NOR 14 Line cutoff switches S3, S4 control input . 
A logic level "H" turns on both S3 and S4. 

GTO 15 The gate turn-off function of the PNPN switches S3, S4 control input. 
A logic level "H" gets the loop current interrupted by these switches. 

D 
--

RNG 16 Ringing signal sending switches S1, S2A control input. 
A logic level "H" sends ringing signal to the customer. 

---· 

TRP 17 The ringing voltage output. This voltage is proportional to the voltage 
between the terminals RC and CR. The output impedance is apr. 10 kn. 

VEE 18 -5 V input. 

Ringing signal generator input and connected to the ringing signal feed 
CR 19 resistor R GO. 

The resistor value is 220 n., 0.5 W. 

N.C. 20 Unused. 

RC 21 Ringing signal feed resistors RGO and RG1 input. The voltage between 
RC and CR applies to the Ring trip interface circuit (IF). 

vcc 22 +5V input. 
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ABSOLUTE MAXIMUM RATING 
Ta= 25°C 

Rating Symbol Value Unit 

Vee -o.5~+7 
Supply Voltage v 

VEE -7;...., +0.5 

S1.S2A,B ±180 
Anode-cathode Current 

S3,S4 IAK 170 mA Continuous 
S5,Ss 120 

Operating Ambient 
Ta 0-+10 oc 

Temperature Range 

Storage Temperature Range Tstg -55 ~ +125 oc 

Junction Temperature Range Tj +125 oc 

RECOMMENDED OPERATING CONDITIONS 

Rating Symbol Value Unit 

Vee +4.75 ~ +5.25 
Supply Voltage v 

VEE -5.25 ~ -4.75 

ii Ringing Signal Voltage VcR 69~83 Vrms 
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ELECTRICAL CHARACTERISTICS 

(Unless otherwise noted TA= 0 to 70°C) 

Parameters Symbol Conditions Min Max Unit 

Supply current - OFF Hook iv cc Figure 2 - 15 mA 

High level V1H NOR( 1l 2.0 -
Logic input voltage - v 

Low level V1L GTO - 0.5 
PLP 

Logic input current High level l1H V1H =Vee RNG - 0.1 
NTC mA per one fan-in Low level l1L V1L = OV -1.2 -

Cross point ON P-Gate lpG s1-s6 - 1.2 

drive current Figure 3 mA 
N-Gate ING s, - 1.5 

Crosspoint off drive current IGOFF Figure 3 S3, S4 - 3 mA 

s, -320 320 
Breakdown voltage Vso - v 

s2-s6 -260 260 

Minimum voltage ramp 
Which could fire the SCR dv/dt 200/0.8 - V/µs 
under transient conditions 

Interrupt DC current capability lo FF GTO = "H" S3. S4 5 - mA 

Holding current IH Ss' s. 0.1 - mA 

ON voltage VF IF= 30mA s1-s6 - 1.4 v 

Center 
Dynamic ON resistance RoN current S3, S4 - 10 .11 

IF= 30 mA D 
Relative ON resistance error ARON S3-S4 - 1 .11 

OFF state resistance Ro FF VAK = 50V 150 - M.11 

Ringtrip interface circuit K Figure 4 Vin= ±8V 0.305 0.439 -transfer ratio 

TRP output resistance Rout 6.2 13.8 k.11 

Note (1) The fan-in of GTO, RNG and PLP is two, respectively. 
Other logic fan-in is one. 
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RING 01r------1 A 

TIP 011------1 B 
RA RB RC CR 

22on 

+5V 

-5V 
.:. 

22on VCC VEE E 
AAl--f--'1/11\,--t -48V 

(.) 0 (.'.)a.. 
I- I- z _J 
Z CHI: a.. 

er: BB 1--t--'111J1..--111 
22on 

~ TRP 

Figure 2 Supply Current Test Circuit 

+50V 
Open 

Open +5V +5V 

•I 

Switch 
control 
circuit 
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+5V 
.:. 

.::. .::. 

vcc E vcc E vcc E 
CONTROL RNG 
INPUT 

GTO 
VEE 

NOR 

VEE VEE 
-5V ":" 

-5V -5V 
-48V 

Open 

(a) P-gate Drive Current (b) N-gate Drive Current (c) GTO Drive Current 

Figure 3 Switch Drive Current Test Circuit 

Vx = -16V - +16V 
+5V .::. 

VCC E 
CR 

TRP 

RC 

VEE 

-5V 

Vo 
K=--

Vi 

Vo 

Figure 4 Ring Trip Interface Circuit Transfer Ratio Test Circuit 

-48V 



APPLICATIONS INFORMATION 

1) Overvoltage Protection 

The MSM4722-1 consists of 8 high voltage withstanding PNPN switches. 

But overvoltage protection circuit is required and it must keep the voltage at the line 
interface terminals A and B the value indicated eq. ( 1) during lightning or transient high 
voltage strikes. 

Vclp = Vbo -v'2 x Ver .......... (1) 

Vclp : 2nd arrestor clamping voltage. 
Ver : Ringing signal voltage [r.m.s]. 
Vbo : Breakdown voltage of S1. 

I\ / \x 2nd arrestor 
/ ' clamping 

1 , voltage 

A 
MSA4722-_1 ---· OV _ __./ _ __,_t_v_c_L_P~-----

l}--+---0------+-.-::::.:__ ___ _ 

Figure 5 Overvoltage Protection Diagram 

2) Ringing Signal Sending Time Chart 

Ringing signal 
Maximum 

The OKI RT-LSI can send the ringing and silent signal to the customer and these signal 
sending method is shown below and in Figure 6. 

The ringing signal can be sent to the customer through the switches S1, S2A, S28 , during 
the RNG and PLP are logic level "H". 

The silent signal can be sent by the Battery-feed circuit through the Cutoff switches 
S3 , S4 during NOR is a logic level "H". 

Some guard timing are required when ringing and silent signal are sent, because RT consists 
of the self-holding PNPN switches and the holding-current of these switches is very small. 

The ringing and silent signal sending time chart is shown in Figure 7. 
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Figure 6 Ringing Signal Sending Diagram 
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Ringing signal 
sending current 

RNG&PLP 

NOR 

Logic 
input 

GTO 

BF 

Ringing period 

tg 1 
I I 
I I 
I I 
I I 

I 

' 

I 
I 
I, 
I 
I 
I 
I 
I 
I 

Silent period 

tg1 : prevents the switches S3 and S4 from holding by flowing current through a line leakage 
resistance. (~ 1 ms) 

: needs to be not shorter than the half cycle time of ringing signal frequency. 

> 1 -(ex.= 2 x 16 Hz - 32 ms) 

Figure 7 Ringing/Silent Signal Sending Time Chart 

3) Cut-off from the Battery-feed Circuit Method 

As the gate turn-off capability of the battery polarity reverse switches S3 , S4 is not 
greater than the loop current, line cut-off from the SLIC must be performed by the 
following sequence. 

a) The Battery-feed circuit is turned off in order to reduce the loop current to be inter
rupted by gate turn-off function of the switches S3 and S4 . 

b) The logic input NOR is turned "L" and the GTO is turned "H" in order to interrupt the 
leakage current flowing from the Battery-feed circuit to the line. 

c) GTO input is turned "H" 1 ms after the cutoff swithes S3 , S4 are completely turned off, 
in order to prevent the GTO driving current from flowing in the line. 

The line cut-off time chart is shown in Figure 8. 
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+ PABX·MSA4722-1 +----------------------

Logic 
input 

Loop current 

IQ __ __:> _m_A ___ v GTO drive current("" 3mA max) 

Q I I 
I I 

NOR 1 : 

GTO-----~ 

I 

I 
I 
I 
I 

I I 
I I 
~lms 
I I 
I I 

BF-----~1 ~1 -----------

Figure 8 Line Cut-off Time Chart 

4) Ring Trip Interface Circuit Characteristics 

The Ring trip interface circuit (IF) attenuates the voltage generated on between terminals 
CR and RC, and transmits to the TRP terminal. 

The IF circuit diagram is shown in Figure 9. 

As the level shift transistors' collectors are connected to the ground through the output 
resistor, the phase difference between ringing generator voltage and ringing signal current 
distorts the output wave-form of the TRP. 

Figure 10 shows this case. The IF transmission characteristics is shown in Figure 10 and 
Figure 11. The ring trip detection may be possible by connecting an appropriate low-pass 
filter and comparator to the TRP terminal. 
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Figure 11 Ring Trip Interface Static Characteristic 
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OK.I semiconductor 

MSM6912 
PCM CHANNEL FILTER 

GENERAL DESCRIPTION 
The MSM6912 is a PCM channel filter LSI which is fabricated by OKl's low power con

sumption CMOS silicon gate technology. 
It consists of pre-filter, HPF, post filter and two LPF's. 

FEATURES 

• CCITI G.712 standard 
• 50/60 Hz rejection filter on-chip 
• SIN x/x compensation filter on-chip 
• External gain adjustment, both transmit 

and receive filters 

BLOCK DIAGRAM 

VxG1+ 
Pre-
filter HPF 

VxG1-

VxGo 

VRQ 

VRGI+ 

VRGI-

VRGO 

Voo Vss DG 
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• Power-down mode available 
• 128 KHz or 2048 KHz external clock for 

operation 
• Power supply, ±5 V 
• 16-pin ceramic DIP package 

Post-LPF filler Vxo 

Clock 
CLK 

Generator 
CLKS 

LPF VRI 

AG PDWN 



PIN CONFIGURATION 

Vxo 

AG 

CLKS 

PDWN 

CLK 

DG 

Vss 9 Voo 
L------1 

PIN DESCRIPTION 

Pin No. Pin Name Function 

1 VxG1+ VXGI+ is the non-inverting input of the gain-setting Op Amp in the 
transmit filter section. 
The input analog signal is typically applied to this pin. 

2 VxG1- VxG1- is the inverting input of the gain-setting Op Amp in the 
transmit filter section. 

3 VxGo VXGO is connected to the output of the gain-setting Op Amp in the 
transmit filter section. 
An appropriate voltage gain can be set as shown in Figure 1 below. 

I 
VxG1+ 11 ~ I 

R~ VxG1-
I 

21 - Gv=1 +RF/RG -.. 
RF{ 

I (RF +RG) ~10K!1 

Ttr 
31 

VxGo I 
I 

Figure 1 

As the transmit filter section has a gain of approx. +3 dB excluding 
this amplifier, a suitable level diagram has to be selected. 
The DC offset voltage of VxGO becomes 50-Gv (mV) in the worst 
case. The load resistance connected to VxGo should be greater 
than 1 o Kn. 

4 VRO VRO is the analog output of the receive filter. Because the output 
impedance is not so low, it is better to use the gain setting OP Amp 
as a output buffer. The resistive loads connected to VRo should be 
greater than 1 o Kn. 

5 VRGI+ VRGJ+ is the non-inverting input of the gain setting Op Amp in the 
receive filter section. 

6 VRGI- VRGJ- is the inverting input of the gain setting Op Amp in the 
receive filter section. 
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+ PABX·MSM6912 +----------------------

Pin No. 

7 

m-D-32 

Pin Name Function 

VRGO VRGO is the output of the gain setting Op Amp in the receive filter 
section. An appropriate voltage gain can be set as shown in Figure 
2and 3. 

I 
14 VRO 

I 
I 
I 5 VRGI+ 

I 
I 
I VRGO 7 

Gv=+R2/R1 
R2 (R1 +R2)//RL;::10Kfl 

16 VRGI- RL 

R1 

Figure 2 

I 
14 VRo 

I 
I R1 
15 VRGI+ 

I 
I R2 
I 
! 7 VRGO 
I 

Gv=Rd(R1+R,) I 
I (R1 +R,), RL;:: 10 Kfl 
I RL 16 VRGI-

Figure 3 

Use Figure 2 for amplification and Figure 3 for attenuation. As the 
receive filter section has a gain of approx. o dB excluding this 
amplifier, a suitable level diagram has to be calculated. 
The DC offset voltage of VRGO becomes as follows in the worst 
case; 

Figure 2 ... (200 + 50) · Gv = 250 • Gv (mV) 
Figure 3 ... 200 ·Gv + 50 (mV) 

The resistive loads connected to VRGO should be greater than 1 O 
Kn. 



Pin No. Pin Name Function 

8 Vss Vss is the negative supply pin. The voltage supplied to this pin 
should be -5V ± 5%. 

9 VDD VDD is the positive supply pin. The voltage supplied to this pin 
should be +5V ± 5%. 

10 VRI VRt is the analog input to the receive filter. The receive signal is 
typically generated by the decoder section of a companding 
CODEC (ex. MSM6917AS). 
The receive filter provides the sin xix correction over the passband. 

11 DG This pin is connected to the digital system ground. 

12 CLK CLK is the digital clock signal input. Two clock frequency (128 
KHz, 2,048 KHz) can be applied. 
The desired clock frequency is selected by the CLKS input. 
For proper operation, this clock should be tied to the receive clock 
of the CODEC. 

13 PDWN This control input enables MSM6912AS in the powerdown mode. 
Power down occurs when the signal of this input is pulled high. 

14 CLKS This control pin is used to select the desired clock frequency. 

CLK (Pin 12) CLKS (Pin 14) 

128 KHz Digital "L" 

2,048 KHz Digital "H" 

15 AG This pin is connected to the analog system ground. 

16 Vxo V~o is the analog output of the transmit filter. The output 
vo tage range is ±2.5 V and the output DC offset voltage is 
less than 200 mV. This output should be AC-coupled to the 
encoder section of the CODEC. The resistive load 
connected to Vxo should be greaterthan 5 Kn. 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Conditions 

Supply voltage 
Voo 

Vss 
Ta=25°C with 

Digital input 
Vo JN 

respect to 
voltage DG andAG 

Analog input 
VAIN voltage 

Operating 
Top temperature 

Storage 
TsT temperature 

Recommended Operating Conditions 

Parameter Symbol Conditions 

Voo With respect to Supply voltage 
Vss 

DG andAG 

Operating 
Top temperature 

DC and Digital Interface Characteristics 

Ratings Unit 

-0.3-7 
v 

+0.3 --7 

-o.3 - v00 + o.3 v 

Vss-0.3 - v00+o.3 v 

0-70 oc 

-55 -150 oc 

Min Typ Max Unit 

4.75 5 5.25 v 
-4.75 -5 -5.25 v 

0 70 oc 

(Voo = +5V ± 5%, Vss = -sv ± 5%, Ta= o - 70°Cl 

Limits 
Parameter Symbol Conditions Unit 

Min Typ Max 

Standby supply Joos - 0.01 1 mA 

current PDWN =V1H 
'sss - 0.01 1 mA 

Operating Jooo - 5 10 mA 

supply current PDWN =V1L 
'sso - 5 10 mA 

Input leakage IJL V1=0V - - 10 µ,A 

current 
IJH V1=5V - - 10 µ,A 

Input voltage VJL With respect - - 0.8 v 

VJH 
toDG 2.4 - - v 
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Analog Interface, Gain Setting Amplifier and Transmit Filter 
(Voo = +5V ± 5%, Vss = -5V ± 5%, Ta= o - 10°cJ 

Limits 
Parameter Symbol Conditions Unit 

Min Typ Max 

Input leakage 
current 

lax -3.2V '.SV1N '.S+3.2V - 10 µ,A 
VxG1+ 

-

VxG1-

Input 
resistance 

RIX 2 - - MO 
VxG1+ 
VxG1-

~ Input offset 
Vosx1 -3.2V'.SV1NS+3.2V - - 50 mV c. voltage 

E as DC open loop Cl Avx 66 - - dB c voltage gain 
ii 
(/) Open loop c ·a; unity gain fcx - 2 - MHz 
(!) bandwidth 

Load 
CLX1 - - 200 PF capacitance 

Load 
RLX1 10 - - KO resistance 

Output voltage 
vox1 RL ~ 10KO swing ±2.5 - - v 

Output 
resistance Rox1 - - 100 o 

Output offset Vosx Vxrn+=AG 
mV Input P Amp at - - 200 voltage Unity gain 

..... 
~ Load 

CLX2 - - 200 PF u: capacitance 

Load 
RLX2 5 - - KO resistance 

Output voltage 
Vox2 RL~5KO swing ±2.5 - - v 

m-D-35 



Analog Interface, Receive Filter and Gain Setting Amplifier 
(Voo = +5V ± 5%, Vss = -5V ± 5%, Ta= o - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Min Typ Max 

I Input leakage 
, current IBR1 -3.2V~VIN~+3.2V - - 10 µA 

Input 
R1R1 2 - - Mn resistance 

Output 
ROR1 - - 200 n resistance 

2 
II: Output offset 

VosR VRI =AG - - 200 mV voltage 

Load 
CLR1 - - 200 PF capacitance 

Load 
RLR1 10 - - Kn resistance 

Output voltage 
VOR1 RL?:10Kn swing ±2.5 - - v 

Input leakage 
current 
VRG1+, VRGI-

IBR2 -3.2V~VIN~+3.2V - - 10 µA 

a; Input 
resistance R1R2 2 - - Mn 

~ VRG1+, VRGI-i5. 
E 

Input offset al 
VoSRI -3.2V~VIN~+3.2V 50 mV Cl voltage - -

c: 
+: 
Qi 

DC open loop "' AVR 66 - - dB c: voltage gain ·a; 
(!) 

Open loop 
unity gain fcR - 2 - MHz 
bandwidth 

Output 
ROR2 At unity gain - - 20 n resistance 

Load 
CLR2 - - 200 PF capacitance 

Load 
RLR2 10 - - Kn resistance 

Output voltage 
VOR2 ±2.5 - - v swing RL?:1 OKn 
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Transmit Filter Transfer Characteristics 
(VDD = +5V ± 5%, Vss = -5V ± 5%, Ta= o - 70°C) 

Limits 
Parameter Symbol Conditions Unit 

Amp Min Typ Max 

Absolute passband 
GAX 2.8 3.0 3.2 gain (900 Hz) 

Below60Hz Input= O dBmo - - -20 
=-1.25 Vrms x 300-3000 Hz <( -0.25 - +0.1 dB 

(!) Output 
g 3300 Hz GRX =+3dBmo -0.35 - +0.1 
c: =-1.?? Vrms "iij 
Cl 3400 Hz OdB -0.85 - +0.1 Q) 
> 
~ 4000 Hz - - -14 Qi 
a: 

4600Hzand - - -28 above 

Gain variation with 
GAXT 

Input= O dBmo - 0.0005 - dB/°C temperature 900Hz 

Gain variation with Input= O dB mo 

supplies GAXS 900Hz - 0.05 - dB/V 
Supplies: ±5% 

Crosstalk, Receive 
CTRX ·1 - - -60 dB to Transmit 

Total C message noise 
Ncx1 - 8 -at output 

dBrnco 
Total C message noise 

Ncx2 20dB - 10 -
at output 

D 
Differential envelope 

DDx 0.9 -2.6 KHz - - 60 delay 
OdB µ,S 

Absolute delay DAX 900Hz - 200 -

Single frequency 
Dpx 

Vxo=+3dBmo 20dB - - -45 distortion products 900Hz 

Positive power 
Vxo.900 Hz supply rejection PsRR1 25 30 - dB 

ratio VDD 

OdB 
Negative power 

Vxo.900 Hz supply rejection PsRR2 23 28 -
ratio vss 

*1 VRI = 0 dBmo, 900 Hz 

VxGo 

10k.!1 
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Receive Filter Transfer Characteristics 
!Voo = +5V ± 5%, Vss = -5V ± 5%, Ta= o - 10°c) 

Parameter Symbol 

Absolute passband 
gain (900 Hz) 

Below300Hz 

a: 
< 300-3000Hz 
C!l 
g 3300Hz 
c: 

"Oj 
Cl 3400Hz Q) 
> 
~ 
Qi 4000 Hz 
a: 

4600Hzand 
above 

Gain variation with 
temperature 

Gain variation with 
supplies 

Crosstalk, transmit 
to receive 

Total C message noise 
at output 

Differential envelope 
delay 

Absolute delay 

Single frequency 
distortion products 

Positive power 
supply rejection 
ratio 

Negative power 
supply rejection 
ratio 

•1 Vxo = +3 dBmo, 900 Hz 
VRI =AG 

GAR 

GRR 

GART 

GAXS 

CTXR 

NcR 

DOR 

DAR 

DpR 

PsRR3 

PsRR4 

Conditions 

Input = 0 dB mo 
,;;, 1.25 Vrms 

Output 
=+3dBmo 
= 1.77 Vrms 

With sin xix 
correction 
wherex 
=7Tf/8000 

Input= O dBmo 
900Hz 

Input= O dBmo 
900Hz 

Supplies: ±5% 

*1 

Q.9 -2.6 KHz 

900Hz 

VRGO = +3 dBmo 
900 Hz *2 

VRGQ.900Hz 
Voo 

VRG~,900Hz 
SS 

*2 Removing the component of 1 28 KHz 
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Limits 
Unit 

Amp Min Typ Max 

-0.25 -0.1 0 

-0.25 - +0.1 

-0.25 - +0.1 dB 

-0.35 - +0.1 

OdB -0.85 - +0.1 

- - -14 

- - -28 

- 0.0005 - dB/°C 

- 0.05 - dB/V 

- - -60 dB 

- 7 - dBrnco 

- - 120 
µ,S 

- 120 -

- - -50 

30 35 - dB 

30 35 -



OK.I semiconductor 

MSM6913 
SERIAL PARALLEL CONVERTER 

GENERAL DESCRIPTION 
The MSM6913 is a serial-parallel converter LSI which is fabricated by OKl's low power 

consumption CMOS silicon gate technology. The MSM6913 has 8 data signal input pins 
and 8 data signal output pins, and also has the row-column converting function to replace 
rows with columns on a matrix with 8 rows and 8 columns considering the 8 data signal 
pins as the row and the 8 bits, the depth of data, as the column. This function realizes the 
parallel-serial conversion to convert the input data with 8 cycles of 8-bit parallel data into 
8 output data of 8-bit serial data, and the serial-parallel conversion to convert 8 input data 
of 8-bit serial data into the output data with 8 cycles of 8-bit parallel data. 

The MSM6913 is also provided with functions to perform the parity check for 8-bit data 
input signal +parity bit and the parity generation for 8-bit data output signal. 

All data except that on the DG pin are synchronized with the clock. 9MHz clock can be 
used for its operation. 

FEATURES 

• Serial conversion for 8-bit parallel signal 
and parallel conversion for 8-bit serial 
signal 

• 9MHz high-speed switching 
• Built-in parity-check circuit for data 

input signal. 

• Built-in parity-generation circuit for data 
output signal 

• 5V single power supply 
• 24-pin plastic DIP package, 24-pin 

ceramic DIP package 
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BLOCK DIAGRAM 

8 steps 
D-F/FX9 Shift Register 

CKo------i 

CLRn------i_ ____ __. 

PIN CONFIGURATION 

m-D-40 

Parity 
Generator 

(Top View) 

OUT8 

PER 

DG 

D-F/FX9 
OUT 0 

8 
' OUT, 

,,__,.--...,OUT 8 



PIN DESCRIPTION 

Pin Name Pin No. Function 

IN 0 -IN 8 1 -9 1) Octet interleave serial HW input pin 
In this case, 8-bit data+ parity (serial-parallel conversion) 

2) 8-bit data+ parity parallel HW input pin 
Has the parity check function for input data and the output is 
the octet interleave serial (parallel-serial conversion). 

OUT 0 -0UT 8 23-15 Corresponding to Items 1) and 2) of INx above. 
1) 8-bit data+ parity parallel HW output pin 

In this case, the input is the octet interleave serial HW 
(serial-parallel conversion). 

2) Octet interleave serial HW output pin 
In this case, the input is the octet interleave parallel HW 
(parallel-serial conversion). 

PER 14 Output pin of parity check result for input data of 8-bit data+ 
parity parallel HW during parallel-serial conversion 

DG 13 Input pin of specified data for odd and even number sides of 
parity generation circuit during serial-parallel conversion 

CK 11 Clock input pin 

CLR 10 Clear input pin 

ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Ratings 

Supply voltage Voo Ta= 25°C Vss = ov -0.3-+7 

V1N MAX v 00 +o.5 
Input voltage Ta =25°C 

V1NMIN Vss-o.5 

Operation 
Top o-+70 temperature 

Storage 
TsTR -65 -150 Temperature 

Unit 

v 

v 

v 

oc 

oc 
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Recomended Operating Conditions 

Parameter Symbol Min Typ Max Unit Remark 

Voo 4.75 5 5.25 
Supply voltage v 5V±5% 

Vss 0 0 0 

Operational 
Top 0 - 70 oc 

temperature 

Clock duty D¢ - 50 - % 

Input transit t1Nr - 10 -
time 

nS 
t1Nf - 10 -

V1H 2.2 - Voo 
Input voltage v 

V1L 0 - 0.8 

D.C. Characteristics 
(Voo = 5V±5% Ta= 0°c - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

l1L V1L =OV -10 - -
Input current µ,A 

l1H V1H =Voo - - 10 

Vol lo= 1.6 mA - - 0.4 
Output voltage v 

VoH lo =-400µ,A 2.4 - -iJ 
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A.C. Characteristics 
(Voo = 5V±5% Ta= 0°c ~ 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

Maximum clock 
fcMAX 

V1H =3.0V 
9 MHz frequency V1L =OV 

- -

Power supply 
loo fc =9 MHz - - 50 mA current 

OUTx - - 45 
IPHL CL =35 pF 

Propagation PER - - 65 
delay time V1H =3.0V nS 

OUTx - - 45 
IPLH V1L =OV 

PER - - 65 

INX 10 - -

Data setup time DG ts ET 25 - - nS 

-
CLR V1H =3.0V 10 - - -

INX V1L =OV 30 - -

Data hold time DG IHOLD 20 - - nS 

-
CLR 30 - -

Output transit Ir CL =35 pF - - 25 
V1H =3.0V nS 

time 
If V1L =OV - - 25 

II 
Minimum pulse tcwL V1H =3.0 V 38 - -

nS 
width of clock 

tcwH V1L =OV 38 - -
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FUNCTION TABLE 

Input Output 

INo IN, IN2 IN3 IN4 IN5 INa IN7 INa DG OUTo our, OUT2 OUT3 OUT4 OUT5 OUTa OUT7 OUTa PER 

Doo D10 D20 D30 D•o D5o Dao D1o Dao DG0 D00 D01 D02 D03 Do4 Do5 Doe Do7 

Do3 D13 D23 D33 D43 D53 Da3 D13 Da3 DG3 D3o D31 D32 D33 D34 D35 D3e D31 

Do• D,4 D24 D34 D« Ds• Da4 D14 Da4 DG4 D4o D•1 D•2 D43 D44 D45 D•e D41 

Note 1: The Xth bit of OUT a depends on the number of ''H''s at the Xth bit of Dxo through Dx7 and the 
DG. 

Note 2: 

m-D-44 

The number of "H" at the 
X bit of Dxo -Dx7 & DG 

0, 2, 4, 6, 8 

1, 3, 5, 7, 9 

The X bit of OUT a 

0 

The Xth bit of PER depends on the number of "H"s of Dox through Dax· 

The number of "H" 
of Dox - Dax & DG 

0, 2, 4, 6, 8 

1, 3, 5, 7, 9 

The X bit of PER 

0 
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OKI semiconductor 

MSM6914 
HIGHWAY SWITCH CIRCUIT 

GENERAL DESCRIPTION 
The MSM6914 is a highway switch circuit LSI which is fabricated by OKl's low power consumption 

CMOS silicon gate technology. 

The MSM6914 has 3 bits, in parallel, of 16 pins for digital data input lines and 4 pins for digital data 
output lines to be connected with any one of those input lines, forming the digital data switch matrix 
with 16 input lines x 4 output lines x 3 bits. The selection of output lines is performed by 4 bits of 
input control signals. 

All data perform clock-synchronized operations and the number of delay clocks between input and 
output can be set to any one of clocks 1, 3, and 4. It also has the function to expand the lattice size of 
switch matrix. In addition, it has functions to perform the parity check for ouput line control signals and 
the parity generation for output data and allows the 9-MHz operation. 

FEATURES 
• 1 6 x 4 x 3 bits switch matrix 
• Built-in parity-check circuit for input control 

signal 
• Built-in parity-generation for data output 

signal 

BLOCK DIAGRAM 

DiOO 

Di15 

CKO 
CK1 
CK2 o. 
SELO 
SEL1 

D-F/F 

MSEL ~-----,L___:c_J 
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• Built-in multi-input circuit for expanding lat
tice size 

• 5-V single power supply 
• 120-pin ceramic PGA package 

PTYO 
PTY1 
PTY2 
PTY3 

~------oPEAO 
~-----0 PEA1 
~-------o PER2 
~------o PERS 



PIN CONFIGURATION AND CONNECTION 

830 

(Bottom View) 

Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol Pin Symbol No. No. No. No. No. No. 

1 0010 21 N.C 41 PER2 61 N.C. 81 0209 101 CK2 

2 0012 22 0211 42 PE Ro 62 Doo5 82 N.C 102 P1 

3 0014 23 0213 43 Po 63 Doo1 83 0212 103 p3 

4 0100 24 0215 44 P2 64 0009 84 0214 104 Voo Ii 
5 GND 25 N.C 45 Voo 65 0011 85 CKO 105 E1 

6 0101 26 SEL1 46 Eo 66 0013 86 SE Lo 106 E3 

7 0103 27 MIN01 47 E2 67 0015 87 MINoo 107 S31 

8 0105 28 MIN11 48 S33 68 GND 88 MIN10 108 S23 

9 0107 29 N.C 49 S32 69 0102 89 MIN20 109 S21 

10 0109 30 MIN21 50 S30 70 0104 90 N.C 110 MSEL 

11 0111 31 PTY2 51 S22 71 0106 91 PTY3 111 S12 

12 0113 32 PTYo 52 S20 72 0108 92 PTY1 112 S10 

13 Voo 33 Y2a 53 MSEL 73 0110 93 Y22 113 So2 

14 0115 34 Y21 54 S13 74 0112 94 Y20 114 Soo 

15 0201 35 Y13 55 S11 75 0114 95 Y12 115 Dooo 

16 0203 36 Y11 56 So3 76 Voo 96 GND 116 0002 

17 0204 37 GND 57 So1 77 0200 97 Yo3 117 0004 

18 0206 38 Y10 58 CK1 78 0202 98 Yo1 118 N.C 

19 0208 39 Yo2 59 0001 79 0205 99 PER3 119 Doo6 

20 0210 40 Yoo 60 0003 80 0207 100 PER1 120 Doo8 
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+PABX·MSM6914+~~~~~~~~~~~~~~~~~~~~~~

ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Ratings Unit 

Supply voltage Voo Ta=25°C, Vss=O V -0.3-+7.0 v 

Input voltage 
V1N MAX 

Ta=25°C 
Voo +o.5 

v 
V1NMIN Vss-o.5 

Operation temp. Top 0-+70 oc 

Storage temp. TsTR -65-+150 oc 

Recomended Operating Conditions 

Parameter Symbol Max Typ Min Unit Remark 

Voo 4.75 5 5.25 
Supply voltage v 5V±5% 

Vss 0 0 0 

Operational temp. Top 0 - 70 oc 

Clock duty D</> - 50 - % 

t1Nr - 10 -
Input transit time nS 

t1NJ - 10 -

V1H 2.2 - Voo 
Input voltage v 

VIL 0 - 0.8 

D.C. Characteristics 
(Voo = 5V±5% Ta= o - 70°C) 

Parameter Symbol Condition Min Typ Max Unit 

l1L V1L =OV -10 - -
Input current µ,A 

l1H V1H =Voo - - 10 

Vol loL = 1.6 mA - - 0.4 
Output voltage v 

VoH loH = -400 µ,A 2.4 - -
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A.C. Characteristics 

Parameter Symbol Condition 

Maximum clock 
frequency 

Power supply 
current 

Propagation 
delay time 

Data setup time 

Data hold time 

Output transit 
time 

Clock skew 

Notes: Yxx: 
PE Rx: 
PTYx: 
Dxxx: 
Sx: 
Ex: 
Px: 

fcMAX 
V~=3.0V 

IL =OV 

loo le =9 MHz 

Yxx 

PE Rx tPHL 

PTYx CL =35 pf 
V1H=3.0V 

Yxx V1H =OV 

PE Rx tpLH 
V1H =OV 

PTYx 

Dxxx 

Sx, Ex, Px ts ET 
V1H=3.0V 

MINx V1L =OV 

Dxxx 

Sx,Ex,Px tHLD V1H =3.0V 

MINX V1L =OV 

tr CL=35 pf 
V1H =3.0 V 

tf VIL =OV 

CKo 
tsKwo1 ~CK1 

CKo 
tsKwo2 ~CK2 

YOO -Y03, Y10 -Y13, Y20 -Y23 
PERO-PER3 
PTYO-PTY3 
0000 - 0015, 0100 - 0115, 0200 - 0215 
soo - 803, 810 -813, 820 - 823, 830 - 833 
EO-E3 
PO-P3 

(Voo = 5V±5% Ta= o - 70°C) 

Min Typ Max Unit 

9 - MHz 

- - 130 mA 

- - 55 

- - 50 
nS 

- - 85 

- - 55 

- - 50 

- - 85 

10 - -

10 - - nS 

10 - -

30 - -

30 - - nS 

30 - -

- - 25 
nS 

- - 25 

-5 -
tcyc 
-85 

nS 

-2 - tcyc 
-40 

MINx: MINOO - MIN01, MIN10 - MIN11, MIN20 - MIN21 
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PIN DESCRIPTION 

Pin Name Function 

Dxxx Input pin of 16-highway (3 bits/1 highway) data 
After the latch at the CKo fall, output is made to any output data Yxx according to the 
control data. 

MINxx Input pin for multidata when expanding lattice size 

Yxx Output pin of 4-highway (3 bits/1 highway) data 

Sxxx Input pin for path select data of 16 x 4 switch matrix (Capable of performing the 
9-MHz operation) 

Ex Input pin of valid and invalid data in path select data 

Px Input pin of parity (odd number side) to be added to Sxx and Ex 

PTYx Parity check (odd number side) output pin for 3 bits/1 highway of Dxxx 

PE Rx Parity check (odd number side) output pin of Sxx, Ex, and Px 

CKo Latch clock of input highway data Dxxx 

CK1 Latch clock of Sxx, Ex, and Px 

CK2 Latch clock of MINxx input data 

SELx Time lag setting pin from Dxxx input data to Yxx output data 

MSEL Data to specify which Yxx outputdata is multiplied by MINxx input data 

m 
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FUNCTION TABLE (1) 

Note1 

CD 
® 
@ 

@) 

So3 

S13 

S23 

S33 

x 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

So2 So1 

S12 S11 

S22 S21 

S32 S31 

x x 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 

1 0 

1 0 

Input 

Sao Ea PO 

S10 E1 P1 
SELO 

S20 E2 P2 

S3o E3 P3 

x 1 x 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

0 0 0 0 

0 0 1 0 

1 0 0 0 

1 0 1 0 

SEL1 MSEL 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

0 x 

Output 

Yoo Y10 Y20 PERO PTYo 
MIN MIN 
00 01 Yo1 Y11 Y21 PER1 PTY1 Re-

I I mark 

MIN MIN Yo2 Y12 Y22 PER2 PTY2 
20 21 

Y03 Y13 Y23 PER3 PTY3 

1 1 1 1 1 Note2 

1 1 0000 0100 0200 1 

1 1 0000 0100 0200 0 

1 1 0001 0101 0201 0 

1 1 0001 0101 0201 1 

1 1 0002 0102 0202 0 

1 1 0002 0102 0202 1 

1 1 0003 0103 0203 1 

1 1 0003 0103 0203 0 

1 1 0004 0104 0204 0 

1 1 0004 0104 0204 1 

1 1 0005 0105 0205 1 

1 1 0005 0105 0205 0 
1-clock 

1 1 0006 0106 0206 1 delay 
inside 
of LSI 

1 1 0006 0106 0206 0 ll 
1 1 0007 0101 0207 0 

1 1 0007 0107 0207 1 

1 1 0000 0108 0208 0 

1 1 0000 0108 0208 1 

1 1 0009 0109 0209 1 

1 1 0009 0109 0209 0 Note3 

1 1 0010 0110 0210 1 

1 1 0010 0110 0210 0 

1 1 0011 0111 0211 0 

1 1 0011 0111 0211 1 

1 1 0012 0112 0212 1 

1 1 0012 0112 0212 0 

1 1 0013 0113 0213 0 

1 1 0013 0113 0213 1 
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Input Output 

803 802 801 800 Eo PO Yoo Y10 Y20 PERO PTYo 
MIN MIN 

813 812 811 810 E1 P1 00 01 Yo1 Y11 Y21 PER1 PTY1 Re-
8ELO 8EL1 M8EL I I mark 

823 822 821 820 E2 P2 MIN MIN Y02 Y12 Y22 PER2 PTY2 
20 21 

833 832 831 830 E3 p3 Yo3 Y13 Y23 PER3 PTY3 

1 1 1 0 0 0 0 0 x 1 1 D014 D114 D214 0 

1 1 1 0 0 1 0 0 x 1 1 D014 D114 D214 1 1-clock 
delay 

1 1 1 1 0 0 0 0 x 1 1 D015 D11s D21s 1 Note3 
inside 
of LSI 

1 1 1 1 0 1 0 0 x 1 1 Do1s D11s D21s 0 

x x x x 1 x 1 0 x 1 1 1 1 1 Note2 

0 0 0 0 0 0 1 0 x 1 1 Dooo D100 D200 1 

0 0 0 0 0 1 1 0 x 1 1 Dooo D100 D200 0 3-clock 
I I I I I I I I I I I T T T i delay 
I I I I I I I I I I I inside 
I I I I I I I I I I I I I I I of LSI 
I I I I I I I I I I I I I I I 

1 1 1 1 0 0 1 0 x 1 1 Do1s D11s D21s 1 

1 1 1 1 0 1 1 0 x 1 1 Do1s D11s D21s 0 

x x x x 1 x 0 1 x 1 1 1 1 1 Note2 

0 0 0 0 0 0 0 1 x 1 1 Dooo D100 D200 1 

0 0 0 0 0 1 0 1 x 1 1 Dooo D100 D200 0 4-clock 

I I I I I I I I I I I I I I I delay 
I I I I I I I I I I I I I I I inside 
I I I I I I I I I I I I I l I of LSI 
I I I I I I I I I I I I I I 

1 1 1 1 0 0 0 1 x 1 1 Do1s D11s D21s 1 

1 1 1 1 0 1 0 1 x 1 1 DD15 D11s D21s 0 

X: don't care Irrespective of 1 /0 condition 
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Note 1: Function Table (1) shows the case of selection of these input pins. 
Note 2: Numbers of "1" on Sxo - Sx3, Ex and Fx determines PERx 

The number of "1 "s 
Sxo - Sx3, Ex and Fx 

0,2,4,6 

1, 3, 5 

Note 3: Numbers of "1" on Doxx, D1xx and D2xx determines PTY 

The number of "1" on 
Doxx, D1xx and D2xx 

0,2 

1, 3 

FUNCTION TABLE (2) 

PE Rx 

"1" 

"O" 

PE Rx 

"O" 

"1" 

Input Output 

Soo S10 S20 S30 Eo Po MINoo MIN01 Yoo Yo1 Yo2 Yo3 

- - - - - - SE Lo SEL1 MSEL MIN10 MIN11 Y10 Y11 Y12 Y13 

So3 S13 $23 S33 E3 p3 MIN20 MIN21 Y20 Y21 Y22 Y23 

x x x x 1 x x x x 1 1 1 1 1 1 

x x x x 1 x x x 0 0 1 0 1 1 1 

x x x x 1 x x x 0 1 0 1 0 1 1 

x x x x 1 x x x 0 0 0 0 0 1 1 

x x x x 1 x x x 1 0 1 1 1 0 1 

x x x x 1 x x x 1 1 0 1 1 1 0 

x x x x 1 x x x 1 0 0 1 1 0 0 

X: Irrespective of 1 /0 condition 

PTYo 
Remark 

-
PTY3 

1 II 
Note4 
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Note 4: These are determined as follows. 
1) In case of MSEL = "O". 

PTYo is determined by the numbers of "1" on MINoo - MIN20, while PTY1 is determined by 
thenumbersof"1"onMIN01-MIN21. 
PTY2 and PTY3 are constantly "1 ". 

Numbers on "1" of PTYo MINoo - MIN21 
Numbers on "1 "of PTY1 MIN01 -MIN21 

0,2 "O" 0,2 "O" 

1, 3 "1" 1, 3 "1" 

2) In case of MSEL = "1 ". 
PTYo and PTY1 are constantly "1 ". 
PTY2 is determined by the numbers of "1" on MINoo - MIN20, while PTY3 is determined by 
the numbers of "1 "on MIN01 - MIN21. 

TIMING CHART 

(1) lncaseofSEL0="1"andSEL1 ="1" 

CKO 
CK1 
CK2 

DXOO 
-DX15 

Sxx 

Exx 

MSEL 

Px 

MINxx 

Yxo 
X1 

YX2 
X3 

PERx 

PTYx 

"O" "1" "O" 

x "O" "1" x 

AP BP CP DP EP FP GP HP IP JP KP LP 

"1" "1" 

Note 1 

I Axso I Axs1 I Axs2 I Axs3 I AXs4 I Mo M1 "1" "1" I Axsg I Axs1 ol 

I Axso I Axs1 I Axs2 I AXs3 I Axs4 I "1" "1" M2 M3 I Axsg I Axs1 ol 

I See Note 1 of Function Table (1) 
1 b . 

2b 
I See Note 3 of 

Function Table (1) 

I See Note 4 of 

Function Table (2) 

I See Note 3 of 

Function Table (1) 

Note 1: Axsn is the value when Dxxx is selected at Sxx=Sn. 
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(2) In case of SELO = "1" and SEL 1 = "O" 

CKO 
CK1 
CK2 

Dxoo B c D E F G H J K L M -Dx1s 

Sxx S1 S2 S3 S4 Ss S6 S7 Sa S9 S10 S11 S12 

"O" "1" "O" 
Ex 

MSEL x "O" "1" x 

Px AP BP CP DP EP FP GP HP IP JP KP LP MP 

MINxx "1" Mo M1 M2 M3 "1" 

Note 1 
Yxo I Axso I Axs1 I Axs2 I Axs3 I Axs4 I Mo M1 "1" "1" 1 Axs9 I X1 

YX2 I Axso I AXS1 I AXS2 r AXs3 I AXS4 I "1" "1" Mo M1 IAxsg I X3 3b 

PE Rx I See Note 1 ofFu nction Table (1) 
1b 

PTYx I See Note 3 of I See Note 4 of D 4b Function Table (1) Function Table (2) 

Note 1: Axsn is the value when Dxxx is selected at Sxx=Sn. 
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(3) In case of SELO = "O" and SEL 1 = "1" 

CKO 
CK1 
CK2 

Dxoo 
-DX15 

Sxx 

Ex 
"O" "1" "O" 

MSEL x "O" "1" 

Px AP BP CP DP EP FP GP HP IP Jp KP LP MP NP 

MINxx "1" Mo M1 M2 M3 "1" 

Note1 
Yxo 

X1 I Axso I Axs1 I Axs2 I Axs3 I Axs4 I Mo I M1 "1" "1" I AXS9 

YX2 
X3 

4b 
AXSO AXS1 AXS2 AXS3 AXS4 "1" "1" M2 M3 AXS9 

PE Rx I SeeNote1 of Function Table(1) 
1b 

[I PTYx 

Function Table (2) 

I See Note 3 of I See Note 4 of 
~-----5_b _____ Function Table (1) 

Note 1: Axsn is the value when Dxxx is selected at Sxx=Sn. 
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OKI semiconductor 

MSM77C20 
DIGITAL SIGNAL PROCESSOR 

GENERAL DESCRIPTION 
The MSM77C20 is an LSI designed for the purpose of digital signal processing in the field of 

speech processing and telecommunications. 
Since this LSI is the one-chip microcomputer contained the ROM, RAM, ALU, and multiplier, it is 

applicable to different systems by re-writing contents of the program MASK ROM. 

FEATURES 

• Instruction cycle 
• Instruction ROM 
• DataROM 
• DataRAM 
• Multiplier 

250 ns 
512 words x 23 bits 
512 words x 13 bits 
1 28 words x 16 bits 
16 bits x 16 bits 
= 31 bits 

FUNCTIONAL BLOCK DIAGRAM 

'ti> 
QC -c z Jl -< m men 
Jl C/l 

BUSB16 

FLAG 
REG. 

DATA DATA 
ROM RAM 

MULTIPLIER 

--------~----------
Lower bits ! Higher bits 

• Input/Output 
Parallel Port 
Serial Ports 
OMA transfer 

• CPU interface 8080 series 
• 5 V single power supply 
• 3-micron CMOS 
• 28-pin ceramic DIP 
• 28-pin plastic DIP 

'ti)> 
oc -c z Jl 

INSTRUCTION 
-< m men 
Jl C/l 

Ill c 
C/l 
> 
c;; 

ROM 

ID-E-3 

[lj 



+SIGNALPROCESSOR·MSM77C20+~~~~~~~~~~~~~~~-

PIN CONFIGURATION 

NC vcc 

AO 

Cs 

PO Ro 

P1 

DO SORO 

01 

02 

SOEN 

04 SIEN 

SCK 

06 INT 

07 RST 

GND CLK 

(Top View) 

PIN DESCRIPTION 

Symbol Description Type Function 

m 00~01 Data bus 110 Bi-directional port used to transfer data between the DR or 
SR register and the external data bus. 

RD Read I Control signal to read out the data stored in the DR or SR 
register. When th is signal and the CS or DACK signal 
become active-low, the Do to 07 are put into the output state. 

WR Write I Control signal to write external data into the DR register. 
When this signal and the CS or DACK signal become 
active-low, the Do to D7 are put into the input/output enable 
state. 

cs Chip select I Used along with the RD or WR signal. When this signal 
becomes active-low, the Do to D7 are put into the 
input/output enable state. 

Ao DR/SR I Signal to select the DR or SR register when reading out the 
register select data. When this signal is setto "1 "and the SR register to "O", 
signal the DR register is selected. 

RST Reset I When this signal is set to "1" (at least 4 clocks should be 
input), the internal program counter, etc. are initialized. 

DACK OMA I Control signal to transfer data between the DR register and 
acknowledge external units in the OMA mode, and inputthesignal 

indicating that the OMA cyc;:le is permitted. 

DRQ DMArequest 0 Signal to request the OMA transfer to external units when 
data is transferred in the OMA mode. 

Po,P1 PortsOand 1 0 General-purpose port output assigned to the SR register. 

fil-E-4 



----------------+SIGNAL PROCESSOR· MSM77C20 + 

PIN DESCRIPTION (CONT.) 

Symbol Description 

INT Interrupt 

SI Serial input 

--
SIEN Serial input enable 

so Serial output 

SOEN Serial output enable 

SORQ Serial output request 

SCK Serial clock 

CLK Clock 

INSTRUCTION 

INSTRUCTION FORMAT 

Instruction I I I I 
22 21 20 19 

p 
OP s 

(Operation 00 E 
and Move) L 

p 

RET s 
(Return) 01 E 

L 

JUMP 
10 (Jump) 

LOI 
(Immediate 11 
Data Load) 

Type 

I 

I 

I 

Tri-
state 

I 

0 

I 

I 

I I I 
18 17 16 

ALU 

ALU 

BRANCH 

Function 

When this signal is changed from "O" to "1 '' (at least 8 clocks 
should be input) during the interruptible state (specified by 
the SR register), the program jumps to the interrupt address 
and the interrupt processing is executed. 

The serial data is input by being synchronized with the SCK 
clock rising edge. 

Signal to control whether or not to input the serial data. When 
this signal is set to "1 ",the serial data is not stored. 

The serial data is output by being synchronized with the SCK 
clock falling edge. 

Signal to control whether or not to output the serial data. 
When this signal issetto"1 ",the SO is put into the 
high-impedance state. 

When data is set to the serial output register (SO register), 
this signal is put into "1 ".When data with the specified 
number of bits (specified by the SR register) is output, this 
signal is put into "O". 

Clock to synchronize the serial data. The serial data is input 
or output by being synchronized with this clock. 

Clock to operate this chip. 

Instruction Register 

I I I I I I I I I I I I I I I I 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

A R 
s p 
E DPL DPH.M D SRC DST 
L E 

c 

A R 
s p 
E DPL DPH.M D SRC DST 
L E 

c 

I JMPA cs= 
ID I\ DST 

ill-E-5 
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+SIGNALPROCESSOR·MSM77C20+~~~~~~~~~~~~~~~-

INSTRUCTION FIELD 

• ALU P-Port Selection Field (OP, RET) 

PSEL 

Mnemonic 
I I Description 

20 19 

RAM 0 0 RAM 

IDB 0 1 Internal data bus(* 1) 

M 1 0 M register 

N 1 1 N register 

Note: These fields are effective only when ALU instructions are OR, AND, 
XOR, SUB, ADD, SBB, and ADC. 

• ALU Operation Field (OP, RET) 

ALU 

Mnemonic 
I I I I Description 

18 17 16 15 

NOP 0 0 0 0 No operation 

OR 0 0 0 1 (ACC) V (P) - (ACC) 

AND 0 0 1 0 (ACC) A (P) - (ACC) 

XOR 0 0 1 1 (ACC)-V-(P) - (ACC) 

SUB 0 1 0 0 (ACC) - (P) - (ACC) 

ADD 0 1 0 1 (ACC) + (P) - (ACC) 

•1 Indicates the contents of 
registers specified in 
SRCfield. 

SBB 0 1 1 0 (ACC) - (P) - (C) - (ACC) 

fil-E-6 

ADC 0 1 1 1 (ACC) + (P) + (C) - (ACQ) 

DEC 1 0 0 0 (ACC) -1 -(ACC) 

INC 1 0 0 1 (ACC) + 1 - (ACC) 

CMP 1 0 1 0 (ACC) - (ACC) 

SHR1 1 0 1 1 

SHL1 1 1 0 0 

SHL2 1 1 0 1 

SHL4 1 1 1 0 

XCHG 1 1 1 1 

Note: P: ALU P-port input selected by PSEL fields 
C : Carry flag of FLAG register that is not selected by ASEL bit. 
V: OR. 
A: AND 

--V-: Exclusive OR 



----------------+SIGNAL PROCESSOR· MSM77C20 + 

• Accumulator Selection Field (OP, RET) 

ASEL 

Mnemonic 
1--

I 
Description 

14 

ACCA 0 Accumulator A 

ACCB 1 Accumulator B 

• DP Operation and Modify Field (OP, RET) 

DPL 

Mnemonic 
I I Description 

13 12 

DPNOP 0 0 No operation 

DPINC 0 1 Increment DPL 

DP DEC 1 0 Decrement DPL 

DPCLR 1 1 ClearDPL 

DPH.M 

Mnemonic 
I I I 

Description 

11 10 9 

MO 0 0 0 (DP6 DP5 DP4Hf"(O 0 0) 

M1 0 0 1 (DP6 DP5 DP4) V-(0 0 1) 

M2 0 1 0 (DP6 DP5 DP4) V (0 1 O) 

M3 0 1 1 (DP6 DP5DP4)V(O1 1) 

M4 1 0 0 (DP6DP5DP4)V(1 00) 

M5 1 0 1 (DP6 DP5 DP4)V-(101) 

M6 1 1 0 (DP6 DP5 DP4)"\>'"(1 1 0) 

M7 1 1 1 (DP6 DP5 DP4)"\>'"(1 1 1) 

• RP Decrement Field (OP, RET) 

RPDEC 

Mnemonic 
r-----

Description I 
8 

RPNOP 0 No operation 

RPDEC 1 Decrement RP 

m-E-7 
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• Source Register Field (OP, RET) 

m-E-8 

SRC 

Mnemonic 
I I I I Description 

7 6 5 4 

NON 0 0 0 0 No register 

A 0 0 0 1 Accumulator A 

B 0 0 1 0 Accumulator B 

TR 0 0 1 1 TR register 

DP 0 1 0 0 DP register 

RP 0 1 0 1 RP register 

RO 0 1 1 0 RO register 

SGN 0 1 1 1 SGN register 

DR 1 0 0 0 DR register 

DRNF 1 0 0 1 DR register ("1) 

SR 1 0 1 0 SR register 

SIM 1 0 1 1 SI register (1st - MSB) ("2) 

SIL 1 1 0 0 SI register (1st -MSB) ("3) 

K 1 1 0 1 K register 

L 1 1 1 0 Lregister 

MEM 1 1 1 1 RAM 

•1 The contents of DR register are outputto the internal bus, however in the case of NON DMA 
mode, RQM flag is not set, and in the case of DMA mode, DRQ flag is not set. 

·2 The first bit of serial data (ex. 16 bit data) is output to the bit "15" of the internal bus, and the 
last bit to the bit "O". 

•3 The first bit of serial data (ex. 16 bit data) is output to the bit "O" of the internal bus, and the 
last bit to the bit "15". 
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• Destination Register Field (OP, RET, LOI) 

DST 

Mnemonic 
I I I I Description 

3 2 1 0 

@NON 0 0 0 0 No register 

@A 0 0 0 1 Accumulator A 

@B 0 0 1 0 Accumulator B 

@TR 0 0 1 1 TR register 

@DP 0 1 0 0 DP register 

@RP 0 1 0 1 RP register 

@DR 0 1 1 0 DR register 

@.SR 0 1 1 1 SR register 

@SOL 1 0 0 0 SO register 

@SOM 1 0 0 1 SO register (LSB - 1st) (* 1 ) 

@K 1 0 1 0 K register 

@KLR 1 0 1 1 KLR(*3) 

@KLM 1 0 1 0 KLM (*4) 

@L 1 1 0 1 L register 

@NON 1 1 1 0 No register 

@MEM 1 1 1 1 RAM 

*1 The serial data is output successively starting from the bit "O" of internal bus. 

*2 The serial data is output successively starting from the bit "1 5" of internal bus. 

*3 The data on internal data bus is set to K register, and the output of RO register to L register. 

*4 The contents in the RAM address, specified by DP6=1 that is (1, DP5, DP4, DP3, DP2, DP1, 
DPo), setto K register, and the data on internal data bus to L register. 

ID-E-9 
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+SIGNALPROCESSOR·MSM77C20+~~~~~~~~~~~~~~~~ 

• BRANCH Field (JUMP) 

BRANCH 

Mnemonic' 
I I I I I I I I Description 

20 19 18 17 16 15 14 13 

JMP 1 0 0 0 0 0 0 0 Unconditional 

CALL 1 0 1 0 0 0 0 0 Unconditional 

JNCA 0 1 0 0 0 0 0 0 CA=O 

JCA 0 1 0 0 0 0 0 1 CA=1 

JNCB 0 1 0 0 0 0 1 0 CB=O 

JCB 0 1 0 0 0 0 1 1 CB=1 

JNZA 0 1 0 0 0 1 0 0 ZA=O 

JZA 0 1 0 0 0 1 0 1 ZA=1 

JNZB 0 1 0 0 0 1 1 0 ZB=O 

JZB 0 1 0 0 0 1 1 1 ZB=1 

JNOVAO 0 1 0 0 1 0 0 0 OVAO=O 

JOVAO 0 1 0 0 1 0 0 1 OVA0=1 

JNOVBO 0 1 0 0 1 0 1 0 OVBO=O 

JOVBO 0 1 0 0 1 0 1 1 OVB0=1 

D JNOVA1 0 1 0 0 1 1 0 0 OVA1=0 

JOVA1 0 1 0 0 1 1 0 1 OVA1=1 

JNOVB1 0 1 0 0 1 1 1 0 OVB1=0 

JOVB1 0 1 0 0 1 1 1 1 OVB1=1 

JNSAO 0 1 0 1 0 0 0 0 SAO=O 

JSAO 0 1 0 1 0 0 0 1 SA0=1 

JNSBO 0 1 0 1 0 0 1 0 SBO=O 

JSBO 0 1 0 1 0 0 1 1 SB0=1 

JNSA1 0 1 0 1 0 1 0 0 SA1=0 

JSA1 0 1 0 1 0 1 0 1 SA1=1 

JNSB1 0 1 0 1 0 1 1 0 SB1=0 

JSB1 0 1 0 1 0 1 1 1 SB1=1 

JDPLO 0 1 0 1 1 0 0 0 DPL=O 

J9PLF 0 1 0 1 1 0 0 1 DPL =F(HEX) 

- JNSIAK 0 1 0 1 1 0 1 0 SIACK=O 

fil-E-10 
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BRANCH 

Mnemonic I I I I I I I I Description 

20 19 18 17 16 15 14 13 

JSIAK 0 1 0 1 1 0 1 1 SIACK=1 

JN SOAK 0 1 0 1 1 1 0 0 SOACK=O 

JSOAK 0 1 0 1 1 1 0 1 SOACK=1 
- -~· .. ·----

JNRQM 0 1 0 1 1 1 1 0 RQM=O 

JRQM 0 1 0 1 1 1 1 1 RQM=1 

Note: The values of BRANCH field except the ones listed in the Table shall be unusable. 

• JMPA Field (JUMP) 

JMPAfield 

I I I I I I I I I Jump address 

12 11 10 9 8 7 6 5 4 

0 0 0 0 0 0 0 0 0 "O" address is specified as the jump address. 

0 0 0 0 0 0 0 0 1 "1" address is specified as the jump address. 

0 0 0 0 0 0 0 1 0 "2" address is specified as the jump address. 

I I 

1 1 1 1 1 1 1 1 1 "511" address is specified as the jump address. 

• ID Field (LOI) 

ID field 

I I I I I I I I I I I I I I I I HEX 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0000 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0001 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0002 

I I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 FFFF 

ill-E-11 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol 

Supply Voltage Vee 

Input Voltage VIN 

Output Voltage VouT 

Storage Temperature Tstg 

Power Dissipation Pd 

OPERATING RANGE 

Parameter Symbol 

Supply Voltage Vee 

Operating Temperature Top 

High Input Voltage V1H 

Low Input Voltage V1L 

DC CHARACTERISTICS 
(Vee =5V±5%, Ta =-10 -70°C) 

Parameter Symbol 

Low Output Voltage VoL 

High Output Voltage VoH 

Input Leak Current iu 

Output Leak Current ILO 

CLK, SCK Capacitance Cc/> 

Input Capacitance C1N 

Output Capacitance CouT 

Current Consumption Ice 

m-E-12 

Conditions 

GNDBasis 

Ta=25°C 

Min Typ 

4.75 5 

-10 25 

2.2 -

3.5 -

-0.3 -

-0.3 -

Conditions 

loL =2mA 

loH=-400µA 

O;;iV1N ;;;:vcc 

O;;iVouT ;;;:vcc 

fc=1 MHz 

Tcyc=122nS 

Limits Unit 

-0.5-+7.0 v 

-0.5 - Vcc+o.5 v 

-0.5 -Vcc+o.5 v 

-65-+150 oc 

1.0 w 

Max Unit Remark 

5.25 v 

70 oc 

Vcc+o.3 
v 

Vcc+o.3 CLK 

0.80 
v 

0.45 CLK 

Min. Typ. Max. Unit 

- - 0.45 v 

2.4 - - v 

-10 - 10 µA 

-10 - 10 µA 

- - 20 pF 

- - 10 pF 

- - 20 pf 

- 24 40 mA 
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AC CHARACTERISTICS 
(Vee =5V ±5%, Ta =-10 -70°C) 

Parameter Symbol Condition Min Typ Max Unit 

CLK cycle time ¢CY 122 - 2000 ns 

CLK pulse width </>D 60 - - ns 

CLKrisetime q,r Voltage at - 10 ns timing 
measurement 

CLKfalltime </>f 
point= - - 10 ns 1.0V&3.0V 

Ao, CS, and DACK setup to RD l !AR 0 - - ns 

Ao, CS and DACK hold after RD 1 IRA 0 - - ns 

RD pulse width IRR 250 - - ns 

Data access from RD j IRD CL =100pF - - 150 ns 

Data bus float after RD I toF CL =100pF 10 - 100 ns 

Ao, CS, and DACK setup to WR J IAW 0 - - ns 

Ao, CS, and DACK hold after WR I twA 0 - - ns 

WR pulse width tww 250 - - ns 

Data setup to WR! tow 150 - - ns 

Data hold after WR j two 0 - - ns 

RD and WR recovery time between controls IRV 250 - - ns II 
DRQ output delay IAM CL =100pF - - 150 ns 

DACK input delay IDACK 1 - - </>D 

DACK pulse width too 16 bit transfer 250 - 50000 ns 

SCK cycle time tscv 480 - DC ns 

SCK pulse width tscK 230 - - ns 

SCKrisetime trsc - - 20 ns 

SCKfalltime tfsc - - 20 ns 

SORQ output delay loRQ CL =100 pF 30 - 150 ns 

--
SOENsetuptoSCKJ tsoc 50 - - ns 

SOEN hold after SCK j tcso 30 - - ns 

SO output delay tocK - - 150 ns 

SO active after SCK 1 
tozRo 20 300 ns (controlled by SORQ) -

SO active after SCK 1 tozsc 20 - 300 ns 

fil-E-13 
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Parameter Symbol 

SO acliveafterSOENl tozE 

SO float after SOEN 1 tHzE 

SO float after SCK 1 tHZSC 

SO float after SCK 1 
tHZRQ (controlled by SORO) 

SIEN and SI setup to SCK 1 toe 

SIEN and SI hold afterSCK) tco 

Port output delay top 

RST pulse width IRST 

INT pulse width t1NT 

Note 1 : Voltage at AC timing measurement point 

VIL =Vol =0.8V 

VIH =VoH = 2.2 v 

Note 2: AC test input waveform 

2.4 
(excluding CLK) 

0.45 
X~:~ 

(CLK) 
3.5 x 0.45 

Note 3: Output HZ and DZ test load circuit 

2.5 v 

J 2kfl 

OUT~ 
I 100 pF 

Condition 

~:~X 

x 

Note 4: Voltages at HZ and DZ timing measurement points 

Min Typ 

20 -

20 -

20 -

70 -

55 -

30 -

- -

4 -

8 -

m ~>-----H_z __ --<4-_?L DZ 

______ _,4 ~'-------
ID-E-14 

Max Unit 

180 ns 

200 ns 

300 ns 

300 ns 

- ns 

- ns 

¢CY+ 
ns 150 

- q,CY 

- q,CY 
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TIMING DIAGRAM 

CLOCK 

</>CY 

- - ---- 3.0V 

- -----1.0V 

</>D </>D 
<f>r </>t 

READ OPERATION 

Ao, cs, -DA_C_K }t K 
---:J~tA-R-... - .... -~---_-_-_-_-_-_-,R-R-_-_-_-_-_-_-_-..i--1-tR-A ~----

RD 

OH-------------~R~-~---<OF 1---------
II 

WRITE OPERATION 

Ao, CS, DACK 

WR 

Do-7--------~ 
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OMA OPERATION 
(8 bit Transfer Mode) 

IDACK 

DACK 

(16 bit Transfer Mode) 

too 

DACK 

ill-E-16 
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SERIAL INPUT /OUTPUT TIMING 

SCK 

SORQ 

so 

SIEN 

SI 

tozRo 
---j 

1--
tocK 

I 
'cso 

'soc i--

trsc trsc 

--1 
tsoc _ __.._ 

tozE 

IHZRQ 

ill-E-17 
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PORT OUTPUT TIMING 

CLK I 
~ 

Po,P1 

\~/ 

~---=--=-=-top==~___,~-
\~_ 

RESET 

INTERRUPT 

INT--1--- 11NT--f--
READ/WRITE CYCLE TIMING 

CS, DACK \ I \ 
} lRV 

l \ RD,WR 
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OKI semiconductor 

MSM6992 
HIGH PERFORMANCE DIGITAL SIGNAL PROCESSOR 

GENERAL DESCRIPTION 
The MSM6992 is a very high performance general purpose 22-bit floating-point digital signal 

processor (DSP). The MSM6992 is fabricated by using OKl's low power consumption CMOS silicon 
gate technology. 
The MSM6992 is capable of high-speed execution of floating-point arithmetic operations (16-bit 
mantissa and 6-bit exponent part) and 16-bit fixed-point arithmetic operations. Devices will be 
available with 125nS & 1 OOnS machine cycle time. 
The MSM6992 incorporates a 1 K-word x 32-bit programmable ROM and two 128-word x 22 bit 
data RAMs that can alos be used as a single page of 256 words. 
The program and data memories can both be expanded externally up to 64K words via dedicated data 
and addre.ss lines. 
The MSM6992 is capable of functioning in the master mode as a multiprocessor or in the slave mode 
as a microcomputer 1/0 processor, hence this device can be readily incorporated into large scale sys
tems with highly flexible system configurations. 
Major MSM6992 applications include analysis for speech recognition and speech 
analysis/synthesis in speech processing equipment, high speed modems, codec, and echo 
cancellers in communication equipment This device can also be effectively used for meter control, 
robotics and in audio equipment 

FEATURES 
• Instruction cycle 

1 OOnS/1 25nS 
• Arithmetic formats 

Floating-point arithmetic 16E6 
Fixed-point arithmetic 16-bit 
Logical arithmetic 22-bit 

• Built-in 1 K-word x 32-bit instruction RAM 
(Also usable as data ROM) 

• Built-in 1 K-word x 32-bit instruction ROM 
• 32-bit wide horizontal microinstruction 

BLOCK DIAGRAM 

IM 
PD 31 ~o 

IPT2,1,0 

• 64K-word program memory area 
• 64K-word data memory area 
• Multiprocessor interface 
• Microcomputer interface (8-bit & 16-bit) 
• DMA controller connection capability 
• Maximum 15-bit shift function (left or right) 
• Double loop function 
• +5V power supply 
• Low power consumption, 400 mW 
• 132-pin ceramic PGA package 
• 2µ,m silicon gate CMOS 

D 21~0 

RD 
WR cs 
PSA 1,0 
lORQ 
8REQ 
BACK 
DREQ 
DACK 
TA 

CLKM 1,0 

CLKO 

fil-E-19 
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PIN CONFIGURATION 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 
40 39 38 37 36 35 34 33 32 31 30 29 28 27 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
41 86 85 84 83 82 81 80 79 78 77 76 75 26 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
42 87 124 123 122 121 120 119 118 117 116 115 74 25 
0 0 0 0 0 0 
43 88 125 114 73 24 
0 0 0 0 0 0 
44 89 126 113 72 23 
0 0 0 0 0 0 
45 90 127 (TOPVIEWJ 112 71 22 
0 0 0 0 0 0 
46 91 128 111 70 21 
0 0 0 0 0 0 
47 92 129 110 69 20 
0 0 0 Incorrect insertion 0 0 0 
48 93 130 

/ p••••"';oop;o 
109 68 19 

0 0 0 0 0 0 
49 94 131 108 67 18 
0 0 0 0 0 0 
50 95 132 107 66 17 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 
51 96 97 98 99 100 101 102 103 104 105 106 65 16 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

~ 
53 54 55 56 57 58 59 60 61 62 63 64 15 
0 0 0 0 0 0 0 0 0 0 0 0 0 

r1 2 3 4 5 6 7 8 9 10 11 12 13 14 

INDEX 

Pin No. Pin name 1/0 Pin No. Pin Name 110 Pin No. Pin name 110 Pin No. Pin Name 110 

1 DREQ 0 34 D18 110 67 PD5 I 100 TA 0 

2 PSAO I 35 D15 110 68 PD3 I 101 PD28 I 

3 CLKO 0 36 D13 110 69 PAO 0 102 PD25 I 

4 * I 37 D10 110 70 PA1 0 103 PD21 I 

5 IM I 38 DB 110 71 PA4 0 104 PD17 I 

6 PD30 I 39 D5 110 72 PA6 0 105 PD15 I 

7 PD29 I 40 NC - 73 PAS 0 106 PD13 I 
-------

8 GND - 41 D2 110 74 GND - 107 PD10 I 

D 
9 PD24 I 42 GND - 75 PA15 0 108 PD? I 

10 PD22 I 43 A2 0 76 /PTO I 109 PD4 I 

11 PD19 I 44 vcc - 77 * I 110 PDO I 

12 VCC - 45 A6 0 78 * I 111 PA2 0 

13 PD14 I 46 Al 0 79 OFO 0 112 VCC -

14 NC - 47 NC - 80 GND - 113 PA9 0 

15 PD11 I 48 A12 0 81 D17 1/0 114 PA11 0 

16 PD8 I 49 A14 0 82 D14 1/0 115 PA14 0 

17 PD6 I 50 RD 1/0 83 D11 1/0 116 IPT1 I 

18 GND - 51 BREQ 0 84 VCC - 117 VCC -
19 PD2 I 52 DACK I 85 D7 1/0 118 OF1 0 

20 PD1 I 53 cs I 86 D3 1/0 119 D19 1/0 

21 NC - 54 VCC - 87 DO 1/0 120 D16 1/0 

22 PA3 0 55 MCLKO I 88 AO 0 121 D12 1/0 

23 PAS 0 56 RST I 89 A3 0 122 D9 110 

24 PA? 0 57 PD31 I 90 A5 0 123 D6 1/0 

25 PA10 0 58 PD27 I 91 A9 0 124 D4 110 

26 PA12 0 59 PD26 I 92 A10 0 125 D1 1/0 

27 PA13 0 60 PD23 I 93 A13 0 126 A1 0 

28 IPT2 I 61 PD20 I 94 IF1 I 127 A4 0 

29 * I 62 PD18 I 95 GND - 128 AB 0 

30 IFO I 63 PD16 I 96 BACK I 129 A11 0 

31 * I 64 PD12 I 97 NC - 130 A15 0 

32 D21 1/0 65 PD9 I 98 PSA1 I 131 WR 1/0 

33 D20 1/0 66 NC I 99 MCLK1 I 132 IORQ 0 

Note: Pins marked by an * must be connected to ground. 
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PIN DESCRIPTION 

Pin symbol 1/0 Function 

PA1s-PA0 0 Program memory address output pins 
• These pins address external program memory. 
• On resetthis address goes to zero. 

PD31-PD0 I Program memory data input pins 
• lnputto external program memory data. 

IM I Internal ROM selector input pin 
• This signal is used to select between internal or external program memory. 

for internal program mode IM="1" 
for external program mode IM="O" 

A1s-Ao 0 Data memory address output pins 
(3-state) • Designates the external data memory and external 1/0 addresses. 

D21-Do 1/0 Data memory data input/output pins 
(3-state) • Parallel input and output of external data memory, microprocessor, or 1/0 bus data. 

---
IPT2,1,o I 3-level interrupt input pins (active low) 

• Interrupts accepted during the "sequence" operations. 
• Interrupts are accepted if interrupt level is greaterthan interrupt priority set in control 

register and fixed address corresponding to interrupt level is passed to program 
memory address bus. __ 
Interrupt priorities are: IPT2 > ~ > IPTo 

IF1-IF0 I Universal input flag pins 
• Inputs tosetflag in IFR register. 

OF1-0F0 I Universal output flag pins 
• Output of OFR latch. 

RD 1/0 Read control input/output pin (active low) 
(3-state) • Output of external data memory and 1/0 device read control signals when in master 

mode. 
• Input of read control signals from the host MPU and other DSPs when in slave mode. 

WR 1/0 Write control input/output pin (active low) 
(3-state) • Output of external data memory and 1/0 device write control signals when in master 

mode. 
• Input of write control signals from the host MPU and other DSPs when in slave mode. 

cs I Chip select input pin (active low) 
• MSM6992 is in slave mode when this signal is active and the input/output data. 

Port (D21 -Do) is enabled. 

PSAr.PSAo I Port select address input pin 
• INR/OUTR ports connected to data input/output pins are selected according to the 

host MPU data bit length when'MSM6992 is in slave mode. 

Host CPU 
PSA1 PSAO 

8-bit 16-bil MSM6992 

0 0 
INR 21-16 
OUTR 21 -16 -Os-Do 

INR 21-16 
OUTR 21-16 -Os-Do 

INR 21-0 
OUTR 21--0 -o,,-Do 

0 1 
INR 15-8 
OUTR 15-8 -o,-Do 

INR 15-0 
OUTR 15--0 -015-Do 

INR 21--0 
OUTR 21-0 -o,,-Do 

1 0 
INR 7-0 
OUTR 7-8 -o,-Do NOP 

INR 21-0 
OUTR 21--0 -o,,-Do 

1 1 NOP NOP 
INR 21-0 
OUTR 21--0 -o,,-Do 
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PIN DESCRIPTION (CONT.) 

Pin symbol 1/0 Function 

IORQ 0 1/0 request output pin 
(3-state) • Th is signal indicates whether the write or read operation is with respect to external 

data memory or 1/0 device. 
110 request when IORQ ="1" 
Data memory request when IORQ = "O" 

BREQ 0 Bus request output pin (active low) 
• Signal to request external data bus. 
• Access requests !;!fil!Sed to external devices are invalid when this DSP is accessed 

by external MPU (CS= "O"). 

BACK I Bus acknowledge input pin (active low) 
• Signal to indicate that external data bus is available. 
• The DSP has access to bus if request signal is sent to external device (BREQ = "O") 

and the BACK signal is active, that is, a full "hand shake" must take place. 

DREQ 0 DMA request output pin (active low) 
• Data transfer request signal for data transfer between external memory and the DSP 

when in DMA mode. 
• DREQ is reset after transferal one word of data has been completed to maximize 

utilization of system bus. 

--
DACK I DMA acknowledge input pin (active low) 

• Input signal indicating DMA cycle is enabled by external DMA control. 

TA 0 Table data access indicator 
• TA= "1 "when data is read from the program memory. 

RST I Reset input pin (active low) 
• This signal initializes all internal states of DSP. 
• The reset signal must be applied for a period greaterthan one machine cycle. 
• If reset input signal is applied for more than five machine cycles, internal clock 

synchronization is effected in addition to internal initialization. 

MCLK0,1 I Master clock input pin 
• Master clock obtained by input of external clock (50 ±1 0% duty) with frequency four 

times the machine cycle 

CLKO 0 Internal system clock output pin 

Vee - +5V power supply pin 

GND - Ground pin 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Conditions 

Supply voltage Vee 

Input voltage V1N 
GND Basis 

Output voltage Vour 

Storage temperature Tstg 

Power dissipation Pd Ta =25°C 

Operating Range 

Parameter Symbol Min 

Supply voltage Vee 4.75 

Operating temperature Top 0 

"H" input voltage V1H 2.2 

"L" input voltage V1L -0.3 

DC Characteristics 

Parameter Symbol Conditions 

Input leak current iu O;SV1N:SVcc 

Output leak current ILQ o:Svour:Svcc 

"H" output current VoH loH =-400µA 

"L" output current Vol loL =2.0mA 

Stand-by supply 
Ices o:Sv1:SVcc current 

Operation supply 
lcco t</>MC=31 .25nS current 

Capacitance 

Parameter Symbol Conditions 

Input capacitance C1N 
f = 1 MHz 

Output capacitance Gour 

Limit Unit 

-0.5 -+7.0 v 

-o.5 -vcc+0.5 v 

-o.5 - Vcc+0.5 v 

-65 -+150 oc 

w 

Typ Max Unit 

5.00 5.25 v 

25 70 oc 

vcc+o.3 v 

0.8 v 

(Vee= 5V ±5%, Ta=o-10°C) 

Min Typ Max Unit 

-10 10 µA 

-10 10 µA 

2.4 v 

0.4 v 

15 mA 

80 mA 

Min Typ Max Unit 

10 pF 

20 pF 

m-E-23 

m 



iD 

+SIGNALPROCESSOR·MSM6992+~~~~~~~~~~~~~~~~ 

AC Characteristics 
• Clock Timing (Ta = o - 70°C, Voo = 5V ±5%) 

Symbol Parameter Condition Min Typ Max Unit 

tc/>MC MCLK cycle time 31.25 - DC ns 

tc/>MH MCLK high level pulse width 13 - - ns 

tc/>ML MCLK low level pulse width 13 - - ns 

tc/>Mr MCLK rise time 
Voltage at 
timing - - 5 ns 

measurement 

tc/>Mf MCLK fall time 
point 

5 =0.8V & 2.2V - - ns 

-
tc/>C CLKO cycle time 125 - - ns 

tc/>H CLKO high level pulse width T-10 - - ns 

tc/>L CLKO low level pulse width 3T-20 - - ns 

tc/>r CLKO rise time Voltage at - - 10 ns timing 
measurement 

tc/>f CLKO fall time point - - 10 ns =0.8V & 2.2V 

tRSTS RST set-up to MCLK J 10 - - ns 

tRSTH RST hold after MCLKJ 10 - - ns 

* 
tRSTW RST pulse width 2tc/>MC - - ns 

4tc/>MC 

T=t¢C/4 * Refer to User's Manual. 

Note 1 : AC test input waveform 

2.4V ------x~ ___ x ____ 
0.4V ------' -

Note 2: Voltage at AC timing measurement point 

X:.2V 2.2Vx 
v.8V 0.8V 

------J ~--------- .__ __ _ 
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External Instruction Operation 

Symbol Parameter Condition Min Typ Max Unit 

tpAD PA 15 - PAo output delay - - 55 ns 

tpAH PA 15 - PAo hold after CLKO J -5 - - ns 

tpDs PD31 - PDo set-up to CLKO J 24 - - ns 

tpDH* PD31 - PDo hold after CLKO J T - - ns 

tTAD TA Output delay - - 60 ns 

tTAH TA hold after CLKO J - - 40 ns 

• When using MSM6992 at low speed, it is necessary to latch memory output once to satisfy hold 
time. 

Write/Read Operation (Master mode) 

Symbol Parameter Condition Min Typ Max Unit 

tAD A15 -Ao delay - - 50 ns 

tAH A 15 - Ao hold after CLKO J -5 - - ns 

twA A 15 - Ao hold after WR l -15 - - ns 

twRD WR output delay - - T+20 ns 

twRH WR hold after CLKO J - - 20 ns 

tww WR pulse width 3T-20 - - ns 

tDoD D21 - Do output delay CL =100pF - - T+40 ns 

tooH D21 - Do hold after CLKO j CL =1 OOpF 0 - - ns 

tRDD RD output delay CLKOJ - - T+20 ns 

tRDH RD hold after CLKOJ - - 20 ns 

tRR RD pulse width 3T-20 - - ns 

tD1s D21 - Do set-up to CLKO CL=100pF 35 - - ns 

tDIH D21 - Do hold after CLKO j CL=100pF 0 - - ns 

t10QD IORQ output delay - - 60 ns 

t10QH IORQ hold after CLKO J - - 40 ns 
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Read/Write Operation (Slave mode) 

Symbol Parameter Condition Min Typ Max Unit 

tAR CS, PSAo, 1 setup to RD! 0 - - ns 

tRA CS, PSAo, 1 hold after RD 1 20 - - ns 

tRR RD pulse width 50 - - ns 

tRD 021 - Do access from RD! CL=100pF - - 60 ns 

toF 021 -Do float after RDl CL =10QpF 10 - 100 ns 

tAW CS, PSAo, 1 setup to WR! 20 - - ns 

twA CS, PSAo, 1 hold after WR 1 20 - - ns 

tww WR pulse width 50 - - ns 

tow 021 -DosetuptoWRl CL =100pF 20 - - ns 

two 021 - Do hold after WRl CL=100pF 30 - - ns 

tcs CS setup to CLKO ! 40 - - ns 

tcH CS hold after CLKO ! 0 - - ns 

tos 021 - Do setup to CLKO! CL =100pF 40 - - ns 

toH 021 - Do hold after CLKO! CL =100pF 0 - - ns 

[]] OMA Write/Read Operation 

Symbol Parameter Condition M)n Typ Max Unit 

toRQ DREQ output delay (CLKO !) - - 30 ns 

tAKQ DREQ output delay (DACK!) - - BT+30 ns 

tAKS DACK setup to CLKO! 30 - - ns 

tAKH DACK hold after CLKO ! 10 - - ns 

tAKC DACK setup to RD/WR 0 - - ns 

tcAK DACK hold after RD/WR 20. - - ns 

tRw RD/WR pulse width 50 - - ns 

toe 021 - Do setup to WR 1 CL=100pF 20 - - ns 

tco 021 - Do hold after WR! CL =100pF 30 - - ns 

tRo 021 - Do access from RD! CL=100pF - - 60 ns 

-
toF 021 - Do float after RDf CL =100pF 10 - 100 ns · 
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BREQ & BACK Timing 

Symbol Parameter Condition Min Typ Max Unit 

IBRQ BREQ output delay (CLKO 1) - - 50 ns 

lBQK BREQ output delay (BACK 1) - - 8T+50 ns 

IBKS BACK setup to CLKO J 30 - - ns 

IBKH BACK hold after CLKO J 10 - - ns 

tzDA Address enable delay (BACK j) - - 4T+60 ns 
--

tDzA Address disable delay (BACK J) - - 4T+60 ns 

tzDB Data Bus enable delay (BACK)) CL=100pF - - 5T+60 ns 

tDzB Data Bus disable delay (BACK J) CL=100pF - - 4T+60 ns 

Interrupt & Port Timing 

Symbol Parameter Condition Min Typ Max Unit 

- -
tips ITPo - ITP2 setup to CLKO J 40 - - ns 

l1PH ITPo - ITP2 hold after CLKO J 10 - - ns 

l1FS IFo - IF 1 setup to CLKO J 40 - - ns 

t1FH IFo - IF 1 hold after CLKO J 10 - - ns 

lo FD OFo - OF 1 output delay - - 50 ns 
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Note 3: Output HZ and DZ test load circuit 

Note 4: Voltages at HZ and DZ timing measurement points 

DZ ~4-...._sv ___ Hz _ ___,'/ DZ 

~5V O.~ ____ _, 

TIMING CHARTS 

Clock 

CLKO 
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External Instruction Operation 

4T 

CLKO 

PDa1-PDo 

TA 

Write/Read Operation (Master mode) 

CLKO 

twRD 

WR 

RD 

tooo 

021-Do 

IORQ 

tpos 

tooH 

lWA 
twRH 

I 
lTAD lTAH 

to1s tDIH 
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Read Operation (Slave mode) 

CS.PSAo, PSA 1 

RD 

8, 16 bits Write Optation (Slave mode) 

CS.PSAo, PSA1 

22 bits Write Operation (Slave mode) 

CLKO 

CS,WR 
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OMA Write/Read Operation BREQ & BACK Timing 

4T 

CLKO 

DREQ 

D21-Do 
(DMA write data) 

IDRQ 

toe tco 

D21-Do ~ 
(DMAreaddala)---- - -------~----

BREQ & BACK Timing 

CLKO 

BREQ 

BACK 

A,5-Ao 
RD,WR 
IORQ 

HZ 

HZ 

4T 

tsaK 

IBKS 

tzoA 

tzos 

D21-Do ----------- -- ---- - ----

IBKH 

tozA 

HZ 

tozs 

HZ 
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Interrupt Timing 

4T 

CLKO 

t1ps lJPH 

IPTo, IPT1, IPT2 

Port Input/Output Timing 

CLKO 

tlFs lffH 

IFo, If 1 

D to FD 

OF0,0F1 
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F. CELLULAR Ii 
MOBILE PHONE 1 





OKI semiconductor 

MSM6,8107/6:81117 
BASEBAND FILTER LSI FOR CELLULAR MOBILE TELEPHONE 

GENERAL DESCRIPTION 
The MSM6807 and MSM6817 perform the baseband filtering function for PM 

transmitter/receiver in the cellular mobile telephone. 

Each of MSM6807 and MSM6817 consists of a voice band-pass filter, pre-emphasis and 
de-emphasis circuits, a deviation limitter, a splatter filter, a receiver volume control 
attenuator, and a muting circuit and is fabricated by OK l's low power consumption CMOS 
si I icon gate technology. 

MSM6807 realizes the baseband filtering function for AMPS (Advanced Mobile Phone 
Service) system, while MSM6817 can realize the baseband filtering function for TACS (Total 
Access Communications System) system. 

FEATURES 
• Built-in mixing amplifier for transmit

ting MODEM data and DTMF signals. 
• Built-in anti-aliasing filter and smooth

ing filter. 
• Pre-emphasis, de-emphasis circuit on 

chip. 

• Microcomputer interface serial control 
data. 

• CMOS sill icon gate process. 
• Power supply: +5V. 
• Low power consumption: 30 mW. 
• 32 pin plastic FLAT package. 
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PIN CONFIGURATION 

32 PIN Plastic Flat PKG 

VDDA 0 VDD 

SGC DG 

NC VOIC 

SG EMP 

DEMO TEXT 

El Cl 

EO co 
TONE CCH 

REXT CCL 

SPK TXS 

ALT TXD 

PD DTMF 

STB CLMP 

COAT MOD 

CCLK AG 

II MCK NC 
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PIN DESCRIPTIONS 

Pin Name Pin No. 1/0 Function 

VDDA 1 Power Power supply pin for the analog circuit. 
+5V shall be applied. 

SGC 2 0 This is the voltage reference for SG and is obtained by 
two-equal resistors division between VDDA and AG. 
It is necessary to be AC grounded for AG via a bypass 
capacitor of more than 2.2 µF so as to keep SG silent. 

SG 4 0 SG is built-in analog ground. 

This voltage is nearly VDf A v. 
To make its impedance lower, it is necessary to be AC 
grounded for AG via a bypass capacitor of more than 
2.2µF. 

DEMO 5 I Demodulated signals input. 
The demodulated baseband signal input to DEMO can 
be sent out via ALT, SPK, REXT and El. 

El 6 0 Expandor Input. 
When the control data BO (refer to table 1) is logical 0, 
the transmitting circuit shall include the expandor 
portion of a 2: 1 compandor. 
For every 1 dB change in input level to a 1 :2 expandor, 

m the change in output level is 2 dB. 
See Figure 6. 

EO 7 I Expandor Output. 
The signal input to EO has 20 dB gain between EO and 
SUM. Refer to description of pin 6 for details. 

TONE 8 I This is an input to SUM (Summing Amplifier) in the 
received audio line. 

In an application, DTMF SIDE TONE signal shall be 
injected. 

REXT 9 0 These are received analog outputs. 

SPK 10 0 
The REXT, SPK and ALT are selective. One of three 
outputs is available at any one time. 

ALT 11 0 The ALT and SPK output level can be adjusted by the 
COAT. See Table 1. 

PD 12 I Power Down function enable pin. 
A logical 0 enables the power down function. 
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Pin Name Pin No. 1/0 Function 

STB 13 I Strobe signal. 
STB, CDAT and CCLK control the status of internal 
switches, and attenuation of output level through 
ALT, SPK. 
See Table 1 for an explanation of how these control 
signals shall be set at. 

CDAT 14 I Control Data. 
Refer to the description of pin 13 for details. 

CCLK 15 I Control Clock. 
Refer to the description of pin 13 for details. 

MCK 16 I Master Clock. 
The MCK pin must be injected with a 1 MHz (±0.01 %) 
input signal. 

AG 18 Power Analog Ground. 
This pin should be common with DG at the point 
which is as close as possible to the system ground. 

MOD 19 0 Transmitting Modulated analog signals output. 
When the B 1 bit of CDAT is logical 1, the input of 
SUM is connected to SG. 

CLMP 20 I LIM input. 
This pin should be connected to EMP through 
a capacitor. 

DTMF 21 I These are inputs to SUM in the transmitting line. 
II 

TXD 22 I 
The internal circuit is as follows. 

DTMF TXD TXS 

TXS 23 I 
tR 1R 

0 

Ii R 
-\Av-

J l J -vv o MOD R + 

SG 

These pins shall be connected with SG when these are 
not used. 

The value of R is about 70 kD. 

CCL 24 I This is an input pin for Deviation Limitter cramp level 
(low level). When any reference voltage is not supplied 
to this pin, a built-in reference voltage (-.375V with 
respect to SG) will be supplied to the Limitter. 
In this case, it is necessary to be AC grounded for AG 
via a bypass capacitor . 

. In addition, the cramp level can be adjusted by 
supplying an external reference voltage. See Figure 5. 
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Pin Name Pin No. 1/0 Function 

CCH 25 I This is an input pin for Deviation Limitter cramp level 
(high level). A built-in reference shows +.375V with 
respect to SG. 
Refer to the description about CCL. 

co 26 I Compressor Output. 
When the control data BO (refer to Table 1) is logical 0, 
the receive circuit shall include the compressor portion 
of a 2: 1 compandor. For every 2 dB change in input 
level to a 2: 1 compressor, the change in output level is 
1 dB. 
See Figure 6. 

Cl 27 0 Compressor Input. 
Refer to the description about pin 26 for details. 

TEXT 28 I Tone External. 
Transmit baseband signals input. 
As TEXT is biased internally to SG with a resistor (200 k!1), 
the interface must be implemented by AC-coupling. 

EMP 29 0 Emphasis Output. 
Refer to the description about pin 20. 

VOIC 30 I Transmitting baseband signals input. 
Refer to the description about pin 28 for detials. 

DG 31 Power Digital Ground. 
This pin should be common with AG at the point 
which is as close as possible to the system ground. 

-
VDD 32 Power Power supply pin for the digital circuit. 

+5 V shall be supplied to this pin. 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Condition 

Power Supply Voo 
Voltage VooA 

Analog Input 
Ta;+25°C 

VIA With respect to Voltage*' AG or DG 

Digital Input 
V10 Voltage*' 

Operating 
Top Temperature 

-
Storage 

Tstg Temperature 

* 1 TEXT, VOIC, DEMO, TONE, CLMP, TXS, TXD, DTMF 
* 2 CCLK, STB, CDAT, MCK, PD 

Recommended Operating Conditions 

Parameter Symbol Condition 

Power supply Voo With respect to 
Voltage VooA AG or DG 

Operating 
Top Temperature 

Master Clock 
fMCK Frequency 

Min Type Max Unit 

--0.3 - 7 

VooA -0.3 - v +0.3 

-0.3 - Voo 
+0.3 

-40 - 85 
oc 

-55 - 125 

Min Typ Max Unit 

4.75 5.0 5.25 v 

-30 - 70 oC 

0.9999 1 1.0001 MHz 

DC AND DIGITAL INTERFACE CHARACTERISTICS 
VooA, Voo; 5V ±5%, Ta; -30 ~ 70°C 

Parameter Symbol Condition Min Typ Max Unit Notli 

Power loo - 7 14 
Dissipation - mA -
(standby) loos - 0.2 0.5 

Input Leak l1L V1 ;QV -10 - 10 

Current 
µA CCLK 

l1H V1; Voo -10 - 10 COAT 
STB 

V1L 0 - o.3 v00 MCK 
Input Voltage - v PD 

V1H 0.1 v00 - Voo 
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ANALOG INTERFACE CHARACTERISTICS 
VDDA· VDD = 5V ±5%, Ta= -30 - 70°C 

Parameter Symbol Condition Min Typ 

Input 
R1 f ~4 KHz 100 -Impedance 

Deviation VccL VDDA = 5 v - +0.375 
Limitter With respect to 
Cramp Level VccH SG - -0.375 

* 1 TEXT, VOIC, DEMO, EO, CO, TONE, CLMP 

Definitions of Units 

dBVrms 

dBVp 

Vp-p 

fil-F-10 

20*1ogV, where V denotes the root mean 
square value of the signal voltage. 

20*1ogV, where V denotes the peak value 
of the signal voltage. 

Peak-peak value of the signal voltage. 

Max 

-

-

-

Unit 

kn 

v 

rs I 

C\ u 

Note 

*1 

CCL 

CCH 

peak 
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TRANSMIT CHARACTERISTICS (MOO) 
VDDA, VDD = 5V ±5%, Ta= -30- 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

VO IC/TEXT 
Standard Deviation VITX - -11.2 - dBVrms 
Input Level Vo (MOD) 

=-8.2 dBVp 
MOD fi=1 kHz 
Standard Deviation DMoD - - -24 dB SW2="1" Distortion 

MOD SW3="0" 
MAX Deviation VoTx - - -6 dBVp 
Output Level Vi (VOIC) 

=O dBVrms 
MOD fi=1 kHz 
Output Signal VsvM -5 - -5 % 
Peak Ratio*' 

TX-AUDIO Vi (VOIC) 
SW3="0" 

Muting Attenuation LTXM =-11.2 dBVrms 40 - - dB 
-+- "1" fi=1 kHz 

TX-AUDIO - - Figure 1 - - Cl BPF Characteristics -

TX-AUDIO MOD 

Overall Response - - - Figure 2 - - SW2="1" 
SW3="0" 

MOD - 0.3-3 kHz - - -62 dBVrms In-band Noise Level CMESS filter 

MOD SW2="1" 

Out-band Noise - VO IC/TEXT - Figure 4 - -
Level silent II 

* 1 MOD output signal (after DC cutting) 

100* (A/8-1) ; (%) 
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RECEIVE CHARACTERISTICS (ALT /SPK/R EXT) 
VDDA, VDD = 5V ±5%, Ta= -30 - 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

AL T/SPK/REXT 
Standard Demodu- VoRX Vi (DEMO) - -11.2 - dBVrms 
lation Output Level =-11.2 dBVrms 

fi=1 kHz 
AL T/SPK/REXT 

DR 
ATT=O dB -40 dB Output Distortion - -

ATT SW5="1" 

Attenuation Step GATT - - 2.5 - dB 

RX-AUDIO - - - Figure 3 - -Overall Response 

AL T/SPK/REXT - CMESS filter - -62 dBVrms In-band Noise Level 0.3 - 3.0 kHz -

AL T/SPK/REXT - - - Figure 4 - -Out-band Noise Level 

m 
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CD 
~ 
c: 

·;;; 
C,!) 
Q) 
+-' 

-5 -30 
1l 
<( 

-40 

-50 

Frequency (kHz) 

0.1 0.2 0.5 

Upperlimits: (1)below 60Hz 
(2) 200 Hz 
(3) 240 Hz 
(4) 240-3500 Hz 
(5) above 12 kHz 

Lower Limits: ( 1) 300 Hz 
(2) 400 Hz 
(3) 400-2200 Hz 
(4) 3000 Hz 

2 3 5 

Less than -53 dB 
-0.5 dB 
+1.0 dB 

Flat 
-52 dB 

-3 dB 
-1 dB 

Flat 
-2.6 dB 

Figure 1 BPF Frequency Characteristics 
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~ 
f:: l +10i----+-t-+++t-ttt--'-t---11-+++H-t+~-t---.++H+H---l-+-++~f-H g 5dB yl 

I= 1 I= 
-20 r----r--t-H-rtttt-r-t-t-+++ttt---+--t--+--l++-H-1---+--+--l-+++++l I= f:: -54 dB/oct 

f: 1 I= 
-30i----+-t-+++t-t+H'--t---lt-+++H-t+~-t--+-++H+H---l-+-++~f-H 

~ +24 dB/octZ 

I= 
-40l=i----+-t-+++t-t1t-~t---11-+++H-t+~-t--+-++H+H---l-+-++~f-H 

I= 
I= 

10 100 1K 10K 100K 

Frequency {Hz) 

Upper limits: 1 200 to 3000 Hz 6 dB/oct 
2 3000 to 3500 Hz Flat 

Lower limits: 1 400 to 2250 Hz 2 dB below the upper limit line 
2 300 Hz 4.5 dB below 400 Hz 
3 2250 to 2500 Hz : Flat 
4 3000 Hz : 3 dB below 2500 Hz 

Figure 2 TX-AUDIO Overall Response 
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I: +24 dB/oct 
-20'--~_,___._._ ...... U-~L-IL-l--U.-l.....U.~_,__--0--< ........ 4+-l,.____,__,_ ........... -<-H-H 

I
I-

10 

Upper limits: 

Lower limits: 

1 
2 

1 
2 
3 
4 

-35 dB/oct 

100 1K 10K 100K 

Frequency (Hz) 

240 to 3800 Hz -6 dB/oct 
200 to 240 Hz Flat 

400 to 2250 Hz 2 dB below the upper limit line 
360to400 Hz Flat 
300 Hz : 3 dB below 360 Hz 

3000 Hz : 4.5 dB below 2250 Hz 

Figure 3 RX-AUDIO Overall Response 
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Control Pin Specifications 

CONT CLK 
(CCLK) 

Strobe 
(STB) 

CONT data 
(COAT) 

800 µ.s typ 

r--i 

/
Output 
change 

The CONT CLK (CCLK) is edge triggered, 

Symbol Name Switch Status 

BO COMPANDOR selection H: SW2; "1 ", L: SW2; "0" 
SW5; "1 ", SW5; "O" 

B1 TX-AUDIO mute H: SW3; "1", L: SW3; "O" 

B2 RX-AUDIO mute H: SW4; "1 ", L: SW4; "0" 

B6 TEXT/VOIC selection H: SW1;"1", L: SW1 ; "0" 

B6,B7 ALT /SPK/R EXT selection 
B6 B7 output 

1 x REXT 

0 0 SPK 

0 1 ALT 

X: Irrespective of 1/0. 

ATT CONT Attenuation 
~---,---·-,--------I 

(dB) B5 B4 B3 

0 0 0 0 

0 0 1 2.5 

0 1 0 5 

0 1 1 7.5 

1 0 0 10 

1 0 1 12.5 

1 1 0 15 

1 1 '1 17.5 Table 1 

fil-F-17 
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Internal Reference Voltage 

External Reference Voltage 

0.022 µ, 
Cl()---j 

0.022 µ. 
coo--i 

= 

m-F-18 

CCL= VDDA/2 - 0.375 (V) 
CCH = VDDA/2 + 0.375 (V) 

Figure 5 Deviation Limitter 

11 2 

10 3 

~ 
4 

r-. 9 15K Lt') 

12 <( 
IJ) 5 

14 
10 µ. 

15 
6 

16 7 

1 µ, 

~,~'' 
~-- LsG 

68K 

2.2 µ. 
"::" 0.022 µ. 

I 0 EO 

Figure 6 Compandor 
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Signetic 

~~~~~~EO~COMPANDOR~c_o~~~-+-~-, 

El SA571D Cl 

C4 

1 VDDA VDD 
2 SGC DG 

~ (NC) VOIC 

C14 5 SG EMP 
28 @--I 6 DEMO TEXT 
27 

El Cl 
7 6807 /6817 co 

26 

~5 
EO 

25 C7 8 CCH TONE 
24 8 C1 9 CCL REXT 

C2 10 TXS 23 
SPK DD---<}------@- C3 11 TXD 22 
ALT 

12 PD DTMF 21 

13 STB CLMP 20 I STB See the 
:: COAT MOD 19 

COAT 
Table 1 AG 18 

CCLK 16 CCLK 
(NC) 17 1 MHz MCK 

Symbol Value Symbol Value 

C1 0.1 µF C13 0.022 µF 
C2 0.1 µF C14 0.022 µF 

0 

C3 0.1 µF C15 0.022µF z 
t:J 

C4 0.022 µF C16 0.022µF 
C5 0.022 µF C17 0.022µF 
cs 2.2 µF C18 0.022 µF 
C7 O.Q1 µF C19 0.022 µF 
CB 0.01 µF C20 0.1 µF 
C9 10 µF C21 2.2 µF 
C10 0.022 µF 

C11 0.022 µF 

C12 0.022 µF Figure 7 Application 

0 
0 
> 

m-F-19 

II 



OKI semiconductor 

MSM6808/6818 
SPLIT FILTER LSI FOR MODEM FUNCTION IN THE CELLULAR 
MOBILE PHONE 

GENERAL DESCRIPTION 
The MSM6808 and MSM6818 perform the split filtering functions in the modem part 

of the cellular mobile phone. 

Each of the MSM6808 and MSM6818 consists of a Received Wide Band Data (RWBD) 
detecter, a MODEM DATA Signal (MODEM DATA) transmitter, a Supervisary Audio Tone 
(SAT) receiver, a SAT transmitter, and a DTMF signal transmitter and is fabricated by 
OK l's low power consumption CMOS silicon gate technology. 

In combination with the MSM74017, MSM6808 can realize a 10K bps SPL modem for 
AMPS (Advanced Mobile Phone Service) system. MSM6818 can realize a BK bps SPL modem 
for TACS (Total Access Communications System) system in combination with MSM74017. 

FEATURES 
• Built-in timing re-generating circuit for 

received data. 
• Built-in Switched Capaciter Filters for 

SAT and MODEM data. 
• Built-in Anti-Aliasing filters and SmQoth

ing Filters. 
• DTMF generator circuit on chip. 

m-F-20 

• Received signal level comparator for 
diversity system. 

• Microcomputer interface serial control 
data. 

• Power supply: +5 V. 
• Low power consumption: 40 mW (typ}. 
• 44-pin plastic FLAT package. 
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BLOCK DIAGRAM 

ASIA 
RSIB 

ASIC 
RSID 

SW1 

LEVEL 1--..._ __ _, 
COMP1 

DEMO 

1-----.0 DEM1 

R4 

C4 

r----o R1 
CCL 

CCH 

RWBD DATA TIMING DETECTOR DTS 

CARRIER DETECTOR 

'------i ..IT 1---------0 MRI 

60K 

C5 
R2 

DSAT 

METD 

TSAT 

PHASE 
SHIFT1 

DTMF GENERATOR 
VDD 0-

DG 0--

VDDA ,,...__.,..__ 

PD 

AG 

SGC2 

SG2 

VDDA--r-J _ 

AG~VTH 

PHASE 
COMP2 

LEVEL 
COMP2 

R3 

LOCK 

.-----,,~.r.. CCLK 

CONTROL 
& 

SCF CLK 

STB1 
STB2 
COAT 
MCK 
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PIN CONFIGURATION 

44 PIN Plastic Flat PKG 

I- I- 0 
<( <( ~ _J ::i:: ID 

M VJ LO N VJ 0 (.) (.) :5: "'" 
~ 

a: 0 (.) a: a: tO (.) (.) a: (.) a: 

STB1 R4 

COAT DTS 

CCLK CD 

STB2 MRI 

DG PD 

VDDA VDD 

SG2 MCK 

SGC2 AG 

RSIC TXS 

RSID DTMF 

RSIA TXD 

[I 
0 ID ~ M ID <( 0 ~ I- 0 w 
Ci5 VJ (.) (.) 2 2 2 2 <( I- z 
a: a: 0 w w w w VJ w 0 

_J 0 0 0 0 I- 2 I-

fil-F-22 
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PIN DESCRIPTION 

Pin Name Pin No. 1/0 Function 

RSIO 1 0 Received signal Strength Output. 
The larger DC level applied to RSIA and RSIB is put 
out of RSIO. 

RSIB 2 I Received signal Strength Input (8). 
DC levels are applied to RSIA and RSIB pins. 

LOCK 3 0 SAT (Supervisory Audio Tone) Lock. 
The LOCK determines whether RSAT (Received SAT) 
and TSAT (Transmitting SAT) are synchronized or not. 
The LOCK is set at logical 1, when the phase of DSAT 
exceeds +270° compared with that of the RSAT signal. 

C3 4 I Form LPF by connecting a resistor and a capacitor 
between R3 and C3. 
See Figure 7. 

DEMB 5 I Demodulated signal input (B). 
The DEMB pin is enabled if RSIC<RSID. 

DEMA 6 I Demodulated signal input (A). 
The DEMA pin is enabled if RSIC>RSID. 

DEMO 7 0 Demodulated signal output (0). 
Connect this pin to DEMO of MSM6807 or MSM6817. 

DEM1 8 0 Demodulated signal output (1 ). 
Connect this pin to RWBD. 

TSAT 9 I Transmitting SAT signal. 
The phase of TSAT should be more than +270° 
compared with that of the RSAT output signal. 
The TSAT signal is same as the DSAT signal. 

METD 10 I Transmitting Manchester Encoded Data. 
See Figure 5. 

TONE 11 0 DTMF SIDETONE output. 
Connect this pin to TONE of MSM6807 or MSM6817. 

TXD 12 0 Transmitting Data. 
Digital data applied to METD becomes sinusoidal wave 
signals coming through filters. 

DTMF 13 0 Dual Tone Multi Frequency. 
Each DTM F signal consists of two sinusoidal waves, 
one from a low group (697, 770, 852, 941 Hz) and the 
other from a high group (1209, 1336, 1477, 1633, 
2016 Hz). 

m-F-23 
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Pin Name Pin No. 1/0 Function 

DTMF 13 0 The level has +6 dB/oct. pre-emphasis characteristics. 
CCLK, STB2 and COAT control the frequency, selection 
of dual tone or single tone. 
See Table 2. 

TXS 14 0 Transmitting SAT. 
The digital signal input to TSAT becomes sinusoidal 
wave through a band limited filter. 

AG 15 - Analog Ground. 
This pin should be common with the DG at the point 
which is as close as possible to the system ground. 

MCK 16 I Master Clock. 
Use a 1 MHz (±0.01%) MCK. 

VDD 17 - Power supply pin for the digital circuit. 
+5V shall be applied. 

PD 18 I Power Down function enable pin. 
The PD signal selects power on or off; logical 0 enables 
the power down mode. 
In the power down mode, transmitting function, SAT 
function and DTMF output function are suspended. 

MRI 19 0 Output for the Manchester Encoded data derived from 

m RWBD input data. 
See Figure 5. 

-
0 CD 20 Carrier Detection. 

The carrier detector detects dotting pattern 
( 1010101010) input to the RWBD. 
When the frequency of input signal to MSM6808 is 
approx. 5 kHz, the CD of MSM6808 becomes logical 0, 
while CD is logical 1 for any other frequencies. 
When the frequency of input signal to MSM6818 is 
approx. 4 kHz, the CD of MSM6818 becomes logical 
0, while CD is logical 1 for any other frequencies. 

DTS 21 0 Derived Timing Signal. 
Output for the timing clock derived from the RWBD 
input data. 
When a 5 kHz data is input to the RWBD of 
MSM6808, a 10 kHz signal is obtained. 
When a 4 kHz data is input to the RWBD of MSM6818, 
a 8 kHz signal is obtained. 

R4 22 - DTS sensitivity adjustment. 
An external resistor R9 shall be connected between 
R4 and SG2. 

m-F-24 
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Pin Name Pin No. 1/0 Function 

R1 23 - DTS phase adjustment. 
An external resistor R8 shall be connected between 
R1 and SG2. 

C4 24 - DTS phase adjustment. 
If phase cannot be sufficiently adjusted, connect an 
external capacitor between C4 and R 1. 
C4 pin shall be left open when it is not used. 

RWBD 25 I Received Wide Band Data input pin. 
Received data and SAT signal are input to this pin. 
This pin shall be connected to DEM1 directly. 

CCH 26 - An· external resistor and capacitor shall be connected 
between CCL and CCH. 

CCL 27 - See Figure 7. 

60K 28 I The 60K signal controls the center frequency of the 
BPF (RWBD block). 
According to the SAT frequency input to RWBD, the 
frequency of control signal input to the 60K pin 
changes as below. 

SAT (WRBD) RS10 Center Frequency (BPF) 

5970 59.7 5970 

6000 Hz 60.0 kHz 6000 Hz 

6030 60.3 6030 

Normally the 60K control signal is made by the 
digital PLL. 

RSAT 29 0 Received SAT. 
The RSAT output signal is applied to the external 
digital PLL. 
The phase of RSAT through the PLL exceeds +270°. 

R2 30 - Received SAT signal phase adjustment. 
An external resistor R7 shall be connected between 
R2 and SG2. 

C5 31 - Received SAT signal phase adjustment. 
An external capacitor C22 shall be connected between 
C5 and R2. 

DSAT 32 I Data SAT. 
The "PHASE COMP2" judges the difference of the 
phase between RSAT and DSA T. 
The phase of DSAT (equals to TSAT) should be exceeded 
+270° compared with RSAT. 
In other cases, RSAT and TSAT is not locked. 
See "BLOCK DIAGRAM". 
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Pin Name Pin No. 1/0 Function 

R3 33 - Refer to the description of pin 4. 

STB1 34 I Strobe 1. 
Refer to the description of CDAT. 

CDAT 35 I Serial Control Data. 
The CDAT and STB1 signal control the internal switches. 
DTMF frequency is selected by CDAT and STB2. 
See Table 1. 

CCLK 36 I Control timing clock. 
See Table 1. 

STB2 37 I Strobe 2. 
Refer to the description of CDAT. 

DG 38 - Digital Ground. 
This pin should be common with the AG at the point 
which is as close as possible to the system ground. 

: VDDA 39 - Power supply pin for the analog circuit. 
+5V shall be applied. 

SG2 40 Power SG2 is built-in analog ground. 

This voltage is nearly VD~A V, so the analog line 

interface must be implemented by AC-coupling except 
in the case of connecting with MSM6807 (in case of 
MSM6808) or MSM6817 (in case of MSM6818). 
To make its impedance lower, it is necessary to be AC 
grounded for AG via a bypass capacitor of more than 
2.2µF. 

SGC2 41 Power This is voltage reference for SG and is obtained by 
two-equal resistors division among VDDA and AG. 
It is necessary to be AC grounded for AG via a bypass 
capacitor of more than 2.2 µF so as to keep SG2 silent. 

RSIC 42 I Received signal Strength input (C). 
The rectified signal of the ASIA input signal is applied 
to this pin through external LPF. 
See "APPLICATION". 

RSID 43 I Received signal Strength input (D). 
Same as RSIC, the rectified signal of the RSIB is applied 
to this pin through LPF. 
The DC levels of RSIC and RSID determine the status of 
SW1, SW2. 
See Table 1. 

RSIA 44 I Received signal Strength input (A). 
DC levels are applied to ASIA and RSIB. 
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ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Condition Min Type Max Unit 

Power Supply Voo -0.3 - 7 Voltage VooA 

Analog Input 
Ta;+25°C 

VooA 
Voltage*' VIA With respect to -0.3 - +0.3 v 

AG or DG 

Digital Input 
V10 -0.3 - Voo 

Voltage* 2 +0.3 

Operating 
Top -40 - 85 Temperature oc 

Storage 
Tstg -55 - 125 Temperature 

* 1 DEMA, DEMB, ASIA, RSIB, RWBD 
*' ASIC, RSID, RS10, DSAT, METD, TSAT, STB1, STB2, COAT, MCK, CCLK 

Recommended Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

Power supply Voo With respect to 4.75 5.0 5.25 v Voltage VooA AG or DG 

Operating 
Top -30 - 70 oc 

Temperature 

Master Clock 
fMCK 0.9999 1 1.0001 MHz Frequency 

DC AND DIGITAL INTERFACE CHARACTERISTICS 

VooA Voo; 5V ±5%, Ta; -30 ~ 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

Power loo - 10 15 
Dissipation - mA -
(standby) loos - 6 9 

Input Leak l1L V1; OV -10 - 10 

Current 
l1H V1; Voo -10 10 MCK -

µ.A STB1 STB2 
V1L 0 - o.3 v 00 CCLK COAT 

Input Voltage -
V1H 0.1 Voo - Voo 

Vol loL; -1.6 mA - - o.3 voo DTS MRI Output Voltage -
CD RSAT VoH IOH; 400 µ.A 0.1 v 00 - -
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ANALOG INTERFACE CHARACTERISTICS 

VDDA· VDD = 5V ±5%, Ta= -30 - 70°C 

Parameter Symbol Condition Min Typ 

Input 
RAIN - 100 -lmpedance* 1 

*1 ASIC, RSID, RWBD, METD, TSAT, DSAT 

Definition of Units 

dBVrms 

dBVp 

Vp-p 

20*1ogV, where V denotes the root mean 
square value of the signal voltage. 

20*1ogV, where V denotes the peak value of 
of the signal voltage. 

Peak-peak value of the signal voltage. 

DEM, RSSI CHARACTERISTICS 

Max Unit Note 

- k.n -

f".-... peak 
I \ I 

\/) 
/\ 1 p-p 
V~-

VDDA, VDD = 5V ±5%, Ta= -30 - 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

DEMO 
VoDEMO - -11.2 - dBVrms +3dB Output Level Vi (DEM) 

= -14.2 dBVrms 
DEM1 

VoDEM1 
fi = 1 kHz - 2.2 Vp-p +12dB Output Level -

RSIO VoRSIL V1=0V - 0 -

Output Level RL~100K v -
VoRSIH V1=3.15V - 3.15 -

RSSI Hysteresis VHYS 30 mV ASIC - - - RSID 

DEM1 LPF At the point Cut-off fcDEM 2dB lower 20 - - kHz -
frequency 

DEM1 DEMA, DEMB Undesired Wave - - - .-50 dBVrms -
Leakage silent 
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RWBD SAT 
VDDA, VDD = 5V ±5%, Ta= -30 ~ 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

DTS Output 
DRoTS 

Vi (RWBD) = 2.3Vp-p - 50 - % fDTS 
Duty Ratio fi = 5 kHz =kHz 

MSM6808 MSM6818 

Fsco1 
fi = fi = 

VDo 3.5k±100Hz 2.8k±100Hz 
- -

Sensitivity r-· -------1 Vi(RWBD) 
FscD2 =2.3Vp-p 5k±100Hz 4k ± 100Hz - DG -- v 

-

CD 
Fsco3 6.5k±100Hz 5.2k±100Hz - VDD -

tD1 - - 2 
Response Figure 5 ms 

tD2 2 - -

MRl/DTS R9 = 10n 

Delay Time td RB= 175 kn. - 21 - µs Figure 6 
C4 open 

RSAT fi = 5970 Hz 
dBV-

Sensitivity VRSAT 6000 -20 - -
6030 rms 
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TX-AUDIO (TXD/TXS/DTMF) CHARACTERISTICS 
VDDA, VDD = 5V ±5%, Ta= -30 - 70°C 

Parameter Symbol Condition Min Typ Max Unit Note 

V1L = 0 v, V1H =VDD 
METD 

VoTXD 
fi = 10 kHz (MSM6808) - -8.2 dBVp SW3 = "1" Output Level fi = 8 kHz (MSM6818) -
square wave (50%) 

METD Frequency -
V1L=OV,V1H=VDD 

Figure 1 Characteristics square wave (50%) - -

TXS 
V1L=OV,V1H=VDD 

Output Level VOTXS square wave (50%) - -23.2 - dBVrms SW4="1" 
fi = 6 kHz 

TSA T Frequency -
V1L=OV,V1H=VDD 

Figure 2 Characteristics square wave (50%) - -

Vou fO = 697 Hz - -19.3 -

VOL2 770 - -18.4 -

VOL3 852 - -17.6 -

VOL4 941 - -16.7 - Emphasis 
DTMF (6dB/oct) 
Output Level dBVrms Figure 3 

VOH1 fO = 1209 Hz - -14.5 - MCK=1MHz 

VoH2 1336 - -13.6 -

VoH3 1477 - -12.8 -

VoH4 1633 - -11.9 -

Sounder 
VoTONE fO = 2016 Hz - -25 - dBVrms SW6="1" Output Level 

DTMF Side Tone 
VoDST 

697, 1633 Hz - -22 - dBVrnis Output Level Pair 

DTMF Distortion DDTMF - - - 10 % -

DTMF Output 
llFDTMF MCK = 1 MHz -1.5 - +1.5 % -Frequency Error 

TONE SW3="0" 
Undesired Wave - TXD/TXS/DTMF - - -61 dBVrms SW4="0" 
Leakage SW5="0" 

Out-band ~oise TX-AUDIO 
Figure 4 -Level - RX-AUDIO -
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RWBD 

fi = 5 kHz, MSM6808 
fi = 4 kHz, MSM6818 

CD 

MRI 

DTS 

Figure 5 CD 

100±5µs (MSM6808) 100±5µs (MSM6808) 
125±5µs (MSM6818) 125±5µs (MSM6818) 

1µs llOAX 1µs MAX 

r-o.5µs MAX 

td 

50±2.5µs (MSM6808) 50±2.5µs (MSM6808) 
62.5±2.5µs (MSM6818) 62.5±2.5µs (MSM6818) 

fj (RWBD) = 5 kHz (MSM6808) 
fi (RWBD) = 4 kHz (MSM6818) 

Figure 6 MRiiDTS 

5µs MAX 



-----------------. CELLULAR PHONE · MSM6808/18 + 

CONTROL PIN SPECIFICATIONS 

BOOµs TYP 

H 
CCLK 

STB1 9µs MIN 

CDAT 

Note: The CCLK is edge triggered. 

Symbol Name Switch Status 

ASIC, RSID Control Data Switch Status 
Input DC Level AO A1 SW1 SW2 

L L 0 0 

Ao 
(DEMA, DEMB) (ASIA, RSIB) 

L H 1 1 selection switch ASIC> RSID m 
H L 1 1 

H H 1 1 

L L 0 0 

ASIC< RSID L H 0 0 

H L 1 1 

A, 
(DEMA, DEMB) (ASIA, RSIB) H H 0 0 
selection switch enable 

Control data L: Logic Low Level 
H: Logic High Level 

Switch status "O", "1 ": Refer to the block 
diagram 

A2 Data transmission enable H: SW3 = "1", L: SW3 = "0" 

A, SAT transponder enable H: SW4 = "1", L: SW4 = "O" 

A4 DTMF transmission enable H: SW5 = "1", L: SW5 = "O" 

As Side tone enable H: SW6 = "1", L: SW6 = "O" 

See the block diagram 
Table 1 
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+CELLULAR PHONE· MSM6808/18 +-----------'--------

COAT 

The CCLK is edge triggered. 

.. Low Tone High Tone 
Ao A1 A2 A, A4 As Ao A1 Frequency Frequency Remarks 

(Hz) (Hz) 

0 0 0 x x x x x 697 

0 0 1 x x x x x 770 

0 1 0 x x x x x 852 

[]] 0 1 1 x x x x x 941 

1 0 0 x x x x x 
--

1 0 1 x x x x x A = 6 H: Low 
tone on 

1 1 0 x x x x x 
L: Low 

1 1 1 x x x x x tone off 

x x x 0 0 0 x x 1209 A = 7 H: High 
tone on 

x x x 0 0 1 x x 1336 
L: High 

x x x 0 1 0 x x 1477 tone on 

x x x 0 1 1 x x 1633 

x x x 1 0 0 x x 2016 

x x x 1 0 1 x x 

x x x 1 1 0 x x 

x x x 1 1 1 x x 

Tab!e 2 
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• ..., ..---!§. MCK (NCI 17 "" - "" R9 
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Symbol Value Symbol Value Symbol Value 

C1 2.2 µF C13 0.022 µF C25 0.1 µF 
--------+--
__ c_2_---L~o_.1 __ 11_F-l_c_1_4_-l-_1 __ 11F_-!-_c_2_s_-f-__ 3_3_p_F~ 

C3 0.1 µF C15 1 µF R1 1kn 

C4 0.022 µF C1S 2.2 µF R2 1 kn 

C5 0.022 µF C17 0.022 µF R3 1 kn 

CS 2.2 µF C18 0.022 µF R4 330 kn 

C7 0.01 µF C19 2.2 µF R5 330 kn 

ca 0.01 µF C20 2.2 µF RS 33 kn 

C9 10 µF C21 10 µF R7 22 kn 

C10 0.022 µF C22 3300 pF RS 175 kn 

C11 0.022 µF C23 1 µF R9 10 n 

C12 0.022 µF C24 2.2 µF R10 91 kn 

) 
0 
z 
~. 

LU.-....1....----L-'-.U....-'------' 
~:::::t:==±t::Jt±t:======-.J 

C23 

T 
0 ~ 

0 
0 
> 

1 MHz 6 

Figure 7 Application Circuit 

/ 
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OK.I semiconductor 

MSM74017 
MODULATOR/DEMODULATOR FOR MODEM FUNCTION 
IN THE CELLULAR MOBILE PHONE 

GENERAL DESCRIPTION 
The MSM74017 performs the modulator/demodulator functions in the modem part of 

the cellular mobile phone. 

The MSM74017 consists of digital PLL for Data Timing Signal (DTS). Received Audio 
Tone (RSAT) and shift register and is fabricated by OKl's low power consumption CMOS 
silicon gate technology. 

The MSM74017 can configurate a 10K bps SPL modem for AMPS system in combination 
with MSM6808. A BK bps SPL modem for T ACS system can be configurated in combination 
with MSM6818. 

FEATURES 
• Built-in DATA PLL to derive a phase 

from DTS. 
• Built-in SAT PLL to derive a phase 

from RSAT. 
• Built-in Detector for MR I demodulation. 

• Built-in Manchester Encoder. 
• TTL compatible digital interface. 
• Low power consumption: 20 mW (typ). 
• 56-pin plastic package. 

fil-F-39 
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+CELLULAR PHONE · MSM74017 +·-----------------

BLOCK DIAGRAM 

5 
WCBR 

43 10 
SELA RT 

DTS 2 
DATA PLL ~RTBR 

I 
20 

MRI 

SRT1 
22 INTEGRATOR NRZD 

SRT2 
41 

DCTL 17 

CDBR 18 

CLK4 

MK12 CLK6 
DIVIDER 

CLKT 

MK6 

m TXMK 
50 

TXCK 

TNRD 
ENCODER 48 

METD 

40 
RSAT SATO 

scco SAT PLL 
39 SAT2 

SCC1 
42 RS10 

SRA SHIFT 31 
L1 REGISTER SRO 

L2 
54 

PD L4 

LB 

~R L16 VDD 

GND 

SRGC 

-~ 

fil-F-40 
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PIN CONFIGURATION 

MSM74017GS-VK 

0 N 0 N LO M co Cl 0 I-
~ I- I- I- I- I- u u <( 0 
U) a: <( <( U) :::> Iii z u u U) a: ~ N a: U) U) U) I- 0 I- Cl U) U) a: U) _J _J 

SELA L4 
TST7 LB 
TSTB L16 

CHKA SRGC 
CLK6 CLK4 

METD SRA 
VDD SRT1 

TXCK VDD 
TNRD MRI 
TXMK DATA 
CLKT CDBR 

PD DCTL 
MK6 OD7 

MK12 NRZD 

I- U) ..,. u a: f:= Cl M f:= I- a: al N Cl m U) I- I- z al z I- a: al ~ I- a: a: Cl U) u :::> Cl 
U) U) I- :::> 

I- :s: 0 I- I- a: a: 0 

56 pin FLAT package 
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PIN DESCRIPTION 

Pin Name Pin No. 1/0 Function 

DTS 2 I This is a Data Timing Signal input from MSM6808/6818. 
The input signal is output as the Received Timing (RT), 
after the S/N has been improved by a built-in Digital PLL. 

WCBR 5 I This input controls the bandwidth of the Digital PLL for 
Received Timing. 

WCBR = "1": narrow band width 
WCBR = "O": wide band width 

RT 10 0 Received Timing Signal. When DTS is nearly equal to 
10 kHz (AMPS) or 8 kHz (T ACS), RT harmonizes with 
DTS. 

Refer to the description of DTS. 

RTBR 11 0 This pin is the inverting output of RT, and is connected 
to SRT1 and SRT2 for demodulation clock. 

NRZD 15 0 Manchester Received Input Signal (MR I) is demodulated 
by RTBR and is output as Non Return Zero Data (NRZD). 

See Figure 1. 

DCTL 17 I This pin controls the output of NRZD. 
Refer to the description about CDBR. 

CDBR 18 I This signal is Carrier Detection Data which is detected in 
MSM6808/6818. 
CDBR controls the output of NRZD with DCTL. 

DCTL CDBR NRZD 

0 0 NRZD 

0 1 0 

1 0 NRZD 

1 1 NRZD 

MRI 20 I Manchester Received Input Signal. See Figure 1. 

SRT1 22 I This pin should be connected to RTBR. 
RTBR is used for Demodulation Clock. 

SRA 23 I Shift Register Data input. This shift register is a static 
clock serial shift register whose length may be programmed 
to be any number of bits between 1 and 32. 

CLK4 24 0 This is a clock output, the frequency of which, is 1.5 MHz 
devided from MK6 or MK12. This may be used for Shift 
Register Clock. 

W-F-42 



~~~~~~~~~~~~~~~~~+CELLULARPHONE·MSM74017+ 

Pin Name Pin No. 1/0 Function 

SRGC 25 I Shift Register Clock input. 
-

L16 26 I Length Control inputs. The number of selected bit is equal 
to the sum of the subscripts of these enabled inputs plus 

L8 27 I one. 

L4 28 I 

L2 29 I 

L1 30 I 

SRO 31 0 Shift Register Output. 

RSAT 32 I Received Supervisory Audio Tone. 
This pin should be connected to RSAT of MSM6808/ 
6818. The signal is input into a buld-in Digital PLL for 
SAT so that the S/N is improved, and is output as SATO, 
SAT2, RS10. 

scco 33 I SCCO and SCC1 are SAT Color Code. 
These signals determine the center frequency of the Digital 

SCC1 34 I PLL for SAT. 

SCC1 scco Center Frequency 

0 0 5970 Hz 

0 1 6000 Hz 

1 0 6030 Hz 

1 1 -

SAT2 39 I The double frequency of SAT Signal is output. 
This may be used for discrimination of SAT frequencies. 

Refer to the description about RSAT. 

SATO 40 I This is an output for transmitting SAT signal. 
Before this signal is input into DSAT of MSM6808/6818, 
the phase of the signal may be delayed by build-in Shift 
Register. 

SRT2 41 I This pin should be tied to RTBR. SRT1 is used for the 
Demodulation Clock, same as SRT2. 

RS10 42 0 The output is ten times of the frequency of RSAT signal. 
When this signal is input to MSM6808/6818, it controls the 
center frequency of SAT and BPF to fit to RSAT signal. 
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Pin Name Pin No. 1/0 Function 

SELA 43 I This pin is used for selecting the center frequency of 
built-in Digital PLL for DTS and used for selecting 
Transmitting Data Rate. 

SELA= "1": 10 kHz (AMPS) 
SELA= "O": 8 kHz (TACS) 

METD 48 0 Manchester Encoded Data output. 
See Figure 2. 

TXCK 50 0 This is a clock output using for Transmitting Data. 
Refer to the description of SELA and Figure 2. 

TNRD 51 I Transmit NRZ Data. This input signale is modulated by 
an internal TXCK and is output as METD. 

See Figure 2. 

TXMK 52 I This pin should be connected to CLKT. 

CLKT 53 0 The double frequency of TXCK is output. CLKT should 
be connected with TXMK. 

PD 54 I Power down function enable pin. Logical "O" enables the 
power down mode. 

MK6 55 I Main Clock Input. One of MK6 and MK12 should be 

m input. When this pin is not used, it should be set to digital 
"O''. 

MK12 56 I Main Clock Input. See the description of MK6. When this 
pin is not used, it should be set at digital "O". 

GND 7 Ground level: 0 V 

35 

VDD 21 Power Supply: +5V 

49 

RST 1 I These pins are used for various tests. 
These pins should be usually connected to GND. 

TST4 3 I 

TST3 8 I 

TST1 9 I 
--

TST6 36 I 

TST5 38 I 
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Pin Name Pin No. 1/0 Function 

TST7 44 I These pins are used for various tests. 
These pins should be usually connected to GND. 

TST8 45 I 

OUT1 6 0 These pins are output pins for test. 

RT9B 12 0 
--

OUT2 13 0 

RD 14 0 
/ 

OD7 16 0 

DATA 19 0 

OUT3 37 0 

CHKA 46 0 

D 
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ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATING 

Parameter Symbol Condition 

Power Supply Voltage VDD Ta= 25°C 

Input/Output Voltage V1, Vo with reset to GND 

Input/Output Current 11,10 Ta= 25°C 

Storage Temperature Tst -

Power Dissipation Pd -

OPERATING RANGE 

Parameter Symbol Min 

Power Supply Voltage VDD 3 

Operating Temperature Topr -40 

RECOMMENDED OPERATING CONDITIONS 

Parameter Symbol 
Min 

Power Supply Voltage VDD 4.25 

Operating Temperature Topr -40 

"1" Input Voltage V1H 2.2 

"O" Input Voltage V1L -0.3 

MASTER CLOCK 

Parameter Symbol Condition 

Frequency Fi MK6 = 6 MHz 
or MK12 = 12 MHz 

MK6= 6 MHz 
Duty Ratio Fd 

MK12 = 12 MHz 

m-F-46 

Min Typ Max Unit 

-0.5 - +7 v 

-0.5 - vDD+o.5 v 

-10 - +10 mA 

-55 - +150 oc 

- 1 - w 

Typ Max Unit 

- 6 v 

- 85 oc 

Condition 
Unit 

Typ Max 

5 5.25 v 

25 85 oc 

- vDD+0.3 v 

- 0.8 v 

Min Typ Max Unit 

-0.01 0 +0.01 % 

45 50 55 
% 

20 50 80 
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DC CHARACTERISTICS 
(Voo = 5V + 5%, Ta= -40 +85°C) 

Parameter Symbol 

"1" Input Current l1H 

"O" Input Current l1l 

"1" Output Voltage VoH 

"O" Output Voltage Vol 

Standby Current ices 

Operation Power 
lcco Supply Cullent 

(* 1 ) VoH: upper/CMOS4000 
lower/TTl74, 74lS 

Condition . 
vi= Voo v 00 = 5.25 v 

Vi= GND 

10 = -40µA v 00 = 4.75 v 
10 = -400 µA 

10 = 2 mA (*') 

10 = 5 mA 

vi= Voo/GND Voo = 5.25 v 

Vi= Voo/GND Output pin open 

Vol: upper/CMOS4000, TTL74lS 
lower/TTl74 

Min Typ Max Unit 

- - 10 µA 

-10 - -

4.2 - - v 
2.4 - -

- - 0.4 v 
- - 0.5 

- 1 0.5 mA 

- 4 6 mA 

fil-F-47 
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AC CHARACTERISTICS 
(Voo = 5V +5%, Ta= -40 +85°C) 

Parameter Symbol Condition Min Typ Max Unit 

RT 
f RT1 DTS = 10 kHz, SELA= "1" - 10 - kHz 
f RTO DTS = 8 kHz, SELA= "O" - 8 -

RTBR 
f RTBR1 DTS = 10 kHz, SELA= "1" - 10 -

kHz 
f RTBRO DTS = 8 kHz, SELA= "O" - 8 -

f RS10 RSAT = 6 kHz - 60 - kHz 
RS10 

Output SAT2 f SAT2 
scco = "1 ",sec= "O" 

- 12 -
kHz 

Frequency SATO fSATO - 6 -
CLK4 
CLK6 

f CLK4 - 1.5 -
MHz 

f CLK6 - 1 -
SELA= "1" - 20 -

CLKT f CLKT1 
SELA= "O" 16 

kHz 
- -

TXCK fTXCK 
TXMK = 20 kHz - 10 -

kHz 
TXMK = 16 kHz - 8 -

f LDN1 
SELA= "1'', WCBR = "1" 9.993 10.007 kHz 

f HDN1 
-

f LDW1 
SELA= "1", WCBR = "O" 9.939 10.061 kHz 

fHDW1 
-

DTS-RT 
f LDNO 

SELA= "O", WCBR = "1" 7.993 8.007 kHz 
f HDNO 

-

PLL 
f LDWO 

Capture 
f HDWO 

SELA= "O", WCBR = "O" 7.961 - 8.040 kHz 
Range 

f LSO 
SCCO= sec 1 = "O" 5952.4 5988.0 Hz 

f HSO 
-

f LS1 
SCCO = "1", SCC1 = "O" 5982.1 6018:1 Hz 

f HS1 -
RSAT-STO 

f LS2 
SCCO = "O", SCC1 = "1" 6012.0 6048.4 Hz 

f HS2 
-
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MRI 

SRT1 
SRT2 

RD 
NRZD 

TXMK 

TXCK 

TNRD 

METD 

H 

I 

1 
I 
I 
I 
I 
I 
I 
I 
I 

H L H L 

Figure 1 MRI - NRZD Timing Chart 

I 

I 
I I I I 

~ 
I I 

1 L 
I 
I 
I 
I 

I 

Figure 2 METD Timing Chart 
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OK.I semiconductor 

PLL FREQUENCY SYNTHESIZER LSI 

GENERAL DESCRIPTION 
The MSM6960 is a PLL frequency synthesizer LSI which is fabricated by OK l's low power 

consumption CMOS silicon gate technology. The MSM6960 consists of a 10-bit program
mable counter, 7-bit swallow counter, a reference frequency divider, phase detectors and 
charge pump. 

The MSM6960 can be combined with a 1 GHz band prescaler to configurate a directly 
divided frequency synthesizer. 

FEATURES 
• Frequency synthesizer operating on a 

pulse swallow method. 
• Built-in reference frequency division 

factor selector. 
• Serial interface counter data. 

BLOCK DIAGRAM 

PSC 123l----i 

P-IN 

Swallow 
Counter 

7-bit 

17-bit Latch 

VDD GND 

17-bit Shift Register 

• Two types of phase comparator output: 
Tristate (EO) and double end (EOU, 
EOD). 

• Unlocked phase detection output. 
• 24-pin mini-mold flat package. 

PO V 

Phase 
Detector 

1 

Phase 

m-F-51 

[i 



ii 

+CELLULARPHONE·MSM6960+·~~~~~~~~~~~~~~~~~ 

PIN CONFIGURATION 

(Top View) 24 lead plastic flat 

P-IN 

PO 

DATA 

*NC 

LO 

EO 

*NC 

EOD 

EOU 

GND 

0 

*NC: Left unconnected. 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

Parameter Symbol Condition 

Power Supply 
Voo Ta= +25°C Voltage 

Input 
V1N Ta=+25°C Voltage 

Output 
VouT Ta= +25°C Voltage 

Operating 
Top -Temperature 

Storage 
TsTG -Temperature 

Output 
VouT EOD Ta=+25°C Voltage 

m-F-52 

Min 

-0.3 

-0.5 

-0.5 

-40 

-55 

-0.5 

VDD 

PSC 

NC* 

NC* 

NC* 

NC* 

NC* 

R-IN 

STB 

CLK 

Typ 

-

-

-

-

-

-

Max Unit 

+7 v 

v00+o.5 v 

v00+o.5 v 

+85 oc 

+150 oc 

Voo+3 v 
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RECOMMENDED OPERATING CONDITIONS 
(Voo = 5V ±10%, Ta= -40 - +85°C) 

Parameter Symbol Condition Min Typ Max Unit 

Input Rise Time tir STB, DATA, CLK, - 20 500 ns V,R,SEL 

Input Fall Time tif STB, DATA, CLK, - 20 500 ns V,R,SEL 

DC CHARACTERISTICS 
(Voo = 5V ±10%, Ta= -40 - +85°C) 

Parameter Symbol Condition Min Typ Max Unit 

Low-level Input 
V1L 

STB, DATA, CLK, - - 0.3xv00 v Voltage V,R,SEL 

High-level Input 
V1H 

STB, DATA, CLK, 0.7xv00 - - v Voltage V,R,SEL 

Low-level Ouput 
Vol loL=3mA - 0.2 0.4 v Voltage 

High-level Output 
VoH IOH =-1 mA 4.0 4.9 - v Voltage 

Input Leak 
I Li R-IN,P-IN - ±7 ±40 µA Current 

Output Leak 
ILQ EO - ±0.05 ±1 µA Current 

II 
AC CHARACTERISTICS 

(Voo = 5V ±10%, Ta= -40 - +85°C) 

Parameter Symbol Condition Min Typ Max Unit 

fin (R) R-IN Vin= 1 Vp-p 
16 130 - MHz Maximum sine wave 

Operating 
Frequency fin (P) P-IN Vin= 1 Vp-p 

10 45 - MHz sine wave 

Output Delay Time tpd P-IN--> PSC 
CL= 20 pF - 12 80 ns 

R-IN = 16 MHz, 

Supply Current 'oo 
1 Vp-p - 4 10 mA P-IN = 10 MHz, 
1 Vp-p 

Input Amplitude Vin R-IN,P-IN 1.0 - Voo Vp-p 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

P-IN 1 Programmable divider input pin. 

PO 2 Programmable divider output pin. 

DATA 3 17-bit shift register data input pin. 

LD 5 Unlocked phase detection pin (lock detector); high when 
locked, pulse output when unlocked. 

EO 6 Phase detector output (tristate). 

v 7 Phase detector variable input; connected to PO when the 
LPF is of inverted type. 

R 8 Phase detector reference input; a reference signal is input 
when the LPF is of inverted type. 

EOD 10 Phase detector output (for external charge pump 
installation), N-ch open drain. 

EOU 11 Phase detector output (for external charge pump 
installation, CMOS output. 

GND 12 System ground. 

CLK 13 17-bit shift register clock input pin. 

STB 14 17-bit latch strobe input pin to specify the N-value. 

R-IN 15 Reference frequency divider input. 

SEL 17 Reference frequency division factor selector; division by 
1,024 when high, division by 512 when low. 

09/010 18 Reference frequency divider output. 

PSC 23 Prescaler control output; high:+P, Lo:+(P+1) 

VDD 24 Power supply pin (+5V) 
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~~~~~~~~~~~~~~~~~+CELLULARPHONE·MSM6960+ 

APPLICATION NOTE 

Data Input Method: 

As the N-value for the programmable divider, 17-bit binary data is input to the shift 
register, starting with. the most significant bit (MSB), which is finally latched by a strobe 
signal. 

The input data has positive logic. It is shifted on the leading edge of each clock pulse, 
is through when the strobe goes high, is latched on its trailing edge, and is held when it goes 
low. With the prescaler being set to 7128/7129 (7-bit), the input data is directly acceptable 
if the total N-value is converted to binary. With a lower divider ratio, such as 764/765 or 
732/-'-33, the addition of dummy bytes is necessary. 

Input Timing 

Data 

Clock 

Strobe 

Tz Ta T4 

T1 -T4 : >10µs 

Programmable 
counter, 7-bits 

Swallow counter, 
10-bits 

Dummy Bit Handling: N16-N0 represent a calculated N-value (N 16 : MSB). 
0 16 -00 represent input data (0 16 : MSB) to the MSM6960. 

+128/+129 
N16 Nu N,4 Nu N12 NII NIO N• Na N, N6 NS N4 Na Nz 

(No dummy bits + + + + + + + + + + + + + + 
are required.) D16 Dts D14 Dia Du Du D10 D• Ds D, D6 Ds D4 Da Dz 

+64/+65 N1s N14 Nia N12 Nu NIO N. Ns N, N6 Ns N4 Na Nz 

(One dummy /111111111 + + + 
bits are D16 D15 D14 D13 D1z Du D10 Do Ds D, ~ Ds D4 Ds Dz 
required.) 

t Insert dummy bit 0. 

+32/+33 
- Ni4 N13 Nu Nu Nio N9 Ng N1 N6 Ns N4 N3 N2 

(Two dummy bits /////////L + t t 
are required.) D16 D15 D14 D13 D12 D11 D10 D9 0 8 D7 ~ D4 Da Dz 

t Insert dummy bit 0. 

NI No 

+ + 
DI Do 

NI No 

+ + 
DI Do 

Ni No 

t t 
DI Do 
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+CELLULARPHONE·MSM6960+~~~~~~~~~~~~~~~~~-

Prescaler Connection 

+5V +5V 

vcc 
In Out P-IN 

GND (PSC) 
MSM6960GS 

Modulus input 
23 PSC 

(Prescaler) 

• The prescaler output and the programmable divider input (pin 1) are connected to each 
other by cutting the current flow with a capacitor. 

• Connect the prescaler modulus input pin and the MSM6960GS PSC output pin directly 
to each other, as they require DC coupling. 

PLL Polarity 

• With an inverted low-pass filter LPF, connect phase detector input R (pin 8) to the 
reference signal and V (pin 7) to the programmable divider output if a mixer with a 
higher level of local oscillation than VCO is not available in the PLL loop or if direct 
division is desired. 

• With a non-inverted LPF (such as a passive filter), interchange the R and V connections. 

[i] External Charge Pump Installation 

• CMOS output (pin 11) and N-ch open drain (pin 10) are available to allow external 
installation of a charge pump. 

• The charge pump supply voltage can be raised 3V above MSM6960GS Voo. 
• An example of a circuit setup in which an external charge pump is configured by using 

P-ch and N-ch transistors (enhancement type) is shown at as follow. 

Vee 

P-ch 

EOU 
R 

C.P 

det EOD 

v 
N-ch 

Inside of MSM6960 External Charge Pump 

fil-F-56 



~~~~~~~~~~~~~~~~~+CELLULARPHONE·MSM6960+ 

0 
x 
u 
..... 

u 
z 
u z 
u z 
u en a. 

0 
0 
> 

en 

:ii: 
0 
u 
:t 

en 
(.!) 

0 
tO en 
tO 
:ii: 
en 
:ii: 

2 .. 
:I"'~ 

"'C 1i ii. 
~ en + "' ....... .. a. 
N Q. + 

AVAILABLE SYSTEM FREQUENCY 

Channel Spacing TCXO Ref. 
Divider 

fcH Frequency SEL Input 

30 KHz System 15.36 MHz 
L 

25 KHz System 
12.8 MHz 

12.5 KHz System H 

0 g .... 

+ 
0 
u 
> 

VCO Frequency Range 

Prescaler P/P+1 

+128/+129 +64/+65 

491.520- 1300 MHz 122.880- 640 MHz 

409.600 - 1300 MHz 102.400 - 640 MHz 

204.800 - 1300 MHz 51.200 - 640 MHz 
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OKI semiconductor 

MSM6252 
64 WORDS x 4-BITS FIRST IN FIRST OUT MEMORY 

GENERAL DESCRIPTION 

The MSM6252RS is a 64-word x 4-bit first-in first-out memory using silicon gate CMOS 
technology. This memory is compatible with Fairchild 3341 MOS FIFO. 
Data input (shift in) and data output (shift out) operations may be executed asynchronously, and the 
memory can be easily extended in both bit and word directions. 

FEATURES 

• Silicon gate CMOS technology 
• 5V single power supply 
• 6 MHz shift out/shift in rates 
• Low power consumption (150 mW max. when 

operating at 6 MHz) 

CIRCUIT CONFIGURATION 

• Fairchild F3341 MOS FIFO compatibility 
(No data reset function) 

• TTL compatible input/output 
• 16-pin plastic DIP 

0 ----- ---- 63 

Do 
4 13 

·- ·- Oo 
:> :> :> 

5 ~ ~ ~ 12 D1 "(j "(j "(j 01 
.i::: .i::: .i::: 

6 u u 
~ 11 

D2 !§ !§ ---- 02 

"' "' "' 7 
.., .., 

1ii 10 03 Cl Cl Cl 03 

·:; :> ·:; ·:; ~ ~ 
~ "(j "(j ~ 
"(j e e 

"(j 

e c: c: g 
c: 0 0 c: 
0 u u 0 
u ~ u 

"5 * * "5 
c. "6> c. 

-= 
"6> "5 Q) Q) a: a: 0 

2 15 IR ----so 

3 1---1_4 __ OR SI 

MR--9----<1>--------e---~ 

(These specifications are subject to modification without prior notification.) 
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PIN CONFIGURATION 

Pin No. Symbol 

1 -

2 IR 

3 SI 

4 Do 

5 D1 

6 D2 

7 Da 

8 GND 

INPUT READY 

!Do 4 

D1 
DATA IN 

D2 

03 

Name 

(N.e.) 

INPUT READY 

SHIFT IN 

Data input 

Data input 

Data input 

Data input 

Power supply (OV) 

Pin No. Symbol Name 

9 MR MASTER RESET 

10 Oa Data output 

11 02 Data output 

12 01 Data output 

13 Oo Data output 

14 OR OUTPUT READY 

15 so SHIFT OUT 

16 Vee Power supply (5V) 

An abbreviated format (M6252) is used to indicate the type name. 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Conditions 

Power Supply Voltage Vee Respect to GND 

Input voltage V1N 

Output voltage VouT 

Storage temperature Tstg -
~-~ ------+--

Power dissipation Pd Ta= 25°C 

Recommended Operating Conditions 

Parameter Symbol Min 

Supply Voltage Vee 4.5 

Operating temperature Vop -40 

"L" input voltage V1L -0.3 

"H" input voltage V1H 2.2 

DC Characteristics 
(Vee = 4.5V - 5.5V, Ta= -40°C - +85°C) 

Parameter Symbol Conditions 

"L" output voltage Vol IOL = 2mA 

loH = -400µ,A 
"H" output voltage VoH 

loH = -40µ,A 

Input leak current iu ov::Sv1N::Svcc 

Operating Load capacity CL= O 

supply current icco when operating at 6 
MHz 

Ratings Unit 

-0.5 -+7.0 v 

-o.5 - Vcc+o.5 v 

-o.5 - Vcc+o.5 v 

-55-+150 oc 

0.8 w 

Typ Max Unit 

5.0 5.5 v 

+25 +85 oc 

- +0.8 v 

- Vcc+o.3 v 

Min Typ Max Unit 

- - 0.45 v 

2.4 - - Ii 
v 

4.2 - -

-10 - 10 µ,A 

-- 16 30 mA 
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AC Characteristics 
(Vee= 4.5V - 5.5V, Ta= -40°C - +85°C) 

Parameter Symbol Figure No. Min Max Unit 

SI "H" time ts1H 1 30 - ns 

SI "L" time ts1L 1 120 - ns 

Data set-up time in respect 
t1os 1 10 - ns to SI leading edge 

Data hold time in respect 
t1DH 1 120 - ns to SI leading edge 

SO "H" time tsoH 5 30 - ns 

SO "L" time tsoL 5 120 - ns 

MR pulse width tMRW 9 80 - ns 

Interval from MR leading edge 
tMRS 9 80 - ns to SI leading edge 

SI rate f1N 1 - 6 MHz 

Delay time from SI leading 
t1RL 1 - 110 ns edge to IR trailing edge 

Delay time from SI trailing 
t1RH 1 - 120 ns edge to IR leading edge 

SO rate lour 5 - 6 MHz 

Delay time from SO leading 
toRL 5 edge to OR trailing edge - 110 ns 

Delay time from SO trailing 
to RH 5 - 120 ns edge to OR leading edge 

Delay time from SO trailing edge 
too 5 10 120 ns up to next data output 

Data throughput time (fall through time) tpr 3, 7 - 5 µ,S 

Delay time from MR trailing 
tMRORL 9 - 100 ns edge to OR trailing edge 

Delay time from MR trailing 
tMRIRH 9 - 100 ns edge to IR leading edge 

IR "H" pulse width t1PH 3 18 - ns 

OR "H" pulse width to PH 7 18 - ns 

Note: Load during measurement is CL= 20pF 
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DESCRIPTION OF OPERATION 

Data input 
The data input pins are Do thru Os. When 

Input Ready (IR) is "H", the first word (word 0) is 
ready to accept data. 

Data then present at the data inputs is 
entered into the first word when the SHIFT IN 
(SI) is brought "H". This causes IR to go "L". 
That data remains in word 0 until SI is brought 
"L", and IR is kept at "L". If no data is stored in 
word 1, and St is brought "L", the word O data is 
transferred to word 1 and IR will go "H" 
indicating that the device is ready to accept new 
data. 

If the FIFO is full, IR is kept at "L". 

Data transfer 
Once data is entered into the word 1, the 

transfer of any full word to the adjacent 
(preceding) empty word is automatic, activated 
by an internal FIFO control. 

That is, while an empty word exists, data is 
filled up sequentially on the FIFO output side. 

tpT defines the time required for the first data 
to travel from the input to the output of a 
previously empty device. 

Data output 
The data output pins are Oo thru Os. When 

data is shifted through to word 63, OUTPUT 
READY (OR) goes "H", indicating the presence 
of valid data. When SHIFT OUT (SO) is brought 
"H", OR goes "L", and Oo thru Os maintains the 
previous data. 

When SO is brought "L", new data (stored in 
word 62) is shifted into word 63, then OUTPUT 
to Oo thru Os, and OR goes "H". 

If the FIFO is empty, OR is kept at "L", and Oo 
thru Os are kept at the previous status. 

IR and OR may also be used as status 
signals indicating that the FIFO is completely full 
(IR stays "L" for at least tpT) or completely 
empty (OR stays "L" for at least tpT). 

Master reset 
When Master Reset (MR) goes "L", the 

control logic is cleared. When MR returns "H", 
OR is kept at "L" and IR is kept at "H" if SI is "L". 
Since output data (Oo thru Os) is unaffected by 
MR, data on Oo thru Os should be considered 
valid only while OR is "H". 
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TIMING CHARTS 

SHIFT IN 

INPUT DATA 

Fig. 1 Input timing 

®I-"---. ~ 
SHIFT IN - l -

)D l 
INPUTREADY --'------q®'-_3 

_________ ®,_A_,~r-------~---

INPUTDATA ---STABLEDATA~ 

Fig. 2 Input timing descripion diagram 

CD IR at "H" level indicates that data can be stored by the SI pulse. 
® Data is stored in the first word. 
@ First word is full. 
© Data is transferred from first to second word. 
@ First word reverted to ready status since data has been transferred from first to second 

word. 
@ IR remains at "L" since second word is full. 

Note: SI pulse is disregarded while IR is "L". (See Figure 4.) 

SHIFT OUT 

SHIFT IN 

CD FIFO is already full. 
@ SI is kept at "H". 

m-G-8 
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® 

SHIFT OUT 

SHIFT IN 

INPUTDATA ~'--------'~ 
Fig. 4 Operation when SI and IR are both "H" 

CD FIFO is already full. 
® Vacancy is formed in the FIFO due to output of last word data by SO pulse. 
® SI is kept at "H". 
© INPUT DATA is entered into first word immediately when IA goes "H". 
® First word data is transferred to second word when SI is brought "L". 

SHIFT OUT 

OUTPUT DATA 

Fig. 5 Output timing 

C-DATA 

CD The A-, B-, and C-DATA data denotes the data in words 63, 62, and 61 in this timing. 

[[ 
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D 

OUTPUT DATA 

Fig. 6 Output timing description diagram 

CD SO at "H" level indicates that data output is possible by SO pulse. 
® Proceed to next step when SI becomes "H". 
® OR goes "L". 
® Word 62 data (B) is transferred to word 63. 
@ OR goes "H", and new data (B) is output by the FIFO. 
i@l If only a single item of data is stored in the FIFO, OR remains at "L", and no change occurs 

in the output (A-data). 

SHIFTIN ~ l 
SHIFT ouT .F,... .... ®-2----:~~~~~~~~~-------F--------

0) tpT----- toPH \j 
OUTPUT READY~/'--------------------'· ~----

Fig. 7 tpy and toPH specifications 

CD FIFO is already empty. 
® SO is kept at "H". 

SHIFT OUT 

®y '(® 
OUTPUT READY 

l:D ( OUTPUT DATA A-DATA 

5 

rrrrnnnTm 
lUUUUUUU 

~ 
Fig. 8 Operation when SO and OR are both "H" 

CD Word 63 is empty. 
® New data (A) reaches the output (word 63). 
® OR goes "H" to indicate that new data has arrived. 
© OR goes "L" immediately if SO remains at "H". 
® When OR goes "L", the output is changed immediately by the status of the OR dash line. 
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i--lMRW-+ 
\ II 

MASTER RESET 

I\. 

1.- IMRIRH 
I/ 

..Ji 

~ IMRORL 

\J 

INPUT READY 

OUTPUT READY 

I\ 

IMRS . 
SHIFT IN 

___ } 
Fig. 9 Master reset timing 

CD FIFO is full. 

CIRCUIT EXAMPLES (FIFO EXPANSION) 

INPUT READY IR so IR so SHIFT OUT 
SHIFT IN SI OR SI OR OUTPUT READY 

DATA'N ! 
MASTER RESET 

OMPOSITE c 
IN PUT READY 

IR so 
r-- SI OR 

--, Do Oo 
-1 01 01 
-1 02 02 
-1 03MR0s 

't 
IR so 

~ 
SI OR 
Do Oo 

-1 01 01 
-1 02 02 
--I Os MR Os 

i 
IR so 
SI OR 

-1 Do Oo 
-101 01 
-I 02 02 
--1 03MR03 

-y_: 

Do Oo 

)DATAOUO D1 01 
D2 02 
D3 MR 03 

Do Oo 
D1 01 
D2 02 
D3 MR 03 

1 28 x 4 FIFO configuration example 

IR so IR so SHIFT OUT 

SI OR SI OR 
Do Oo Do Oo I-
01 01 01 01 t-
02 02 02 02t-
Os MR Os Os MR Ost-

-1 l- COMPOSITE 
OUTPUT REA DY 

IR so IR so t---< 
SI OR SI OR 
Do Oo Do Oot-
01 01 01 01t-
02 02 02 02t-
DsMROs Os MROst-

_i _y 
IR so IR so t--
SI OR SI OR 
Do Oo Do Ool-
01 01 01 01t-
02 02 D2_02t-
Os MR Os Ds MR Os I-

y :y MASTERRESE T 

192 x 12 FIFO configuration example 

Note: The SO~ IR and OR - SI line capacitance should be less than 20pF. 
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OKI semiconductor 

MSM6920RS/6945RS 
SINGLE CHIP DTMF DECODER 

GENERAL DESCRIPTION 
The MSM6920RS/6945RS are DTMF decoder LSls which can decode 16 kinds of DTMF signals 

which consist of the combination of 4 high group frequency signals and 4 low group frequency 
signals. 

The MSM6920RS is suitable for the application for End-to-Center equipment or PABX because it 
has filter characteristics to reduce the mistake-in decoding. 

The MSM6945RS is suitable for the application for End-to-End equipment because it has a wide 
detective range. 

The MSM6920RS/6945RS provide all necessary filtering, detector, timer. and miscellaneous 
logics required to implement the system. 

The MSM6920RS/6945RS are fabricated by OKl's advanced CMOS technology which realizes 
high reliability and low power consumption. 

FEATURES 

• Power supply: +12V and +5V • Built-in echo control circuit (MSM6945RS 
• Low power consumption: 80 mV (TYP) only) 
• Input signal level • 3.58 MHz crystal oscillation circuit on chip 

MSM6920RS: -5 - -32 dBm 600 O/each tone • TTL compatible digital interface 
MSM6945RS: -5 - -48 dBm 6000/each tone • Signal present (SP) output capability 

• Built-in RC active pre-LPF • Tri-state output 
• 3 kHz emphasizing for prevention of the • CMOS silicon gate process 

voice error (MSM6920RS only) • 28-pin plastic DIP package 
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BLOCK DIAGRAM 

VD,~ 
CONV 

VD, 

AG 0--

DG 0--
Al N~ 
V~"~L:.J AMP 

PIN CONFIGURATION (Top View) 

SG, VREF BW VA~ 
AG 

+ - + -
VA VA VTHVTH 

BEL 

BEH 

SP 

Do 

D' 

D, 

Do 

TIMING Doc 

OUTPUT 
CONTROL 

MUTE 

RS 

28-pin Plastic Package 

m 
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ELECTRICAL CH.:iRACTERISTICS 

Absolute Maximum Ratings 

Parameter Symbol Conditions Rating Unit 

VA -0.3 -15 
Power Supply Voltage 

Vo Ta= 25°C -0.3 -7 v 

Analog Input Voltage *1 V1A With respect -0.3 -VA+0.3 
to AG or DG 

Digital Input Voltage *2 V10 -0.3 - Vo+0.3 

Operating Temperature Top - -30 -70 
oc 

Storage Temperature Tstg - -55 -150 

*1 BW,AIN 

*2 MUTE, RS, CS, EXCLK, X1, OC 

Recommended Operating Conditions 

Parameter Symbol Conditions Min Typ Max Unit 

Power Supply VA 10.8 12.0 13.2 

Voltage 
Wi,th respect to AG or DG v 

Vo 4.75 5.00 5.25 

Operating 
Top -

Temperature -30 - 70 oc 

-
RL 

RT =600 n - 600 - n 

- RT= 10 k!1 - 10 -
(/) 

R1 - - - 2.4 - kn t 
l1l 

Cl. 
"C R2 - - - 100 -
(]) 
.s:: 
u C1 - - - 0.03 -l1l 

~ 
C2 1 <ii - - - -

E .s C3 - - 0.01 - - µ,F 
>< 

UJ 
C4 - - - 10 -

C5 - - - 10 -

CRYSTAL - - - 3.579545 - MHz 

Refer to Application circuit (Figure 4) for external attached parts. 
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DC and Digital Interface Characteristics 
(VA= 12V±10%, Vo= 5V±5%, Ta= -30 - 70°C) 

Parameter Symbol 

Power Supply Current 
IA 

lo 

Input Leakage l1L 
Current *1 

l1H 

Input Voltage *1 
V1L 

V1H 

Output Voltage *2 
VoL 

VoH 

Output Leakage IOLL 
Current *2 

IOLH 

*1 MUTE, RS, CS, OC, (EXCLK) 
*2 SP, Do, D 1, 02, Da 

Conditions 

-

-

V1 =Ov 

V1 =Vo 

-

-

lo =0.36 mA 

IOH =-20 µ,A 

MUTE ="H" 
ToDG 

To Vo 

Min Typ Max Unit 

- 7 14 
mA 

- 0.2 1.0 

-10 - 10 
µ,A 

-10 - 10 

0 - 0.8 

2.2 - VD (0.7VD) 
v 

0 - 0.4 

0.8VD - VD 

-10 - 10 
µ,A 

-10 - 10 

II 
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+ OTHERS·MSM6920/45 --------------------

Analog Interface Characteristics 
(VA= 12V±10%, Vo= 5V±5%, Ta= -30 - 70°C) 

Parameter Symbol Conditions Min Typ Max Unit 

Input (AIN) 
RIN 

f1N<S kHz 
2 Mn Resistance v1N<+1 dBm - -

Input AIN ILA1 
ov 

(AG) <V1N<VA -10 - 10 

Leakage µ,A 
Current BW ILA2 V1N =OV(AG) -100 - 10 

Input (AIN) Signal 
V1N1 ~ - ~ Detection Level 8 5 

For each tone 

~ 
dBm 

Input (AIN) Signal 
V1N2 - -Non-detection Level 6 

Tone Low 
BWLD1 2.4 Group - -

Frequency 

Deviation High 
Accept Group BWHD1 - - 2.1 

B W is not connected 

Tone Low 
BWLR1 3.8 Group - -

Frequency 

Deviation High 
Reject Group BWHR1 3.6 - -

~ 
% 

Tone Low 
BwLD2 Group - -

Frequency 

Deviation High ~ Accept Group BWHD2 - -
BW=OV(AG) 

~ Tone Low 
BWLR2 Group - -

Frequency 

Deviation High ~ Reject Group BWHR2 - -

Level Twist VTw 
Between 

6 dB two tones - -

Signal echo level ratio S/E Vsignal/Vecho ~ - - dB 

Signal Groud 
VsG2 ~A-0.1 VA ~A +0.1 v (SG2) Voltage - 2 

0 dBm = 0.775 Vrms 
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--------------------+ OTHERS·MSM6920/45 + 

Band Split Filter Characteristics 
(VA= 12V±10%, VD= 5V±5%, Ta= -30 - 70°C) 

Parameter Symbol Conditions Min Typ Max Unit 

Relative 
Dial Tone Rejection DTR Value lo 

750or 0 -420 Hz 43 - -

1500 Hz 

Pass Band 
GL1 

677 - ~ ~ Low Gain Relative 967 Hz - . 

6 
value to dB 

Group Rejection 750 Hz 1175 -
Band Gain GL2 1678 Hz - - -21 

Pass Band 
GH1 

1175 - ~ ~ Gain Relative 1678 Hz -
High 6 

value to 
6 

Group Rejection 1500 Hz 677-
Band Gain GH2 967 Hz 

- - -21 

Above values can be defined and measured al the pin of BEL or BEH. 

MSM6920 

MSM6945 
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0.5K 

0.5K 

1K 1.5K 

Figure 1 Low Group Signal (BEL) 

1K 1.5K 

2K 

2K 

x5dB 
~K 
FREQ. (Hz) 

_A5dB 
~ 
FREQ. (Hz) 

• MSM6920RS has the voice 
emphasis features which improve 
the talk-off characteristics. 

Figure 2 High Group Signal (BEH) 



Signal Timing Characteristics 
(VA= 12V±10%, Vo= 5V±5%, Ta= -30 - 70°C) 

Parameter Symbol Conditions Min Typ Max 

Signal Repetition Time Tc 120 - -

Time to Receive Ts 49 - -

Invalid Tone Duration T1 - - 24 

Output Delay Time TG 24 - 49 
---

lnterdigit Pause Tp 30 - -

Acceptable Drop Out Ts - - 2 

SP Delay Time Tsp 6 - 10 

Output Continuation 
To "Low" 40 - 45 Time 

oc 
Output Trailing 

To "High" 21 - 35 Edge Delay 

Tc-----~ 
I t I I 
i----- Ts --~ Tp -------t -.iTsi----
1 ! I I I 

AIN 

Signal ~VYYYY\111-----~ 
00-03 

OC="Low" 

SP 

00-03 

OC="High" 

SP 

I 

---i F -I T;;l-- I L TG 

I 
I I 

-.: ~ I 

I I L I Tsp 

Figure 3 Timing Diagram 

Unit 

ms 

[[ 

ill-G-19 



Hexa-Decimal Digital Output Truth Table 

Combinations of Input DTMF Signals 

~ 
Digital Output 

Low-Group High-Group 

L, L2 La L• H, H2 Ha H• Ds D2 D1 Do y 

0 0 0 0 0 0 0 

1 0 0 0 0 0 1 

2 0 0 0 0 1 0 

3 0 0 0 0 1 1 

4 0 0 0 1 0 0 

5 0 0 0 1 0 1 

6 0 0 0 1 1 0 

7 0 0 0 1 1 1 

8 0 0 1 0 0 0 

9 0 0 1 0 0 1 

A 0 0 1 0 1 0 

D 
B 0 0 1 0 1 1 

c 0 0 1 1 0 0 

D 0 0 1 1 0 1 

. 0 0 1 1 1 0 

# 0 0 1 1 1 1 

1 ...... Digital High Level 
O ....•. Digital Low Level 
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PIN DESCRIPTIONS 

Pin 
Pin Name No. Function 

MUTE 1 3-state output control input. If MUTE= digital "High'', the outputs Do, D" D2, 
D3 and SP are put in a high impedance state. If MUTE= digital "Low", these 
outputs are activated. 

RS 2 Power-ON Reset control input. If RS =digital "Low", the outputs Do, D '· D 2, 
D3 and SP are put in a high impedance state whether Mute= digital "Low" 
or "High". 
Applying of this function is drawn in the following Application, Figure 5,6. 

VD2 3 This is used for "Power-ON Reset" function. 
Refer to Figure 5, 6. 

NC 4 Non-Connection 

NC 5 Non-Connection 

BW 6 If BW is connected to AG, "Tone Frequency Deviation Accept and Reject" 
range are set to t;e fit for the PABX application. If BW is left opened, this 
device shows the characteristics that is fit for the End-to-Center 
application. In PABX application, the analog line interface circuit must be 
arranged according to Figure 8 to adjust the input DTMF signal level. 

NC 7 Non-Connection 

AG 8 Ground reference of VA. (Analog Ground) 
This pin should be common with DG at the System Ground point as close 
as possible. 

NC 9 Non-Connection 

NC 10 Non-Connection 

SG2 11 SG2 is built-in analog signal ground. 
This voltage is nearly VA/2 volts, so the analog line inteface of AIN must be 
implemented by AC-coupling as shown in Figure 4. 
To make its impedance lower over wide frequency range, it is necessary to 
be AC grounded for AG via a bypass capacitor of more than 1 µF. 

SG1 12 This is voltage reference for SG2 and is obtained by two-equal resistors 
devision among VA and AG. If VA has some noise and ripples, it is 
necessary to be AC grounded for AG via a bypass capacitor of more than 
0.01 µF so as to keep SG2 silent. 
If the bypass capacitor is 0.01 µF, the rejection ratio at 500 Hz is kept more 
than 9 dB because of a high resistive impedance of SG 1. 

AIN 13 A DTMF signal input. For the interface with phone line, refer to Figure 4. 
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Pin Name 
Pin 
No. Function 

VA 14 Power supply pin for the analog circuit. 
A +12V supply is recommended. 

BEH 15 A High group signal output picked out from a DTMF signal by Band split 
filter. This pin is used for IC-Test only. 

BEL 16 A Low group signal output picked out from a DTMF signal by Band split 
filter. This pin is also used for IC-Test only. 

cs 17 If an external 3.58 MHz clock is required to use, CS must be connected to 
digital "Low" in order to input the clock to EXCLK. 
When crystal controlled oscillator on chip is required, this pin must be con-
nected to digital "High". 

EXCLK 18 If required to use an external 3.58 MHz clock, CS must be connected to 
EXCLK. 
When crystal controlled oscillator on chip is required, this pin should be 
connected to digital "Low" or "High". The interface condition of EXCLK is 
different from other digital inputs. Refer to Figure 7. 

X1 19 Crystal Sense. X 1 and X2 connect to a 3.579545 MHz crystal to generate a 
crystal locked clock for the chip. 
If required to use a external clock, X 1 should be connected to digital "Low" 
or "High" and X2 should be left opened. 

X2 20 Crystal Drive. Refer to pin 19 for details. 

oc 21 The time length of digital outputs control input. If OC =digital "High", the 
digital outputs DO, D1, D2, D3 and SP follow the DTMF signal in the time 
length. 
If OC = digital "Low", DO, D1, 02, D3 and SP output the constant time 
length data regardless of the DTMF signal length. Refer to Figure 3. 

SP 22 DTMF signal present output. SP is used for scanning detection of the data 
outputs DO, D1, D2 and D3, and so on. 

DG 23 Ground reference of VD1. (Digital Ground) 
This pin should be common with AG at the system Ground point as close 
as possible. 

Do 24 

D, 25 Digital outputs with Hexa-decimal code. 
High output impedance is capable. 

D2 26 Refer to "Digital Output Truth Table''. 

D3 27 

VD1 28 Power supply pin for the digital circuit. 
A +5V supply is recommended. 
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APPLICATION NOTE 

DIGITAL 

~~~~~---+--~- OUTPUT 

-+ 

10µ l VA 

Figure 4 Application Circuit 

CONT1 CONT2 

"H" "L" "H" "L" 

DIGITAL 
OUTPUT Hi Lo - -

IMPEDANCE 

DIGITAL Follow-
OUTPUT - ingAIN Constant 

LENGTH signal length 

NOTICE 1 . The crystal should be wired at a close physical proximity to the device. 
2. High level signals should be avoided to route next to low level signals. 
3. Bypass capacitors put on VA, SG1 and SG2 should be as close to the device as possible. 
4. AG and DG should be connected atthe point that is as close to the system ground as possible. 
5. As for an application for PABX, refer to Figure 8. 
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• Power ON Reset Function 
If required "Power ON Reset" function that Is used for neglecting the invalid output data 

immediately after Power ON, the following circuit may be of use. 

o. 

02 

Do 

SP 

Figure 5 

VD(VD~~~~~~~~~~~~~~~~~ 
;..__ T ____.; 

RS ; ~esholdvoltageofRS 
I 
I 

SP Hi i~~~lnce Wl: ;i:-~m;;~:~~ ~ 
j Active - state Do-• 

Figure6 

After Power ON, SP is hold at digital "Low" by the existence of resistor Rs during "T" seconds. 
Normal values of Rs. Rp and Cp are 100 kn, 5 MO and 0.47 µ.F respectively. In this case, "T" will 
be 1.6 second approximately. In this case, the gate which receives output should be CMOS. 

Be careful to the fact that SP has not perfect Hi-output impedance by the existence of Rs even 
though MUTE is connected to digital "High" and other outputs are in the state of Hi-output 
impedance. 
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--------------------+ OTHERS·MSM6920/45 + 

• External Oscillator Connection 
In case of using an external clock as a oscillation source, following circuit can be applied. 

External 
Oscillator 

D 
3.579545 MHz 

Not connected 

EXCLK 

cs 

"::" DG 

Figure 7 

* TTL or High-Speed CMOS Gate with less than 50pF load capacitance 

• Application for PABX (MSM6920RS) 
In PABX system, DTMF signal level is relatively high in comparison with the level of "End to 
Center". In case of Application for PABX, the signal detection level range should be 0 - -20 dBm 
and the Non-detection level must be less than -35dBm. So, the application circuit in Figure 4 
cannot be applied. In this case following circuit can be applied. BW and OC should be connected 
to AG and DG respectively. Be careful to the position of R1. 

100K 

PH~JRy:RT 
LINE 

-I '-".AA..---<...__-+---l r--vvv---+--~~-< 

(/) 

6 BW g; DG 2°>---~ 

"' "' ID 

AG~ OC 
::::;: 

600 n 300 n 300 n 

1okn 5.1 kn 5.1 kn Figure 8 
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OKI semiconductor 

MSM6980-03 
32K-BIT/SEC ADPCM CODEC 

GENERAL DESCRIPTION 
The MSM6980-03 is a 32K-bit/sec ADPCM CODEC which is fabricated by OKl's low 

power consumption CMOS silicon gate technology. 

The MSM6980-03 is used for highly efficient digital-to-digital converting of PCM voice 
data with the transmission rate of 32K-bit/sec. 

When MSM6980-03 is applied as the transcoder together with the common 64K-bit/sec 
PCM voice CODEC, the transmission line come to have double data transmission data 
capability as MSM6980-03 can code the 64K-bit/sec PCM code into the 32K-bit/sec ADPCM 
code or can decode the ADPCM data into the PCM data without losing the quality of the 
voice. 

MSM6980-03 can be applied into various applications, like high speed data multiplexer 
used on a digital line, in the digital PBX or in the digital data terminal equipment. 

FEATURES 
• 9600 bps modem signal (CCITT V.29) 

transmission* capability by OKl's 
original coding algorism. 
Asynchronous tandem connection; 
capability within 2-link. 
Synchronous tandem connection; 
capability regardless of link number. 

• Voice or tone signal transmission can 
be performed conforming to CCITT 
G.721 (ADPCM) recommendation. 

• Lower data transmission rate (24K 
bit/sec) is capable in voice signal trans
mission. 

• µ-law and A-law selectable. 
• ADPCM coding or decoding selectable. 

m-G-26 

• Parallel and serial 1/0 terminals. 
• Serial data output is possible to be 

Wired-OR connection within 32 channel 
for multiplexing. 

• Serial 1/0 can interface with wide range 
of clock rate: 32 - 2048K bit/sec. 

• Stabilized operation to the asynchronous 
interfacing timing signal and its jitter. 

• Low power consumption; 70 mW (TYP). 
• Extenally clock for operation; 20 MHz 
• 42 pin plastic DIP package. 

* : ADPCM system standard was 
recommended in 1984 as CCITT 
G.721. In this standard, 9600 
pbs modem transmission is not 
guaranteed. 



FUNCTIONS 
The ADPCM CODEC LSI (MSM6980-03) can be used as a coder (conversion from PCM 

code to ADPCM code) or a decoder (conversion from ADPCM code to PCM code) by pin 
selection. 

Coder Function 

This function makes linear conversion to a PCM signal (8-bit code of 8 kHz sample) and 
then converts it to a 4-bit or 3-bit code signal by ADPCM coding. 

Refer to the coder function in the BLOCK DIAGRAM. 

(1) A serial (2 MHz-64 kHz) or parallel input signal is selected as a PCM input signal 
according to the IS/P pin setting. 

(2) An input signal of µ-law or A-law PCM code is coded by ADPCM method according to 
the A/µ pin setting. 

(3) 4-bit or 3-bit ADPCM coding is performed according to the 3BIT pin setting. 

(4) Serial (2 MHz-64 kHz in bit rate) or parallel ADPCM signal is output according to the 
CID and 3BIT pin setting. 

(5) Input/output is made on receipt of an external input/output request signal. Input/ 
output is also made without fail on receipt of an input/output request signal which is 
pseudo-synchronized. 

(6) Output is multiplied by wired OR. 

Decoder Function 

This function performs ADPCM decoding process to a 4-bit or 3-bit ADPCM input signal 
and then converts the decoded signal to a PCM code signal. 

Refer to the decoder function in the BLOCK DIAGRAM. 

(1) A serial (2 MHz-32 kHz in bit rate) or parallel ADPCM input signal is selected accord
ing to the IS/P pin setting. 

(2) Decoding into PCM code is conducted by setting the 3BIT pin according to the selection 
of the type of and ADPCM input, either 4-bit or 3-bit. 

(3) µ-law or A-law is selected for PCM code by the A/µ pin setting. 

(4) Serial (2 MHz-64 kHz) or parallel PCM output signal is selected according to the 
CID and 3BIT pin setting 

(5) Input/output is made on receipt of an external input/output request signal. Input/ 
output is also made without fail on receipt of an input/output request signal which is 
psuedo-sy nch ron i zed. 
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PIN CONFIGURATION (TOP VIEW) 

42-pin Plastic DIP 

SICK 

!SYNC 

MCK 

PBS 3BIT 

RsT COD LB 

DATO SIGl/0 

POWD CID 

WOT CKf'fS"i' 

EXfT 15/P 

CK OUT 

m 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings 

Parameter Symbol Condition Rating Unit 

Supply Voltage Voo -0.3 - +7 v 
Input Voltage V1N Ta= 25°C -0.3 - v00 + o.3 v 
Power Dissipation Po 1 Watt 

Storage Temperature Tstg - -65 - +150 oc 

Storage Humidity Hstg - 5-95 %RH 

Operating Conditions 

Parameter Symbol Condition Min Typ Max Unit 

Ambient Temperature Ta - 0 - 70 oc 

Supply Voltage Voo - +4.75 +5.00 +5.25 v 
Ground GND - - 0 - v 
Clock Frequency Fe - 19.998 20 20.002 MHz 

lnPut Rise or Fall Time TR,TF - - - - ns 

m DC Electrical Characteristics 
Voo =+5 v ±5%, Ta =o-10°c 

Parameter Symbol Condition Min Typ Max Unit 

Quiescent Current 1001 
Clock is not input - 1.0 2.0 mA 

to work. 

Operating Supply Current 1002 Fe =20 MHz - 14 20 mA 

Low Level Input Voltage V1L - - - 0.8 v 

V1H1 MCK, SICK, SOCK 2.4 - -
High Level Input Voltage v 

V1H2 Other Input pins 2.0 - -

VoL1 SOD, IOL = 6.0 mA - - 0.4 

Low Level Output Voltage Other Output pins v 
VoL2 IOL = 1.6mA - - 0.4 

Low Level Output Voltage Vol IOL = 1.6 mA - - 0.4 v 

High Level Output Voltage VoH loH =40µA 4.2 - - v 
Input Current 11 V1N = Voo or GND -10 - +10 µA 

Input Capacitance C1 - - - 10 PF 

Output Load Capacitance GLOAD - - - 100 PF 
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PIN DESCRIPTION 

Pin Name Pin No. Function 

These are bi-directional bus interface pins. PD15 is the MSB. 

1 -10 Refer the specification to Table 1 and 2, and refer the timing in 
PDO- PD15 36-41 the Figure 1 and 3. During AST or OSYNC is being held on digital 

"0", all of PDO - PD15 become at digital "1" state with output 
impedance of more than 100 k.n. 

SID 11 Serial data input pin. The bit length should be 4 or 8. 
Refer to Figure 2. 

Input pin of a clock signal for serial input data. 
SICK 12 The maximum clock rate is 2048 Kbps and should be more than 

total data bit number. Refer to Figure 2. 

ISYNC 13 8 kHz synchronizing pulse signal input pin. This is used for 
reading the parallel or serial input data. 

MCK 14 System clock input pin. The clock frequency should be 20 MHz. 

PBS 15 Chip test pin. Normally, PBS should be connected to digital "O'.'. 

Reset signal input pin. When MSM6980-03 is powered on, "L" 
level reset signal has to be applied to this pin. In the case of data 

-- comparison test, AST should be input according to Figure 6 AST 
AST 16 Timing Chart in order to make the first output data valid. 

During AST is held on digital "O", all of PDQ through 15 become 
digital "1" state with output impedance of more than 100 k.n 
and SOD has a high output impedance. 

DATO 17 Chip test pin. Normally, DATO should be open. 

POWD 18 Chip test pin. Normally, POWD should be open. 

Supervisory signal output on internal function, i SI., Watch Dog 
WOT 19 Timer. When MSM6980-03 is operating normally. WOT synchro-

nized with ISYNC is output. Refer to Figure 5. 

EXTI 20 Chip test pin. In normal operating modes, EXTI should be 
constantly set at digital "1 ". 

GND 21 Ground pin. 

CKOUT 22 Chip test pin. The clock pulse, the frequency of which is divided 
by 4 of MCK, is output. Normally. it is 5 MHz. 

Data input format select pin. By inputting digital "1" or "0" to 
ISIP, parallel or serial data input format is determined. 

ISIP 23 Digital "1 ": Serial input 
Digital "0": Parallel input 

Refer to Table 1. 

CKRST '24 Chip test pin. Normally. CKRST should be connected to 
digital "1". 

Operating mode select pin. The condition of CID determines the 
operation of MSM6980-03, coding operation or decoding operation. 

CID 25 Digital "1": Coding operation 
Digital "O": Decoding operation 

Refer to Table 1. 
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Pin Name Pin No. Function 

SIG 1/0 26 Chip test 1/0 pin. Normally, SIG 1/0 should be open. 

COD LB 27 Chip test pin. Normally, COD LB should be connected to 
0digital "O". 

ADPCM data bit length select pin. 

3 BIT 28 Digital "1 ": 3 bits 
Digital "0": 4 bits Refer to Table 2. 

15/16 LV 29 ADPCM data format select pin. 

Digital "1": 15 levels without "0000" 
Digital "O": 16 levels 

SADJ 30 Chip test pin. Normally, SADJ should constantly set at digital "O". 

PCM code select pin. 

A/µ 31 Digital "1 ": A-law 
Digital "O": µ-law 

OSYNC 32 8 kHz synchronizing signal input pin to control the parallel or 
serial outputs. Refer to Figure 3 and 4. 

BTST 33 Chip test pin. Normally, BTST should be connected to digital "1 ". 

Clock signal input pin to control the serial data output. 
SOCK 34 Maximum data rate is 2.048 Mbps. 

Refer to Figure 4. 

Serial data output pin. The bit length can be 4 or 8. After the 
SOD 35 determined bit number has been output, SOD becomes the high 

output impedance terminal. Refer to Figure 4. 

VDD 42 +5 V power supply. 
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Operating 
Mode 

AD PCM 
Decoder 

AD PCM 
Coder 

* 1 P: Parallel Format 
S: Serial Format 

1/0 

PD15 - 12 

PD11 - 8 

PD7-4 

PD3-0 

Table 1 Input/Output Setting Status Table 

Input Output Control Pins 

Bit 
P/S 

Bit 
PIS CID I S/P Length Length 

4 
p p•2 0 

(3) 8 and 0 
s s 1 

p 
4 

p 0 
8 (3) and 1 

s s 1 

*2 • Both P and S are output 

Table 2 Parallel 1/0 Application Table 

Input Output 

Decoder Coder 
Coder Decoder 

4 bit 3 bit 4 bit 3 bit 

MSB MSB MSB II I 
LSB 

~ 
LSB 

LSB 

MSB 

) MSB MSB 

~ I 
LSB LSB 
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TIMING CHART 

ISYNC 

PD15- 0 

ISYNC 

SICK 

SID 

ID-G-34 

1: 
125 µ.s 

300ns Min 

Input Data 

400ns Min 
Os Min 

Figure 1 Parallel Input 

more than T 

50ns Min Os 50ns Min 
Min 

125 µ.s 

Figure 2 Serial Input 

·1 
~---



OSYNC 

PD15 - 0 

OSYNC 

SOCK 

SOD 

50ns 
Min 

125 µs 

300ns Min ·I 
16 µs Max 

Output Data 

100ns Max 100ns Max 

Figure 3 Parallel Output 

125 µs 

more than T 

100ns Max 100ns Max 

Figure 4 Serial Output 

· 1 

.----

·1 
..------
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(1) Parallel Input 

ISYNC 

WOT 

----'~ 

-D. 
TYP 

200ns 

Lyp a..._ 
800ns 400ns 

(2) Serial Input Coder Function 

!SYNC 

SICK JLJL_fl_ 
2 8 

WOT -D ~-----i--.i. ~.D'----
TYP 10-20,us TYP TYP 

200ns 800ns 400ns 

(3) Serial Input Decoder Function 

!SYNC 

SICK 

WOT 

ID-G-36 

-Q'----1· -----i.-
TYP 

200ns 
10-20,us 

Figures WOT 

BOOns 400ns 



Rs-f 

~ 1 µs Min 

I 

ISYNC l 
30 µs Min 

Figure 6 RST 
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Figure 7 MSM6980 Application Circuit (1 /2) 
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---------------------+APPLICATION NOTE+ 

APPLICATION NOTE 

1. AN INTRODUCTION TO THE MODEM 

These days reflect our so-called communication era, and the data processing industry has 
been growing at a tremendous rate, particularly in the area using the existing telephone 
networks. The modems are playing an important role as an interface to computer systems 
which communicate by a public or dedicated data transmission networks. Taking early 
notice of the significance of data communications, OKI has been engaged since many 
decades in the development and manufacturing of data communication-related equipments. 
This application note introduces and explains OKl's latest development in this field, the 
CMOS Single-chip modem series, MSM6926, MSM6927, MSM6946, and MSM6947. Before 
entering details of this new series, let us first see what a modem is all about. 

1) What is a modem? 

2) Modem communication systems 

3) Modem types and modulation/demodulation methods 

1) What is a modem? 

Figure 1-1 shows a typical data communication system using modems. The basic role 
of a modem is to convert digital logic signals "1" and "O" into analog equivalent that can 
be passed through a telephone line, and vice versa. 

A data signal (digital signal) from a data terminal is once converted into an analog audio 
signal, and transmitted to the modem of a receiving terminal utilizing the public telephone 
network. At the receiving end, the analog audio signal thus received is then converted by 
its modem into a corresponding digital signal and conveyed to the receiving data terminal. 

In this way, two distant data terminals can communicate for the exchange of data by 
means of modems. 

The telephone I ine allows transmission of analog audio signals exclusively, but the digital 
data signal, as such, cannot be passed through. For this reason, modems are required as 
interface to existing analog transmission lines. 

Referring to Figure 1-1, modulation and demodulation means the conversion of digital 
signals into analog and vice-versa, and will be detailed in the chapter "MODES TYPES 
AND MODULATION/DEMODULATION METHODS". The duplexer transmits a signal 
to the telephone line or receives it from the telephone I ine, and is not designed to receive 
a previously transmitted signal. Usually, it uses a hybrid transformer or hybrid resistor [ 
circuit consisting of two. operational amplifiers, resistors and a line transformer. 

2) Modem communication systems 

The modem communication systems are largely divided into modes of operation. One 
is called the full duplex system, and the other the half-duplex system. The telephone line is 
a balanced two-wire circuit, and usually is called the 2-Wire (2W) line. The full-duplex 
and half-duplex are terms which conform to the common use of this 2-Wire line. 

a) 4-Wire full-duplex communication 

The 4-Wire full-duplex communication is another widely practiced method in which 
two dedicated telephone I ines are used for transmission and reception, respectively. 
This method provides transmission and reception simultaneously, but requires two 
telephone lines. 
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b) 2-Wire half-duplex communication 

The 2-Wire half-duplex communication is a method which links two terminals in 
either direction, but only one direction at a time. Namely, when one terminal is transmit
ting, the other must operate in the receiving mode. This limitation may be a drawback 
for certain applications. 

c) 2-Wire full-duplex communication 

The 2-Wire full-duplex communication is a method in which duplexers or the like 
are used to permit two distant termnals to work in both directions simultaneously 
through a 2-Wire line. This method is more economical compared with 2-Wire half 
duplex. 

The above three methods are schematically shown in Figure 1-2. 

3) MODEM types and modulation/demodulation methods 

Table 1-1 shows a classification of modems. 
The modems can also be classified by transmission speeds. Within 300 bps to 9600 bps, 

low-speed modems usually employ FSK (frequency shift keying) method, medium-speed 
modems PSK (phase shift keying), and high-speed modems OAM (phase quadrature ampli
tude modulation). 

The CCITT and BELL in the table stand for European and U.S. standards, respectively. 

What are FSK, PSK and OAM, then? 
Figure 1-3 shows the operating principles of FSK and PSK. In the FSK system, logic data 

signals "1" and "O" are modulated with frequencies; for example, "1" is modulated with 
a lower frequency (fL), while "O" is modulated with a hisher frequency (fH ). 

In the PSK system, the frequency is constant, and the modulation is carried out by 
assigning phase 0° to say "1" and phase -180° to "O". (Two-phase phase shift keying) 
The OAM system is a complex one in which PSK and AM are combined. By way of example, 
frequencies and phase angles assigned in FSK and PSK are shown in Table 1-2. 

When referring to the modem modulation systems, we must speak of two important 
terms. One is the modulation rate (baud rate) and the carrier frequency. In the FSK system, 
the transmission speed and modulation rate are equal. Th is is because carrier frequencies 
are in one to one correspondence to logic values "1" and "O". 

Where four phase angles are assigned to two data digits (that is, four 2-bit values) as 
in the 4-phase PSK system, the modulation rate becomes half of the transmission speed. 

In the 4-phase PSK system (1200 bps). for example, the modulation rate is 600 bauds. 
In the FSK system (300 bps). on the other hand, the modulation rate is 300 bauds. 

You remember that the 2-Wire full-duplex communication is subject to limitations in 
its implementation. This is because a group-wise communication system using the originate 
mode and answer mode as shown in Table 1-2 must be employed. In any modulation system, 
whether FSK or PSK, a number of harmonics are produced by modulation. 

In case of FSK, for example, if logic states "1" and "O" - these are called mark and 
space, respectively - are modulated in the originate mode specified in CCITT V.21, one is 
easily tempted to consider that 980 Hz and 1180 Hz alone appear. In actuality, however, 
there can appear many other frequency components, and their range is called the frequency 
band. The bandwidth of signal allowed to pass through a public telephone line is limited 
to a range of 0.3 kHz to 3.4 kHz. 
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This bandwidth is called the voice band. In the group-wise communication system, this 
voice band is divided into two bands: the lower frequency band which is assigned to the 
originate mode channel and the higher frequency band which is assigned to the answer 
mode channel. These two bands can be used independently each other. For each of these 
bands, a modulation rate and a carrier frequency are selected so that the resultant frequency 
components will be included in its frequency band. 

In the FSK system, the maximum allowable modulation rate is ordinarily 300 baud. 
Should it be set at 1200 baud, the frequencies developed will occupy too wide a band to 
be accommodated in the voice band. 

Namely, the 1200 baud FSK system cannot be realized in the full-duplex transmission 
form. 

All these are summed up in Figure 1-4. 
Full-duplex transmission cannot be made if bands are overlapped as shown in Figure 

1-4(b). As shown in Figure 1-4(c), the 1200-baud FSK system is allowed to have only 
one channel. 

As explained above, the 2-Wire full-duplex communication system is one in which the 
bi-directional data transmission between two terminals is carried out simultaneously by 
using channels assigned to transmission and reception previously. 

Figure 1-5 shows a typical group-wise full-duplex communication system, which is 
common to both FSK and PSK systems. In the OAM system, frequency components are 
spread over a wide range, and the group-wise full-duplex communication system cannot 
be used. At present, efforts are being made to implement the OAM full-duplex communi
cation system by the echo cancelling technique. 
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Figure 1-1 Typical Modem System 
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Figure 1-2 Modem Communication System 
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Data Modula-
Rate ti on 

300 bps FSK 

4-phase 1200 PSK 

1200 FSK 

2400 
4-phase 

PSK 

8-phase 
4800 PSK 

16-phase 
9600 OAM 

Table 1-1 Transmission speeds and modulation systems 
(Voice-band modem according to CCITT Recommendations) 

Baud Carrier Band- Synchro- Equalizer Rate Frequency width nization 

300 baud 1080±100Hz 300Hz Asynchronous 
1750±100Hz (Full Duplex) 

1200Hz Synchronous/ 
600 1200Hz Asynchronous 2400Hz (Full Duplex) 

Fixed 

1200 1700±400Hz 1200Hz Asynchronous 
(Half Duplex) 

1200 1800Hz 1200Hz 
(3dB down) 

1600Hz Synchrouns 
1600 1800Hz (3dB down) (Half Duplex) 

Auto-

2400Hz matic 
2400 1700Hz (3dB down) 

CCITT Similar 
BELL V-series Standard 

V.21 103 

V.22 212 

V.23 202 

V.26 201 V.26 bis 

V.27 
V.27 bis 208 
V .27 ter 

V.29 209 

Note: In practice, the occupied bondwidth for 2400-9600 bps are as follows to improve the receiving 
performances. 

MODE 

ORIGI-
NATE 

AN-
SWER 

2400 bps ---2400Hz (100% Roll-off) 
4800 bps --- 2400Hz ( 50% Roll-off) 
9600 bps --- 2640Hz ( 10% Roll-off) 

Table 1-2 Correspondence of Digital Data to Analog Value 

FSK (300 bps) 4-phase PSK (1200 bps) 

Transmit CCITT Bell Carrier Data bit CCITT V.22 

Data bit V.21 103 Frequency pair 
MODES 1-4 MODE5 

Mark "1" 980Hz 1270Hz 0 0 90° 270° 

Space "O" 1180Hz 1070Hz 0 1 00 180° 
2400Hz 

Mark "1" 1650Hz 2225Hz 1200Hz 1 0 180° 00 

Space "O" 1850Hz 2025Hz 1 1 270° 90° 

Bell 
212A 

90° 

00 

180° 

270° 
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2. MODEM DESIGN AND OPERATION 

1) Modem design 

Illustrated here is a modem designed with MSM6946. 
A block diagram of modem is shown in Figure 2-1. 
It is provided with an automatic answering function in addition to basic functions. The 
automatic answering function performs ringing signal detection, control logic operation, and 
de loop current control. 

Figure 2-2 shows an elementary circuit design using MSM6946, and Table 2-1 is a parts 
list. 

U2 is a dual operational amplifier, and provides an interface circuit with the telephone 
line. 

U3 and U4 are level converters. They perform mutual conversions of the TTL level 
to and from the ± 12V level required for RS-232C. 

U5 is used to drive indicators showing four statuses (power ON, carrier detect, received 
data, transmit data). 

There are five switches in the circuit. SW1 is a power switch; SW2 is an originate (calling) 
mode/answer (called) mode selector switch; SW3 is used to turn the modem into a (remote) 
digital loopback mode, in which the transmit data (XD) and the request to send (RS1) 
are looped back to the received data (RD) and the clear to send (CS) respectively, and at 
the same time the serial data obtained by demodulating of the received FSK signal is input 
to the transmitter as a transmit data within the.chip, subjected to FSK modulation and sent 
back to the telephone line; SW4 is used to switch the telephone line to either the telephone 
handset or the transformer for modem operation; and SW5 is used to enable the automatic 
answering mode. 

LED comes alight when both the established call connection and off-hook states are 
detected. 

U6 is a photo coupler used to detect a ringing signal, and protects the modem circuit 
from surge voltages which may appear in the telephone line. 

U7 is used for de loop current control. 

US is a dual D type flip-flop; one half is used to latch the de loop current control signal, 
and another half to latch the data for which the off-state of the received carrier is detected. 

U9 is a dual one-shot multivibrator, which is used to squelch the modem output for 
about 2 seconds (billing delay) necessary in the automatic answering and call connecting 
sequence and also to provide a sequence to turn off DSR (off-hook) and cut off the de 
loop when the received carrier is not detected in about 10 seconds after connection of the 
modem to the telephone I ine. 

U10 is a quad two input AND gate used in the automatic answering control circuit. 

U 11 is a dual one-shot multivibrators, one half is a 0.1-sec retriggerable one-shot that is 
part of the ring detect circuit, while the other half is a 0.1-sec one-shot that is used to 
clear the latch to disconnect the telephone I ine. 

Figure 2-2 shows a modem directly connected to a telephone line. Note that the illust
rated scheme is not approved by the authority for the purpose of test or development. 
A typical direct connection scheme (called DAA - direct access arrangement) is shown 
in Figure 2-3. 
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2) Modem operation 

In case of manual calling, the modem is placed in the originate and voice mode (telephone 
line connected to the telephone handset), and a call is made using the telephone handset. 

When an answer is detected (i.e. an answer mark tone is heard), the modem is placed in 
the data mode (the telephone line connected to the modem), and the indicator will light up 
showning that a carrier signal from the answering modem is received. 

In the automatic answering mode, the modem is required to follow the procedures before 
starting transmission and reception. The following shows a call establishment sequence. 
See Figure 2-4. 

(1) A call is placed to remote modem. 

(2) Ringing is detected at answering end. 

(3) Answering modem enables DSR and goes off-hook upon completion of ringing. 

(4) Answering modem waits two seconds for billing delay. 

(5) Then, the transmitter is turned on, and an answer mode mark tone (2225 Hz) is sent 
forward toward the originating modem. 

(6) The mark answer tone is received by the originating modem and the originating 
modem is placed in a data mode where DSR is enabled. 

(7) At the originating modem, CD (carrier detect) is turned on after a carrier detect 
on-delay time. 

(8) Then, the originating modem releases the squelch for the transmitter, initiates the 
transmission of mark tone in the originate mode, and starts counting CS (clear to send) 
delay time. (Data transmit state is not yet achieved here). 

(9) Upon reception of the mark tone ( 1270 Hz) from the originating modem, the answer
ing modem turns on CD after a carrier detect on-delay time. 

(10) Then, CS is turned on, enabling the answering modem to start data communication. 

(11) The originating modem enters into a data communication state after a CS delay time. 

In the automatic answering mode, the call connection is aborted when no response is 
obtained within a specified time or when the received carrier is lost for more than a specified 
time. 

A power supply for the modem is easily available with an AC adaptor for stepping down 
100 Vac to 12 Vac. 
In Figure 2-2, three power supplies (+12V, -12V and +5V) are used. The -12V power supply 
is used for the level converter only, and can be dispensed with if the modem is to be con
nected to a computer via UART. 

One of the most important performances of the modem is the bit error rate, which 
represents the ratio of number of error bit to the total number of data bit. The bit error rate 
is measured using the test circuit illustrated in Figure 2-5 and the S/N ratio as a parameter 
defined at the receiver input. 

A transmit data in a 511 bit pseudo-random bit pattern is applied to the transmitter to 
generate an FSK signal. The signal is added with noise from a white noise source via 
attenuators, and is connected to the received signal input terminal of the modem to be 
measured. 
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+APPLICATION NOTE+---------------------

The noise level (N) is usually measured through a voice frequency band-pass filter (BPF) 
to determine an S/N ratio. 

The bit error rate is determined by comparing transmitted data and received data with 
each other and by counting the error bit in the serial received data stream. 

An example of measured bit error rate characteristics is shown in Figure 2-6. 
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---------------------+APPLICATION NOTE+ 

Table 2-1 Parts Table for Figure 2-2 

u, MSM6946RS u6 4N25 v1,2 V39Z 

u2 LM747CN u7 RRD51A05(D) T 
TAMURA SEISAKUSHO 

HA17458PS DP101 

DS1488N 

U3 SN75188 u. MM74C74 z,~. IN5242 
HD75188 

DS1489N 
CD4538BC u. SN75189 u9,u MSM4538RS 

z, IN5231 
HD75189 

u, CD4049C u,o MM74C08 
CRYSTAL 

KINSEKI 
MSM4049RS MSM4081RS HC-43/U 
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Figure 2-2 An Circuit Design Using Single-Chip Modem (with Automatic Answer) 
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-OFF 
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Figure 2-4 Call Establishment Sequence with Automatic Answer 
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Figure 2-6 Measured Bit Error Rate Characteristics 
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APPENDIX 

<Standard interface, and the control of modems used for public switched network> 

Table 2-2 shows typical interface circuit for usual low speed asynchronous full-duplex 
modem. 
The clear-to-send signal is slightly different in meaning from modem to modem. In BE LL 
103, this signal means that a carrier signal from a remote modem is received; namely, that 
the transmission channel is in good working order. It is used synonymous with CD (carrier 
detect). On the other hand, when a half-duplex modem I ike a 1200 bps FSK modem is used 
on a public switched network at which the full-duplex communication is capable, the 
clear-to-send signal serves just as a delayed signal of the request-to-send. 

In this case, the clear-to-send signal remains to be an indication that the data communi
cation is likely to be capable. When applying a modem on a public switched network, 
interface circuits - data terminal ready (DTR) and ringing indicator (RI) - are necessary. 

These two circuits plus carrier detect circuit (CD) are a minumum requisite to the control 
of public switched network by a modem. 

These functions will be well understood when co.mpared with the operating sequence of 
a usual telephone. 

Usual telephone 

Ringing 

Going off-hook 

Response by far-end 
calling party 

Low-speed asynchronous full-duplex modem 

-====•(RI) 

-====t0>- ( DTR) 

-=====.- (CD) 

Ringing Indicator 

Data Terminal Ready ON 

Received Carrier Detect ON 

The data terminal ready (DTR) shows a state that the modem is powered on, connected 
to the data transmission line, and is not in the test mode, and that it is ready to operate. 

DTR is rarely used for asynchronous transmission in North America, but is used widely 
in Europe. 

• Except from "Technical Aspects of Data Communication", written by John E. 
McNamara, the copyright is under Digital Equipment Corporation. 
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Interface Circuit Symbol In Function Fig. 2-2 
EIA CCIT 

AA 101 Protective Ground PG 

AB 102 Signal Ground SG 

BA 103 Transmitted Data TD 

BB 104 Received DAT A RD 

CA 105 Request to Send RTS 

CB 106 Clear to Send CTS 

cc 107 Data Set Ready DSR 

108/1 Connect Data Set to Line --
CD DTR 

108/2 Data Terminal Ready 

CF 109 Received Line Signal Detector CD 

CE 125 RING Indicator RI 

Note 1: In the case of full-duplex modem used for public switched network, the request-to-send (RTS) 
circuit is usually unnecessary. 

Note 2: Unless otherwise specified by the Post, Telephone and Telegraph Authority (PTT), the low 
speed asynchronous modem interface is enough with either CD or CTS circuit, whichever is 
available. 

Note 3: Unless otherwise specified by the PTT, the modem interface with the minimum equipped 
functions need not to be provided with DSR circuit. 

Table 2-2. Typical Interface Circuits for Low Speed Modem 
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3. HINTS AND PRECAUTIONS ON USE 

Unlike to general-purpose memories and logical gates, the single-chip modem LSI is hard 
to use. For example ... 

• Handling of analog quantity over a wide range of signal levels. 

• Use of functions which defy standardization or common applications. 

• Full use of the technology for switched capacitor whose characteristics are highly 
susceptible to deterioration due to power noise. 

Accordingly, its use is accompanied by limitations and at the same time special 
know-how. 
These are explained hereunder, and additional information will be published in due course. 

Whenever designers look at an IC, most of them are too readily tempted to associate 
it with digital operations. As a result, they are liable to set its operating conditions in a rough 
manner. However, the LSI for this modem series has highly delicate functions which in the 
past have been implemented with discrete components or hybrid-ICs provided with adjust 
circuits or trimmers, and utmost attention should be paid to its using conditions so as to 
elicit its maximum performance. 

1) Pin connections for MSM6926/6946/6927 /6947 

The following shows the terminals with different functions. 

Device Pin 22 Pin 27 Pin 28 

MSM6926 M 

6946 
(Answer/Originate) TS1 TS2 

(Timer Selection) (Timer Selection) 

6927 -
SQ 

6947 
(2-Wire/4-Wire) TS ATE 

(Timer Selection) (Answer Tone) 

Table 3-1. Different Pin Functions for 4-kind of Modem LS ls. 
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The operating conditions are assumed as follows. 

• Use of internal timers. 

• 2-Wire use (as in the public switched network) 

In this case, the differences in connection between the devices are as follows. 

6926/6946 VD 6927 6947 

!oRJGI-

M ) NATE SQ I ANSWER 

SQ DG DG 

DG 

TS1 VD or DG TS DG 

VD or DG ATE 

I ANSWER TONE 
DG SENDING 

Figure 3-1 The Differences in Connection between the Devices 

For other pins, the devices are used in the same manner. 
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2) MSM6926 and MSM6927 for 2-speed operation 

Figure 3-2 introduces a circuit employing a 6926 and a 6927 for 2-speed operation. 

"H": ORIGINATE MODE 

"L": ANSWER MODE (M6926) 

(M6927) 

R, 600!1 

51K 

R, (51K) 

R, (51K) 

R, 100K 

R, (33K) 

R, 

Rm 
51K 

Ru 100K 

R., (33K) 

Ru 51K 

c, 0.047µF 

Ii c, 2.2 

c, 1.0 

VD VA c. O.D1 

rt h'c, c, 
10 c, 

c, C, 1.0 

r-1, c, O.D1 
c, 

0.047 

"H": 1200BPS 

"L": 300BPS 

c,. 
Cu 10PF 

c., 200PF 

Figure 3-2 
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3) Setting of the carrier detect level 

In an single-chip modem LSI, the receive carrier detect ON and OFF levels can be set 
within the range of -43 to -48 dBm by adjusting the ratio of the external resistors R 8 and R9. 

Figure 3-3 

After adjustment, the voltage between Pin 16 (CDR 1) and Pin 18 (SG2) will be about 3V. 
Since the input signal level refers to LSI Pin 21 (AIN) of the LSI, it may have to be 
amplified when attenuated by a line transformer, etc. 

Figure 3-4 

Figure 3-5 is a simplified drawing of Figure 3-4. 
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GR 
R3 

1+- 2 =+6dB 
R2 

R, 
1/2=-6dB AR 

R6 + R1 
Typical Design Values 

GT 
Rs 
-- 1 - OdB 

R4 

Figure 3-5 

Accordingly, if the loss across the line transformer is 0 dB, the following equation applies; 

VR4=VR1 ·GR ·AR=VR1 

VT4 = VT1 ·GT· 1/2 = VT1 - 6 dB 

If the maximum received signal level is -6 dBm, the level at AIN terminal is -6 dBm. The 
transmit level will be 0 dBm because it is attenuated by 6 dB by R 1 and the transformer 
impedance RL (both 600 ohm). 

If the line transformer produces a loss of 2 dB in both directions, it is required to reduce 
R6 (from the typical value of 51 kohm to about 30 kohm) to compensate the received level 
atAIN. 

Additionally in order to keep the transmit signal level at the typical value of 0 dBm, it is 
required to increase R5 (from the typical value of 51 kohm to approx. 64 kohm). 
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Note: 

R7 51 
20 log---'---= 20 log 30 + 51 ""-4.0 dB= (-6) + 2 dB 

R6' + R1 

Rs' 64 
20 log -- = 20 log -- = 2.0 dB= (O) + 2 dB 

R4 51 = 

If R6 is fixed at the typical value of 51 kohm, and if the line transformer causes a 2 dB 
loss, the received signal level of -6 to -48 dBm is shifted by 2 dB to -8 to -50 dBm at AIN 
terminal. It is therefore only required to lower the carrier detection level (by increasing 
R8 from the typical value of 33 kohm to 51 kohm) by 2 dB. 

In this case,. the maximum received signal level at AIN is -8 dBm, and the carrier detect 
ON/OFF level is within. the range of -45 to -50 dBm. This method, however is not recom
mendable because the S/N ratio will be slightly deteriorated. Anyway, operation is possible, 
although hysteresis width, etc. cannot be warranted. It should also be noted that the carrier 
detect ON delay time becomes longer and the OFF delay time shorter. 
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4) Transmission and reception timing 

The operation timing is shown below. 

~,..,________!, 
TRCON 1i TRCOFF 

----'-· -~ Ii=:==-----

I 

XO 

NOTE1 \ INOTE2 

m~ w~ 
AO 

TsT I 

---fJJJlIJWJ]Yll\l\l\l\lll~~: -

AIN ~)/\/\/\/\/\/~ 
I I 
I I 

CD1 i INOTE3 ) ) ! I 
i TcooN : 

I 

5 I 

CD2 NOTE41 )) 
NOTE6 

RD NOTE51 )l [XJ 

(Only 6927 and 6947) 

Tso 

RD 

I 

I 

---=-mJ---.-------s,))~----_.t::=N=O=T=E7==·~1~~~~~~ 

Figure 3-6 Timing Waveform Chart 
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Note 1: From the time when RS1 has become "L", a modulated waveform is generated at 
AO in accordance with "H" or "L" at XD. 

Note 2: Even when RS1 has attained "H", the modulated waveform maintains at AO 
during the soft turn-off period (TST) in accordance with "H'' or "L" at XD, 
while its amplitude gradually attenuates. 

Note 3: CD 1 is the terminal where the carrier detect signal is output without logical delay. 

The ON and OFF delay times at CD1 change depending on the received signal 
level (Al N) and the differential voltage of the comparator in the detection circuit 
(VR =CDR1 terminal voltage - SG2 terminal voltage), etc. This is the reason for 
which the response characteristics of analog reception filter, limiter and carrier 
detector are significant factors. Typical characteristics are shown in Figure 3-7 
through 3-10. 

Note 4: CD2 is the terminal where the output carrier detect signal is logically delayed by 
the internal delay circuit. The delay time provided by the internal delay circuit 
depends on the clock frequency, and is stable. Typical delay times are shown in 
Table 3-3. 

TcDON and TcDOFF values are indicated in Figure 3-7 through 3-10 and 
Table 3-3. 

Note 5: When CD2 is "H", RD is hold at "H" level (Mark hold). 

Note 6: When the input level decreases after CD1 goes "H" and the carrier detect circuit 
turned off, the demodulator will stop its operation. 

During the period from the suspension of demodulation to the point of time when 
CD2 becomes "H", the RD output becomes "H" in case of MSM6926, 6927 and 
6947, and "L" in case of MSM6946 respectively. 

Note 7: MSM6927 and MSM6947 has a built-in receive squelch delay timer, which is 
enabled by setting SQ terminal to "L". (It is used for the 2-Wire communication). 
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During transmission in the half-duplex mode (RS1 = "L"), RD and CD2 are fixed at 
"H", and even after RS1 changes to "H", RD and CD2 are kept at "H" during the 
squelch time (Tso) to avoid data errors in the demodulated data stream due to 
transient response at the time of sudden cut-off transmit signal. Table 3-4 shows 
the actual measurements. 
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MSM6926 MSM6927 

TS2 TS1 TRcON TRC OFF TS2 TS1 TRcON TRc OFF 

0 0 402 ms 0.2 µs 0 0 201 ms 0.3 µs 

0 1 30 ms 0.2 µs 0 1 29 ms 0.3 µs 

1 0 350 ms 0.2 µs 1 0 73 ms 0.2 µs 

1 1 External External 1 1 External External 

MSM6946 MSM6947 

TS2 l TS1 TRcON TRC OFF TS TRcON TRc OFF 

0 198 ms 0.2 µs 0 180 ms 0.2 µs 

1 External External 1 External External 

Table 3-2. RS/CS Timing Measurement by Devices (RS1--+ CS) 

MSM6926 MSM6927 

TS2 I TS1 CD2/0N I CD2/0FF TS2 TS1 CD2/0N CD2/0FF 

0 0 301 ms I 21 ms 0 0 
------+-----t-------~------

7.5 ms 5.2 ms 

0 1 4 ms 21 ms 0 1 7.5 ms 5.2 ms 

1 0 152 ms 4 ms 1 0 7.5 ms 5.2 ms 
~-~----+--------+--~--~ 

1 1 External External 1 1 External External 

MSM6946 MSM6947 

T~~-J ~~ ___ c_D __ 2 __ 1_o_N_-+--_c_D_2_1o_F_F_ TS CD2/0N CD2/0FF 

0 102 ms 8 ms 0 14.5 ms 9.9 ms 

External External 1 External External 

Table 3-3. CD Timing Measurements by Devices (CD1--+ CD2) 

MSM6927 MSM6947 

SQ TS2 TS1 TSO TS TSO 

0 0 0 150 ms 0 0 151 ms 

0 0 1 150 ms 

0 1 0 40 ms 

Table 3-4. MSM6927 /6947 Received Data Squelch Delay Timing Measurements 
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Measuring Circuit 

10µF 

f VAIN~ COUNTER 

30 

VA= 12.0V PULS~ 
Vo= 5.0V 

I I 

AIN -tmTir 25 = 980Hz 
I I 

CD1 11--lr 
I I I I 

--! t-- --1 I--

g 20 Tco1 ON Tco1 OFF 
u.. 
u.. 
0 

Tco1 

18 
I- 15 

z' 
0 

18 
I- 10 

VR = 3.0V 

0 L_~~--~~--~~~-t-~~---~~--' 

0 -10 -20 -30 -40 -50 

VAIN (dBm) 

Figure 3-7 MSM6926 CD1 Delay Time Characteristics 
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LL 
LL 
0 

18 
1-

z 
0 

18 
I-

25 

20 

15 

10 

VA= 12.0V 

Vo= 5.0V 

= 1070Hz 

Tco1 ON 

0 '--~~~-+-~~~-+-~~~-+~~~---!~~~---' 
0 -10 -20 -30 -40 -50 

VAIN (dBm) 

Figure 3-8 MSM6946 CD1 Delay Time Characteristics 
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Figure 3-9 MSM6927 CD1 Delay Time Characteristics 
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Figure 3-10 MSM6947 CD1 Delay Time Characteristics 
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5) A simple configuration example of external timer 

The external timers shown in the data sheet have many gates. For a simple configuration 
of a timer circuit, refer to Figures 3-11 and 3-12. When using MSM6926, 6946 or 6927, 
apply an "H" level to TS1 (Pin 27) and TS2 (Pin 28). When using MSM6947, apply an "H" 
level to TS (Pin 27). In this mode, external timer circuits can be added. 

a) 300BPS (MSM6926/6946) 

VD 

Figure 3-11 

b) 1200PBS (MSM6927/6947) - 2-Wire circuit 

VD 

Note: Same as (a) in case of 4-Wire circuit 

Figure 3-12 
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c) MSM6926/6946 Timing Chart 

IV-36 

AO 

AIN 

To, 

A 

~-------------1 RS2 input 
- - threshold volta ge 

I 

J 
TReON _t TRe OFF 

I 

r\L\L\J\L\L\L\~1 
~ 

GATE1 input 
threshold voltage 

Teo OFF 

NOTE 1: Transmission and reception are perfectly independent from each other. 

NOTE 2: TRe ON ex R 1 • e,, depends also on RS2 input threshold voltage. 

TRe OFF~ 0 

To To : depend on the transient response of analog circuits such as reception 
1 ' 2 filter, especially on the received signal level. 

To 3 ex R 2 • e 2 , To4 ex R 3 • e 2 , both depend on the threshold voltage at Gate1 
input. 

Teo ON= To, + To3. Teo OFF= To2 +To. 

Figure 3-13 
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d) MSM6927 /6947 Timing Chart (2-Wire facilities) 

AO 

AIN 

A 

B 

e 

T~'(::-. --11 T~~ ~;; ~~~~~:\ol"g" 

I 

NOTE: TRe ON a: R, ·e,, depends on RS2 input threshold voltage. 

TRe OFF ::o 

To , To , depend on the transient response of analog circuits such as reception 
1 2 filter, especially on the received signal level. 

To, a: R2 ·e2 , To 4 a: R 3 ·e2, both depend on GATE1 input threshold voltage. 

Tso o: R4 • e,, depends on GATE2 input threshold voltage. 

Teo ON2 =To, +To,' Teo OFF= To2 +To •. 

Figure 3-14 
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6) Circuit to prevent latch-up due to power supply noise 

The LSls for single chip modem series have a high immunity against latch-up, but are 
vulnerable against severe noise in the power supply. 

Add a diode as illustrated in Figure 3-15. 
For best protection, provide a zener diode (~ 15V) and a choke coil. 

There is no restriction in whether to apply the 12V source or 5V source first. 

L 

DI 
+ 

SG1 Cs o, 

C3 

AG 

Figure 3-15 

JV-38 



--------------------+APPLICATION NOTE+ 

7) How to apply clock pulses 

a) Clock circuit when two one-chip modems are used 

Chip A Chip B 

Open 
CRYSTAL 

10PF ~ 200PF 

Figure 3-16 

b) How to use an external clock circuit 

x, 

v.r_n_\ 
~~~ 200PF 3.58MHz ~ --

X2 

Vp-p>3.0V 

Figure 3-17 
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8) Line equalization circuit for 1200 bps FSK modem 

---------- -- ---, 
R3 : 

~C~o~RA·"+-~!~~v-'~---1 
~ ·R,: 

I 

Line Interface i 
(receiving side) I 

------------- ...J 

22K 

2200PF 

Figure 3-18 An Example of Line Equalization Circuit 

AIN 

V 2 /V 1 (dB) 

+4 

+3 

+2 

+1 

0 

-1 

-2 

-3 

-4 
0 1.5 2 3 4 

Absolute Gain 
at 1.5 kHz 
= +9.8d8 

f(KHz) 

Figure 3-19 Frequency Characteristics of Line Equalization Circuit 

The line equalization circuit shown in Figure 3-18 has a gain of +9.8 dB at 1.5 kHz. The 
input level at AIN terminal is adjusted by varying R6 and R7, which have a typical value of 
51 kohms. R6 issetat91 kohms, and R7 at15 kohms respectively. (R 7 /R 6 + R7 ) ~- 1/7) 

This line equalization circuit can also be used on the transmitting side, but its frequency 
characteristics should be selected case by case. 
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9) Circuit interfacing using a variable analog attenuator 

a) In case of hybrid transformer. 

SG1 

AIN 

AG 

Transmit Level Adjustment 

(51 K) 

600.!1 

2 : 1 

PHONE 
LINE 

( 600.!1+600.!1) : 600.!1 

Receive Level Adjustment 

NOTE 1: AIN signal level should not exceed -6dBm. 

NOTE 2: The value of resistors and capacitors are recommended values. 

Figure 3-20 Circuit Using an Attenuator (No. 1) 

b) In case of a line transformer plus hybrid circuit consisting of resistors and OP amps. 

SG1 

AIN 

AG 

VA 

Transmit Level Adjustment 

(1.2K) 

600 600 

2.2~% 2.2µ 

~---~ 

Receive Level Adjustment 

Figure 3-21 Circuit Using an Attenuator (No. 2) 

1 : 1 
600.!1 : 600.!1 
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c) 1200 bps 2-Wire half-duplex communication 

In this case, transmission and reception are not carried out simultaneously, the circuit 
becomes simpler than that compared with a) and b). 

SG1 

22 SQ 

Alf'.! 

AG 

(51K) 

VA 

SAV 

(51K) 

0.047µF 

![PHONE 
LINE 

1 : 1 
600.11: 600.11 

Figure 3-22 Circuit Using an Attenuator (No. 3) 

In 2-Wire operation, SQ (Pin 22) is set to digital "L". 
Under this condition, when sending the transmission carrier (RS1 =digital "0"), the carrier 
detection is disabled and the received data is held in the "mark" state, independent of 
the signal entering AIN (received analog signal input). 

Reference 

In the half-duplex oepration, the preceding hybrid circuit is unnecessary. The circuit 
using a variable analog attenuator has been shown in Figure 3-22, and a circuit without an 
attenuator is shown in Figure 3-23. 
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AIN 

AG 

(51K) 

VA 

(51K) 

1 : 1 
600.11: 600.11 

Figure 3-23 Line Interface Circuit for Half-duplex Operation 
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---------------------+APPLICATION NOTE+ 

10) Deterioration of characteristics due to power supply noise 

If both power supplies and particularly the VA supply contain noise, degraded charac-
teristics are as follows. 

1 Narrowing in the range of received signal levels 
2 Narrowing of the hysteresis width of the carrier detect level 
3 Increased bit error rate 

There are two major reasons for these phenomena. 

a) The internal signal ground is provided as a V A/2 potential. 
Accordingly, half of the noise amplitude VN, superimposed on VA, appears on the signal 

ground, and IC internal analog signal processing is carried out with reference to SG 1 (Pin 20) 
containing this VN/2 noise. 

Both the transmit and received signals are connected to the telephone line via a trans
former. Usually, the transformer operates with reference to OV, which is euqal to the 
potential of AG. Please refer to the circuit in figure 3-24. 

Figure 3-24 Equivalent Model Showing Noise, 
VN in the Power Supply 

PHONE 
LINE 

b) Deterioration of characteristics due to crosstalk noise voltage from VA into the opera-
tional amplifier output, etc. via the power I ine of the operational amplifier and capacitor [i 
switches on the chip. 

The problems do not only result in increase in noise level, but also the noise level in the 
voice band may be increased significantly because of the aliasing effect inherent in the 
switched capacitor method that plays a key role in the modem chip. The degree of deteriora
tion in characteristics due to the combined appearance of noise and aliasing effect depends 
on the noise frequency, as demonstrated by the frequency characteristics in Figure 3-25 
measured on MSM6926. In Figure 3-25, a sinusoidal noise voltage was superimposed on VA, 
and its levels (Vp-p) at which erroneous operations came up were measured and plotted. 
At around 1.5 to 2 kHz deterioration occurred, because that noise frequency band interfaces 
with the received carrier frequency band. The modem chip uses 56 kHz as a sampling clock 
signal for the switched capacitor filter, and it is found that the aliasing effect makes it liable 
for the erroneous operations caused with respect to the superimposed signals represented 
by nearly all multiples of the clock frequency. 
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+APPLICATION NOTE+---------------------

It is therefore necessary to min1m1ze VA noise through a bypass capacitor, etc. Noise 
superimposed on the digital circuit power supply, Vo (+5V), does not lead directly to this 
kind of deterioration. In the modem chip, however, analog and digital circuits are resident 
together, and noise on Vo may enter into the analog circuit via the reverse bias junction. 

Accordingly, it is also important to reduce the noise level at Vo. 
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+APPLICATION NOTE+---------------------

11) Tone dialer connection circuit 

Connect the tone dialer MK5089 (Mostek), MSM6234 (OKI), etc. as illustrated in Figure 
3-26. 

MODEM 

..,_.__ ___ Line Transformer 

f;J V Re 
\\(Dual Tone Level= T ·RA 

Re 
FSK Carrier = VM • Rs 
Level 

Figure 3-26 Tone Dialer Connection Circuit 

The operational amplifier operates with SG1 potential (approx. +6V) as a signal ground, 
therefore requires an AC coupling. If our-of-voice band noise in the tone dialer output is so 
serious as to require its elimination, a circuit as illustrated in Figure 3-27 works effectively. 

CT must be selected to obtain a proper time constant. 
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Dual Tone Level 

Figure 3-27 Circuit for Eliminating Noise Outside 
of Dual Tone Band 



---------------------+APPLICATION NOTE+ 

12) Considerations for duplexer (Line Hybrid Circuit) 

In case of full-duplex systems, a duplexer plays a important role. Its purpose is to help 
reject transmit signal energy from the receive signal. 

Theoretically, a duplexer tan be adjusted to achieve infinite rejection (no existence of 
cross-talk) - where the phase and amplitude of the inverting and non-inverting signals cancel 
through the duplexer OP-Amps. In practice, however, telephone line impedances vary enough 
such that only about 10 ~ 15 dB of rejection can be expected. To attain this rejection, it 
is recommended that the duplexer components (R 1 , R2 , R3 and C 1 in Figure 3-28) be tuned 
for the impedance and loss characteristics of the particular type of transformer being used. 
This will minimize the impedance variation of the line. 

Once these component values have been determined for a particular transformer type, 
further trimming is usally unnecessary on a board-to-board basis. A recommended procedure 
for balancing the duplexer which was used in finding the values in Figure 3-28, is as follows. 

a) A recommended procedure for balancing the duplexer 

CD First, put the RS1 input to VD (transmit squech ). Next, connect a 600 ohm signal 
source to points A and B (in case of MSM6926, 0 dBm and 980 Hz.) Tune R 1 

until the loss at point A and Bis exactly 6 dB. This allows maximum power transfer 
th rough the transformer. 

(?) With R 1 at this new value, replace the signal source with a 600 ohm resistor at point 
A and B. Now output the transmit signal from A0 (V 0) via OPA 1 at the same 
frequency. 

@ Now tune R3 until the signal out of A0 reaches a minimum at OPA2 output terminal 
(V 2 ). Then tune C 1 until a new, lower minimum is reached which should be around 
30d8. 

The phase and amplitude of the two signal components have now been matched for 
the best rejection over the spread of telephone lines. 

A crosstalk characteristic of the duplexer adjusted in steps CD through G) is shown 
in Figure 3-29. It was obtained by measuring the V0-to-V2 transfer characteristic with the 
modem chip and the duplexer disconnected from each other. 

The duplexer has the attenuation pole at about 1420 Hz when a line impedance is ideal 
600 ohm. 

b) Characteristics on a practical line 

Figure 3-29 also shows the practical characteristics of the duplexer connected to existing 
telephone lines. 

These are represented by V 0-to-V 2 transfer characteristics; it should be noticed that the 
receive signal level at AIN terminal (V 3 ) will be lower than V2 by about 6 dB typically 
because of the existence of R6 and R7 . 
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OPA1 c2 
2.2µF A 600!1 tp Iv, $J 

B 

OPA2 

Figure 3-28 Deplexer (Line Hybrid Circuit) Considerations 

0 0.3 frequency (Hz) 3.0kHz 

(Ill) 

-10 

-20 

-30 

Cl'.l -40 
::s 

0 

2: -50 
N 

> 
-60 

~ 
~ 1--- (II) 

~-~rv~ '~., 1 

~ - -1 r -VJ-------+-------+----+--~-- +------+---------1 

-70 

-80 !--------+----·-+------~- f------.---~++----f------+-----+-----+--- --+-----; 

-90 t-----1-----+----+-----r---- t-- --I ----y-------j------ t------1 

(I) Terminal by 600!1 pure resistor 

(II) Connected to a private phone line 

(Ill) Connected to a public switched network 

Figure 3-29 Experimental Cross-Talk Characteristics 
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---------------------+APPLICATION NOTE+ 

c) Allowable crosstalk level 

We investigated how the receiver characteristics would be affected by crosstalk. The 
measuring circuit used is shown in Figure 3-30, and the characteristics obtained are shown in 
Figures 3-31 and 32. For example, if MSM6946 (Bell 103) is to operate in originate mode 
(M = 1) with a bit error rate (BER) of 10-4 or less for a receive signal level of -43 dBm or 
greater, these figures argue that the crosstalk level should be held down below -3 dBm. 

Next, it should be noticed that not only the AC signal crosstalk, but a-lso the DC voltage 
on AIN terminal deteriorate the performance, because the DC voltage makes the receiver's 
dynamic range to be narrow. 

This is the reason for which capacitor C0 shown in Figure 3-28 is necessary. Capacitor 
C0 prevents the DC offset voltage on A0 from being conveyed to AIN terminal. 

+5V ov +5V ov 
0-- -0 

Pseudo- M 
Modem Random MODEM ATT D.U.T. 

511 Pattern Tester 

Pseudo- Level Random MODEM ATT 
Meter 511 Pattern 

+5V ov 
--0 

Figure 3-30 Test Set Examining the Influence of Cross-Talk 
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Figure 3-31 Deterioration of Bit Error Rate by Cross-Talk 
(MSM6926) 
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Figure 3-32 Deterioration of Bit Error Rate by Cross-Talk (MSM6946) 
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d) Consideration 

CD With reference to the circuit shown in Figure 3-28, if no transformer loss is present, 
the receive signal will be amplified twice (+6 dB) at the output of OPA2. Accor
dingly, it is reduced to a half (-6 dB) through R6 and R7 before input to AIN 
terminal. Assuming that the V0-to-V2 transfer ratio is -8 dB (See Figure 3-29), 
the crosstalk level at AIN terminal is calculated as follows, because V 0 is +6 dBm. 

+6dBm* 1 -8dB*2 -6dB*3 =-8dBm*4 

*l . 

*2. 

transmit level at A0 terminal, V0 

V 0-to.V 2 transfer ratio 

*3 · attenuation by R 6 and R 1 

*4 • crosstalk signal level at Al N terminal 

According to Figure 3-32, it can be seen that the cross-talk of -8 dBm is not a 
problem for the system performance. 

@ In case a series resistance or other detrimental impedance in the telephone line 
causes a signal transmission loss through the transformer, the performance will 
be degraded as compared with the case discussed in CD above. 

For example, if a both-way transmission loss is 4 dB and V0-to-V 2 transfer ratio 
remains to be -8 dB, the crosstalk level at AIN terminal is calculated as follows. 

(+6 dBm+ 4 dB* 1 ) - 8 dB - 6 dB+ 4 dB*2 = 0 dBm 

*l . compensation for loss through transformer in the transmit direction (an 
additional gain of 4 dB to be given to OPA 1) 

*2 · compensation for 1.oss through transformer in the receive direction (loss 
through the R6 -R 7 attenuator to be reduced by 4 dB) 

When MSM6946 (Bell 103) is operated in the high-frequency channel receiving mode 
(M = 1). Figure 3-32 tells that if the crosstalk level is 0 dBm, the bit error rate will · 
run in excess of 10-4 unless the receive signal level is greater than -33 dBm. 

@ The greater the ratio of the transmit signal level to the maximum receive signal level 
is, the more will be aggravated the degradation of the system performance due to 
crosstalk. 
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4. CHECK POINTS FOR TROUBLE SHOOTINGS 

1) Basic Examinations 
• V pin 15, V pin 19 = 0 volt 
• V pin 24 = +12 V ±10% 
• Are \here any noise on pin 24? If the noise is not negligible; modem performances are 

easy to be deteriorated. 
• V pin 26 = +5 V ±5% 
• V pin 20 = 1/2 • (V pin 24) 

The load resistance connected to pin 20 must be more than 50 Kohms and any other 
voltage potentials must not input to this pin. 

• V pin 18 = V pin 20 + 0.7 
• V pin 16 = V pin 18 + 3.0 
• VDC (pin 21) = V pin 20 
• Any external components should not be connected to pin 1 and pin 2 except a 3.58 MHz 

crystal resonator. 
• Pin 3 outputs a pulse train of which frequency is about 874 Hz. 
• Pin 13 should be connected to pin 14. 
• Pin 23 should be connected to digital "O" level. 
• The analog transmit signal on pin 25 swings keeping its DC potential at about half of 

VA (pin 24). 
The load resistance connected to pin 25 must be more than 50 Koh ms. 

• The fun·out number of digital output pins are less than two. 

NOTE) Checks should be performed with direct touching to pins. 

2) Checks for Signal Transmiting 

2-1. Common checks 
• Pin 4 and Pin 7 should be connected to digital "O" level. 
• Pin 6 outputs digital "O" level. 
• Transmit data is input to the chip through pin 9 (XD). 

2-2. MSM6926 and MSM6946 
• Operating mode is determined using pin 22·originate or answer r .• ode. 

• Pin 27 and Pin 28 should be connected to digital "O" level. 

2-3. MSM6927 
• Pin 27 and Pin 28 should be connected to digital "O" level. 

2-4. MSM6947 
• Pin 27 should be connected to digital "O" level. 
• Pin 28 should be connected to digital "1" level. 

Signal transmiting ought to be performed after checks shown above if the chip is n,ot out 
of order. 

3) Checks for Signal Receiving 

3-1. Common checks 
• Pin 4 and Pin 27 should be connected to digital "O" level. 
• The receive signal level should be within -6 and -43 dBm at the point of Pin 21 (AIN). 
• Pin 11 and Pin 12 output the digital "O" state during the chip operates as a receiver. 
• Pin 10, Pin 13 and Pin 14 show the same digital output data. 
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3-2. MSM6926 and MSM6946 
• Confirm the carrier frequencies transmited through Pin 25 according to the operating 

modes. 

3-3. MSM6927 and MSM6947 
• Pin 7 should be connected to digital "1" level. 
• Pin 22 should be connected to digital "O" level. 
• Pin 22 (SQ) is .connected to digital "1" level when the operation on 4-wire facilities or 

the self test is required. 

Signal receiving ought to be performed after checks shown above if the chip is not out 
of order. 
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