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PRODUCT LINE-UP

4 PRODUCT LINE-UP ¢

Power
Con-
Type No. Function Features Supply |sump- Package Process Applications
(\2] tion
(mW)
Single Chip FSK -CCITT V.21 - POS terminal
Modem, 300 bps - Modulator, Demodula- 28 Pin DIP - CAT system
MSM6926 | £\ Duplex tor, Filters and Carrier |"2412| 90 124 pin FLAT [CMOS | Handy data
Detect terminal
- Modem phone
Single Chip FSK - Bell 103 - Tele-writing
Modem, 300 bps - Modulator, Demodula- 28 Pin DIP system
MSM6946 Full Duplex tor, Filter and Carrier #5412 90 44 Pin FLAT CMOS | | Vending ma-
Detect chine
- Tele-meter
Single Chip FSK -CCITT V.23 system
Modem, 1200 bps | - Modulator, Demodula- 28 Pin DIP - Coin telephone
Msme927 Half Duplex tor, Filters and Carrier +5,412| 90 44 Pin FLAT cmos
Detect
Single Chip FSK - Bell 202
Modem, 1200 bps | - Modulator, Demodula- 28 Pin DIP
mMSM6947 Half Duplex tor, Filters and Carrier +5,412) 90 44 Pin FLAT CMOS
Detect
Single Chip MSK | - Modulator, Demodula- - Wireless com -
Modem, 1200 bps | tor, Filters and Digital munication
MSM6948 PLL +5 15 |18 PinDIP [CMOS | - Cordless tele-.
- Carrier Frequency: 24 Pin FLAT phone
1500300 Hz - Pager
1200 bps Full - Bell 212A - Stand alone
Duplex Modem - Hayes Compatible modem
- Adaptive Equalizing - Modem card
Function
MSM6928-06
CHIP SET E MSM6950 +5.0 600 - CMOSs
» | MSM61057
% MSM80C31
O | MSM27C64
MSM81C55A
2400 bps Full - CCITT V. 22 bis - Stand alone
Duplex Modem Bell 212A modem *
- Adaptive Equalizing - Modem card
Functi
CHIP SET dnetion +50 | 400 - cMos
E MSM6928-07
» [ MSM6950
I [ MSm61077
O | MSM80C51-98/99
DSP for OKlI's - Demodulator OKI's 1200 bps
1200 bps FDX - Carrier Py , Timing . FDX Modem
MSM6928- . 42 Pin DIP .
06 Modem Chip Set PLpL ) +5.0 150 60 Pin FLAT CMOS | Chip Set
- Adaptive EQL
- Carrier Detect
- Asynchronous/Syn-
Gate Array for chronous and Syn-
OKI's 1200 bps Y 40 Pin DIP
MSM61057 FDX Modem gl'(\)r:‘;\ec:r;/?svnchronous +5.0 50 60 Pin FLAT CMOs
Chip Set P
FLi
_| DSP for OKl's - Demodulator . OKIl'’s 2400 bps
MSNIG928- | 2400 bps FDX | - Adaptive EQL +50 | 150 |a2PinDIF | cMOS | FDX Modem
Modem Chip Set Chip Set
Gate Array for - Asynchronous/Syn-
OKIl's 2400 bps chronous and Syn-
MSM61077 | FDX Modem chronous/Asynchro- +5.0 50 60 Pin FLAT | CMOS
Chip Set nous connecters
. -PLL




4 PRODUCT LINE-UP ¢

Power

Con-

Supply |sump-
v) tion

(mW)

Type No. Function Features Package Process Applications

Analog Front End | - Analog Functions for - V.22 modem
for 1200 bps/2400f CCITT V.22, V.22 bis 42 Pin DIP - V.22 bis modem
MSM6950 | bps FDX 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.27and | - 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
Converter
- Band Limiting Filter,
AGC

CMOs

4-bit MCU with | - 2,048x14-bit ROM 36 ‘ - Telephone
On-Chip DTMF - 640x4-bit RAM 25~ | (3V) 28 Pin DIP - Answpring
MSM6052 | Generator - 3x4 Input Port 6.0 40 Pin DIP CMOSs machine

- 3x4 Output Port : 20 |44 Pin FLAT - Security

- 1x4 Input/Output Port (6Vv) DIE system

- Modem phone

Tone/Pulse Re- - (500 Digit Me;nory - Feature phone
_ | pertory Dialer 54 Numbers,

MSV\:I)?OSZ - Last Number Redial:

32 Digit 36

- Make/Break Ratio +25~ | (3V)

: Selectable +6.0 20 |(28PinDIP [CMOS

- Dial Pulse Ratio '

MSNZI?)O52- Selectable (ev)

- Off-hook Memory
Storing

Tone/Pulse - 500 Digit Memory
Repertory Dialer (54 Numbers)
MSM6052- - Last Number Rediai:
05 32 Digit
- Make/Break Ratio 3.6
Selectable +25~ | (3V)

44 Pin FLAT

CMOS

- Dial Pulse Ratio +6.0 20
Selectabie (6V)
MSM6052- - On-hook/Off-hook
10 Memory Storing
- 4-bit Parallel Data
Input

40 Pin DIP

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

- Last Number Redial:
32 Digit 3.6
MSM6052- - Make/Break Ratio +2.5~ | (3V)

1 Selectable +6.0 20
- Dial Pulse Ratio (6V)
Selectable
- On-hook Memory
Storing

28 Pin DIP  [CMOS

Tone/Pulse - 505 Digits Memory
Repertory Dialer (52 Numbers)
- Last Number Redial:
MSM60 s Di? A (338)
52- - Make/Break Ratio +2.5~ .
25 Selectable +60 | 20 |28PinDIP |CMOS
- Dial Pulse Ratio (8V)
Selectable
- Off-hook Memory
Storing
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¢ PRODUCT LINE-UP ¢

Type No.

Function

Features

Power

Supply
V)

Con-
sump-
tion
(mW)

Package

Process

Applications

MSM5070

Tone/Pulse Dialer
with Redial

- Last Number Redial:

31 Digits

- Make/Break: 33/67

+3.5~
+6.0

55

18 Pin DIP

CMOS

MSM5071

Tone/Pulse Dialer
with Redial

- Last Number Redial:

31 Digits

- Make/Break: 40/60

+3.5~
+6.0

55

18 Pin DIP

CMOos

MSM6224

Tone Dialer

- MK5087 Compatible

+2.6~
+8.5

25
(MAX)

16 Pin DIP

CMOS

MSM6234

Tone Dialer

- MK5089 Compatible
- Easy Interface with

MCU

+2.5~
+8.5

25
(MAX)

16 Pin DIP

CMOS

- Telephone

- Answering
machine

- Security system

- Modem phone

- Feature phone

MSM6932

MSM6933

COMBO CODEC

- MSM6932: u-Law
- MSM6933: A-Law
- Serial Data Rate:

64K bps~2048K bps

65

16 Pin DIP

CMOS

MSM6962

MSM6963

MSM6982

MSM6983

COMBO CODEC

- MSM6962, MSM6982:

u-Law

- MSM6963, MSM6983:

A-Law

- Serial Data Rate:

512/1024/1536/1544 /
2048 K bps

55

16 Pin DIP

28 Pin PLCC

CMOs

MSM6996-
H

MSM6997-
H

COMBO CODEC

- MSM6996H : A-Law

.

MSM6997H: u-Law

- Serial Data Rate:

64K bps~2048K bps

- 60052 Drive Capability

65

16 Pin DIP

CMOS

MSM6996-
\

MSM6997-
v

COMBO CODEC

- MSM6996V : A-Law
- MSM6997V: u-Law
- Serial Data Rate:

64k bps~2048k bps

- 60092 Drive and Analog

Loop Test Capability

65

16 Pin DIP

CMOS

MSM6998

MSM6999

COMBO CODEC

- MSM6998: A-Law
- MSM6999: MU-Law
- Serial Data Rate:

64k bps ~ 2048k bps

- 60082 Push-pull Drive,

and Analog Loop Test
Capability

70

16 Pin DIP

CMOS

MSM6814

MSM6815

COMBO CODEC
with Time Slot
Assignment

- MSM6814: u-Law

MSM6815: A-Law

- Time Slot Assignment:

32 Time/Frame Maxi-
mum

- Serial Data Rate:

512/1024/1536/1544/
2048k bps

70

22 Pin DIP
28 Pin PLCC

CMOS

-PABX

- Key system

-SLIC

- PCM system

- ADPCM system

- Digital telephone

- Voice recogni-
tion

- Digital voice
recorder

MSA4710

BSH LSI for
SLIC

- Battery Feed, Super-

vision and Hybrid
Function

- Loop Current

Capability: 20~80 mA

- Longitudinal Balance:

53 dB

120

28 Pin DIP

Bipolar

MSA4722-
1

RINGING
SWITCHES for
SLIC

- Ringing, L\ine Test

Function

- Breakdown Voltage:

350V

- ON Resistance: 62
- DC Current Capability:

250mA

40

22 Pin DIP

Bipolar

-PABX
-SLIC

I-56




4 PRODUCT LINE-UP ¢

Type No.

Function

Features

Power

Supply
v)

Con-
sump-
tion
(mW)

Package

Process

Applications

MSM6912

PCM Voice
Channel Filter

- Transmit BPF:

0.3~3.4 kHz

- Receive LPF:0~3.4kHz

50

16 Pin Cera-
mic DIP

CMOS

MSM6913

8-bit Serial-
parallel Converter

- 8-bit Serial-parallel/

Parallel-serial Con-
version

- Maximum Operating

Frequency: 9 MHz

+5.0

250
(MAX)

24 Pin DIP

CMOS

MSM6914

Highway Switch
Matrix

- Matrix Size: 16-bit x

4-bit x 3-layers

- Maximum Operating

Frequency: 9 MHz

+5.0

650
(MAX)

120 Pin Cera-
mic PGA

CMOs

-PABX

- Digital switching
system

- Multiplexer

MSM77C-
20

Digital Signal
Processor

- Instruction Cycle:

250 ns

- Instruction ROM:

512 x 23-bit

- Data ROM: 512 x

13-bit

- Data RAM: 128 x

16-bit

- Multiplexer: 16 x 16 =

31 bits

+5.0

120

28 Pin DIP
44 Pin PLCC

CMOs

- Modem

- Voice synthe-
sizer

- Voice recogni-
tion

MSM6992

High Speed Float-
ing Point Digital
Signal Processor

- ROM:

- RAM:

- Data Form: Floating

Point
16E6x16E6>16E6
Fixed Point
16 x 16 > 31

- Instruction Cycle:

100 ns/125 ns
Internal

1k x 32-bit
External

64k x 32-bit
Internal

128 x 22-bitx2
External

64k x 22-bit

- Data Word Length:

22 bit

+5.0

400

132 Pin PGA

CMOSs

- Modem

- Voice Recogni-
tion

- Echo canceller

- ADPCM

MSM6807

MSM6817

Baseband Filter
for Cellular
Mobile Phone

- Voice BPF, Pre-

emphasis, De-emphasis
and Smoothing Filter

+ MSM6807 : AMPS

MSM6817 : TACS

+5.0

30

32 Pin FLAT

CMOS

MSM6808

MSM6818

Split Filter for
Cellular Mobile”
Phone

- 10k bps/8k bps SPL

Modem Timing
Extractor

- Filters for SAT and

SPL modem

- DTMF Tone Generator

MSM6808 : AMPS
MSM6818 : TACS

+5.0

44 Pin FLAT

CMOs

MSM74017

Modem for
Cellular Mobile
Phone

- SPL Modem
- Built in Data P_L
- Built in SAT P

+5.0

20

56 Pin FLAT

CMOSs

- Wireless Com-
munication
- Cellular phone

MSM6960

Py Frequency
Synthesizer

- 10 bits Programmable

and 7 bits Swallow
Counter

- Selectable Reference

Divider: 2° or 2'°

+5.0

20

24 Pin FLAT

CMOSs

- Wireless Com-
munication




¢ PRODUCT LINE-UP ¢

Power
Con-
Type No. Function Features Supply | sump- Package Process Applications
v) tion
(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
Decoder for -5~-32 dBm +5.0, " - Key system
MSM6920 PABx - Voice Hit Protection +12.0 80 28 Pin DIP CMOS | | Dial-in equip-
Filter ment
Single Chip DTMF| - Receive Signal Level: +5.0 - Security system
MSM6945 | Decoder for -5~-48 dBm 1‘2 '0 80 28 Pin DIP CMOS | - Answering
Terminal - Echo Control Circuit: +12. machine ,
- Telecontrol
system
Dial-in equipment
32k-bit/sec - OK1’s Original 24k bps - Digital trans-
ADPCM CODEC and 32k bps ADPCM mission system
Algorithm
MSM6980 - 9600 bps Data Trans-
mission Capability :
- Selectable Coder and +5.0 70 42Pin DIP cMos
Decoder Functions

I-7













¢ PACKAGING ¢

PACKAGING
PACKAGE
Product No. RS AS AS GS Js ES ss
Name of | PLASTIC | CERAMIC PGA PLASTIC | PLASTIC | CERAMIC | MINI-SIZE
Pins DIP LT FLAT Lce cc PLASTIC
DIP
28 o
MSM6926 " S
MSM6946 2 ° —
44 o
MSM6927 28 °
a4 o
MSM6947 28 °
44 o
MSM6948 18 °
24 o
42 O
MSM6928-06 % 5
MSM61057 40 °
60 o
42 o
MSM6928-07 - 5
MSM61077 60 o
42 o
MSM6950 6 5
MSM6949 64 o
28 o
MSM6052 40 o
44 o
MSM6052-01 28 o
MSM6052-05 44 [
MSM6052-10 40 o
MSMB052-11 28 o
MSM6052-20 28 o
MSM6052-25 28 o
MSM5070 18 o
MSM5071 18 o
MSM6224 16 o
MSM6234 16 0o
MSM6932 16 o o
MSM6933 16 0 o
MSM6962 16 o o
MSM6963 16 o 0
MSM6982 28 o o
MSM6983 28 0 0
MSM6996H 16 o o
MSME997H 16 o o
MSMG996V 16 o 0
MSM6997V 16 o 0
MSM6998 16 0 o
MSM6999 16 o o

II-3



4 PACKAGING ¢

PACKAGE
Product No. RS As AS GS Js ES ss
Name of | PLASTIC | CERAMIC | . PLASTIC | PLASTIC | CERAMIC | MINI-SIZE
Pins DIP DIP FLAT Lcc cc PLASTIC
DIP
22 o o
MSM6814
28 o
22 o o
MSM6815 5 5
MSA4710 28 o
MSA4722-1 22 o
MSM6912 16 o
MSM6913 24 o
MSM6914 120 o
MSM77C20 28 © °
44 o
MSM6992 132 o
MSM6807 32 o
MSM6817 32 o
MSM6808 44 o
MsM6818 44 o
MSM74017 56 o
MSM6960 24 o
MSM6252 16 o
MSM6920 28 o
MSM6945 28 o
MSM6980-03 42 o

11-4




® 16 PIN PLASTIC DIP

¢ PACKAGING ¢

20.0 MAX
16 9
o A T Y e Y o O e N |
x
<
D) s
~
Q S
CIT\CT [LJ T J U J CTJ [J
'\ INDEX MARK 8

0.51MIN
.1MAX

7.62+0.30

2.54+0.25 0.65 MAX

Seating Plane

15° MAX

® 18 PIN PLASTIC DIP

24.5 MAX

18
Mo crae

10

©)

6.7 MAX

L Sy Ny SN [ D [y S SN G |
1

9

2.54+0.25 0.65 MAX

7.62+0.30°

X
<
&
1]
E
3
~

115° MAX

Seating Plane
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4 PACKAGING ¢

® 22 PIN PLASTIC

27.6 MAX
22 12

e N e Y s Y o O s S e Y e IS s RN s O s A s |
LI\ T 7 OO0 7T 07 T 07

1 INDEX MARK 1"

6.7 MAX

7.62+0.30

apaparafafapitict

o |
0.38 MIN
1 MA
2.54 MIN

15° MAX
E Seating Plane H t + 0.6 MA;(."- 7
0.65 MAX  2.54+0.25 ’ T 9.5 MAX

® 24 PIN PLASTIC DIP

32.3MAX
2 13
fnnonnononnn
X
<
D) 2
@
|MENERIEENENENENERRNEN! 1L%
1
X x 15.24:0.30
2=
=]
ST
2
I
— o - 16°MAX

—
2.54:0.25 0.65MAX

Plane
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4 PACKAGING ¢

® 28 PIN PLASTIC DIP

38MAX

28 15
MO OOOOTOOOTIrm

>

ITIUIJLJUUUD»LJ ULTTUTLT
14

14.2 MAX

0.51MIN
5.1MAX

goag
TTVTIT =k
0.65 MAX \ Seating

Plane

® 40PIN PLASTIC DIP

52.8 MAX

40 21
isialal/islslslslalalnlalnlalalsl

D)

!ijuuiNuuuuuuuuuuuu (Unit: mm)
20

14.2 MAX

16.24+0.30

O3 MIN
5.2 MAX

3.0MIN

0.65 MAX "‘2‘.‘5"4j:0.25
|

48.26+0.35 i 0° ~ 15°

0.6 MAX"\\*
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4 PACKAGING ¢
® 42 PIN PLASTIC DIP

) 52.8 MAX )
iaz 22
SI-D.D.CLD.D_EI.CLELm
x
<
s
<
1 21
z x 15.24+0.30
-2—sy
ml ~
OV 542
—F §3
—_—1Y0
I
0. 65 MAX 06 MAx—'\\"
2 54+0.25 0° ~ 150
¢ 16 PIN CERAMIC DIP (CERDIP)
20 MAX
16 9
A rarim
>
<
) =
0
N~
S S AN N O |
1 8 7.62+0.30
z
l ERE:
IERE
o -
[Te]
z
1 :
I 0
[aY]

0.25+0.25 0.6 MAX

Seating Plane

0°~15°
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¢ PACKAGING ¢

® 22 PIN CERAMIC DIP (CERDIP)

28.0 MAX
22 12

Do oo oo nn

S
9.9 MAX

LS JN S5 R O [y N i [ 6 [ N Gy S R SN U Ry & |
1

11

10.16+0.30

1
-1‘——
51M
=‘|
-r

R
cugpurryyororn

0.6 MAX 2.54+0.25 0°~15°
Seating Plane

2.54 MIN

;ﬁ 0.6 MAX

¢ 28 PIN CERAMIC DIP (CERDIP)

38.0 MAX
28 15
wininininininisisisisininin
x
<
b
()
<
|EjEERIEIEEIREEIEINIEANEE |
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4 PACKAGING ¢
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® 44 PIN PLASTIC FLAT
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¢ PACKAGING ¢
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OKI semicbnductor

MSM6926 CCITT V.21/
MSM6946 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.

OKI'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- ® Selectable built-in timers and external
6926) delay timers possible

® Compatible with BELL 103 (MSM6946) ® All filtering, modulation, demodulation,

@ CMOS silicon gate process and DTE interface on chip

® Switched capacitor and advanced CMOS ® TTL compatible digital interface
analog technology ® | ow power dissipation 90 mW

® Data rate from zero to 300 bps @ 28 pin plastic DIP package

@ Full duplex (2-wire) ® 44 pin plastic FLAT package

@ Originate and Answer modes

H-A-5
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4 MODEM-MSM6926/46 ¢

BLOCK DIAGRAM

sG1 O (O sG2°
VA o]
vA O— AG SG1 SG2 VaeH (O cDR2
vD O— 7 —) CDR1
AG O~ Carrier detect O cD1
G O |
AIN O"s— Elet(;?ive T Demodulator O RD1
' ]
b o _z ’________l
M O—l—— SW L = RD2
-~ ROM CONT. L
FT. O— T ) cD2
I
: _____ - — - ———'
A0 Q—<=— Transmit : Modul INTER- ——( RD
filter odulator FACE
-<—O XD
x1 O 4> -0 Rs1
CLOCK RS1
OSC = GEN. LOOP P
X2 (O TEST —=—) RS2
cLk O —Q ¢s
151 O —-Q cc
DELAY '
752 O QLT
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¢ MODEM-MSM6926/46 ¢

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

XD

RD
CD1
CD2
RD1

RD2

N

X1 TS2

X2 TS1
CLK VD

LT AO

cc VA

cs FT
a5t MSM6926RS M

or
RS2 MSM6946RS AIN

44 LEAD PLASTIC FLAT PACKAGE (GS-K)

M

33] VA

T3] FT
i

307 NC

297 NC
281 NC
271 NG
261 AIN
[25] NC
(247 5G1
23] AG

C
cs[3
RST 4]

NC
C

Ne (5]
Nne 6
Nnc 7]
Rs2 (8]
xD [9]
RD (10
Nec [T

set to be at VA level by setting
No. 33 pin at VA level.

A0 34 2215G2
vD [35 2T} CDR2
TS1 (36 20] CDR1
NC [37 19 ] DG
TS2 (38 18] NC
VA* 3] 17 VA*
NC 0] [16] RD2
X1 &1 [T5] NC
cxg s
20 s
LT 22 121 CD1
UH :l * Both No. 17 pin and No. 39 pin are
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' MODEM-MSM6926/46 ¢

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Ratings Unit
Power supply VA -0.3~15
voltage vD 03~ 7
Ta=25°C
Analog = *y VIA With respect -03~VA+0.3 Vv
input voltage 10 AG or DG
et voltoge vib -0.3~VD+0.3
input voltage
Operating B N
temperature Top 0~ 70 e
Storage N
temperature TsTG - 55 ~ 150
*! CDR2, A|N

*3

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

*3. CD2 is 1/0O terminal.

=]
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RECOMMENDED OPERATING CONDITIONS

¢ MODEM-MSM6926/46 ¢

Parameter Symbol Condition Min Typ Max Unit
VA With respect to AG 10.8 12.0 13.2
e SuPPIY VD With respect to DG 475 5.00 525 | Vv
AG, DG 0
et Top 0 70 | °c
CRYSTAL 3.579545 MHz
R, mlif;’n'i"fi 60092 600 2
R, 51
R, 51
R, 51
R, 51
kQ

R 51
R, 51
R, 33
R, 51
C,o. G 0.047
c, 2.2
c, 1.0 o
c, 0.01
c, 10
C, 10

Application circuits using above conditions are proviced in Figure 8.
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4 MODEM-MSM6926/46 ¢

DC AND DIGITAL "INTERFACE CHARACTERISTICS

(VA=12V +10%,VD =5V 5%, T4 =0~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Power supply 1A Ordinary 7.5 15.0 mA
current D : operation 1.0 20 .
Input 7 e V| =0y -10 10 A

1

leakage current * " Vi=Vp _10 10

ViL 0 08
Input voltage *!

VIH 2.2 vD

\

VoL loL=1.6mA 0 0.4
Output voltage *2

VOH loH = 400 uA 08 VD vD

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

**  CLK, CS, RD, CD1, CD2, RD1

*3  'CD2is I/O terminal.

m-A-10



¢ MODEM-MSM6926/46 ¢

ANALOG INTERFACE CHARACTERISTICS

1. MSM6926
(VA=12V £10%, VD =5V 5%, T, =0 ~ 70°C)
Parameter Symbol Condition Min Typ Max Unit
Transmit Carrier Out (Ag)
ORIGINATE | Mark | 1oy, 974 | 980 | 986
MODE
Carrier
frequency Spacel  fos 1174 | 1180 | 1186
fCRYSTAL = 3.679545 MHz Hz

ANSWER Mark | fam 1644 | 1650 | 1656
MODE
Carrier
frequency | SPE%®|  fag 1844 | 1850 | 1856
Output resistance Roxa 200 Q
Load resistance RLxA 50 kQ
Load capacitance CLXA 100 PF
Transmit level VOXA 4 6 8 *1dBm
Output offset VA VA |VA
voltage Vosx 2 -1 2 2t 1 v
Out-of-band energy
(referred to carrier Eox C, =0.047 uF Refer to Figure 1 dB
level)

Receive Carrier Input (Ajn)

Input resistance RIRA 100 kQ

Receive signal v 48 6

level range IRA - -

Carrier ON Vcp ON 28 :2113 tg“ -43 | *'dBm

detect level o

OFF Vcp OFF -48
Carrier detect H v ON—V OFF 2 dB
hysteresis YS cD — VCD
Receive Filter

ORIS: | 1600 ~1900 Hz 800

Group delay

distortion DoL ANS HS
MODE 930 ~ 1230 Hz 850

Adjacent channel _

rejection Lac VAIN = —6 dBm 50 dB

_ Note: *!' 0dBm =0.775 Vrms
*2 The resistor values are typical.
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¢ MODEM-MSM6926/46 ¢

10 12 14 16

0 2 4 6 8 ,,
T T - : r i . 1§

’ ! !

| , |

0 I :

X |

| |

] t

] !

| |

20 —-—-——= :

!

|

1

]

40— —————— = - '
3 Y S )/)t

dB

Figure 1 MSM6926 Out-of-Band Energy referred to Carrier Level
(C, =0.047 uF)

kHz
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4 MODEM-MSM6926/46 ¢

Gain (dB)

Gain (dB)

1000

FREQ. (Hz)

-60

-701

-

4500

1500

—+ 1500

Figure 2
MSM6926
Low Band Filter

2000

FREQ. (Hz)

-30

-40 A

50 1

-60 1

-70

-80

/

Figure 3
MSM6926
High Band Filter
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4 MODEM-MSM6926/46 ¢

2. MSM6946
(VA=12V £10%, VD =5V 5%, T, =0 ~ 70°C)
Parameter Symbol Condition Min Typ Max Unit
Transmit Carrier Out (Ag)
ORIGINATE | Mark | ¢4, 1264 | 1270 | 1276
MODE
Carrier
frequency | P3| foq 1064 | 1070 | 1076
fCcRYSTAL = 3.579545 MHz Hz
ANSWER Mark! fam 2219 | 2225 | 2231
MODE
Carrier Space
frequency 0 fas 2019 | 2025 | 2031
Output resistance Roxa 200 Q
Load resistance RixaA 50 k2
Load capacitance CLxA 100 PF
Transmit level VOXA 6 *1dBm
Output offset VA VA |VA
voltage Vosx -z -1 2 7 1 v
Out-of-band energy
(referred to carrier Eox C, =0.047 uF Refer to Figure 4 dB
level)
Receive Carrier Input (AnN)
Input resistance RirA 100 k&
Receive signal
level range VIRA -48 -6
Carrier ON Vcp ON R, f33 kQ*? -43 | *'dBm
detect level R, =51ka R
OFF Vcp OFF -48
Carrier detect
hysteresis Hys Vep ON — Vep OFF 2 dB
Receive Filter
ORIG. 1975 ~ 2275 Hz 650
G MODE
roup delay D s
distortion DL ANS ”
MODE 1020 ~ 1320 Hz 750
Adjacent channel _
rejection Lac VAIN = —6 dBm 50 dB
Note: *' 0 dBm =0.775 Vrms

*2 The resistor values are typical.
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¢ MODEM-MSM6926/46 ¢

3.4
|
0 2 !4 & 8 10 12 14 16 ,, 200
T TT T T T T T } )) :
|: | |
b
:l X i
0 - | | |
| i |
' |
| 1 |
| |
| | |
-20 1 | | :
! |
|
. l
| |
| |
-40 - | I
: |
I I
| /___}
-60 +
dB

Figure 4 MSM6946 Out-of-Band Energy referred to Carrier Level
(C, =0.047 uF)

kHz
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¢ MODEM-MSM6926/46 ¢

Gain (dB)

Gain (dB)

o =) o o
Q =] [=] =] [=}
Q S I} =} 0
02, - - « L
FREQ.
(Hz)
~-104
204
-30
-40
Figure 5
MSM6946
501 Low Band Filter
-60 1
-70+
-801
8 8 8 8 8
o 0 [=] w0 (=
= — N N @
0 +
FREQ.
(Hz)
-101
-20 1
Figure 6
-30 1 MSM6946
High Band Filter
-40
-50 1
-60 '/
-70
—801
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¢ MODEM-MSM6926/46 ¢

DEMODULATED BIT CHARACTERISTICS
(VA=12V £10%,VD =5V 5%, T, =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 S/N 10-5
test (dB)
pattern
TIMING CHARACTERISTICS
1. MSM6926 R
(VA=12V £10%,VD =5V 5%, Ta=0~ 70°C)
Parameter Symbol Condition TS2 TS1 Min Typ Max Unit
0 0 395 400 405
RS/CS’ Thc ON RS1 = “0" 0 1 25 30 35
delay time ~Cs="0 1 0 | 345 | 350 | 355
1 1 External delay
timer
RS1="1"
Trc OFF S Cs="1" * * 0 0.5
0 0 300 320
0 1 5 20
CD/ON
. Tcp ON ms
delay time 1 0 150 170
1 1 External delay
timer
0 0 20 70
0 1 20 70
CD/OFF
R Tcp OFF
delay time 1 0 10 40
1 1 External delay
timer
Soft Turn-OFF
time TsT * * 10
Refer to Figure 7.
Note: * ... Irrespective of 1/0 condition,

m-A-17
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¢ MODEM-MSM6926/46 ¢

2. MSM6946
(VA=12V £10%,VD =5V 5%, T, =0~ 70°C)
Parameter Symbol Condition TS2 TS1 Min Typ Max Unit
0 0 195 200 205
0 1 +
RS/CS RS1="0"
. Trc ON _ npyer
delay time —-CS="0 1 0 +
1 1 External deléy
timer
TrgOFF | RSI=710 * * 0 05
0 0 100 120
ms
0 1 +
CD/ON
. Tcp ON
delay time 1 0 +
1 ] External delay
timer
0 0 10 50
0 1 +
CD/OFF
. Tcp OFF
delay time 1 0 +
1 1 External delay
timer
: Soft Turn-OFF -
| ' time TsT * * 10

Refer to Figure 8.

Note: * ... Irrespective of 1/0 condition,
..... Reserved
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¢ MODEM-MSM6926/46 ¢
TIMING DIAGRAM

Rs1 [ | E
TN o
: vvv__\/vﬂ_vﬁi

o | [T

Tco Tep
‘ ON OFF
cD2 !
Figure 7 MSM6926/6946 Timing Diagram
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PIN DESCRIPTIONS

Name RZ’]‘(;\ISOK I/0 Function
POWER
DG 15| 19 Ground reference of Vp (digital ground)
AG 19| 23 Ground reference of V A (analog ground)
VA 24| 33 Supply voltage (+12 V nominal)
VD 26| 3b Supply voltage (+5 V nominal)
CLOCKS
X1 11 a1 Master clock timing is provided by either a series rescnant
crystal (3.579545 MHz *0.01%) connected across X1 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 Xp 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 1 data demodulated from the received carrier on the AjN 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.

o 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
is not within the device as required, this pin should be
connected to the external circuit output. See Figure 11.

|

o]
n
N
o]
o]
-

The fast carrier detection output. This pin is internally
connected to the input of the built-in carrier detect delay
coi 1 12 0 circuit. When an external delay circuit provides the dﬁl
time which is not within the device as required, the CD1
should be connected to the external circuit input. See
Figure 11.
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4 MODEM- MSM6926/46 ¢

Pin No.
RS| GS-K

Name I/0 Function

When an external circuit gives the carrier detect delay time
which is not within the device as required, this pin becomes
CD2 12 113 |10 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 1 the data that is controlled by NCU (Network-Control-Unit)
etc. may be required in stead of the RD 1 data.

These two pins are the output (CRD1) and inverting input
CDR1 1|16 | 20 0 (CDR2) of the buffer operational amplifier of which
noninverting 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
coRr2 | 17 | 21 I level can be set by selecting the ratip of Rg and Ry. Thgre-
fore, the loss in the received carrier level by phone-line
transformer can be compensated by adjusting the ratio of
Rg and Rg. Rg+ Ry should be greater than 50 k2.

Answer/Originate mode select. During digital ““High’’, the
M 22 | 3 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 1 “High”, the AQ 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 | 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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Name

Pin No.

RS |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
"“ON"’ state. This output goes “Low’’ at the end of a delay
(RS/CS delay) initiated when RS1 (Request-to-Send) goes
“Low"”.

=yl
-_

Request-to-Send signal input. The digital ‘“’High’ level
indicates the “OFF’ state. The digital ““Low’’ level indi-
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 AQ.
Digital ““High” will be transmitted as ‘‘Mark’. Digital
“Low’’ will be transmitted as ‘“Space’’. No sngnal sppears at
AQ unless RS1is “Low".

RD

10| 10

Digital data demodulated from Ajp is serially available at
this output. Digital ‘“High’" indicates ‘“Mark’’ and digital
“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.

SG2

18| 22

SG1

20| 24

The SG1 and SG2 are built-in analog signal grounds. SG2 is
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
impedance lower and ensure the device performance, it is
necessary to put bypass capacitors on SG1 and SG2 in close
physical proximity to the device.

AIN

21| 26

This is the input for the analog signal from the phone line.
The modem extracts the information in this modulated
carrier and converts it into a serial data stream for presenta-
tion at RD output.

A0

25| 34

This analog output is the modulated carrier to be condi-
tioned and sent over the phone line.
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Vb
ORIG. MODEA
—0

ANS. MODE ' 2.

CRYSTAL

PHONE
LINE

I C5

Note:

BWN -~

MSM6926RS/
MSM6946RS

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

. High level signals should not be routed next to low level signals.
. Bypass capacitors on V5, SG1, and SG2 should be as close to the device as possible.
. AG and DG should be connected as close to the system ground as possible.

Figure 8 Application Circuit Using MSM6926RS/MSMG6946RS
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¢ MODEM-MSM6926/46 ¢

___+6dBm

0dBm
R
% ' €2 s000: 6002
11 —L
PHONE
c1 LINE
0dBm -6 dBm

Figure 9-2 MSM6926RS/MSM6946RS Application

Co, Receive
c, 0.047 uF v R, 51kQ R (51 k) signal level
C, 2.2 uF R; 51k R, 51k
‘ Carrier
Cs 1 uF R4 51kQ Rsg (33 k) detect level
Transmit
R; 600 Rs (61 k) signal level R 51kQ

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

3.58 MHz &3

Crystal Oscillator Connection

*1 200PF

External Dv: |
oscillator
Lo "

External Oscillator Connection

Figure 10

*1 TTL or Hi-Speed CMOS GATE
*2 Left unconnected
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RS
- RS1
~rreTmT— - -
1 ! s
, . - —(Rs2
. [ r—"*D |
| * 1
|
bR 2020K
| |
L_..-..__........______.(_A_).J Vp
Vp Ts,
CK
L
Q
rf-T-—-———-—-———=-—-———=—— il cD
! |
| '
| r
U Us * o ‘ c@
) 4020 |
] 1
B
e e e — -,
1 I
|
I | '
| * |
I 873.9 Hz
: R 402()CK : GLK
1
Lo ©_

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

Note: Supply voltage equals Vp for ail gates.

*: 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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(@)

(o]
-

CS delay ——I

I
°
o
|
o
¢
|
E
b
|

!
O
1

l
I
i
I
|
1

1
|

|
|
T CD delay
I

]
|
|

|
|
|
|

1

Transmit
Modulator filter —=—AQ
E De- Receive

modulator filter —AIN

Carrier

detect

g S o Y S
RDz Rp,

Figure 12 Equivalent Logic Interface of the Integrated Modem
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Carrier

—_—

Carrier
detect
AC/DC converter

SG2

VREF

Figure 13 External Resistor Connection for the Setting of Carrier Detect Level
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OKI semicohductor

MSM6927 CCITT V.23/
MSM6947 BELL 202

1200 BPS SINGLE CHIP MODEM

GENERAL DESCRIPTION

The MSM6927 and the MSM6947 are OKI'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 BELL 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- ® Selectable built-in timers and external
6927) delay timers possible

® Compatible with BELL 202 (MSM6947) ® All filtering, modulation, demodulation,

® CMOS silicon gate process and DTE interface on chip

® Switched capacitor and advanced CMOS ® (Crystal controlled oscillator on chip
analog technology ® TTL compatible digital interface

® Data rate from zero to 1200 b/s ® Low power dissipation 90 mW

® Half duplex (2-wire) ® 28 pin plastic DIP package

® Receive Squelch delay and Soft-Turn ® 44 pin plastic FLAT package

OFF
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sG1 O Q sG2
VA———
G
vA O~ AG SG1 SG2 Veer (O cDR2
vb O— 7 O cbR1
AG O~ Carrier detect O cb1
DG O~
AIN O—{ feceive Demodulator O RD1
i
o
sw L] <=0 RD2
FT O~ ROM CONT. .
— (== CD2
T
.._.‘.-..'
E Transmit DTE
! ; RD
A0 O—=  fier Modulator ::i\gl;:EER 0O
—‘—O XD
x1 O— G ——O Rs1
0sc |e] CLOCK
GEN. LOOP ==
X2 O—— TesT O RS2
ctk O ——() cs
TS1 (MSM6927RS}/ -
TS (MSM6947Rs) O —Occ
DELAY
TS2 (MSM6927RS)/
ATE (MsM6947Rs) O —Ou
sa O
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PIN CONFIGURATION (TOP VIEW)
28 LEAD PLASTIC DIP PACKAGE (RS)

X1
X2
CLK
LT
cc
cs
RS1

MSM6927RS
or
MSM6947RS

RS2

XD

RD
cD1
CD2
RD1
RD2

MSM6947RS.

TS2 (MSM6927RS)
ATE (MSM6947RS)

TS1 (MSM6927RS)
TS (MSM6947RS)

vD
AO
VA

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

I'I 44 LEAD PLASTIC FLAT PACKAGE (GS-K)

NC
SG1

[33] VA
EFT
317 sQ
3071 NC
[29] NC
28] NC
271 NC
[26] AIN
23] AG

A0 [(34]
[35]

7
TS2 (MSM6927GS-K) % MSM6927GS-K

ATE (MSM6947GS-K)
VA* @ or
NC (201 MSM6947GS-K
X1 [a1]
X2 [4Z]
CLK [33]
LT [44]

VD
TS1 (MSM6927GS-K)
TS  (MSM6947GS-K)

MSM6947GS-K.

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

* 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 03~ 7

Analog Ta=25"C

*1 .

input voltage VIA tWOIX' qespect | -0.3 VA+03 | V

Digital  *2 N

input voltage VID -0.3~VD+0.3

Operating _

temperature Top - 0~70 .
C

Storage ~

temperature TsTG - -55 ~ 150

*1 CDR2, AN

[ *3 — -
*2 X1, LT, CC, RS1, RS2, XD, CD2, RD2, SQ, TS (TS), TS2(ATE)

*3 CD2is I/O terminal.
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RECOMMENDED OPERATING CONDITIONS

Parameter Symbol Condition Min Typ Max Unit
VA With respect to AG 10.8 12.0 13.2
Power supply .
voltage VD With respect to DG 4,75 5.00 5.25 \
AG, DG 0
Operating Top 0 70 °c
temperature (o]
CRYSTAL 3.579545 MHz
Transformer
R, impedance = 6002 600 2
R, 51
R, 51
R, 51
Rs 51
k2
R, 51
R, 51
Ry 33
R, 51
c,.C, 0.047
C, 2.2
c, 1.0
uF
C, 0.01
C; 10
C 10

N

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

Parameter Symbol Condition Min Typ Max Unit
Power supply 1A Ordinary 9.0 18.0 mA
current D operation 10 20
Input he Vi =0y -10 10 A

1 M

leakage current * liH V| =Vp _10 10

ViL 0 0.8
Input voltage *!

ViH 2.2 VD

\

VoL loL=1.6mA 0 0.4
Qutput voltage *?

VOH loH = 400 A 08 VD VD

*
*!  LT,CC, RS1,RS2, XD, CD2, RD2, SQ, TS4(TS), TS2(ATE)

%3
*2  CLK,CS,RD,CD1,CD2,RD1

*3  CD2is 1/O terminal.
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ANALOG INTERFACE CHARACTERISTICS

1. MSM6927
(VA=12V £10%, VD =5 V 5%, T, =0 ~ 70°C)
Parameter Symbol Condition Min Typ Max Unit
Transmit Carrier Out (A0)
Mark | 1290 | 1300.| 1310
Carrier 1 f = 3.579545 MHz Hz
frequency Space CRYSTAL = °.
po Fg 2090 | 2100 | 2100
Output resistance RoxA 200 Q
Load resistance | Rpxa 50 kQ
Load capacitance CLXxA 100 PF
Transmit level Voxa 4 6 8 *1dBm
Output offset VA VA |VA
voltage Vosx R B S e R B
Out-of-band energy '
(referred to carrier Eox C, =0.047 uF Refer to Figure 1 dB
level)

Receive Carrier Input (Ajn)

m Input resistance RiRA 100 kQ
Receive signal .
level range ViRA -48 -6

= *2 _ 1

Carrier ON Vep ON E = 211)‘ l':g 43 | *'dBm

detect level OFF |Vgp OFF _48

Carrier detect

hysteresis Hyg Vep ON - Vep OFF‘ 2 dB
Receive Filter

Group delay - )

distortion DpL 1100 ~ 2300 Hz 210 us

Note: *! 0dBm =0.775 Vrms
*2 The resistor values are typical.
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0 2 4 6 8 10 12 14 16 /"
T T T T T T T T 9

| ! !

1 ! !

X | |

1 [

0 ! |

| |

| I

| I

| [}

| |

20 b————_ ] ]

|

|

|

|

|

40 b= —— - —— . !
T~ T (L
60 3J

dB

Figure 1 MSM6927 Out-of-Band Enérgy referred to Carrier Level
(C, ='0.047 uF)

kHz
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0
-1+
2 L
10 +
-3
g i
z - z
< <
- R
-20 —+
Figure 2
MSM6927
Transmit Filter
30 —+
|
1K 10K  FREQ (Hz)
1K 10K FREQ (Hz)
0 T I
-10 F
)
z
Z -20
S
Figure 3
-30 - MSM6927
Receive Filter
40 |
-50 |-
-60
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2. MSM6947
(VA=12V £10%, VD =5V 5%, T, =0 ~ 70°C)
Parameter Symbol Condition Min Typ Max Unit
Transmit Carrier Out (A0)
Mark |ty 1190 | 1200 | 1210
Carrier _
frequency P— fCRYSTAL = 3.5679545 MHz
'y Fs 2190 | 2200 | 2200 | Hz
Answer tone ATE = 1“0
frequency fa ATE ="0 2019 | 2025 | 2031
Output resistance Roxa 200 Q
Load resistance RLXA 50 k2
Load capacitance CLxA 100 PF
Transmit level VOXA 6 8 *1dBm
Output offset VA VA |VA
voltage Vosx 2 -1 2 2 1 v
Out-of-band energy
(referred to carrier Eox C, =0.047 uF Refer to Figure 4 dB
level)
Receive Carrier Input (AjN)
Input resistance RIRA 100 kQ
Receive signal v _48 -6
level range IRA
= 2 _ 1
Carrier ON Vcp ON gs - g? ::g* 43 | **dBm
detect level | Sc Vcp OFF o _48
Carrier detect
hysteresis Hyg Vcp ON — Vep OFF 0.5 dB
Receive Filter
Group delay -
distortion DpL 1100 ~ 2300 Hz 210 us

Note: *! 0dBm =0.775 Vrms
*2 The resistor values are typical.
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34

200

4
T
|
|
|
|
|
|
|
|
|

—_————————e e — 4 &

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

KHz
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GAIN (dB)

GAIN (dB)

-1

-2
-10
-3

-20

-30

|
1

GAIN (dB)

Figure 5
MSM6947
Transmit Filter

1K

10K

10K

FREQ (Hz)

FREQ (Hz)

T

Figure 6
MSM6947
Receive Filter

I-A-39



4 MODEM-MSM6927/47 ¢

DEMODULATED BIT CHARACTERISTICS

(VA=12V £10%,VD =5V 5%, T, =0 ~ 70°C)

Parameter

Symbol

Condition

Min

Typ

Max

Unit

Peak
intersymbol
distortion

ID

Back-to-back
over input signal
range -6 to -40
dBm.

511-bit test
pattern.

%

Bit error
rate

BER

Back-to-back

with 0.3 ~ 3.4 kHz
flat noise.

Receive signal

level -25 dBm.

511-bit S/N |8

10%

test
pattern (dB)

10°%
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1. MSM6927
(VA=12V £10%, VD =5V 5%, T; =0~ 70°C)
Parameter Symbol Condition TS2 TS1 Min Typ Max Unit
0 0 195 200 205
BET = 1y 0 1 25 30 35
RS/CS TreON | PRSI0
delay time 1 0 65 70 75
1 1 External delay
timer
TreoFF | ASI=710 * * 0 05
0 0 10 25
CD/ON 0 1 10 25
delay time Tcp ON
1 0 10 25
1 1 External delay
timer
ms
0 0 5 15
CD/OFF Tep OFF 0 1 5 15
delay time 1 0 5 15
1 1 External delay
timer
Soft Turn-OFF T . % 10 I l '
time ST
SQ = 0" 0 0 145 150 155
Receive Data 0 1 145 150 155
Squelch TSQ RS1 ="1"
Delay Time —-RD="1" 1 0 35 40 45
Hold
1 1 External delay
timer
Refer to Figure 7.
Note: * ... Irrespective of 1/0 condition
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2. MSM6947 ,
(VA=12V £10%,VD =5V 5%, T, =0 ~ 70°C)
Parameter Symbol Condition TS Min Typ Max Unit
TReoN ﬁ§7_= ng 0 175 180 185
ggllg/sﬂme ~>C5="0 1 External Delay Timer
BRST="1" !
TRCOFF SCS="1"" * 0 0.5
0 15 35
Delay Time | TCDON
] 1 External Delay Timer
CD/OFE tevorr 0 10 | | 20 ms
Delay Time 1 External Delay Timer
Soft Turn-
OFF Time TsT ¥ 10
Receive sQ =0 0 156
Data YT
Tso RS1 ="1"
Squelch SRD="1" 1 E .
R . = xternal Delay Timer
Delay Time Hol
Refer to Figure 7.
Note: * ... Irrespective of 1/0 condition

I
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TIMING DIAGRAM

P
2

I L

&l

TRC |[

. |... TRc OFF

ON_ l_-— B
. RAAARANAN
TAVRVAVATAVEYA S

rRo |////] “MARK'" HOLD |

=" TSQ —-l

TsT

AN

Figure 7 MSM6927/MSM6947 Timing Diagram
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PIN DESCRIPTIONS

Pin No. .
Name RSI GSK 1/0 Function
POWER
DG 151 19 Ground reference of Vp (digital ground)
AG 19| 23 Ground reference of V A (analog ground)
vVa 24| 33 Supply voltage (+12 V nominal)
VD 26| 35 Supply voltage (+5 V nominal)
CLOCKS
X1 11 a1 Master clock timing is provided by either a series resonant
crystal (3.579545 MHz *0.01%) connected across X1 and
X2 2| a2 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 31 43 10 external delay circuits etc.
CONTROL
Digital loop back. During digital ““High’’, any data sent on
the Xp pin will appear on the RD pin, and anyﬁta 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 AN 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
CcC 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
RS 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.

W-A-44



¢ MODEM-MSM6927/47 ¢

Pin No. .
Name Rs|GS.K 1/0 Function

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
e 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; (TS) or TS, is not digital ““High”), this pin
becomes the Carrier-Detect signal output.

O
N

The RD1 data is demodulated data from the received
RD1 13| 14 | O 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 (CRD1) and inverting input
(CDR2) of the buffer operational amplifier of which
CDR1 16| 20 0} noninverting 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 Rg and Ry. 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
Rg and Rg. Rg+ Ry shouid be greater than 50 k§2.

When data rate is 1200 BPS and at half duplex operation
on two-wire facilities, the delay function called as receiver-
squelch is required. In case of four wire facilities, this
function is not required usually.

When digital ““High” input to the SQ pin, this function
can be omitted.

This pin may be used for device tests only. During digital
FT 23| 32 I “High”, the AQ 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

Pin No. .
Name RS GSK 1/0 Function

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

Pin No. .
"l Name RS GSK I/0 Function

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 1 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
o to this pin and the RST pin is in digital “Low” level,
ATE 28 38 I Answer Tone (~ 2025 Hz) is sent over the phone line
via the AQ 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| O 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-
— 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.

2|
puity
~
=S
]

This is digital data to be modulated and transmitted via
AQ. Digital “High’ will be transmitted as “Mark’’. Digital

XD 9 9 I A . " .

“Low’ will be transmitted as “Space’”. No signal appears

at AQ unless RS1is ““Low"’.

Digital data demodulated from AjyN 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

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.

RD 10| 10 0)

The SG1 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 SG1
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-
AIN 21| 26 I lated carrier and converts it into a serial data stream for
presentation at RD output.

This analog output is the modulated carrier to be condi-
Ao 2% 34 o tioned and sent over the phone line.
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Data ; Control
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Notes:

PON~

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

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

Bypass capacitors on V 5, SG1, and SG2 should be as close to the device as possible.
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:

HPON=

The crystal should be wired in close physical proximity to the device,

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

Bypass capacitors on V a, SG1, and SG2 should be as close to the device as possible.
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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+6 dBm

4 0dBm

% ga
R, '€ 6ooq: soon

. l |
Va I —L
z PHONE
< . c1 LINE
0dBm -6 dBm
Figure 9 MSM6927RS/MSM6947RS Application
Co. | 0.047uF | R 51 kQ R (51kg) heceive
C, ) 2 6 signal level
C, 22uF | Ry | 51kQ R, | 51kQ
Carrier
Cs 1uF Ry | 51kQ Re | (B3kQ) gamer
Transmit
R, 600 2 Rs (561 k£2) signal level Ro 51k

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

358 MHz X

Crystal Oscillator Connection

*1 200PF

External

oscillator Dc 1

l_' '_i *2 | %1 TTL or Hi-Speed CMOS GATE
[] ° *2 Left unconnected

External Oscillator Connection

Figure 10

m-A-50



¢ MODEM-MSM6927/47 ¢

1
RS2
S
VD-—< T9
CK
Q T\
r-r———"F""""- - ———— |
| |
| 1
1 | *2
(| Ur "1 ek ' (P
| 4020 l b2
1
o R )
N - o
! |—_[‘_]"1 > :
(. [ Ct[ l
I *1 ! 873.9 Hz
: R 4020°K — ELR
b o e e (D)_|

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

Note: Supply voltage equals Vp for all gates.

*1:

*2:

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.

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

directly.

Figure 11-1 MSM6927 External Delays Connection
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al

B, |

*1
CK

4020
e
- ——
1
i
I z
] *1
| R CK
| 4020
Lo ______1WB J
'f"— T === |
I
i
| - "1 CK
I
| 4020
1
L e e e
e
]
i
I
I
P ek
| 4020
i

(A) RS/CS delay, (B) Receiver-squelch delay, (C) CD/ON delay, (D) CD/OFF. delay
Note: Supply voltage equals Vp 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: In the case that the Receiver-dquelch delay is unnecessary, circuit (B) and this OR gate
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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Carrier Carrier
——] detect
AC/DC converter

SG2

VREF

Figure 13 External Resistor Connection for the Setting of Carrier Detect Level
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OXK I semiconductor
MSM6948

SINGLE CHIP MSK MODEM

GENERAL DESCRIPTION

The MSM6948 is a single chip MSK {Minimum Shift Keying) modem which is fabricated
by OKI’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) ® Small numbers of external components
® The transmit filter can be used as for easy application.

voice splutter filter. ® Wide application-wireless data equip-
® The receive timing re-generator has two ment, MCA system.

different lock-in time performance ® +5 V signal power supply.

options to be chosen from. - ® | ow power consumption CMOS.
® On-chip oscillation circuit. ® 18 pin plastic DIP package.
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BLOCK DIAGRAM
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TRANSMIT| |

RC
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1 RC || RECEIVE RC
M LPF [] BPF  [T| LPF Al

RE-GENERATOR

DELAY
~—  PDF o ETECTOR—

®7
@,_.__
RT TIMING
@_r*
‘_.___

VDD

POWER
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RESET SIGNAL
GROUND
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CLOCK .
GENERATOR
7 )SG
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*Post Detection Filter
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4 MODEM-MSM6948 ¢

PIN CONFIGURATION

(Top View)

ot

18 Lead Plastic Package

T

x2 | 2 17|FT
MCK | 3. 16| CT
ME E 15| CF
SD E E' RT
ST E 13|RD
SG E 12] Al
AG E 11] AO
DGE 10| TI
ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings
Parameter Symbol Condition Rating Unit
Power Supply Voltage VbD -03~7
Ta=25°C
Analog Input Voltage ** Via Referred to -03~Vpp+3 \Y
AG or DG
Digital Input Voltage *?2 Vip -0.3~Vpp +03
Operating Temperature Top — -25~70 R
C
Storage Temperature Tstg - -55 ~ 150

* O TI, Al -
*?  ME,SD, CF,CT,FT
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Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
Vpp Referred to AG or DG | 4.75 5 5.25
Power Supply Voltage \%
AG, DG — — 0 -
Operating Temperature Top — -25 25 70 °C
Crystal Resonant X' TAL - 3.68603.6864 | 3.6868 | MHz
Data rate Ts - - 1200 - bit/s
C, — - - 2.2 —
C, - - - 0.1 -
C, — - - 0.047 - uF
C, — Depend on Load Impedance for Ao Output
c, - - | - Jooar| -

DC and Digital Interface Characteristics
Vpp =5V 5%, Ta=-25~ 70°C

Parameter Symbol Condition Min Typ Max Unit
Normal Operating
Power Supply Current Ipp Condition — 3 6 mA
i fX'TAL =
Oscilating Frequenc f 3.6857 |3.6864|3.6871| MHz
scriating Frequency MCK | 36864 MHz £0.01%
he VIN = Oy -10 - 10
Input Leakage Current *! uA
IH VIN = VDD -10 — 10
ViL - 0 — 0.8
Input Voltage *!
VIH - 2.2 — Vpp
Vor1 loL=1.6mA 0 — 0.4
Output Voltage *2
VOH1 loH = 400 uA 0.8 Vpp - Vbp
\%
VoL2 R >50kQ 0 - 0.4
Output Voltage *3
' VOH2 CL <20pF 06Vpp| - | VDD

*1  ME, SD, CF,CT, FT
*2  ST,RD,RT
*3 MCK
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Analog Interface Characteristics (Vpp = 5V 6%, Ta = —25 ~ 70°C)

Transmit signal output (Ag)

Parameter Symbol Condition Min Typ Max Unit
fm SD="1"| —= _,,... 1199 1200 1201
. FT="1
Carrier frequency ME= “1" Hz
fs SD ="0" 1799 1800 1801
Carrier level \% RL = FT="17) -2 0 *2 dBm
0Xx 100k | ME="1" 174 19 2.76 |/ Vpp
Output voltage cL< FT="1"

R \% _ .
swing OPP 40PF | ME="0" 2.2 3 Vp-p
Output resistance ROX fao <4 kHz - - 1

kQ
Load resistance RLx - 100 - -
Load capacitance CLx - - - 40 PF
Output 1 1 1
- 5 -0.1]| = - +0.
DC voltage Vosx 2 Vop —0.1 2 VoD 2 VDD*0.1 v
Note: 0dBm =0.775 Vrms
I I I Voice signal input (TI)
Voltage gain Gt Va0o/VTI -2 0 +2 dB
- =
Input signal level VT - ME = “0"" - — 0 dBm
Input resistance RT| f11<4kHz 50 — — kQ
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¢ MODEM-MSM6948 ¢
Built-in Signal Ground (SG)

Vbp _ Vbbp VbD

DC Voltage | Vsg | Without DC Load | = 0.1 - - t0.1 v
Receive Signal Input (Al) and Demodulator

Input <

Resistance RIR fAl =4 kHz 50 - - ke

Receive v - -30 - 0 dBm

Signal Level IR

-3
Bit Error S/N 8dB - 4x10 B
Rate BER | (arAl N/N
12dB - 3x10° -

Re-generated Receive Data Timing Clock Output (RT)

Data Bit Npp L1 9,.5.:—_ — — 31

Number CF = |26l Bi

For PLL's “1" [or | <5 i

Lock-in NpLL2 e — - 65
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BUILT-IN FILTER FREQUENCY CHARACTERISTICS

GAIN (dB)
1 2 3 4 5 6 7 8 9 10 FREQ. (kHz)
T

0 —T ~T T T T T T

-10+

-201+

Transmit Low-pass Filter

0 T T T T T T T T

Receive Band-pass Filter

0.5 1 1.5 2 25 3 3.5 4  FREQ. (kHz) |-
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PIN DESCRIPTION

Pin Name

Pin No.

Function

X1

- X2

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.

MCK

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

ME

When digital ““1"" is put on this pin, MSK modulator output is connected to
the input of transmit LPF. When digital “/0'’ is put on, the input of transmit
LPF is connected to T1 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.

SD

ST

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.

! i |

| [l 1

sb l | | l I l

I 1 1

| |

MSK Modulating l |
data —_—

SG

Built-in analog signal ground. The DC voltage is approximately half of VDD,
so the analog signal interfaces of Al, AO and T| 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.

AG

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

DG

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

TI

10

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 ‘0’ must be input to ME.

Tl is biased internally to SG with about 100 k2.
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. Pin Name

Pin No.

Function

AO

11

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.

BT

ME

Transmit LPF State of AO

"y

"y

Power On The output of

MSK Signal

"y

"o

Transmit LPF

Voice Signal

"o

g

Power Down

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

"o

“g

No-signal Output
(DC-biased to SG)

Power down

Transmit
e [ °
SG

Receive

BPF

The state when FT and ME = ““0" is shown above. When the input digital
data on FT changes to *“1’* from “0’’, 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.

Al

12

Receive analog signal input terminal. Al is biased internally to SG with
about 100 k2 same as Tl. Receive BPF and demodulator extract the
information in this signal and convert it into a serial data stream at RD

output.

RD

13

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

RT

14

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

Pin No.

Function

CF

15

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
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 “‘0" 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"’.

CT

16

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 Q"' is input to CF, PL.L can be locked in below
31 bit data.

Equipment CT

Personal/MCA wireless terminals i

MCA wireless bases “0"

17

Control signal for the internal connection of AO. Refer to column AO.
When digital ‘0" is input to this pin, transmit LPF enters in power down
mode, but the output buffer operational amplifier remains to be active.

VDD

18

+5 V power supply input terminal. This device is sensitive to supply noises
as the switched capacitor techniques are utilized in plenty. By pass
capacitor is indispensable to ensure the performance.
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HINTS FOR APPLICATION

Crystal
3.6864 MHz =2
@
3.6864 MHz
Clock (3) mcx

Transmit Control
““1"": Data Signal (SD)
“0": Voice Signal (T1)

Transmit Data e SD
Transmit Data
Timing Clock (&)st

"Vpp @ +5V

FT(17) - Filter Test

PLL's Lock-in Speed
CT @ “1" . Low Speed
“0"": High Speed

Phase Correcting Speed
“1"": High-Speed Correction
“0"": Low-Speed Correction

RT m Receive Data Timing Clock

RD @ - Receive Data

C,
Al @ }—=— Receive Analog Signal

C4
AO, |— Transmit Analog Signal

CS
TI @ |—=— Voice Signal
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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 OKl’s
original LSIs which are fabricated by OKl’s low power CMOS silicon gate technology. The
MSM80C31, MSM81C55 and MSM2764 are standard LSIs which can be sourced besides OKI.

Since this chip set provides most of all necessary functions for Bell 212A standard, only
small number of MSIs, 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
e Applied Netowrk: Public Switched 2-wire Line
e Network Interface: 600 ohm Balance
e DTE Interface: RS-232C (refer to 4-2.)
® QOperating Mode: Full-duplex or Half-duplex
e Low Speed Data Format: Serial/Binary/Asynchronous; 7 or 8 data bits; 1 or 2 stop bits; odd,
(0 ~ 300 bps) even, or no parity.
o High Speed Data Format: Serial/Binary/Asynchronous;
(1200 bps) ® 7 data bits; 1 or 2 stop bits; odd, even, or fixed parity.
® 8 data bits; 1 or 2 stop bits; no parity.
e Modem Compatibility: Compatible with Bell System 103 or 212A modems, for asynchronous
communication, in originate or answer mode.
® Receive Sensitivity: —45 dBm typical
e Transmit Level: —10 dBm typical
e Dialing Capability: Touch-Tone and Pulse (10 pps) Dialing
e Command Buffer: 40 Characters
e Power Supply Voltage: +5/-5 V, +12/—-12 V (RS-232C)

< Additional High Speed Specifications >

Input Data Rate:
Line Data Rate:
Modem to Terminal

1182 ~ 1212 bps
1200 bps +0.01%

Data Rate: 1219 bps
e Carrier Frequencies: 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: +7 Hz
o Data Modulation: 4-level Differential PSK at 600 baud +0.01%
® Encoding: Dibit Phase Shift
00 +90
01 0
10 180
1 -90
e Scrambler Polynominal: X=1+X"'+Xx"17
o Line Equalization: Auto-equalizing function is provided in receiver

*Smartmodem 1200 is the registered trademark of Hayes Microcomputer

Products Inc.,
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4 MODEM- 1200 bps CHIP SET ¢

LIST OF CHIP SET

Power Dissipation Unit: mA Package
Type No. Function
Min Typ Max -[Conditon| DIP FLAT
- 12 20 +5V
MSM6950 Analog Front-End 42 pin | 56 pin
- 1 20 -5V
MSM6928-06 DSP for Demodulation - 35 40 42 pin 60 pin
MSM61057 SYNC/ASYNC, Scramble/ | _ — | a0 40 pin | 60 pin
MSM80C31" 1 “ggﬁn”;a;‘i’a’l'iga"d's*‘ake' 12 | 16 20 | +5V | 40pin | 44 pin
MSM81C55°2 | 1/0 Port expander - - 5 40 pin | 44 pin
MsM2764 "3 _ _ 100
or ROM for MSM80C31 - 32 - 28 pin -
MSM27C64

*1 Refer to the MICROCONTROLLER DATABOOK.

*2 Refer to the MICROPROCESSOR DATABOOK.
*3 Refer to the MEMORY DATABOOK.
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4 MODEM- 1200 bps CHIP SET ¢

APPLICATION CIRCUIT FOR BELL 212A MODEM
(OKI PC MODEM 212A)
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*1

LINE

Amp for monitor

e

MON

MUTE

M6950 (Analog Front E

Q00

Modu-

1200Hz

L T 'MB950 (Analog Front End) |

i M6928-06

DsP
for [+
DEM.

ler

DAA

Jack

*2
EXT

Analog Tone M81C55

M80C31

|/0<,"—_—_

(Note)

When RS-232C interface is required, +12V power supplies are necessary
*1 Line Monitoring (Call progress tone monitoring) function applicable
*2 External analog tone

for the level conversion.
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¢ MODEM- 1200 bps CHIP SET ¢

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 (CI) High Speed Indicator From Modem
20 ER (CD) Data Terminal Ready To Modem
22 Rl (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

il
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4 MODEM- 1200 bps CHIP SET ¢

Chip Set; 1C1, 1C2, IC3, I1C4, IC5, IC8

Name Part Number Note Name Part Number Note

IC1 | MSM61057RS PC1 | TLP521-1-A Toshiba

IC2 | MSM8OC31RS ABRT. Erz.co7DK151 | Matsushita Denshi
IC3 | MSM6928-06Rs | DoF for RL1 | NR-SD-12V Matsushita Denko
IC4 MSM81C55RS RL2 SY-12 Takamizawa

Ic5 | Msm2764 212A52 V1,2 | VR-61B-A Shin Den Gen
IC6 | MSM74HC273 Q1,2 | 25c372

IC7 | MSM74HC244 X CX0-042B {11.0592 MHz)
1C8 MSM6950RS Analog Front-End D1,2 | VvO6C

1o | HA17458PS Hitachi D3 | 15953

IC10 | MSM74HC74 DT | sEL1t10RZ

IC11 | HD74LS92 Hitachi

IC12 | MSM74HC74

IC13 | MSM74HC368 swi | Dvs8 §-contacts DIP
IC14 | MSM74HC32 5 f,;zgfjl‘a‘f']ack E
IC15 | MSM74HC04 52 DB-25SA-J4 DB-25 Connector
IC16 | MSM74HCO02 T 31222-1 Daiwa Denki
IC17 | MSM74HCO08

IC18 | MSM4049

IC19 | HD75188P Hitachi

IC20 | HD75188P Hitachi

IC21 | HD75189P Hitachi

1C22 | MSM4050

1C23 | 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 39 kO 10% 174w R25 3.3kQ 10% 172w
R2 R26 300 Q 1% 174w
R3 39 kO 10% 174w R27 10 kQ 10% 14 W
R4 R28 24kQ 10% 14 W
R5 R29 22kQ 10% 174w
R6 R30 10 kQ 10% 174w
R7 R31 10 kQ 10% 174w
R8 R32 22kQ 10% 174w
R9 12kQ 10% 174w R33 150 10% 174w
R10 39 kQ 10% 174 W R34 10 k 10% 174w
R11
R12
R13 10kQ 10% 174w
R14 100 kQ 10% 174 W
R15
R16 10 kQ 10% 174 W
R17 5.1 kQ 1% 14w RG1 |10k x8 10% 174 W
R18 100 k2 1% 14w RG2 |10k x8 10% 174w
R19 620 1% 174w RG3 | 10kQ x8 10% 174 W
R20 51 kQ 1% 1/4W RG4 |3302x8 10% 174 W
R21 620 © 1% 174W VR1 x| weriable
R22 100 k&2 1% 1/4W VR2 agax | warable
R23 33 kQ 1% 174w VR3 | ofax | Variable
R24 249 e 174w
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Components Table (3/3)

4 MODEM- 1200 bps CHIP SET ¢

Name Value Tolerance ?/%]r&t;f Name Value Tolerance ?/%—;g;eg
C1 10 uF 50% >15V C25 0.1 uF 50% >15V
c2 10 uF 50% >15V C26 0.22 uF 50% >15V
c3 10 uF 50% >15V c27 0.22 uF 50% >15V
c4 10 wF 50% >15V Cc28 0.1 uF 50% >15V
Ccb 10 uF 50% >15V C29 0.1 uF 50% >15V
C6 10 uF 50% >15V C30 0.1 uF 50% >15V
Cc7 10 uF 50% >15V C31 1000 pF 20% >15V
c8 10 uF 50% >15V C32 0.47 uF 20% >60 V
Cc9 10 uF 50% >60 V C33
c10 C34
C11 1000 pF 20% >15V C35
Cc12 1000 pF 20% >15 V C36
c13 1000 pF 20% >15V C37
c14 1000 pF 20% >15V C38
C15 1000 pF 20% >15V C39
C16 1000 pF 20% >15V C40
c17 1000 pF 20% >15V C41
Cc18 1000 pF 20% >15V Cc42
Cc19 1000 pF 20% >15V C43
C20 0.47 uF 50% >15V ca4
c21 0.1 uF 50% >15V C45 0.1 uF 50% >15V
Cc22 0.1 uF 50% >15V C46 0.1 uF 50% >15V
c23 0.022 uF 20% >15 V
C24 1 uF 50% >15V
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Initial Adjustment

Trimming for Reference Voltage

3 8
£"VR2 C T+2‘5ov

R23

Figure-1

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

Adjustment for Transmit/Receive Signal Level

;: 030-‘ n
—O0-
Re1 |4
<6009
6950RS - c31 E“ v
3

Figure-2

First, connect a 600 £2 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
—10 dBm.

Stop the modem to send the transmit signal using the “ATC0S10 = 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: 0dBm =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.
“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.

4 MODEM- 1200 bps CHIP SET ¢

MSM6950

MSM6928 4

Pin11
e Pin25
26
27
28
29
30
31
32
33

L 34

N NN
o = N

TTTTTTS

-
©

Xic

s
O © 0 N O O H W N =
- a2 A - -y
W » O O [oe]

-
-
-
N

JULILLLLL

OKI PC MODEM 212A

Q
<

+5V
—12v
+12v
Pin40
39
38
37
36
35

MSM6928

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.

Monitoring
Circuit
(Figure-5)

L X Oscillo-

— Y Scope

OKI PC MODEM 212A

Figure-4
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Figure-5. DECISION POINTS MONITORING CIRCUIT

to pin25 through pind0 of MSM6928
and ST is connected to pin11 of MSM
6950.
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OKI semiconductor

CHIP SET FOR 2400 bps FULL DUPLEX MODEM

(0 ~ 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. |t 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. MSM80C51-98/99 (MVICROCONTROLLER: MCU), MSM-
6928-07 (Digital Signal Processor: 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-
gent modem system at 2400 bps in full-duplex can be realized easily.

Controller Original MODEM
]
]
Interface
ya Command Synchronous Modem N
DTE < Interpreter ™ & Phone
(RS-232-C) & > Line

Y ! . Protocol " RD Asynchronous Modem 7

1

2400 FDX MODEM SYSTEM

Figure 1 Typical configuration of 2400 FDX MODEM
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FUNCTIONAL BLOCK DIAGRAM

Figure 2 shows the functional biock 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.

( N [
MSM80C51-98/99 (MCU) MSM6950 (AFE)
itted ASYN
TraBSaTa'tte > Modulation DA —» Filter
SYN
\. y,
( )
PLL
- N
Received sv
ot - v Demodulation AD |e—| Filter
ASY
MSM61077 (GA MSM6928-07 (DSP)
- ©a ) J L
Speed _ Synchronous Modem
Conversion b
o Asynchronous Modem
Figure 2 Functional block diagram of OK| PC MODEM 224

Analog out

Analog in
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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.

MCU. GA. AFE
Mode Definition
Parallel 3

bytes

MSM61077 MSM6950

:)DAA_/\/___

Clock AFE
GEN.

o |-

MSM6928-07

DsP
DSP Control
Serial 2 bytes

Figure 3 General control data flow

Status Control
Serial 2 bytes
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CONTROL DATA MAP

Figure 4 shows the control data map. Each map is represented by the e‘IIiptic circle, and is
classified into the functional roles. The groups A-D correspond to each LS| chip.

B- l B-11

i MSM
Modulation

B-

Signal Detector

RESET —4———-—1

MSM61077 MSM6950
V.24
Interface

A-ll

Internal RD
Output

Gate Array
Status Control

Speed Conversion
Mode Definition

Descrambler
input/Output

ﬁDAA——/\/—

GA (S

Carrier

Detector 1
MSME928-07

FCD Output

D-l

AFE
Status Control
(] C-l
' DSP Control b $SQD Output

Figure 4 Control data map

DsP
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1) Group A (MSM61077)
A-l)

Group A-l 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-ll)

Group A-ll 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-lll)

Group A-lll 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/O Function Note

TD | Transmitted Data
RD O | Received Data

V.24 ST1 | Transmitter Timin F om DTE to DCE

Interface (A-1) 9 r
ST2 O | Transmitter Timing From DCE to DTE
RT O | Receiver Timing

:nter)nal RD DO O | Internal RD (PSK)

A-ll
D1 O | Internal RD (FSK)
REQF O | Enable DO and D1 Also enable RDIN (B-1V)
SDATA| | Data

Gate Array GSTB | | Strobe Clock

Status Control (A-1ll)
SCLK I | Shift Clock Same as SCLK in C-l
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2) Group B (MSM80C51-98/99)

B-1)
Group B-l are the modulation mode definitions, that are described briefly in the item
of Control Data Table and also in details afterwards.

B-I1)

Group B-Il are the mode definitions of Asynchronous to Synchronous Speed Conversion,
that are 1/2.3 (a rate of speed tolerance), SASO-2 (character bit length selection). They
are described in details in the item of the General Description.

B-lit)

Group B-lll are the special signal detector outputs, that are TRCD (S1 data detection
specified in CCITT V.22 bis, S1568 (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 US1D is detected
through the descramble operation.

B-1V)

Group B-1V are the descrambler output port assignments, that are REQF (Enable RDIN,
DO-1), RDIN (descrambler output at DSP0O=1, or descrambler input at DSP0=0), ACK
(Latch clock for RDIN, DO-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/O Function Note
INRS i Enable Transmitter FSK, PSK, DTMF, etc.
FSPS | Tone Select
DTA [
DTB |
Modulation Mode MCP3 ! These pins define the several
Definition (B-) DOP2 | | LKinds of modulation modes.
Please see the paper described
ScP1 | in detail.
DSPO 1
DSS |
A
A/O | Answer/Originate
1/2.3 | | Speed tolerance +1.0%/-2.5% or +2.3%/-2.5%
Speed Conversion SAS2 !
Mode Definition
(B-11) SAS1 | Character Bit Length
SASO |
TRCD O | S1 Data Detection Specified in CCITT V.22-bis
g‘g;‘:&?ﬁ;ﬁfﬁ” $168 | | | TRCD Timer Select 50 msec/80 msec
uUsibD O | Unscrambled 1 Detection
Descrambler RDIN Descrambler Qutput (DSPO=1)
Input/Output (B-1V) Descrambler Input (DSP0=0)
ACK | 0 | Latch Clock for RDIN Latch Clock for DO, D1 (A-I1)
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3) Group C (MSM6928-07)

c-1)

Group C-l 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-1)
Group C-ll are the data signal quality detector outputs, that are SQDA (Demodulator
has no convergence), SQDB (threshold level detection of bit error rate).

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

Group C Name 1/0 Function Note
EXTFLG | Data
i DSTB I | Strobe clock
SCLK | Shift clock Same as SCLK in A-IlI
QD Output SQDA o Data signal quality No convergence
(c-m saDB (0] Data signal quality Threshold level

4) Group D (MSM6950)
D-1)

Group D-| 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.

Table 4 Control data of Group D (MSM6950)

Group D Name 1/0 Function Note

DT | Call progress tone loop
PT | DTMF tone loop

AFE

Status Control LT | Analog loop back

(D-1)
GT | Guard tone select
MODE | Answer/originate
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FEATURES OF OKI PC MODEM 224

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-dupiex.

DTE interfaces of V.24 are TTL com-

patible.

LIST OF CHIP SET

¢ MODEM- 2400 bps CHIP SET ¢

Included powerful Adaptive Equalizer.
Tone transmitting capability;

DTMF tone
Guard tone (5650,1800 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 tion DIP |FLAT
— 12 20 +5V
MSM6950 Analog Front End 42 pin {56 pin
- 11 20 -5V
DSP for demodulation, Adaptive . .
MSM6928-07 equalizer and AGC control - 35 40 +5V |42 pin |60 pin
Timing PLL, Random Iogic, .
MSM61077 | guod® o ersion - — | a0 |+v ]| — |60pin |
MSM80C51- Modulator, Scrambler/descrambler 40 pin | 44 pin
98/99 Speed conversion 12 16 20 BV (—-98) | (~99)
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Figure 5 Functional Circuit Block Diagram
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OKI PC MODEM 224 APPLICATION CIRCUIT

1000P

MODE O 100K
DT O——
PTO MSM6950 (DIP)
LT O»— 28
DT AIN
GT O—»— 29 PT
INRS O- MSMBOC51-98/99 15V s
Loy 3 5cT
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DTA Cc;f L sslp 06 HC164F 6l 0DE
DTB O— gg Pos CLK 23 ! i
—— 3P 04
MCP3 O—>— 3P 0.3 p3.0 12 Ha  aap Simos nouT
SEipo.2 QB L1097
DoP2 O——/ 38p 0.1 QaclZ TD6 XIN
SCP1 O-—»—[ . 8 P 0.0 QD1 ={1D5
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DSPO Lp16 QF 35 D3 GR2
A/O P15 QG TD 2 GR1
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S158 41p13 sy 20l a8 DETECT
DSS O— 5{p 1.2 + & RD 8 AGCI
’ o Zp 1.1 veefdo (3RO 7 2 100K CiRCUIT
SAS2 04— 7 P1.0 EA ;RD 6 VR2 10u See Appendix E,
SAS1 2g|F 34 20T O™ 5/RD 5 25 33K
SASO O—————— | 277 27 GNDHg SRD 4 VR1 3 A
6|7 26 XTAL1 Z]RD 3 VDD2 [ 1 ”
11230+—m—o-— | 25| P25 = 3 RD 2 VDD1 [ 1 T » +5V
2P 2.4 RD 1 VSsS +——> -5V
P23 A WRITE 23 0.22u
usip O P22 129 START AGI55
P21 READ DG
TRCD O 2P 2.0 mck 19
SQDA Oe— 5| RESET 18 (11.0592 MHz)
P35 XTAL2 }-1—6
sapB O g P37 P36135
RDIN O F—IP 3.3 P 3.20°H ‘“5"51 « MSM6928-07 (DIP)
D1 O~— y gg B1e +5V
0 HC174F ” SaiB 14 (3.6864MHz)
+5V 378 13 a4
REQF O—— b~ 36/B 12 STEP 55
ACK O MSM61077 (FLT) 1i A 35]B 11 TESTA[5% +5V X1
20 ) > 348 10 TESTC 22 44
3oy PTolo-2 HICEA A 338 9 TESTD HCO4F
RESET O- Z|CLR ADS(052— 5 2 —w 2B 8 2 11.0592
5ISPINS READjOS— 7Jo ollg B 7 TESTB 2| M 12
2 RSTF CLK 0|8 © STF8 :g ]
5|RDIN HCO4F 5 58 5 STF7 g =
D O—> 2ImsD SMPEE >0 258 4 STF6 13
RD O 5301 RSMP3 558 3 STF5 155 +5V
RD DO FRDIYS 568 2 STF4
v.24| 5720 “{REQF PRDI3q 5218 1 = +5V l
— ACK TIME B 0 ha I
§T1 O- gso STF3[1g UsTes 2 .EHC4520F LR, &2
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aqsT STRIR7 STF1 5(55206MHz) 3 1 1cK
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FCD O 29RT BSCI55 HCO8F
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STB MLK < VDD 1CR 2CR
37 23 51K 3 3 p:
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GND 0.1 1
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Figure 6 OKI PC MODEM 224 Application Circuit
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HCO4F

HCO4F
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INTERFACE SIGNAL DESCRIPTION

Interface 1/0 Description
MSM6950 (AFE) mode definition.
DT ! Operation mode DT | PT | GT| LT |mope
ORIGINATE (Transmit—Lowband) 1|/1|{X|o0o|o0
PT ! ANSWER (Transmit No guard tone 111 x]01
—Highband)
Note: Guard tones shall Guard tone; 550 Hz | O 0,0 0 1
be transmitted
LT | when DT=PT=0 only.| Guard tone; 1800Hz | 0 | 0 | 1 | 0 | 1
DTMF tone, Answer Tone 0 1 1 0| X
GT | Highband X | X 170
Analog loop back
MODE | Lowband X | X 1 1
Note 4
A/O | Answer/originate selection
0; ORG (Transmit—Lowband)
1; ANS (Transmit—Highband)
INRS | 0; Transmitter enable
1; Transmitter disable
FSPS I 0; FSK modulation, Answer tone, 1; PSK, QAM modulation
DTMF tone
DTA |
DTB/DTA 0 1 DTB/DTA 0 1
0 DTMF FSK 0 Reversals (Note 2) | Data
DTB |
1 Answer | FSK (mark) 1 S1 data (Note 1) | Mark
MCP3 | Scrambier/descrambler instigation
Note 3)
0; OFF 1, ON
DOP2 '] o DTMF tone (DTA =0, DTB = 0)
® See DSS column
Refer to Table 6
SCP1 | © Answer tone (DTA =0, DTB = 1) Scrambler control
0; Unscramble
Refer to Table 7 1+ Scramble
DSPO | Descrambler control

0; 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 Remote 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
QAM 0 0
2400 bps Special Signals
(invalid when DTA=1, 0 1
DTB=0)
1200 bps PSK (4 phases) 1 0
Refer to Table
600 bps PSK (2 phases) 1 1 10 for details,
1/2.3 | | Speed conversion tolerance (Asynchronous mode)
0; +1.0% 1, +2.3%
~2.5% -2.5%
RESET I Reset
0; Normal operation
1; Reset
S158 1 Timer selection of S1 data detection
0; 50 msec (Handshake)
1; 80 msec (Retraining start signal detect)
SAS2 | Character bit length select
Operation mode SAS2 SAS1 SASO
0 0 0
Synchronous
SAS1 I 0 0 L
9 bits 0 1 0
BELL
10 bits 0 1 1
8 bits 1 0 0
Asynchronous
SASO ! 9 bits 1 0 1
CCITT
10 bits 1 1 0
11 bits 1 1 1
FCD O | Fast carrier detection Note) Carrier detect circuit must be provided
0; CD—ON using the discrete components. Refer. to
1; CD — OFF . Figure 6.
SQDA O | Signal quality detector A (Optional function)

(Retrain request)
0; Normal quality
1; Abnormal quality
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Interface

Description

sabDB

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

0; BER (predictive) is under 10-3/10-4

1; BER (predictive) is over 1073/1074 -
See SQDC in Table 9.

TRCD

S1 data detector output

0; Not detect t, : 50 or 80 ms (Selected by S158)
1; Detect t, <10 ms

Received signal

sostvedsgnal S T v | e
e
1:l

TRCD 0 1 0

usib

Unscrambled mark detect output
To detect unscrambled mark (digital *1"’) for 154 ms,

|

US1D I

(Valid when FCD = “0"")

ACK

Latch clock for DO, D1, RDIN.
(Valid when REQF =1

)
l«— Receiver signalling rate —

ACK

-
]
1
1

'
|
1
tomey
==
'
1
1
|
]
1
]
[
|
]
1
|

REQF

Do, D1, Data Data
T

RDIN
]‘—’ T >> 20u sec

REQF

Status indicator of DO, D1 and RDIN data

0; Invalid
1; Valid

DO

Internal RD (PSK)
(Undescrambled RD)
0; Space
1; Mark

D1

Internal RD (FSK)

0; Space
1; Mark
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Interface 1/0 Description
RDIN (o] Descrambler input/output
DSPO = 0; RDIN is the undescrambled data.
DSPO = 1; RDIN is the descrambled data.
TD I | Transmitted data
(V.24 interface) 0; Space
1; Mark
ST1 | Transmitter signal element timing input (to MODEM)
(V.24 interface)
ST2 O | Transmitter signal element timing output (from MODEM)
(V.24 interface)
RD O | Received data
(V.24 interface) 0; Space
1; Mark
RT (6] Receiver signal element timing output (from MODEM)
(V.24 interface) .
AOUT O | Transmit analog signal output (to phone line)
AIN I Receive analog signal input (from phone line)

il
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Interface 1/0 Description
SDATA I 1. Serial control data for MSM61077 (GA)
(First) _ (Last)
spata  |p,[D,{D.|  [p.|Du|Dy]
- 1
e i
SCLK ] SCLK |}|}|; l}l{l}
it -
GSTB I {
sl
T>1us
GSTB |
Note: As for the description of D, ~D,;, refer to the Table 8.
2. Serial control data for MSM6928-07 (DSP)
(First) __; (Last)
DsTB | EXTFLG I D, l D, I D,L ID,,| D,,| D,
7] ]
DSTB | }
EXTFLG I -
|-~
7>1 us
Note: As for the description of D, ~D,;, refer to the Table 9.
Interface 1/0 Description
+5 V Positive power supply
-5V 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 +6V power

supplies.
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Table 6 DTMF Tone

MCP 3 DOP 2 SCP 1 DSP 0O | Symbol Lowband Frequency Highband Frequency
0 0o . 0 0 1 697 Hz 1209 Hz
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 8562 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

Table 7 Answer Tone

MCP3 | DOP2 | SCP1 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 0; Normally set at digital ‘L’ level. . . .
1; Test mode. In the testing mode of this I.C., digital *H"’ have
to be applied
Data signalling rate select
D1 DSS1
0; 2400 bps
1; 1200/600 bps (refer to D7)
D2 SDCLP Enable GASAS, SWLA, SWLB
0; Disable note 1)
1; Enable
D3 GA123 Speed conversion tolerance selection
0; +1%/-2.5%
1; +2,3%/-2.5%
D4 GAVB Speed conversion method selection
0; CCITT
1; Bell
D5 CD1 Receive timing PLL control
0; Freerun
1; Normal operation
D6 CD2 Lock in time control of receive timing PLL
0; Slow
1; Fast
D7 DSSO Data signalling rate select
0; 1200 bps
1, 600 bps
D8 GADC Received Data (RD) select
0; Asynchronous (Receiver speed converter output)
1; Synchronous (Direct demodulator output) Note 2)
D9 GASAS Speed conversion control
0; Asynchronous (Enable speed converters)
1; Synchronous (Disable speed converters) Note 3)
D10 GALSHS Transmission mode control for AFE (6950)
0; 600/1200/2400 bps
1; 300 pbs, DTMF, Answer Tone Note 4)
D11 GASLSH Originate or answer mode select

0; 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,
0 1
1 0 ST,
1 1 RT

Note 1) When SDCLP=0, don’t change GASAS, SWLA, and SWLB. Keep the previous status. If changing
GASAS, SWLA and SWLB when SDCLP=0, 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, QAM), 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=0, 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
0; OFF (Set 0 when FCD = 1)
1; ON (Set 1 when FCD =0)
D1 TAPH AEQL operation control
0; Active
1; Hold
D2 DSS0 Demodulator data signalling rate select
D3 DSS1 DSS1 DSS0 Mode
° 0 16 val
values
QAM 2400 bps
0 1
1 0 4 phase PSK 1200 bps
1 1 2 phase PSK 600 bps
Note) Not related to FSK mode.
D4 EGCO AEGL tap coefficient control
D5 EGC1 EGC1 EGCO o See Appendix B.
0 0 a, E
0 1 a,
1 0 ag
1 1 a,
Note) «, =0 (Tap hold)
D6 AQID Adaptive equalizer (AEQL) reset
0; Reset (Set the center tape)
1, Normal operation
See Appendix B.
D7 PLCR Carrier PLL reset
0; Reset

1; Normal operation
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No.

Name

Description

D8

PLEN

Carrier PLL enable
0; Disable
1; Enable

D9

SANSORG

Originate/answer mode select for receiver
0; Answer (Receive — Lowband)
1; Originate (Receive — Highband)

D10

AGCTO

AGC circuit control coefficients

D11

AGCT1

AGCT1 | AGCTO B See Appendix B.

0 0 8,

0 1 8,

B3

D12

saDpc

Threshold level selection for SQDB
0; High (~1073) NOTE) Does not mean to measure
1; Low (~107%) the bit error rate itself.
See Appendix B,

D13

SQDEN

LPF accumulate register clear for SQDA and SQDB
(signal quality detecter)

0; Normal operation

1; Reset
See Appensix B.

D14

TRCDC

Threshold level for S1 data detection
0; Low (Handshake)
1; High (Retrain)

D15

XFCD1

DSP software reset except for AGC control
0; 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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X : Irrespective of 1/0 *
Table 10 Transmitter Mode Definition Table 1: Logical High E
0: Logical Low =]
m
;
GA N
INRS FSPS DTA DTB MCP3 DOP2 SCP1 DSPO DSSs - S
Operations DSS1 | DSSO |GALSHS 3
°
Transmitter Disable 1 X X X X X X X X X X X “‘;
=
DTMF Tone 0 0 0 0 See table 6 X X X 1 v
(7]
Answer Tone 0 0 ‘0 1 See table 7 X X X 1 lI—"|
L 4
FSK 300 bps 0 0 1 0 X X X X X X X 1
< 600 bps 0 1 1 (o] 1 1 1 1 1 1 1 0
% | psk
o 1200 bps 0 1 1 0 1 0 1 1 1 1 0 0
QAM | 2400 bps 0 1 1 0 1 0 1 1 0 0 X 0
0 1 0 1 0 0 0 X 1 1 0 0
S1 data*
0 1 0 1 0 1 0 X 0 0 X 0
& -
5 0 1 1 1 0 0 0/1 X 1 1 0 0
g PSK | USR/SCR-1* f
E 0 1 1 1 0 1 0/1 X 0 0 X 0
‘% .
0 1 0 0 0 0 0 X 1 1 0 0
Reversals*
0 1 0 0 0 1 0 X 0 0 X 0
* 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.
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Table 11 Category of Control Data

Initial

Call

Hand-

Test

Installation Progress shake Loop Monitor Notes
DT o [e] DTMF Tone Loop, Dial Tone Loop, with or without
PT o o ’ Guard Tone.
LT [e) When LT = 1, AC Loop will be formed in 6950.
GT O
MODE @)
A/O (@] O When AC Loop Test, Transmitter mode must be in reverse.
INRS [©) [¢)
FSPS o 5 |
DTA O [e]
DTB ®] @) Transmitter mode definition
MCP3 [¢) O ® DTMF, Answer Tone,
DOP2 o] (@] e FSK, PSK, QAM
SCP1 @) @) ® Unscramble, Scramble Mark
DSPO @) [e) o Data Signalling Rate
DSS O (@]

g [123 [

O | RESET o

© | S158 @) S1568 shall be controlled as same as TRCDC.

t | SAS2 9

3 [[SAs1 0

o | SASO [¢] .

@ FCD e} FCD status shall be always sensed in real-time.

& | SQDA (@) l Controller should observe SQD output frequently in
SQDB o order to request Retrain sequence if necessary.
TRCD o
Us1D o) In Data mode, US1D shall be used to detect RDL
ACK o) requirement,

REQF o By observing DO, D1, and RDIN at the same time,
DO @) ’ Controller can recognize whether received signal is
D1 e) unscramble-1, scramble-1 or FSK mark.

RDIN 0

TD o o

ST1 [e) [e) These signals are V.24 interfaces.

ST2 [¢) [e) Controller shall intermediate to accomodate these
RD o o signals to the proper V.24 interface timing and status.
RT [¢) o

AOUT l Analog input and output in 6950.

AIN

¢ 13S dIHD sdq 00PZ -W3AON ¢
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Initial
Installation

Call
Progress

Hand-
shake

Test
Loop

Monitor

Notes

GA Serial Control Data

TESTA

[@)

DSS1

SDCLP

GAL23

GAVB

O|0|0

CD1

CD2

DSS0 -

GADC

GASAS

GALSHS

O| |O|0|0|0

GASLSH

SWLA

SWLB

STA

STB

0O|0[|0|0|0| |O

TESTA must be Logical Low.

Timing PLL of demodulator.

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

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

DSP Serial Control Data

XFCD

TAPH

DSS0

DSS1

EGCO

EGC1

AQID

PLCR

PLEN

SANSORG

AGCTO

AGCT1

sabpcC

SQDEN

TRCDC

XFCD1

O|0|0] |O|O| |0|0j0|0|0|0|0|0 |0

XFCD equals to negative logical state of FCD.
Tap hold control for AEQL.
] Data signalling rate of PSK/QAM demodulator in DSP.

These are no relationship with FSK demodulator in DSP.

] Adaptive EQL control

Carrier PLL control

} AGC control

] SQD control

4 13S dIHO sdq 00¥2 -W3AON ¢
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HANDSHAKE SEQUENCE

Figure 7 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, DSS0) of GA, (DSS1, DSSO) of DSP, and
(DSS, DOP2) of MCU are logical high each other.

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

Supplementary Comments about Handshake Sequence.

(Originate Modem)

1)

2)

3)

4)

5)

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.

AGC control should start after XFCD turning OFF to ON, After 20 ms, AGC output
level deviation will be converged within a limited range.

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.

There are two methods to recognize unscramble-1. One is to observe US1D output,
and the other is to observe DO output. )

AEQL 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 this time, special signal transmitting mode is
prepared. When DOP2=1 and DSS=0, 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)

2)

3)

4).

5)

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.

In Answer modem, AGC control, carrier PLL control, and AEQL 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).

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.

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

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 MODEM 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 modem, and intends to
provide an example of the controller and command interpretter with software.

¢ MODEM- 2400 bps CHIP SET ¢

DTE INTF,
(RS-232C)

MODEM MODE
CONTROL

ORIGINAL
MODEM
(Figure 6)

—————e Q0

'————O

3k

4

1/0 (Figure A-1)

g

<=

<>

CONTROLLER

K— o Ke————1

LINE

'INTER- PHONE

FACE LINE
CIRCUIT o

AN

RINGING SIGNAL D
OFF-HOOK DETECT
PULSE D!ALING

DC LOOP CONTROL
AUDIO MONITORIN

DETECT

Figure 15 Intelligent MODEM block diagram

TELEPHONE

CALL PROGRESS TONE

ETECT

G
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APPENDIX A

Figure A-1shows the example of 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 parallel 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, US1D, ... etc) to the controller.
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+5V
10K MSM82C55 (DIP) -0 MODE
N % g 27[57 pa7]3Z O DT
281 g PAGISS 10
D6 O— 29 1ps PA5S o
D5 O SHp4 s i Lo o
221D3 A3
D40 32192 PA212— GT
030 33101 PA1IS -O INRS
02 DO PAO - QO FSPS
o1 1% PB7 g; I O DTA
00 O ggg 53 I I O DTB
8 P 27
A1 O 9 2(1) pS‘g’ 21 | Pl
. ool g | QO DOP2
Oo— ] P {19 O SCP1
pri2 O 295 Peo -0 sPo
ijorD O— 36qwr pc7 Y O A/0
IOWR O——+¢ | PC6
+5V 26 lvee PC5 =% Osss
l PC4[77 DSs
0.1, PC3 g I—OSAsz
GND PC2H%w
HCO4F = s PC1 134 SAST
RESET O {>o- ] RESET PCO l SASO
HC32F ) 123
P)——]
eso v 1l HCS74F QO TRCD
oF -O US1D
] 2 19 4, —O saDA
HC32F 3 e :
y 7 O sabe
5 6
gl s I J ngN
7 2 D1
g J L é J [ O DO
. -O REQF
HCO4F 1?1_ H%BF [ l O ACK
IPT1 O —o<} \.l
O RESET
DO O
RD O —OQO RD
ST20 —Q 5§72
ST1 0 O ST1
RT O- oRT
FCD O- -O FCD
O GSTB
O SCLK
O SDATA
O EXTFLG
O DSTB
+5V O O sV
-5v O O -5v
GND O— -O GND

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

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

Figure B-1 Functional block diagram of demodulator

- AGC control »to AFE
(MSM6950)
LPF > L
I—» RD (PSK)
COSWT
P/S
A/D out——¢p Carrier e Adaptive EQL &
(MSM6950) sabp
SINWT —» SODA/B
] LPF > Y
[}
| FSK R
~| Demodulation » RD (FSK)
Timing o
o Extraction = R-PLL —RT
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(1) 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 AFE.

When the FCD (carrier detection) turn OFF to ON, the error value is immediately fed
back to the AFE 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 AGCTO-1
listed in the table.

MSM6950 MSM6928-07/AGC control
Carrier
—/ AGC [—] A/D 1 Power
Calculation
Vref

R

B &
AGCT1 AGCTO B
Supplementary
coefficient 0 0 8,
0 1 B,
1 0
Bs
1 1

Note: 0 <8, <B, <B, <1

Figure B-2 AGC control

m-A-130



¢ MODEM- 2400 bps CHIP SET ¢

(i) Signal Quality Detector Output

DSP includes the self-diagnosis function for the demodulated signal quality as shown in
the Fig. B-3. Both SQDA and SQDB 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 SQDA,
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
SQDB. Either Vr2 or Vr3 is selected as the threshold level for comparator-B by the control
signal of SODC. The SQDB means that the bit error rate of the demodulator section might
be seemed to overreach the rate of 1073 or 10~ when it turns to the logical High level.

Please note that the Vr2 and Vr3 which correspond to the preset rate of 10~ and
10~ 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 SQDEM to avoid the large transient time
responses.

(Appendix B)
X ——] = RD (PSK)
from AEQL P/S & SQD
Y, — t— SQDA/B
P/S — RD SQDEN
T P
X | Area Error Vr,—s{— SapA
Decision LPF '
Y —— /X% + Y2 Comparators
+
Vr,—0 B SQbB
Vr,
Figure B-3 Signal quality detector sapc
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(1) 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 (AQID = 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 EGCO-1 listed in the table.

H (t)
X (t) ——f Tap Delay Line

c, /@cz /@cs c,

Yvyy

) Decision |
> Control > Y (1)

Prediction Control

Cili=1~4)<«—Cj+a-AaC EGC1 EGCO a

0 0 a,
Error value 0 1 az'

Supplementary 1 0 a,
coefficient

Setting up center value
(AQID =0)

Note: 0 =a, <o, <a, <a, <1

Figure B-4 Adaptive equalizer
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APPENDIX C
Initial Adjustment

Trimming for Reference Voltage

VR2 (26 : ©

MSM 100K F*

6950 RS
VR1

33K

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

) >

60092

/1

— 1000 pF

® ¢

Figure C-2

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

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

Then, tune VRTs0 that the signal between point A and B should become —10 dBm.
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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 VRR so that the signal on AIN (pin 27) should be 0 dBm.

Note 1: 0dBm = 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.
“Unbalance’” mode should be used when measuring the signal level on AIN (pin

27), AOUT (pin 30).
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¢ 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.

== /‘— ————— 1
MSM6950 Pin11 <——<') N ¢
o Pin2s —O 2 21 gj—' o
2% —0O 3 20 O—— +5V
27 —0 4 19 O—— —12v
8 —O s 18 O— +12v
MSMIGe28 < 20 O 6 xic 17 Q— Pind0
30 —0O 7 16 O—— 39
31— 8 15 O 38 MSM6928
32 —QO 9 12 O— 37
33 ——O10 13 O—— 36 ‘
. 34 ——O11 12 <,>—’ 35
e e i
Figure D-1

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

Monitoring
Circuit
(Figure D-3)

L X Oscillo-

——> Y Scope

XiC
OKI PC MODEM 224 Eva. Board

Figure D-2
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j o 6 s +12v
13
L>0a A B 10 >
3 12 6 — R
t 8 8 82 o +
] 4 Ls95 1 7 1
1 s o] [ s B3 P 12V
; D Py B4 o Voog—oxf——nzv
Al
7 8 S
| L e T Loow
! +5V Vss—-—T_,_—-om _12v
A
| t o 0 7
t 2[5 PRt 85
3 12
! 8 1956 25k
[ 4 Ls95 1 11 14 2
1 c B7 (+) F—MWA—s 15V
] 5 10 12 15
D D 88 (=)
7’17 81 %2.5*
B9 B8 B/ B6 B5 B4 B3 B2 Bl BO ST l s
| = +5V
*XIC
——— —12V
B11___B13_ B15 _-12V l
B10  B12 B14 +12V _ +5VOV OV > 12V
B | I - 5.0 25k
5V +5V a—MWA- A
mf sf s s +12V
DO—%A Al 81 10 >
3 12 6 _|2
B B B2 0| - +
4 LS95 c 1 7 83 1 pe 12v
5 10 8 X
D D B4 Vn:)cr--—'f—»01 +12V
o 16 0.1u
>
7,1-, 8‘__. o 3 2=00W
! +5V 8 Vss —12v
0.1u
| ot ol .
2fa APS BS
| 3 12 10
| 2 wses o[ )% 14 25k
: c c 87 Rl +5V
5 12
} D o2 88 (=)
‘ 7’17 8 25k

Figure-5. DECISION POINTS

MONITORING CIRCUIT

L >

Oscillo-scope
(x]

Oscillo-scope
[yl

* XIC is provided on the modem evalu-
ation board. BO~B15 are connected
to pin25 through pind0 of MSM6928
and ST is connected to pin11 of MSM
6950.
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¢ MODEM- 2400 bps CHIP SET ¢

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% 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%.

For normall 2400 bps modem systems, it is difficult to apply 5V as power supply
voltages for,line interface circuit. Because QAM modulated analog signal has the peak
factor for the wave form and 5V are too low to guarantee the linearity of the QAM 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.

VW
20K 3
| 51KOPA 3%
P, Y 100K
MSM6950RS OpATE 1% { ornan
% P A
Pin 38 20K 100K 100K OPA 4% A
10K
0.22 B |
OPA 1% OPA 2% 0.8 ZD
1k 3 91K g OPA 2% J; (5.1V)
7
Pin 26 - ZD (3.9v)
100K
Vee VEE
+9~15)V ov -{9~185)V

Figure E-1 An example of external carrier detect circuit
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OKI 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 OKIl’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.

M-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.



¢ MODEM-MSM6928-06 ¢

PIN CONFIGURATION

MSM6928-06RS
(Top View)
DSTB ] 221 Vpp
TESTB [Z] ai] BSC
RESET [T] [40) EXTB 15 (MSB)
STEP [] (3] EXTB 14
MCK [&] s8] EXTB 13
ENDF [&] 37] EXTB 12
INSCK [7] [36] EXTB 11
(LSB) STF 0 (=] [35] EXTB 10
STF 1 [=] (3@ EXTB 9
STF 2 [19] [33] EXTB 8
STF 3 [i1] [32] EXTB 7
STF 4 [iZ] 31] EXTB 6
STF 5 3] [30] EXTB 5
STF 6 (e 2] EXTB 4
STF 7 [&] (75 EXTB 3
(MSB) STF 8 [ig] [27] EXTB 2
START [T} [26] EXTB 1
SYN (5] [25] EXTB 0 (LSB)
EXT FLG (=] [2a] TEST D
SCK (9] 23] TEST C
GND (=] 72 TEST A
42 pin DIP package
MSM6928-06GS
OO WITON~ O %u.
ol juuuuw o oo(,,o
Zhhnzhnnnheznez 25
| [< FEIRIE R ER EERFERE
START [4Z [30]NC
SYN [zE] 23] MCK
EXT FLG (=] 78] STEP
NC [&] 7] RESET
SCK [=1] [26] TESTB
GND [=] [25]1:DSTB
NC [] (23] NC
TESTA [E] [23]'VDD
TESTC [&] [22)NC
TESTD [55] [21) BSC
EXTB 0 [E] [Z0]/NC
NC [EE] [S]EXTB 15
EXTB 1 5] O8] EXTB 14
EXTB 2[3_0:‘ _1—_7);NC
M¢om©ohowOQOP N
onZmpmZ mzmmz""‘z -
FE FFE F - D07 om
XX XX X XX EE EE
ww ww w ww XX XX
Wi W
60 pin FLAT package
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¢ MODEM-MSM6928-06 ¢

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Item Symbol Rating Unit Remark
Power Supply Voltage VpbD -0.3 ~ +7 \"
Input Voltage VIN -0.3~ Vpp \
Power Dissipation Pd 1.0 w
Operating Temperature Range Top -10 ~ +70 °c
Storage Temperature Range TsT -55 ~ +150 °c

Guaranteed Operating Range

Item Symbol Rating Unit Remark
Power Supply Voltage VpbD +4.75 ~ 5.25 \"
Ambient Temperature Range Ta 0~ +60 °c

Static Electrical Characteristics

Vpp =5V 6%, Ta=0~ 60°C
l l I ‘ Limit
Item Symbol | Condition Unit | - Remark
Min Typ Max
VOH lg=-40uA| 4.2 VpD
Output Voltage - Y —
VoL lg=16mA| -03 0.4
VIH 2.4 Vpbp
Input Voltage . — - \% ! —
ViL -0.3 0.8
Input Leakge GND < VN
Current he <Vpp - - 10 | wA -
Bus Output BVoH lg=-80uA | 4.2 B - v B
Voltage BVoL |la=16mA| - 04
Bus Input BViH _ 2.4 _ - Vv _
Voltage BV|L _ 08 |
Bus Input GND < VN @ BUS OFF
Leakage Current BiL <Vpp - - 10| kA Condition
Operating .
. Current IppQ - — 35 40 mA MCK: 5529.6 kHz
Quiescent .
Current IpDS - - - 0.3 | mA MCK: OFF
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4 MODEM-MSM6928-06 ¢

Dynamic Electrical Characteristics

Limit
Item Symbol Condition Unit Remark
Min Max
BSC-EXTB
Delay Time TD Timing Chart A — 200 Common to
EXTB O ~ 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 THOLD 100 -
SCK-SIN
Pulse Width Tw Timing Chart C 180 -
Setup Time TSET 100 - ns | Refer to Figure 2
Hold Time THOLD 100 -
SCY-SYN
Pulse Width Tw Timing Chart D 180 -
Setup Time TSET 100 - ns | Refer to Figure 2
Hold Time THOLD 100 -
START-START FLAG
Pulse Width Tw Timing ChartE | 1300 | —
Setup Time TSET |MCK=55296kHz| 100 - ns | Refer to Figure 3
- +1x10%
Hold Time THOLD 100 -
MCK
Rise Time TR Timing Chart F — 30
ns
Fall Time TF, — 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. {
TESTB 2 26 IN Test signal. Loads the signal on internal bus iﬁto Output Register.

1: Load, O: Normal

Operation start instruction signal. Operation in synchronization
RESET 3 27 IN | with _ ] ¢ _
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 O 8 35 | IN | External specifying address signal 2° (LSB)
STF 1 9 37 | IN ‘External specifying address signal 2!

STF 2 10 38 | IN | External specifying address signal 22

STF 3 1 39 IN External specifying address signal 23

STF4 12 40 IN External specifying address signal 24

STF5 13 41 IN External specifying address signal 2°

STF 6 14 43 IN | External specifying address signal 26

STF 7 15 44 | IN | External specifying address signal 27

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

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

Causes the serially input jump condition to be loaded into EXT FLG

SYN 18 48 | IN Register in the parallel form.

Serially input jump condition. This signal is loaded into S/P on the

EXTF
XTFLG| 19 49 IN negative-going edge of SCK.

SCK 20 51 IN | Serially input jump condition loading clock.

GND 21 52 - Ground.
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¢ MODEM-MSM6928-06 ¢

Pin No.
Pin Name s | as 1/0 Function
TESTA 22 54 IN Testos;igszli.(ro:cjs :Lc:g::;rln Counter.
TESTC 23 55 IN | Test signal.
TESTD 24 56 IN | Test signal.
EXTBO | 25 | 57 | I/O | External bidirectional bus 2° (LSB)
EXTB1 | 26 | 59 | I/O | External bidirectional bus 2!
EXTB2 | 27 60 | I/O | External bidirectional bus 2?2
EXTB3 | 28 1 1/0 | External bidirectional bus 23
EXTB4 | 29 2 1/0 | External bidirectional bus 24
EXTB5 | 30 4 1/0 | External bidirectional bus 2%
EXTB6 | 31 5 1/0 | External bidirectional bus 26
EXTB7 | 32 7 1/0 | External bidirectional bus 27
EXTB8 | 33 | 9 | 1/O | External bidirectional bus 2°
EXTB9 | 34 | 10 | 1/O | External bidirectional bus 2°
EXTB10| 35 | 12 | 1/O | External bidirectional bus 2'°°
EXTB 11| 36 | 13 | WO | External bidirectional bus 2!
EX'I.'B 12| 37 15 | 1/O | External bidirectional bus 22
EXTB 13| 38 | 16 | /O | External bidirectional bus 23
EXTB 14| 39 | 18 | I/O | External bidirectional bus 24
EXTB 15| 40 | 19 | I/O | External bidirectional bus 2'5 (MSB)
T fving si
BSC a1 21 IN Ext::nz‘s'l\s::llreg'(:uogill(s:ts specifying signal.
Vbp 42 | 23 — | Power supply +56 V
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DUT LsI

_{/

J\EXTBxx

T

Loading Condition

R=47kQ
C Vee =5V, 0V
:l_: cC

Tp
BSC }
\\ 90%
10%
EXTBg. 15 TF
Tp
90%
10%
TR
Timing Chart A
DSTB T
W ,\
EXTBo~15
TSET THOLD
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Timing Chart B

Figure 1 Test conditions and timing charts
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Tw

SCK / 5

SIN

ITSET i
THOLD

Timing Chart C

SCK

SYN Z \

——TseT~— —fTHOLD|~——

Tw

Timing Chart D

Figure 2 Test conditions and timing charts
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Timing Chart F

Note: The test pin conditions are shown below.

Tw
START (
(RESET) N
STF
(0~ 8)
[ —r
TSET THOLD
Timing Chart E
TR TF
MCK E
T1 T2
I I
DUTY =T1/T2

No. Pin Name Pin No. Set Condition
1 TESTA 22 High
2 TESTB 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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+5V

A
AAA.

DsTB O——r

START O—

(55296 MHz) MCK (O—

sTF1 O

sTFo O
sTF2 O—
sTF3 O—

AAA
vW
AAA
YW
AAA.
vy
AAA
VW
AAA-
VW
AAA.
VW

310K

VW
ARA.
VW
AAA
VW
AAA
YW
ARA
W
AAA
VW
VW
AAN.

O BSC

+«=() EXTB 15

<«=() EXTB 14

O ExTB 13

«=) EXTB 12

QO EXTB 11

4

() EXTB 10

QO exTB9

—e=() EXTB S8

—«=() EXTB7

() EXTB6
«—() EXTBS5

O ExTB4

QO ExTB3

—=() EXTB 2

O EXTB 1

O ExTBO

Figure 4 MSMG6928-06RS Application example
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4 MODEM-MSM6928-06 ¢

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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6vL-v-

= 1ST™M | AT 1
! - 115.2 kHz
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0
| ] | ! A1 | | | | | 4 L 1 | | | | | | |
I 1 l T T 1 1 1 i 1 R l 1 1 | | | 1 1 1 l 1
0 0
3
START ~1.8432 MHz
13 14
DSTB
1 12 1
BSC
—’H‘- =1uS
0 12 13 0
EXTB 15.0 INPUT OUTPUT (1) OUTPUT (2) INPUT

Figure 6 MSM6928-06 Timing Chart

OUTPUT(1): AGCDATA
FCD, RD, TIMING
OUTPUT(2): CONSTELLATION DATA

=
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START

STF 3

STF 2

STF 1

STFO

= 600 Hz
1BTM
3 52STM 15TM =
1.8432 MHz 7.2 kHz
PHASE
o 1 2 3 4 5 6 7| 8 9 A B o0 1 2

Figure 7 MSM6928-06 Timing Chart
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¢ MODEM-MSM6928-06 ¢

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-EQL 1: OFF 0: ON
D1 FCD DETECT LEVEL 1: -35dBm 0: -40dBm
DO ORG/ANS 1: ORIGINATE 0: ANSWER

EXTFLG IDOI D1 I D2 l D3| D4 I D5| D6 | D7 I DBI D9 ID10ID1 1’D1ZJD13|D14D15|

SYNC H

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 LS| 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 OKI’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 outputas RT.

® DSP Control:
The DSP is controlled by a start signal,
start vectors, and bus control signals.

m-A-152

® 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

4+ MODEM-MSM61057 ¢

MSM61057RS

MSM61057GS

(Top View)

MCK [T] _/ vce
MT [Z g CLR
ST E @ STB

ST 1 (] 37 CLK
RT [5 @ DATA

SCK [6 35) MSD

SIN 7 [3q] D 1

SD[8 33 DO

RD [9] 32] REQF
RSMP [10) 31] ACK

RD 0 (7] 30 REQ

RD 1 [12] 29 BIN

DRT [3] 28] BCK

RCK [4] 27] READ

RIN [15] 26] ADS

Tim [6] 25] smp

sTF o (7] [24] Bsc
sTF 1 18] 23] psTB
sTF 2 (9] 22) sTRT

GND [29) 21) sTF 3

40 Pin DIP package

< w
ooooooofﬁf?a"ogg
z2z222Z2Z20o0n0o0=00rC<g

NC [#] [39] REQ
NC (=] 5] BIN
NC [ 28] BCK
NC (3@ 27] READ
NG 1 [%5] ADS
NCVEE [26]ISMP
GND [&] [24]'BSC
NC [E= [Z3] vCC
NC & [2z] STRT
NC [E] [21] STF 3
NC =] [20] DSTB
NC [E] [19] STF 2
NC [&2] (8] STF 1
NC [&] 771 STF O
THHEEEEEEEEEEEE
$EbrEyZa88aorY2E
S=VGEgn " 5 RpEREr

60 Pin FLAT package
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l . DATA
I CLK
16 BITS S/P CONVERTER [*sTB
MT
i 1 T
| REQ
l ACK
. SD REQF
. (A/S) DATA
T ] SELECT [ MSD
DO
D1 >
BIN
V.24 BCK RDO
Interface RD (S/A) ! RD h
&ST RD:SMP [“RSMP
TIM
RT l >
>0 !
,JI\ST SMP ~
1 ADS
S-PLL R-PLL DSP-CONT READ
~
| ol—| |m||o 1
Y= (V4[S][=]p"4 H Xz Lo juel=o
l £ 13) x| O|= |
R o gcza S al clz| G5l [bhca ]
N— 7/

To MSM6928-06

Figure 1 MSM61057 Block Diagram

To MSM80C31

To MSM6928-06

To MSM6950

NVHOVIA 00719
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4 MODEM-MSM61057 ¢

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 | Master clock input (921.6 kHz +0.01%).
The duty of this clock should be 50% +5%.
MT 9 2 o This clock is available for modulation and it indicates the sample
timing of AFE and D/A data. See Fig. 2.
ST 3 3 o 1200/600 Hz clock output. This clock is synchronous to INTERNAL/
ST, /RT by setting ST A/B. See Fig. 2.
ST 4 4 | External transmit timing input. (1200/600 Hz +0.01%).
! If ST, is not used, ST should be held the digital “Low"’.
RT 5 5 | Receive timing signal input,
scKk 6 6 ° These pins may be used for device tests only. In normal operation,
SIN 7 7 | SCK should be tied to SIN.
Transmit-Data (SD) signal input.
sqn
sD 8 8 1 - (1)
(sT,)
or
(5T) gy
ON OFF ON OFF
Receive-Data (RD) signal output.
qu
(RD) X X X
RD 9 9 o "
qn
(RT) l |
nge
ON OFF ON OFF
RSMP 10 10 I ThI.S is us.ed for sar'nplmg 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 1 1 | PSKRD signal input. PSKRD is the PSK Receive-Data which is
° demodulated in DSP, and it is input via Data-Bus.
RD 12 12 | FSKRD signal input. FSKRD is the FSK Receive-Data which is
1 demodulated in DSP, and it is input via Data-Bus.
Data Rate Receive-Timing (RT) signal output.
DR
T 13 13 ° This pin should be tied to the RT.
RCK 14 14 (o]
c These pins may be used for device tests only. In normal operation,
RIN 15 15 | they will be connected each other,
This is the input pin for the receive-timing signal which is
TIM 16 16 ! demodulated in DSP,
STFO 17 17 (0]
STF1 18 18 (e] DSP vector signal outputs.
STF2 19 19 o
GND 20 | 23 Ground reference of V.
STE3 21 21 [o] DSP vector signal output.
STRT 22 22 (o] DSP start signal output.
: This is one of the DSP control signals. Wheh the signal turns to digital
0
DsTB 23 2 o “High’’, Parallel Bus Dates are input to the DSP.
‘ The DSP output control signal. During digital ““Low"’, the DSP
24 '
BSC 24 O | parallel Bus outputs will be enable.
SMP 25 25 (o] DSP outputs are sampled by this signal.
ADS 26 26 (o] A/D convertor start timing signal.
READ 27 27 o A/D convertor data out timing signal.
BCK 28 28 0 These pins may be used for device tests only. In normal operation,
houl i .
BIN 29 29 | BCK should be tied to BIN
REQ 30 30 o Wh.en the.mterrupt to the MSM80C31 is requested, this output turns
active “‘High”’
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¢ MODEM-MSM61057 ¢

Pin No.
Pin Name 1/0 Function
RS | GS

ACK 31 31 |

REQF 32 32 (o}

DO 33 33 (0] The timing diagram of these signals is shown in Fig. 3.

D1 34 34 (0]

MSD 35 35 (e}

DATA 36 36 1

CLK 37 37 | Theselpins are used to input the control signals from MSM80C31
See Fig. 1.

STB 38 38 |
During the CLR is active “High’’ all brocks may be initialized. In

CLR 39 39 ! normal operation, this pin should be hold “Low’’.

Vce 40 53 Supply voltage (+5 V nominal)
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4 MODEM-MSM61057 ¢

‘ MODE
{L
- I 7 ] " I
| | 'I'I al [l 1200psksL
LN a # UL 1200 psk sH
mT + f
| 1 '_]_I L 1 U 600 PSK SL
{L {L
UL 7 U v UL eoopsksH
\ |||||||I|||I|l| ____________________ Illlllll FSK
Figure 2 Timing Chart (1)
CLR [ ]
REQ || | [ L]
ACK [ | [
REQF \ J
' 0 i 1
DO, D1 | s [ R
MSD [ s
Figure 3 Timing Chart (2)
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ST | sT | wL | wL D/C cD | cD s/p| sip | s
MODE B | A | B | A |SUSH F/P|SIAI R DSS | 5 | 57 | VIB |1/2.3| Bh |RSTF|SPINS
H/S ol|lo| o 1/0 170 | o/1 o
300 FSK o | o ' 1 1 1/0 | o/
BELL
1200*1 PSK ASYNC o o o ol 10| 0 0 0 o | 1/0 | o1 1 0 o o)
1200 PSK SYNC o | o ol o | 1] 1 | o |10]on
H/S ol ol o| ol 0 170 | o/1
Bl 1120017 Async | o0 | o | o | o|wo| 0o | o |o|o |w|lot|o|o|o|ofo
B-1l | 1200*23 ASYNC | 0 | 0 | o | o || o | ol oo |ww|or|o|1]o0] ol o
ceitT | ey | 600t ASYNC | o | o | o | o | |0o o | o |1 |woflot] o o] ool o
V22
B-IVv| 600123 ASYNC | o o) c ol 10| o 0 0 1 |10 o] o0 1 o) o o)
1205/1223
CV | Soniaea  ASYNC | o | o | o | oo o |1 [0 [10][01]o0 ol| o
1200 SYNC 0l o | 1] 1 | o |1olot] o
600 SYNC 1o | o |1 | 1 | 1 |1wolor]| o
INT-sT2| 0 | x |8|o] o
9i0 1 See
sT2 1 [ o0 [ol1] o Figure 5, 6, 7
RT2 T 1 1] 1
R A RY co | co _ wL | wL | st sT
DATA sPINs|RsTF| RD | 2.3 | V/B | 7 2 | PSS |D/C| S/A} F/PISL/SH n" | g7 | A | B

STB

1

Figure 4
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¢ MODEM-MSM61057 ¢

g

ve T\ T T TN XX /-

g ‘
S/P RSTF / \
g
s/P
/PSPINS

e 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 /P RD.
High to low transitions should be synchronized with SP of S/P RD.

e S/P SPINS should be low in both Bell 212A and V.22 modes ii, iv.

Figure 5 Receiving Normal Data

iqon
S/PRD ..., \ /

0 -

" 'I’l
S/P RSTF

gy / \
S/P SPINS

1:0” (4

I

e S/P RSTF should be high for the duration of continuous A polarity, in both Bell 212A and
V.22 modes.

e S/P SPINS should be low for the duration of continuous A polarity, in both Bell 21 2A and
V.22 modes.

Figure 6 Receiving Break Signals
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i Wan « v a4 vanNIVA vanNiA\vanNiVs vanNila vanNi van\Nia van Wi v

ST D1 Dpmo ST SP ST SP ST SP ST SP ST SP ST SP ST SP ST
SIPRSTF | s aasaVWanaWanaVWanaWanaWasa ——
S/P SPING m {¢ {1 {t " {
(BELL M=10) . / ¥f 35 3) 1§~ —ff 15 \ . .
S/P SPING

{{ {5 {L {t {L N {L

(V22[ ii, |V) " 7 24 Ir 1) r/a v/
_—_.//_/ —

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.
e S/P SPINS should be high for three characters after detecting the absence of SP in V.22 i, 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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GA
ST

GA
MT

AFE
D/A

AFE
D/A

9.6K Uy UL
4.8K L LT I L
2.4K SR I I B S N IS N S
(12K DSS“L"ST | l | l [
L 0.6K DSS*“H"ST l L ' [
e T/8
(psksAmt L] L LI LI L
PSK SL MT N L] L LT L I
| DATA S D
N = Hplpliph
oara St FSK « SPLL SLAVE CONDITION
smAar L 1
s _ X X
T

Figure 8 Transmit-timing
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START

DsP DSTB

BSC

EXTB

SMP

AFE ADS

READ

|
l |
T S AR A RS U s S U S S S S
1 IR
L4 L 4
{
) —
INPUT OUTPUT (1) OUTPUT (2) INPUT
) i
—
[——' ‘——'tl a t2 l
t =17.3u =784 |
1 T 1
a1
" 7.2 kHz

Figure 9 Control Timing of DSP, AFE
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OKI semiconductor

MSM6928-07

DSP FOR 2400 BPS FULL DUPLEX MODEM CHIP SET

GENERAL DESCRIPTION

The MSM6928-07 is a digital signal procéssor 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 OKI'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.

[I-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 )
(Top View)
DSTB ] %2 Vpp
TESTB [a1) BSC
RESET [ [40] EXTB 15 (MSB)
STEP (1] [35] EXTB 14
MCK 5| [38] EXTB 13
ENDF [&] 371 EXTB 12
INSCK ] [36) EXTB 11
(LSB) STF 0 (2] I35 EXTB 10
STF 1 (=] [3a) EXTB 9
STF 2 [ig] 33 EXTB 8
STF3[@ [32) EXTB 7
STF 4 3z [31) EXTB 6
STF 5 i3] 35 EXTB 5
STF 6 [} 2] EXTB 4
STF 7 (5] [28) EXTB 3
(MSB) STF 8 [ig | [27] EXTB 2
START [T} 6] EXTB 1
SYN (5] [25] EXTB O (LSB)
EXT FLG [E] [23a) TEST D
SCK [] 23] TEST C
GND (2] [72] TEST A
42 pin DIP package
MSM6928-07GS
00 I~ © TN~ o éu_
UU.LI-LLOLLLLLI.I.I_LLOLL O"’D
SLhLeEhEhhzh 2522
START [ [30)NC
SYN [z} ] MCK
EXT FLG =] [28] STEP
NC [0} [Z7] RESET
SCK [= [26] TESTB
GND [ 5] DSTB
NC [53 4] NC
TESTA[= 73] VDD
TESTC (& [Z] NC
TESTD [5¢] [21] BSC
EXTB 0 [&] [70] NC
NC =] CS]EXTB 15
EXTB 1 [5] 8] EXTB 14
EXTB 2 (5] 7] NC
M<tomt.oor\ooom O-N®m
ppEppepzmoz pmcme
FE E
Sn XS B XX &% L&
ww wuw
60 pin FLAT package
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Item Symbol Rating Unit Remark
Power Supply Voltage Vpp -0.3 ~ +7 \
Input Voltage VIN . -03~ VpD \
Power Dissipation Pd 1.0 w
Operating Temperature Range Top -10~ +70 °c
Storage Temperature Range TsT -65 ~ +150 °C

Guaranteed Operating Range

Item Symbol Rating Unit Remark
Power Supply Voltage . Vop +4.75 ~ 5.25 v
Ambient Temperature Range Ta 0 ~ +60 °c

Static Electrical Characteristics

Vpp =5V #56%, Ta=0~ 60°C
' l Limit
Item Symbol Condition Unit Remark
Min Typ Max
VoH lIg=-40puA | 4.2 VpD
Output Voltage — Y —
VoL lo=16mA| -0.3 0.4
ViH 24 VpbD
Input Voltage - — Y] —
ViL -0.3 0.8
Input Leakge GND < VN
Current L <VpD - - £10 | A -
Bus Output BVoH |lQ=-80uA| 4.2 3 - v B
Voltage BVoL |la=16mA| — 04
Bus Input BViH _ 24 _ - v _
Voltage BV|L _ 0.8
Bus Input GND < VN @ BUS OFF
Leakage Current BiL <Vpp - - 10| wA Condition
Operating .
Current IpDQ - - 35 40 mA MCK: 5529.6 kHz
Quiescent .
Current IpDS - - - 0.3 | mA MCK: OFF
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Dynamic Electrical Characteristics

¢ MODEM-MSM6928-07 ¢

Limit
ltem Symbol Condition Unit Remark
Min Max
BSC-EXTB
Delay Time D Timing Chart A - 200 Common to
EXTB O~ 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 THOLD 100 -
SCK-SIN
Pulse Width Tw Timing Chart C 180 -
Setup Time TSET 100 - ns Refer to Figure 2
Hold Time THOLD 100 -
SCY-SYN
Pulse Width Tw Timing Chart D 180 —
Setup Time TSET 100 — ns Refer to Figure 2
Hold Time THOLD 100 -
START-START FLAG
Pulse Width Tw Timing Chart E 1300 —
Setup Time TSET |mcK=55296kHz| 100 — ns | Refer to Figure 3
. +1x10%
Hold Time THOLD 100 -
MCK
Rise Time TR Timing Chart F — 30
ns
Fall Time TF, - 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. {
TESTB 9 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 __J Y
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 O 8 | 35 | IN | External specifying address signal 2° (LSB)
STF 1 9 37 | IN | External specifying address signal 2!

STF 2 10 38 IN External specifying address signal 22

STF 3 11 39 IN | External sbecifying address signal 23

STF 4 12 40 IN External specifying address signal 2*

STF 5 13 41 IN External specifying address signal 2°

STF 6 14 43 IN | External specifying address signal 26

STF 7 15 44 IN External specifying address signal 27

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

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

Causes the serially input jump condition to be loaded into EXT FLG

SYN 18 48 IN Register in the parallel form.

Serially input jump condition. This signal is loaded into S/P on the

EXTFLG
XTFL 19 49 IN negative-going edge of SCK.

SCK 20 51 IN Serially input jump condition loading clock.

GND 21 52 - Ground. ‘ g
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Pin No.
Pin Name Rs | Gs 1/0 Function
TESTA 22 54 IN Tes':)s:igazllal:lo:cfs ;:)c:g:;:n Counter.
TESTC 23 55 IN | Test signal.
TESTD 24 56 IN | Test signal.
EXTBO | 26 | 57 | I/O | External bidirectional bus 2° (LSB)
EXTB 1 26 59 | 1/0 | External bidirectional bus 2!
EXTB2 | 27 | 60 | 1/O | External bidirectional bus 22
EXTB3 | 28 | 1 | 1/O | External bidirectional bus 2°
EXTB4 | 29 2 1/0 | External bidirectional bus 2%
EXTB5 | 30 4 1/0 | External bidirectional bus 2%
EXTB6 | 31 5 1/0 | External bidirectional bus 2¢
EXTB 7 32 7 1/0 | External bidirectional bus 27
EXTB 8 33 9 1/O | External bidirectional bus 2%
EXTB9 | 34 10 | 1/0 | External bidirectional bus 2°
EXTB 10| 35 12 | 1/0 | External bidirectional bus 2'°
EXTB 11| 36 | 13 | I/O | External bidirectional bus 2!
EXTB 12| 37 15 | 1/O | External bidirectional bus 2'?
EXTB 13| 38 | 16 | 1/O | External bidirectional bus 2'3
EXTB 14| 39 | 18 | I/O | External bidirectional bus 2'*
EXTB 15| 40 | 19 | I/O | External bidirectional bus 2'* (MSB)
BSC a1 21 IN External bidirectional bus specifying signal.

1: Input, O: Output

VpbD 42 | 23 — | Power supply +5 V
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DUT LSI

,LEXTBXX
R

Loading Condition

b AANA—
I <
(@]

o

R =47k
C = 50Pp
c Vee= 5V, 0V

1IH
\

D
BSC

\ 90%
EXTBy.q5

10%
TF

Tp

10%

90%

=

TR

Timing Chart A

DSTB

TWI l

EXTBg~15

TSET THOLD

Timing Chart B

Figure 1 Test conditions and timing charts
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Tw

sok am—

SIN

ITSET

[
THOLD

Timing Chart C

ScK A \

SYN

AN

TSET

—=THOLDT——

Tw

Timing Chart D

Figure 2 Test conditions and timing charts
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Timing Chart F

Note: The test pi'n conditions are shown below.

Tw

START /
(RESET) / \
STF
(0~ 8)

TSET THOLD

: Timing Chart E

TR TF
MCK
T1 T2
{ |
DUTY =T1/T2

No. Pin Name Pin No. Set Condition
1 TEST A 22 High
2 TESTB 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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+6V

psTB Ot

START O—

(5.5296 MHz) MCK (O—

sTF1 O

sTFo O

sTF2 O—

STF3 O—

SYNC O——

EXT FLG OQ——
sck O——

AAA—

Egng

VW
AMA
YW
AAA
VW
AAA.
VW
AAA
VW
AA
YW
AAA
YW
AAA
YW
AAA.
vy
ANA.
VW
AN
WV
AAA
WY
W
AA
VW
AN

O BSC

QO EXTB 15
O EXTB 14

O ExTB 13

QO EXTB 12

() EXTB 11

QO EXTB 10

QO ExTBY9

QO exTBS

QO eExTB7

QO EXTB 6
O EXTB5

O ExTB 4

() EXTB3

«() EXTB2

QO EXTB1

O ExTBO

Figure 4 MSM6928-07RS 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 16-bit serial data. See Figure 8.
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T 7.2kHz 1

| | I
l 15T™ ™ AT =995.2 kHz
0 1 2 3 4 5 6 8 9 10 11 12 13 14 15 0O ] 1
| L 1 L | | 1 | | | 1 1 | { | | 1 | 1 | |
i T i 1 i i T T i i i 1 I I li i i f i 1 T
0 0
3
START ~1.8432 MHz
13 14
DSTB
1 12 1
BSC
‘*’H‘— =1uS
) 12 13 0
EXTB 150 INPUT OUTPUT (1) OUTPUT (2) INPUT

OUTPUT(1): AGC DATA, TRCD, SQDA,
SQDB, RD, TIMING
OUTPUT(2): CONSTELLATION DATA

Figure 6 MSM6928-07 Timing Chart
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START

STF 3

STF 2

STF 1

STFO

~ 600 Hz
1BTM
3 £1ST™ 1STM =
1.8432 MHz 7.2 kHz
PHASE
0 1 2 3 a4 5 6 7 g8 9 0 1 2

Figure 7 MSM6928-07 Timing Chart
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No. Name Function
DO XFCD FCD (carrier detect) signal for Demodulator 0; OFF (Set O when FCD = 1)
1; ON (Set 1 when FCD = 0)
D1 TAPH AEQL operation control 0; Active
1; Hold
D2 DSS0 Demodulator data signalling
rate select DSS1 | DSSO Mode
D3 DSS1 0 0 16 values
o 1 QAM 2400 bps
Note) 1 0 4 phase PSK 1200 bps
Not related to FSK mode. 1 1 2 phase PSK 600 bps
D4 EGCO AEGL tap coefficient control EGc1 | EGeo o See Appendix B.
D5 EGC1 0 0 o,
0 1 a,
1 0 ag Note)
1 1 o, a, =0 (Tap hold)
D6 AQID Adaptive equalizer (AEQL) reset 0; Reset (Set the center tape)
1; Normal operation
See Appendix B.
D7 PLCR Carrier PLL reset 0; Reset
1; Normal operation
D8 PLEN Carrier PLL enable 0; Disable
1; Enable
D9 SANSORG Originate/answer mode select for receiver 0; Answer (Receive — Lowband)
1, Originate (Receive — Highband)
D10 AGCTO AGC circuit control coefficients AGCT1 | AGCTO 8 See
Appendix B.
D11 | AGCT1 0 0 b
0 1 52
1 0 8
1 1 3
D12 sabpc Threshold level selection for SCDB 0; High (~107?) NOTE)
1; Low (~107*) Does not mean to
See appendix B. measure the bit
error rate itself,
D13 SQDEN LPF accumulate register clear for SQDA and SQDB
(signal quality detecter) 0; Normal operation See Appendix B,
1, Reset
D14 TRCDC Threshold level for S1 data detection 0; Low (Handshake)
1; High (Retrain)
D15 XFCD1 DSP software reset except for AGC control  0; Normal operation
1; Reset
EXTFLG ] DOI D1 I D2E31D4I DET D6 I D7J DSI D9]D10'D1 1ID1 2‘013'014&)15'

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 OKI’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: ® Sync/Async and Async/Sync Conver-
Built-in a Digital PLL for Transmit- sion: ’
Timing (ST). ST is output from this MSM61077 provides a part of the

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
derived from this GA.

m-A-178

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
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MSM61077GS-K

< w
vovooooiE%k3-08Y
Z22222200b00=00C<
A ERREEEFEERFFEFE

NC [« [30) IPT1
NC (@& [29] BIN
NC (=] 28] BCK
NC [57] [27] READ
NC [&1 [26] ADS
NC [25] SMP

GND [ [24] BSC

NC [54 (73] vcC
NC (5 [22] STRT
NC (6 [21) STF 3
NC & [20] DSTB
NC [&£] [19] STF 2
NC [] (78] STF 1
NC [&] 71 STF O
3(2152(5/3 EE 5 IEE S
YOor-iuwLno0ago ¥
otgagggangEEgdg
so e b u.Dn:'_

60 Pin FLAT package
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V.24
Interface

DATA
! CLK
16 BITS S/P CONVERTER <8
RSTF [
N
SPINS [
' L 1PT1 ]
ACK
A/S) DATA
a—
T o SELECT | MSD
L BIN
g
RD (S/A)
SST RD:SMP
- |
A A
|
N $ST S-PLL R-PLL DSP-CONT
' e Y P e 2 o Y
[ T o I I P4 2]
l w| nin|unjn|0]om)
- M)T(

To MSM6928-07

Figure 1 MSM61077 Block Diagram

To MSM80C51

To MSM6928-07

To MSM6E950

AVHOVIa X00719
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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 | 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,/RT by setting ST A/B. See Figure 2.
ST 4 | External transmit timing input. (2400/1200/600 Hz +0.01%).
! If ST, is not used, ST should be held the digital “'Low"".
RT 5 | Receive-Timing signal input.
RSTF 6 1 Control flag for SYN/ASYN converter,
SPINS 7 | Control flag for SYN/ASYN converter.
Transmit-Data (SD) signal input.
e
&) X X X
g
SD 8 I - e
(ST,)
or
(5T) "y
ON OFF ON OFF
Receive-Data (RD) signal output.
o
~ (RD) X X X
RD 9 o) g
e
(RT)
ug
ON OFF ON OFF
RSMP 10 | 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 | PinNo. | 1/O ’ Function

PRD 1 I Demodulated Receive-Data input (PSK, QAM). PRD is given
from 1/0 port of DSP.

FRD 12 | Demodula;ed Receive-Data input (FSK). FRD is given from
1/0 port of DSP.

ive-Timi ignal output.

ORT 10| o be e e AT

RDIN 14 | Receive-Data input from descrambler output in MCU.

TCLK 15 | 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]

VvCC 23 Voltage supply (+5V).

STF3 21 4 (0] Vector signal output for DSP.

STRT 22 (o] Start signal output for DSP. See Figure 4.

DSTB 20 (0] Write clock of 1/O port for DSP. See Figure 4.

BSC 24 (0] Read clock of 1/O port for DSP. See Figure 4.

SMP 25 (0] Latch clock of read data from 1/O port.

ADS 26 (o} A/D convertor start timing signal. See Figure 4.

READ 27 (o] A/D convertor read timing signal. See #igure 4.

BCK 28 (o}
These pins may be used for device tests only. In normal operation,

BIN 29 | BCK should be tied to BIN.

IPT1 30 (o} Interrupt-signal to MCU.
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Pin Name | PinNo. | 1/0 Function

ACK 31 1

REQF 32 o}

DO 33 0 The timing diagram of these signals is shown in Figure 3.

D1 34 (o}

MSD 35 (0]

DATA 36 | Serial status control data input. See Table 1.

CLK 37 ! Shift clock of status control data.

STB 38 ! Strobe clock of status contro! data.

CLR 39 0 During the CLR i‘s activ? ”High", all blocks can be initialized.
In normal operation, this pin should be set ""Low’’

GND 53 Ground (0 V)
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Table 1 GA Mode Definition Table

Mode ITESTA| DSS 1|{SDCLP| GA123 |GAVB| CD1 | CD2 |[DSSO|GADC|GASAS|GALSHS |GASLSH|SWLA|SWLB |STA|STB
_ Speed +1.0%| 0 | 0 1 0 0 X | o 0 0 0/1
& | Asynchronous| Conversion
3 Tolerance |+2.3% | 0 | 0 1 1 0 X | o 0 0 0/1 _
=) Transmit-
pA Charact ter signal
&1 Synchronous |2400£0.01% o | o | 1 X X x | 1 1 0 O/1 | Bitlongth - | Element
Timing Definition Timing
) Speed +1.0%| O 1 0 0 | PLL 0 0 0 0 0/1 (8~11 bit) Definition
c CCITT pee ) Control (S-I-l ,ST, ’
o Conversion RT)
2| 5 * |Tolerance |+2.3% | O 1 1 0 0 0 0 0 on
5E,
Q| <« 3 | BELL (1200+1.0~-2.5%) 0 1 0 1 0 0 0 0 0/1
Synchronous |1200+0.01% 0 1 X X 0 1 1 (0] 0/1
Speed +1.0% | 0 1 0- 0 1 0 0 0 0/1
& | Asynchronous|Conversion
3 Tolerance |+2.3% | 0 1 1 0 1] o0 0 0 0/1
=3
©
Synchronous |[600£0.01% 0 1 X X 1 1 1 0 0/1
300 bps 0 X X X X X X X 1 1 1 0/1 X X X | X
DATA TESTA| DSS1 [SDCLP|GA123|GAVB| CD1 CD2 | DSSO | GADC |GASAS|GALSHS; GASLHS‘ SWLA |SWLB | STA | STB

T S U O I S T S I I O I S O O 6

1

STB

=

¢ LLOLONSIN-NIAON ¢
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OKI semiconductor
MSM6950

ANALOG FRONT END LSI

GENERAL DESCRIPTION

The MSM6950 is a analog front-end LS| 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
(650 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
A/D converter.

This device prdvides 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 ® Selectable cut off frequency of trans-
CCITT V. 22 and V. 22 bis. mitting for the guard tone, the DTMF
® 8-bit parallel output A/D converter and tone and another, 725 Hz or 2900 Hz.
8-bit parallel input D/A converter on ® provides AC loop test function, a
chip. transmitting analog signal can be looped
® On-chip voltage reference. back as a receive analog signal within
@ On-chip AGC circuit controlled by 8-bit the chip.
external digital signal, over the received ® Supply voltage, +5V.
signal level range of 48 dB with 0.19 dB ® | ow power dissipation, 80 mW.
step. ® 36864 MHz external clock for ope-
® Dynamic range, 70 dB. ration.
® Guard tone mixing function, 550 Hz or ® 42-pin plastic DIP package or 56-pin
1800 Hz. plastic flat package.
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4 MODEM-MSM6950 ¢

PIN CONFIGURATION (Top view)

42 pin DIP (MSM6950RS)

701 [1]
D2 [2]
TD3 [3]
704 [4]
705 [5]
TD6 (6
D7 é
708 8]
WRITE [9]
mck [i0]
START [i1]
READ [12]
RD1 [i3]

RD2 [i4]

56 pin FLAT (MSM6950GS)

w =

020, Zr 03, k28

zrs%xoLazchox>

Felffolpol el el

= 58]
AGCI [2 [27]
GR2 [45] [26] VR1
NC  [4] [25] AGCC
GR1 [47] 24] AG
vsSs (s8] 2] DG
VDD1 [43] [22] DG
NC  [50] [21] vDD1
TD1 [51] [20] VDD2
TD2 [52] [19] RD8
TD3 [ 18] RD7
TD4 [54] 7] RD6
TD5 [55] 6] RD5
& O ]
53135 5 6 2
g kR
00888¢g§§58830
2ZFFFESSlnirreroeoc 2
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D i e et G —— 4
RC1 (AC LOOP )
0 ~_ DTMF TONE
Y 4 ~
SW1 =1

BPF
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N
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LOWBAND

Vref | $4 CLK
1
+-| : ]
1 [ I
[19) 1 1
! BPF \\\ n.% 1 : : :
Y STHesl 0
8 bit -~ 0 __,<—(' : : : 1
HIBAND swes | 125] 1 ' |
AGK < i i |
I I I
O ol 1 , ! RC4
b ! I ~ z_b N
AGC +t —+ ; =~ Al
AD e ‘Aup 1 sw3 y o : ! =
DIAL TONE 1 H X |
L._____________________.:_____4 | |
h i : i
| |
1
1 | : 1
1 ! | 1
1 ! 1
i 1 ! \
+5V +6V -5V OV OV ' ! | |
I | ] i

AGCC AGCI RFO VDD, VDD, Vss AG DG LT DT GT  MODE

=l

WVYHOVIa Y2014
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¢ MODEM- MSM6950 ¢

Pin Assignment

Pin No.
Pin Name In/Out Function
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

TDS8 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/Cut Receive signal digital data output from AD (LSB)

RD2 14 1 In/Qut 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

RDS8 20 19 In/Out Receive signal sigital data output from AD (MSB)

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 uF)

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

DT 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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4 MODEM- MSM6950 ¢
ELECTRICAL CHARACTERISTICS

1. Absolute Maximum Ratings

Parameter Symbol Conditions Ratings Unit
VDD -0.3~+7
Supply voltage
VSS +0.3 ~ -7
\
Analog input voltage VIA VSS-03~VDD +0.3
Digital input voltage VID -0.3~VDD +0.3
Operating temperature Tor —_ -40 ~ + 85
e
Storage temperature TsTG — -556 ~ +150
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¢ MODEM-MSM6950 ¢

2. Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
VbD 475 | 5.00 | 5.25
Power Supply Voltage Vss WVith Respect to 525 | -6500 | 475 | v
' AG, DG - - 0 -
Operating temperature Top - 0 - 70 °c
R, - Transformer - 600 -
I.mpedance (Hybrid)
- N
R, - - 300 -
R, - - 51 -
R, - - 51 -
R ~ - 51 -
R, - - 51 -
R, - - 10 33 - K&
R, - - 36 -
R0 - - 100 -
Ry, - - 51 -
Ry, - - 51 -
C, - - 22 -
C, - — 1 —
C, - B - 0.1 — o
C, - - 1 —
c,.C,,C, — - 10 -
C..C, _ _ 1 _
Ry~ Ry - - - 20 - K
Reference Voltage VR ég{:rs:‘:? Ft;:sistors - f2.50 — \%
Master Clock Frequency Fmek — 3.6860 [3.6864 |3.6867 | MHz
MCK Duty Cycle Dmck 50% to 50% 30 50 70 %
Digital Input Rise Time TR Tp,~ Tp,, WRITE, 0 - 50 nS
Digital Input Fall Time T :TA::’ HEAD’. 0 — 50 nS
D: ~RDs. See Figure 1
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Since descrambler control of DSPO will be disabled while transmitting Answer Tone (FSPS=0), DSPO

should be set on High before FSPS goes Low.
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This pre-control of DSPO allows descrambler to be enabled (descrambler ON).
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insignificant.).
* This status doesn’t be cared.
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Parameter Symbol Condition Min Typ Max Unit

[— . 1 1/
WRITE Period * Tpw 115 0.0072 143 us
WRITE Width Tww 0.55 - 100 uS
— . 1/
START Period Tps 90 0.0072 143 uS
START Width Tws See Figure 2, 3 1.1 - 79 us
READ Width TWR 2.2 — *2 us
START —» READ

Timing TsR 80 - *2 kS
READ — START

Timing TRs 15 - * KS
Allowable XIN Input
DC Offset Voltage VosXIN - -100 | — | +100 | mV
Allowable AIN Input
DC Offset Voltage VosAIN - <100 | — | +100 | mV

*1 Except for OK|I’s Special DPSK modulating mode (See APPLICATIONS INFORMATION 1-2)

*2

TwR MAX = Tps — TSR — TRs

Tsr MAX =Tps — Twr — TRs
TRsMAX =Tps — TWR — TSR

Refer to Figure 9.

3. Power Dissipation

(Vpp = +5 V £5%, Vgg = -5 V 5%, T, = 0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Positive Power
Supply Current Ibb - - 12 20 mA
Negative Power
Supply Current Iss - - 1 20 mA

Note: Vpp means both of Vpp; and Vpp-.
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4. Digital Interface
' (VDD =+5 V #56%, Vgg = -5 V £5%, T4 =0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Input Low Voltage ViL - 0 - 0.6 \4
Input High Voltage Vin - 22 | - |vpp | Vv
Output Low Voltage VoL loL =0.36 mA 0 - 0.4 \%
. Output High Voltage VoH loH =20 kA 2.4 - Vpp \Y
Input Low Current L DGSV;N SV”_ -10 - 10 MA
Input High Current Iy VIH —<—V|N—<—VDD -10 - 10 HA
DA Data Set-up Time TsD 0 - - uS
See Figure 3
DA Data Hold Time THD 1.1 - - uS
AGC Data Set-up Time TsA 0 - — uS
See Figure 2
AGC Data Hold Time THA 2.2 - — uS
AD Data ‘ TD: Pull-gngt%issztor 04 — 3 uS
Output Delay Time T2 See Figure 2 05 | - 3 uS
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(Vpp =+5 V 6%, Vgg = -5 V 5%, T4 =0 ~ 70°C)

Parameter Symbol. Condition Min Typ Max Unit
Reference Voltage
Reference Voltage VR Without Adjustment | 103 | 116 | 13 | v
Transmit Analog Signal Characteristics (XIN, AOUT)
Input Resistance RxIN XIN 200 350 - K
Input Voltage VXIN XIN - - 5 Vpp
R 210 KQ
Output Voltage VaouT AOUT 5 - — Vpp
CaoUT < 100 pF
Load Resistance RaouT - 10 — - KQ
Load Capacitance CaouT - - - 100 pF
DC Offset Voltage VosT AOUT, XIN=0V -1000 - +1000 | mV
GT, 1,200 Hz |Originate 7.5 - 9.5 dB
OKl's G, 2,400 Hz | Answer 12.5 — 14.5 dB
Special
: DPSK Answer with
Absolute Mods GT, 2,400 Hz |GosElviY | 115 - 135 | dB
Voltage
N *
Gain FSK or GT, 1,200 Hz |Originate 1.0 - 3.0 dB
Normal
DPSK GT, 2,400 Hz | Answer 0 - 2.0 dB
yone Transmitl g, 1,020 Hz 10 | — | 30 | dB
Total Harnomic Distortion THDT — - -50 | -40 dB
. Using a 0.3 ~ 3.4 KHz
Idel Channel Noise NIDLT | fiat weighted filter - | 4| - | 9Bm
FGT, GT=V|_ 530 |5537 | 570 | Hz
Frequency
FGT. GT=V|y 1,780 1,799.7| 1,820 | Hz
. VGT 550 Hz | Without -13 -1 -9 dBm
Guard Tone ig’vn;l ! adjustment
VGT, 1,800Hz|R, = -12 -10 -8 dBm
Total
Harmonic THDGT - - -50 -40 dB
Distortion

*G1 =20 log (VAQUT/VXIN)
Note: 0dBm = 0.775 Vrms
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Receive Analog Signal Characteristics (A|N, RFQ)

Parameter Symbol ) Condition Min Typ Max Unit
Input Resistance RaIN AIN 200 350 - K&
Input Voltage VAIN AN - - 5 | Vpp

1,200 Hz Answer
Absolute Voltage Gain GR -1 — +1 dB
2,400 Hz Originate

RRFO = 10 KQ
Output Voltage VRFO 5 - - Vpp
CrFO < 100 pF

Load Resistance RRFO - 10 - - K&
Load Capacitance CRFO - - - 100 pF
DC Offset Voltage VOosR RFO, A|N =0V -500 - +500 mV
Idle Channel Noise NIDLR H;i"‘g:i&feg SAKHz\ | 59 | — | dBm
Total Harmonic Distortion THDR - - -50 -40 dB

6. Filter Transfer Characteristics

Low-band BPF (VDD = +5 V 5%, Vgg = -5 V 5%, T, = 0 ~ 70°C)

m ) GFL, 50 ~ 500 Hz - -44 -40 dB
GEL, 555 Hz - -60 -48 | dB

GFLs 900Hz -1 | - +1 dB

GFL, 1,000 Hz Referred Gain O dB

ggzzti‘c’f G‘/":"'_tfge GFLs 1,150 Hz -1 - +1 dB

GEL, 1,350 Hz -1 - +1 dB

GFL, 1,500 Hz -1 - +1 dB

GFL, 1,800 Hz - 65 | -45 | dB

GFLs 2400 Hz - 55 | -50 | dB

Group Delay Distortion GpL 900 ~ 1,500 Hz - - 100 uS
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High-band BPF

Parameter Symbol Condition Min Typ Max Unit
GEH, < 1,500 Hz - -65 | -50 dB
GEH, 1,640 Hz - -55 | -50 dB
GEHs 2,050 Hz -0.5 - +15 | dB
GFH,4 2,200 Hz Referred Gain 0 dB
gzzi‘i‘fg”fxﬂ’e GEHs 2,400 Hz -1 B +1 | a8
GFH, 2,600 Hz -1 - +1 dB
Gey, 2,750 Hz -02 | — +1.8 | dB
GFHs 3,210 Hz : — -43 -40 dB
GEH, 2 3,400 Hz - -35 | -30 dB
Group Delay Distortion GpH 2,100 ~ 2,700 Hz - — 200 uS

Multip-purpose LPF

Parameter Symbol Condition Min Typ Max Unit
GLPF, 300Hz | GT=V_| -15 -0.5 +0.5 dB
Absolute Voltage Gain
GLpF, | 1.020Hz | Gy=v|_| -1 0 +1 dB
GELF: 0 ~ 200 Hz -1 - +1 dB
Relative Voltage GFLF, 300 Hz Gr=viL Referred Gain 0 dB
Gain to G| pF, GELF, 750 Hz 4 | -3 | 2 | o8
GFLF4 1,500 Hz — - -30 dB
GEHF, 0~ 80Hz -1 - +1 dB
Relative Voltage GFHF, 1,020 Hz G1=Vin Referred Gain 0 dB
Gain to G|_pf, GEHFs 3,000 Hz _4 -3 -2 dB
GEHF. | 3,900 Hz - - -10 | dB
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7. AGC Circuit and DA, AD Converters
(VDD =45V 5%, Vgg = -5 V £5%, Ta = 0 ~ 70°C)

Parameter Symbol L Condition Min Typ Max Unit
AGC Amplifier
Input Resistance RaGci - - 1 - M
g::;ag:n\égltage GaGC - 4 | - |+38] aB
Yokoge Gal o 04 |2903) w04 | ap
gl(j}tpol#set Voltage VOSAGC, (——630) - :530) “r_ré\é)

Transmit Digital to Analog Converter

Bits of Resolution BREST - - 8 - bit
End-point Linearity NLpa - - 0.36 0.5 %
Differential Non-linearity DNLpAa - - 1/5 1/2 LSB
Rl cale | PFVDA - - |+2481] - | mv
Full Scale
Minus e | NFVDA - — |-2500| - mv
m DC Offset Voltage VOSDA - -10 | <15 | +10 | mv

Receive Analog to Digital Converter

Bits of Resolution BRESR - - 8 - bit
End-point Linearity NLAD - - 0.24 05 %
Differential Non-linearity DNLAD — - 1/5 1/2 LSB
P cale | PFVAD - - |2a11| - | mv
Full Scale -
Hinus e | NFVDA - - |-2490| - | mv
DC Offset Voltage* VOosAD - -1/2 - +1/2 | LSB

* Only of AD converter. In practice, Output DC Offset is determined by VogaGc and the gain of AGC
circuit.
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tf tr

Figure 1 Definition of Rise/Fall Time

START —
- tWs
' tPS

READ

RD1~
RD8

High Impedance

ISR tWR—na—tRS—q

|
tSA tHA tp,  tD,

A: AD Data Output

B: AGC Gain Data Input

Figure 2 Receive Data Timing Chart

WRITE \ ]/
tww

TD1~
TD8

tPW

4“X Invalid Data

tsD tHD

Figure 3 Transmit Data Timing Chart
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GAIN (dB)

-10t

-20l -

-30t

-50r

FREQUENCY (kHz)
4

T T T T T L

Low-band BPF High-band BPF

Figure 4 Low/High — band BPF FREQUENCY CHARACTERISTICS

GAIN (dB)

FREQUENCY (kHz)
5 10

-10

-20¢

-301

-50

-60t

-70

-80

LPF2 (2900 Hz)
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Figure 5 MULTI-PURPOSE LPF FREQUENCY CHARACTERISTICS
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Pin Name

Pin No.

RS Gs

Function

TD1~ TD8

1~8 | 3~5,

51~55

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
TDS8 is the MSB. Refer to Table 1 below.

Nominal
Output Voltage*

Total

TD 8 7 6 5 4 3 2 1 Value

Plus Full Scale 0 1 1 1 1 1 1 1 +127 +2,172.1 mV

+126
~1

o[o 0 0
'Ii'l -1

Plus @ [¢] 0 ! 0 o 0 0
1

Minus © 1 1 l

-2 '
~127 H

1!010[0}0]010[0\—128
Table 1 *The reference voltage for AD conversion is +2.5 V. This
output voltage is defined at AQyT.

Minus Full Scale

-2,189.2 mV

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 usec after the falling
edge of WRITE signal. The cycle of this signal can be chosen out of
115 usec ~ 143 usec.

MCK

10 7

A 3.6864 MHz clock signal should be applied to this pin. This is the
time base for the operation of the MSM6950.

START

1 8

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 usec ~ 143 usec.

READ

12 9

This is a control signal for 3-state output data bus line, RD1 ~ RD8.
While this pin is at digital O state, the output bus is activated and the
result of the AD conversion is output from RD1 ~ RDS8 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 ~ RD8 | 13~20 (10~13,[ These are I/O terminals controlled by START and READ terminals.
16~19 | When READ is set at digital O state, RD1 ~ RD8 become output
terminals and the AD conversion result is output from these pins
with 8 bit parallel two's compliment format. Refer to Table 2.
When READ is set at digital 1 state, RD1 ~ RD8 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 48 dB as shown in
Table 3.
READ = Digital 0
RD, | RD, | RD, | RD, | RD, | RD, | RD, | AD, on the Input of AGE Cheult (RGCI)
0 1 1 1 1 1 1 1 +2,480.5 mV
§ ~ 195 mV Step
0 o] 0 o] 0 0 o] 1 +19.5 mV
[ o 0 0 0 (o] o] 0 0
1 1 1 1 1 1 1 1 -19.5 mV
§ ~19.5 mV Step
1o!o|o|o|o|o|o 2,500 mV
Table 2
READ = Digital 1
l ' RD, | RD. | RD, | RD; | RD, | RD, |RD, | RD, G of ACE ChrearC (i
1 1 1 1 1 1 1 1 +43.8
1 1 1 1 1 1 1 0 +43.6
$ 0.1875 dB Step
0 0 0 ) o 0 1 0 -3.63
0 0 0 o 0 4] o] 1 -3.81
o 0 0 0 0 0 0 0 -4.00
Table 3
VDD: 21 20 | Positive power supply, +5 V.
This power supply is internally connected to the digital output logical
circuitry RD1 ~ RD8 to avoid the deterioration to the noise
performance. Same power supply as to Vpp, 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 uF 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 Name

Pin No.

RS

GS

Function

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.

VR1 R8

@B y——
T ‘3 £
@ F AG

VR2 W

Figure 6 (MSM6950RS)

A bypass capacitor is required to keep this reference electiical in the
silent condition. A capacitor with the value of more than 1 uF is
recommended. The reference voltage on VR2 is determined by the }
following equation and the typical value is +2.5 V.

Re + R,
VREF = 1.2 x ————— [volts]

Rg

AIN

27

30

Receive analog signal input pin. The maximum input level is about
+7.2 dBm (5 Vp-p).

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 2 and the load resistance should be more than
10 k. 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.

Input Data to DA Reference Voltage Output Voltage (AOUT)

Plus Full Scale +2.17V
+25V
Minus Full Scale -219V

Table 4
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Pin Name

Pin No.

RS

GS

Function

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 isin 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 O 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

[ 550 Hz 0~ 725Hz

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 Name

Pin No.

RS

GS

Function

SP

35

39

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.

SP LT ! Mode PAM Signal Width Operating Mode

[ . . 104 us Other Than Below Cases

1 0 0 104 uS
— Data Transmission
1 0 1 52 uS OKI Original
PSK Modulating -
1 1 0 52 uS Method

AC Loop-back Test

1 1 1 104 uS

Table 7

The width could be 52 us only when OKI'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 O state.

MODE

36

40

MODE determines the role of each BPF by controlling SWT and SWR
as shown in the circuit configuration.

When digital O 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 Transmit Filter Receive Filter

0 Originate L - BPF (800 ~ 1,600 Hz) H - BPF (2,000 ~ 2,800 Hz)

1 Answer H + BPF (2,000 ~ 2,800 Hz) L - BPF (800 ~ 1,600 Hz)

Table 8

RFO

37

41

RFO 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 uF. The load resistance should be more
than 10 k2. The maximum voltage swing is about 5 Vp-p.
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Pin Name

Pin No.

RS

GS

Function

AGCI

38

44

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)

GR2, GR1

=l

39, 40

45, 47

The output guard tone level can be adjusted by using external
resistors as shown in Figure 8.

AOUT

Guard Tone
Generator

Figure 8 (MSM6950RS)

The approximate output tone level is determined by the following
equation,

Rll + R12
VAOUT = 20+log ———— -14 [dBm]
Rll

In Bell’s standard sets, as the guard tone function is not applied, GR1
should be connected to GR2 directly.

VSS

41

48

Negative power supply pin. -5 V.

VbD:

42

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 START
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.

VAOUT =+7.2dBm -2.5dB +2.0dB -0.34 = +6.36 dBm

AOUT
Filter L‘I >— 39
I

Output Wave Form of DA
= VR2

’ \
;ﬂﬂ [
/ N
M 1796 kHz %\J\UU
\

1/7.2 kHz

20 Iog-;'—g- = _2.5 [dB]

Figure 10 (MSM6950RS)
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12 OKIi'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.

I_-_'_____-_-_-_C—ds'w_ct"! 7
! ROLL ;
| OFF | | |
' ool [FILTER L ! psic
SCRAM.- RAY COD [
™ BLER CONVERTER DA F“-TER_|"
i ROLL 0 ,
' OFF || |
. FILTER .
1
[osp_ _ _ _ __ siNwe | |are |
Figure 11
r /"1
' ROLL 1 |
| rgli":rER ! | |
. y oo PSK
SCRAM-| _IGRAY CODE ol _I._,
™ l ™ BLER- [”|CONVERTER ©—> DA [>FILTER—
i ROLL L I |
| ofFf |[T7a | |
FILTER[|DELAY]|, ! '
ose e ]
Figure 12

In the OKI’s special DPSK mode, DSP is not required to perform multiplying of real
part by COS wct and imaginary part by SIN wct. 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 Real Imagina-\ Real Imagina?
Base Band Data ry Data / \ Data ry Data

Data

WRITE —\ \—/ \ \_/ | \_/ \_/

e td___
~1/4800Hz |

Ts
1/1200Hz

DA \ < >
Output

1/9.6 1796
™ kHz [T 77 kHz

1/4800Hz

[——————————— 1/1200Hz

Figure 13

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 wect.

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.

VAOUT = +7.2 dBm + 20+log 1/8 + 20+log+/Z + 6.0 dB + 9 dB — 0.34 dB = +6.81 dBm
A B Cc D E

1/8 PAM

Vector sum of real and imaginary part

Lower side band component after modulating
Voltage gain of the transmit filter (See Table 9)

oQ®>

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 Real Imagina-\ Real Imagina-
Base Band) Data ry Data / \ Data ry Data

(Data
ey Y O\
tr
1/9600Hz
Ts
1/1200Hz
DA "
Output
_11/19.2 1/19.2

kHz ™ kHz

1/9.6kHz

1/1200Hz

Figure 14

In the answer mode, the transmit carriver frequency is 2400 Hz.

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+log 1/16 + 20°log+/2 + 6 dB +14.5 dB - 0.34 = +6.26 dBm

The width of the PAM signal and the voltage gain are set automatically internally.

When OKI’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, SWR1 and SWR2.
When MODE is in digital O 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.

XINET s PT
6)GED) (5)—(29)—
® »e
WRITE (8 1 | :
] l
]
I
TD, (8 | ! :
D, @ s o B e i I e
R H
D, (& ) (AC LooP ' ooer |
™, G oA DTMF TONE ; A i,
™, (& P o |2 -‘ 2
‘ y ONE x AouT
TD, (3 ~
BTMF
TD, (2
T
™, G —.} i
! 1
i [cuaro - @9 GR1
VA1 T ToNE | L <
[ T —39 GR2
Vref | $+ CLK > 1l i
VR2 el iy
__________ IR J0y
'y 1)
MCK + v I
[l ! 1
gl B 1
ao| I ' '
RD8 orf 1 1 1
S| 1 ! |
RD7  (19) Qg i ! |
<
e @ oo
' RCa
RD5 (1) L ; : a4
RD4 (i) AD it T T = @) A
1
RD3 (19 ] I !
1
rD2 (19 ) ? : 1
1 ]
Rro1 (13 | 1 H :
i ' |
READ (12 . ! H 1 !
START (17 +5V 45V -5V OV OV ! ! ! |
1 1 ] ]
L bbb PN U SN
2 D) =9
AGCC AGCI RFO VDD, VDD, VssAGDG T o7 6T mODE
Figure 15 (MSM6950RS)
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14 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 O 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 O 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.

BN X
e
e ®

)
1
|
i
i
T
|
h
I
I
I
1
I
1
1
|
1
]
1
I
1
i
I
1
1
]
1
i
|
1
!
I
]
i
i
|
1

.
.

AC LOOP
DTMF TONE

GUARD
TONE

b -

8 bit
AGK

AGC
AMP

DIAL TONE

Ot ioop

o

*x 7) AIN

L
[ D
i e

T
|
'
'
1
'
+5V 45V -5V OV OV H
&d '
) RHEENE)ED) O
T

(29)—(38)
AGCC AGCI RFO VDD, VDD, Vss AG DG

Figure 16 (MSM6950RS)
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156 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 signaling and so forth. Refer to Table 9.
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I
I
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- oeQ
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5@
@r--meeee-

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 effective for call progress tone monitoring, such as for tone dialing. Refer
to Table 9. In this mode, AOUT is connected to AG (0V) internally.

XIN ET spPT
6@
\'_I
t
WRITE (9 i
1
il
T, @ !
T, (7 S : ——————————————————————————————— 4
0, (6 R RC1 AC LOOP
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™, oA o~ r’i‘: N (
™, (& w1 L=
™, (@ BPF
™, (2 SWT1 ~
™ 2 ==
v (1 . LOWBAND
VR1 1 !
Vref CLK > I 1
VR2 1 ]
O N I H
! 1
McK  (10) +-' ! !
1 [ H i
- BPF gl 1y ' '
7 o] 1! i Il
RD8 N A A ! !
8 bit ) 2= P ' '
rD7 (19 T HIBAND o=| ! 1
AGK SWR1 <} ) ! 1
RD8& Jgje—— [N} ] | RC4
i i
RDs (1) RC3 0 [N ' ! e
AGC ~ sw2 . 3= @) AN
RD4 (1) AD PYIr x t‘ oo ! I =
———dy
rD3 (19 H DIALTONE i !
g I I
RD2  (14) ' i { !
b 1
rot (¥ i ! ! I
e B b B
reap (12 ! | | !
START (11 +5V 45V -5V OV OV ' ! H |
] 1 1 1
2 () l |
29—Q87 SACAN ) 89—
AGCC AGCI RFO VoD, VDD, Vs AGDG T oT GT  MODE
Figure 18 (MSM6950RS)
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17 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.

AQUT is connected to AG (0V) internally.

%
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i
1
!
i
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I
h : 1
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wl H !
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8 bit 53] H !
o3| 1 1 !
AGK < 1 ! 1
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Figure 19 (MSM6950RS)
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Control Signal Transmitter Receiver
DT | PT |MODE| GT | spP LT | PassBand*! | Gain*! | Guard |DAPAM| o pond*? | Gain*? Note
Tone | Width ss
1 1 0 X 0 0 800~1600Hz | +2.0dB 2000~2800Hz | 0dB | Originate
1 1 1 X 0 0 |2000~2800Hz | +2.0dB 800~1600Hz | 0dB FsK
104us
0 0 1 0 0 0 | 2000~2800Hz | +2.0dB| 550Hz 800~1600Hz | OdB | Answer DPSK
0 0 1 1 0 0 | 2000~2800Hz | +2.0dB | 1800Hz 800~1600Hz | 0dB
1 1 0 X 1 0 800~1600Hz | +9dB 104us | 2000~2800Hz | OdB | Originate
1 1 1 X 1 0 | 2000~2800Hz | +14.5dB 800~1600Hz | 0dB OKI's Special
0 0 1 0 1 0 | 2000~2800Hz | +135dB| 550Hz| 52us | 800~1600Hz | OdB | Answer DPSK
0 0 1 1 1 0 2000~2800Hz | +13 5dB | 1800Hz 800~1600Hz 0dB
0 1 0 0 0 0 0~ 725Hz | -0.5dB 2000~2800Hz | 0dB
0 1 1 0 0 0 0~ 725Hz | -0.5dB 800~1600Hz | 0dB | Guard Tone/DTME Tone
104us Transmitting
0 1 0 1 0 0 0~2900Hz | 0dB 2000~2800Hz | 0dB
0 1 1 1 0 0 0~2900Hz | 0dB 800~1600Hz | 0dB
1 0 X 0 X 0 0~ 725Hz | 0dB Filtering for Call
1 0 X 1 X 0 0~2900Hz | 0dB Progress Tone
X X 0 X 0 1 | * (0~10KHz) | (0dB) 2000~2800Hz | 0dB Fsi
104us AC DPSK
X X 1 X 0 1 | * (0~10KHz) | (0dB) 800~1600Hz | 0dB LS.
back
X X 0 X 1 1 | *3 (0~10KHz) | (0dB) 52us | 2000~2800Hz | 0dB e |oKrs Special
X X 1 X 1 1 | *® (0~10KHz) | (0dB) 104us | 800~1600Hz | 0dB DPSK

*1 XIN - AOUT

*2 AIN - RFO

*3 AOUT is connected to Ground.

Table 9. Various Operating Modes

=l
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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;, R,, R3 and C; 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

@ 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,
until the loss at point A and B is exactly 6 dB. This allows maximum power transfer
through the transformer.

@ With R; 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 OPA1 at the frequency of
1200 Hz.

@ Now tune Rj; until the signal out of AOUT reaches a minimum at OPA2 output
terminal (V). Then tune C; 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 (‘D through @ is shown in
Figure 21. It was obtained by measuring the Vy-to-V, 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 an practical line

Figure 21 also shows the practical characteristics of the duplexer connected to existing
telephone lines.

These are represented by Vo-to-V, transfer charactenstncs, it should be noticed that the
receive signal level at AIN terminal (V3) will *be lower than V, by about 6 dB typically
because of the existence of Rg and R,.
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0.047uF
51k OPA2

Figure 20 Duplexer (Line Hybrid Circuit) Considerations (MSM6950RS)

03 frequency (Hz) 3.0kHz

\
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o
(=]

-100

(I) Terminal by 600%2 pure resistor
() Connected to a private phone line
() Connected to a public switched network

Figure 21 Experimental Cross-Talk Characteristics
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OKI semlconductor
MSM6949

ANALOG FRONT END LSI

GENERAL DESCRIPTION

The MSM6949 is an analog front end LS| which is fabricated by OKlI’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 OKI’s digital signal processors, a cost effective
modem can be designed easily.

FEATURES

® Performs all analog signal processing ® A set of carrier detection circuits, the
functions required for CCITT V. 26, on/off levels of which, are fixed at each
V.27 and V. 29. of the compromised values within the

® 75 bps backward channel FSK transmit- chip, and also can be adjusted by
ter. external resistors.

® |Interfaces to digital signal processors ® Two CD circuits are useful for Fall-Back
with receive and transmit parallel data .operation and so forth,
bus. ® 3,456 MHz external clock for operation.

® C(Call progress tone monitoring. ® On-chip voltage reference.

@ An chip AGC circuit controlled by @ Few external components required.
external digital signals, over the ® Supply voltage, £5V.
received signal level range of 51 dB ® | ow power dissipation: 140 mW typi-
with 0.2 dB step. cal.

® Analog loop test: A transmitting analog ® Power stand by mode available.
signal can be looped back as a receive ® 64 pin mini-size DIP, 68 pin PLCC will
analog signal within the chip. be available by 1Q '87.
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PIN CONFIGURATION (Top View)

64 pin mini DIP (MSM6949SS)

BRS ]
BTD ]
TRSW (—]
RDL
WRT
TD8
TD7 .3
TD6 T
TD5
TD4
TD3
TD2
TD1
MCK —
VDD2 —]
NC ]
RD8 —]
RD7
RD6 —]
RD5
RD4 —
RD3
RD2 —
RD1
RDB ]
RDA ]
ST ]
READ ]
AGCW —]
CSW
LD1 ]
LD2 ]

OCONONOTHRWN =

-
o

11

32

64
63
62
61
60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45

. 44

43
42
41
40
39
38
37
36
35
34
33

VvDD1
ATT3
ATT2
ATT1
1 EQT2
1 EQT1
LT
=1 PWDN
—1 BOUT
—1 XIN
1 AOUT
I NC
1 AIN
—1 VR2
—1 VR1
— CD2H
— CD2L
—1CD1H
—1 CD1L
— RFO
—1 AGCI
—1 AGCO
—1 AGCC
— VSS
1 AG
— DG
— EQR2
— EQR1
— BWC2
— BWC1
—CD2
1 CD1

68 pin PLCC (MSM6949JS): Available by 1Q '87.

m-A-222




¢ MODEM-MSM6949 ¢

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
TD8 6 MSB
TD7 7 -
TD6 8 -
TD5 9 I - . -
TDa 10 Transmit signal digital data bus input to DA —
TD3 1" -
TD2 12 -
TD1 13 LSB
MCK 14 Master clock input 3.456 MHz
vVDD2 15 +5V power supply
N.C. 16
RDS8 17 MSB
RD7 18 -
RD6 19 o . -
RD5 20 ?;:fa:‘t’: Is}gon)al digital data bus output from AD _
RD4 21 -
RD3 22 —
RD2 23 -
RD1 24 LSB
RDB 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.
These are used to set AGC at typical gain when detecting
LD2 32 urgent changes.
CD1 33 Carrier detect for QAM/PSK signal
CcD2 34 Carrier detect for FSK signal (T.30)
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. Pin No. -
Pin Name Ss 5 Function
BWCT 35 Receive filter bandwidth select
BWC2 36
EQR1. 37 Fixed compromise cable amplitude equalization select
EQR2 38 for receiving
DG 39 Digital ground (0V)
AG 40 Analog ground (0V)
VSS 41 —bV power supply
AGCC 42 External capacitor terminal for AGC circuit
AGCO 43 AGC circuit output ‘
AGCI 44 g(;gcggiuit input connected for RFO through external
RFO 45 ?ae’;::g;/foiilter output connected to AGCI through external
CD1L 46 .
Carrier detect level select for CD1
CD1H 47
cb2L 48 Carrier detect level select for CD2 :
CD2H 49
VR1 80 On-chip reference voltage adjust using external resistors .
VR2 51
AIN 52 Receive analog signal input
N.C. 53
AOUT 54 Transmit analog signal output
XIN 55 External analog signal input
BOUT b6 75 bps FSK transmit signal output
PWDN 57 Power down mode select
LT 58 Analog loop test
EQT1 59 Fixed compromise cable amplitude equalization select for
EQT2 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 VDD -03 ~+7

voltage Vss T,-25°C -7 ~+03

Analog input With respect to - \Y

voltage Via AG or DG Vss-03 ~ Vpp+0.3

Digital input v 03 ~ Vpnt0.3

voltage ID e DD™Y-

Operating

temperature Tor - -40 ~ 85 .
Cc

Storage ~

temperature TsTG - -55 ~ 150
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2. Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
VbD With respect to 4.75 5.00 5.25
Power Supply AG or DG
© Voltage Vss -5.25 -5.00 -4.75 \%
AG, DG - — 0 —
Operating o
Temperature Top - 0 - 70 c
R1 - Transformer - 600 -
impedance (Hybrid)
R2 - - 600 - Q
60002 .
R3 - gooq | 8008 - 300 -
R4 — - 51 —
R5 - - 51 —
R6 - — 51 —
- kQ
R7 — — 51 —
R8 - 10 33 —
R9 - - — 36 —
Cc1 — - 2.2 —
c2 - — 1 —
Cc3 - — 0.1 —
- uF
C4 — — 1 —
C5,C7,C9 - - 10 —
Ce, C8 - — 1 —
R10 ~ R17 — — — 10 — kQ
Ajusted by External _

Reference Voltage VREF Resistors +2.50 - \")
"Master Clock Frequency | fpmck 345657 | 3456 | 34563 | MHz
MCK Duty Cycle DmMmck 50% to 50% 30 50 70 %
Digital Input Rise Time t 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 us
ST Width tws See Figure 2,3 03 - tps-0.3 us
READ Width tWRE 0.3 - - us
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Parameter Symbol Condition Min Typ Max Unit
ST -~ READ
Timing tsR 51 - tps+50 us
ST —» AGCW
Timing tSA 5 - tps-10 us
- See Figure 2, 3
AGCW Width twWA 0.3 - tps-0.3 us
WRT Period tPw 20 — 143 us
WRT Width tww 0.3 - tpw-0.3 us
RDL Period tPRD 20 - 143 us
RDL Width tWRD See Figure 3 0.3 - tprD-0.3 us
RDL - WRT
Timing tRDW 0 — |tpRrD-06| wus
Allowable XIN Input
DC Offset Voltage VosXxIN - -100 - +100 | mV
Allowable AIN Input VOSAIN _ ~100 _ +100 mv

DC Offset Voltage

Refer to Figure 16.
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3. Power Dissipation
(Vpp = +5V £5%, Vgg = -5V £5%, Tq = 0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
IpDs : - 0.2 05 | mA

Power-Down Current PDWN = 1
Isss - 0.2 05 | mA
IpD - 14 25 mA

Active Current : PDWN =0
Iss - 13 25 mA

NOTE) Vpp means both of Vpp1 and Vppa.

4. Digital Interface
(VDD = +5V 5%, Vgg = -5V 5%, Ty = 0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Input Low Voltage ViL - 0 - 0.6 \
Input High Voltage ViIH - 2.2 - VDD \
Output Low Voltage VoL loL = 0.4 mA 0 - 0.4 \
Output High Voltage VoH loH = 20 uA : v 24 — Vbp \
Input Low Current L DG<VIN< VL -10 — 10 BA
Input High Current IH VIHZVINS VDD -10 — 10 uA
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

tp1 - — 300 ns
AD Data .

. See Figure 2, 3

Output Delay Time D2 _ _ 300 ns
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(Vpp = +5V 5%, Vgg = -5V 5%, T4 =0 ~ 70°C)

Parameter I Symbol 1 Condition Min 1 Typ ] Max l Unit
Reference Voltage
Reference Voltage VR Without adjustment $1.02 | +1.20 | +1.38 | Vv
8
Backward Channel Transmit Signal Output (BOUT), External Signal Input (XIN)
Output Resistance RoB — —_ 10 20 Q
Load Resistance RBouT - 10 — — kQ
Load Capacitance CeouT | BOUT - - — 100 PF
DC Offset Voltage VosB — -200 — +200 | mV
. R > 10 k2 V
Output Carrier Level | VBouUT Vgggz +250V 1—.24 239 256 dg:\
BWC Transmit Signal Vaour (450 Hz)
b L —_— -1 (o] 1 dB
Level Ratio RBWC VaouT (390 Hz)
BWC Mark | fosm BTD =0 389 | 390 | 391 | Hz
Transmit
Carrier
Frequency s,‘.’g,?e foBs BTD =1 449 | 450 | 451 | Hz
' Input Resistance RXIN - 25 | 50 - kQ
XIN
Input Signal Level VXIN - — - 4_':%8 (\j/g:\
NOTE) 0dBm = 0.775 Vrms = 2.19 Vpp
Transmit Analog Signal Ouput (AOUT)
Output Resistance RoTt - - 10 20 Q
Load Resistance RaouT - 10 - - kQ
Load Capacitance CaouT — - — 100 PF
DC Offset Voltage VosT XIN = AG -200 — +200 | mV
Forward* EQT1=1 N 1.8 kHz 3.48 438 552 Vpp
T .. | Channel EQT2=1 IN | Full scale +4 +6 +8 dBm
ransmit ATT1 =
Level VaouT ATT2 =
(Single ATT3=1
Tone) VREF = +2.50 V ‘
Idle Channel Noise NipLT #;;nv%;g%fegf%ﬁ;Hz — -80 - dBm
Total Harmonic
Distortion THDOT - - -65 | -50 | dB
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* Transmit 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 QAM
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 QAM 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 - - k2
. ‘ Single Tone
Receive Signal
4.36 1095 [mVo-p
%Sei\r,\ellsgggri) VAIN Allows the level increase by PSK | 48 0 dB
9 or QAM modulation, - m
Receive Filter Output (RFO)
Output Resisténce ROR - - 10 20 Q
Load Resistance RRFO - 50 - - k&
Load Capacitance CRFO - - - 100 PF
DC Offset Voltage VosR AIN = AG -200 - +200 | mV
= = \") \'
Output Signal Level VRFO EQR 1le1; '512(?()2 HzV1 '_°‘2|N VAIN leN dBm
Idle Channel Noise. NiDLR #:icnv%;:t{?e; f3ilfe|'-(Hz - -80 - dBm
Total Harmonic ‘
Distortion THDR - - - -50 dB
AGC Circuit Input (AGCI), Output (AGCO)
Input Resistance RaGcl - 50 100 - ko
Allowable Input _ _ _
DC Offset Voltage | Y OSAGCI| AGCI 05 *05 | mv
Input Signal
Level Range* Vagel - -454| — | +56 | dBm
Output Resitance Roa - - 10 20 Q
Load Resistance RaGCO VAGCO = -6 dBm 10 - - k&
Load Capacitance CAGCO | agco - - - 100 PF
DC Offset Voltage Vosa - -50 - +50 mV
Output Signal Level* | VaAGcO ggz:;gnf:tg}' - -6 - dBm

*When VGl 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
(Vpp = +5V +5%, Vgg = -5V 5%, Ty =0 ~ 70°C)

Parameter l Symbol I . Condition Min l Typ Max l Unit
Attenuator
Attenuation Accuracy .
(0 ~ 14 dB, 2 dB step) ATT To the Designed Vglues -1 0 +1 dB
Amplitude Equalizer (Transmit and Receive Paths)
600 Hz | -1 0 +1
EQ0 | EQT(R)1 =1 1200 Hz | -05 0 +05
(Through)| EQT(R)2= 1 2400 Hz | -05 0 +05
3000 Hz | -1 0 - +1

600 Hz | -2.1 -1 -0.1

Frequency (I) EQT(R)2=0 2400 Hz +0.2 +0.7 +1.2
Characteristics :
Relative gain to 3000 Hz | +04 +14 +24
the gain at 1800 Hz) fin dB

600Hz| -48 | -33 | -18

£Q2 | EQTR) = 0 1200 Hz | -28 | -18 | -08

(M | EQT(RI2=1 2400 Hz | +04 | +14 | +24

3000 Hz | +1.2 | +2.7 +4.2

600Hz| -68 | -563 | -338

See Figure 4
EQ3 EQT(R)1 =0 1200 Hz -3.7 -2.7 -17

(m | EQT(R)2=0 2400 Hz | +10 | +2.0 | +3.0

3000 Hz | +23 | +38 | +53

EQT(R)1=1

GEQ1 EQT(R)2 = 0 -05 0 +05

Gain Tolerance

i ; EQT(R)1=0
Relative gain to the G f 1800 Hz | -05 0 105 4B
(gain of EQO at ) BQ2 | gqr(R)2=1 |'N

1800 Hz

EQT(R)1 =0

GEQ3 EQT(R)2 =0 -05 (o] +05

NOTE) This spec is applicable for only amplitude equalizers and does not include other filters’ frequency
characteristics.
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Parameter ISymbolI Condition } Min I Typ ’ Max [Unit

BWC Transmit LPF

2-fopm | 780 Hz| ~— -60 | -55 | dB
2nd/3rd Harmonics ) BTD=0
Components Amplitude 3+fopm | 1170 Hz —_ -60 -55 dB -
Relative values to HBwc
the fundamental > 2-fogs | 900Hz| -~ | -60 | -55 | dB
component amplitude BTD =1
3-fOBS [ 1350 Hz - -60 -55 dB
Transmit LPF
390 Hz
. EQT1,2=1 450Hz| "2 | O | *2 | dB
Transmit LPF G _
! TL ATT1,2,3=1
Voltage Gain v ~0dB 1700 Hz
XIN m 1800 Hz -0.8 +1.2 +3.2 dB
Frequency — Amplitude EQT1.2=1 2400 Hz | +0.5 +15 +2.5 dB
Characteristics ATL ATT1.2,3=1 |fiN :
Relative gain to - v =0dBm _ _ - d
(GTL e Hz) XIN 6000 Hz 26 | -23 B
Group Delay EQT1,2=1 _ _
Distortion DTL 300 Hz < fyy < 4000 Hz 150 us
Receive BPF
I' Rocsive BPFE EQR1,2=1
eceive -
Voltage Gain GRB | VAIN =0dBm -2 0o | +2 dB
fin = 1700 Hz
Frequency — Amplitude 150Hz | — -7 -14 d8
Ch teristi
:alc eristic AR EQR1,2=1 i 300 Hz -4 -3 =1 dB
tive gain to -
(G;:&' ") VAIN =0 dBm 3000Hz| +3 | +4 | +6 | dB
6000 Hz — -19 -16 dB
Group Delay |} EQR1,2=1 _ 3
Distortion DRB | 300 Hz < |\ < 4000 Hz 13 | ms
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Parameter Symbol Condition Min Typ Max Unit
Receive HPF
Receive HPE EQR1,2=1
eceive =
Voltage Gain , GRH | VAIN =0dBm -2 0 +2 dB
* fiN = 620 Hz
Frequency — Amplitude 390 Hz - =77 -65 dB
Characteristics ARH EQR1,2=1 fin | 450 Hz ~ = o5 4B
(Relative gain to ) VAIN =0dBm
GRH *1 500 Hz | — -40 | -36 dB
Group Delay EQR1,2=1 _ _
Distortion »2 | DRH | 800 Hz < ;) < 4000 Hz ! ms
*1: Includes Receive BPF's characteristics. *2. Only Receive HPF itself.
Receive LPF (for Call Progress Tone Detection)
Receive LPF EQR1,2=1
eceive B
Voltage Gain GRL | VAIN=0dBm -2 0 +2 dB
*1 fiN = 620 Hz
Frequency — Amplitude EQR1, 2 _ _ _
Characteristics =1 350 Hz 3 2 ! dB8
Rol ARL v fin
elative gain to AIN — - -
(GRL ) w AlNG 910 Hz 60 | -54 | dB
*1: Includes Receive BPF's characteristics.
NOTE) Each Spec. is measured according to the following table.
- Signal | Signal ATT | EQT | EQR Measured Reference
Circuits Input |Output [BWCTBWC2) 1531572 | 12 | Block Figure
000
Attenuator XIN | AOUT| — — 2 1 — ATT + T-LPF 5
1
Transmit Amplitude |y L aout| — | = | 1 | % | - | AEQL + T-LPF | 4.8
Equalizer 1 '
BWC BOUT BWC:LPF
Transmit LPF | —xiN [AQUT | 111 11— + T-LPF 5.6
Transmit LPF XIN | AOUT| - — 1 1 - T-LPF 5
Receive Amplitude | , |\ | RFQ 1 1 _ _ 0? AEQL 4
Equalizer 1
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
(Vpp = +BV 5%, Vgg = -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

Reference Voltage VREF - - | +250 | - \Y

Plus Full ’ TD8 ~ TD1: '

PFVpa +2.16 | +2.21 | +2.27 \%

Full Scale VREF = 01111111
Scale* . +250V

Minus Full . TD8 ~ TD1:

S NFVpA To000000. | -229| -223| -2.18 | v
Linearity * NppA - 0.36 05 %

* This specification is defined as the voltage at the AgyT 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
Reference Voltage VREF - - +2.50 - v
Plus Full
Scal PFVAD VREF = +2.50 V +2.42 | +2.48 | +2.54 \
Full cale . .
Scale* - Equivalent values to the input
l l I gﬂcl:I:s Full NFVAD voltage of AD converter -256 | -2550 | -2.44 v
Linearity * NLaD - — 0.24 05 %
Output DC Offset* VOSAD — ) -1/2 — +1/2 LSB

* This specification does not include the DC offset voltage at the input of the AD converter (AGCO).

AGC Circuit
Siatisno(vz%?:srgllution BRESA - - 8 - bit
Dynamic Range DYaAGC - — 51 - dB
a?ri'ari‘rr?ﬁgiggep GsTP - - 0.2 - dB
Gain Setting Accuracy GE - -0.2 0 +0.2 dB
D™ | Toace - e
Signal to Noise Ratio | SNAGC ot S 50 | - | - | dB
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(Vpp =45V £5%, Vgs = -5V 5%, T4 =0 ~ 70°C)

Parameter r Symbol l Condition | Min | Typ I Max | Unit
Carrier Detect and Level Comparator for AGC Circuit
OFF—~ON | TcpON1 VAIN =0dBm — 25 | — ms
ON - OFF | TCDOFF1 Sg’ Mltn=1700Hz | _ | 96| — | ms
OFF—ON | Tcpon2 BWC1|vaN=-36dBm| — | 35 | — | ms
=0
ON - OFF TCDOF F2 f|N =1700 Hz - 6.0 - ms
OFF—>ON | Tcpon3 VaiN =0dBm - 1.8 - ms
CD1L = - —
s CD1 ON —OFF | TcpOFF3 CDTH | _ 4 fin = 1800 Hz 9.0 ms
ee
F N T =V \% =-39d - —
Figure 9-1 OFF -0 CDON4 ss ~ch1 AIN = -39 dBm 3.1 ms
ON —OFF | TcpOFF4 = fiN = 1800 Hz —|a8| — | ms
OFF—~ON | TcpDONS cDIL VaAIN =0dBm 0 1.8 | 90 | ms
ON — OFF | TCDOFF5 BWC1 fiN = 400 Hz 0 1.8 | 90 | ms
OFF—->ON | TcpoON6 BWC2 VaIN =-40dBm| 0 50 | 90 | ms
ON —OFF | TcDOFF6 N fiN = 400 Hz 0 | 46| 90 | ms
OFF—~ON | TcDON7 VAIN =0dBm - 1.2 | — ms
CcD2 =
e “ON —OFF | TcDOFF7 | CD2H fiN = 1650 Hz - 10 - ms
Figure 9-1 OFF—~ON | TcpONS8 =Vss VAIN =-40dBm| _ 56 | — ms
ON —OFF | TcDOFF8 fiN = 1650 Hz - 22| — ms
LD1 OFF—>ON | TLD1ON — 25| — | ms
See
Figure 92 | ON —OFF | TLD10FF — | 15| — | ms
LD2 OFF—ON | Typ20N - 54 | — ms
See
Figure 9-2 | ON — OFF | TLD20FF - 0.6 - ms
Power Down Control Timing
. PWDN: 1—-0
Power ON Time TPWON See Figure 10 - — | 200 | ms
. PWDN: 0—1
Power Down Time TPWOFF See Figure 10 - - 10 | ms
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9. Transmission Performance
(Vpp = +5V £5%, Vsg = -5V 5%, T =0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit

Transmitter

4 ~ 8kHz - - ~-20 dB
Out-of-Band Energy EQT1,2=1
Referred to Carrier EoT VaouT =0dBm 8 ~12kHz - - -40 dB
Level See Figure 11
12 kHz ~ - - -60 dB
Receiver
Dynamic Range DYR As asingle tone -48 - 0o g(B)gIsé
THcpon1 CD1L = 0 ON | — |-392| - | dBm
CD1
THCDOFF1 BWC1=0 OFF| — |-493| — | dBm
Carrier Detect THepboN2 | o,y cDIL = 1 b1 ON| - |[-418| - | dBm
* -
Threshold™ | THeporez| ™ Vss| BWCT =0 OFF | — |-468| — | dBm
THeDON/ BWC1=1 " ON/ | |
OFF3 BWC2=0 co1 OFF 45 dBm
TH ON | — -45 — | dBm
CDON4 | cpam = vgg cD2 ‘
THCDOFF4 ) OFF — -50 - dBm
l ' *2 8ptipnal THepons |CP1L: 0~ Vpp D1 ON Adjustable dBm
I arrier
_I?gtec; d THCDOFFS CD1H: 0~ Vpp OFF Adjustable dBm
resho
té\)/(temal THCDONS CD2L: 0~ Vpp D2 ON Adjustable dBm
Potentials | THcpoFFe CD2H: 0~ Vpp OFF Adjustable dBm

*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.

*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 asingle 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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Figure 1 Definition of Rise/Fall Time

T
tws
tps | :
READ N\
tSR WRE
1SA
AGCW 4
wAa
G L)
RD8 High Impedance Nl 4 f
> [ R
t t t A: AD Data Output
SAG tHAG D1 D2 B: AGC Gain 1
Data Input
Figure 2-1 Receive Data Timing Chart
WRT [ \
ww tow
T-P,::g Invalid Data X x
ISTD tHTD

Figure 2-2 Transmit Data Timing Chart

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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ST /N
tws
- tps 1
READ f
tRS
tSA tWR
AGCW /
WA |
RDL ) AN
"WRD tPRD |-
WRT 1 n_/
ww
tRDW
o e} G ——
RD8 __/ High Impedance \___/ \_
-
tSRD tHRD tSAG tHAG tD1 tD2

A: AD Data Output
B: AGC Gain Data Input
C: DA Data Input

Figure 3 Transmit and Receive Data Timing Chart

m

NOTE) Figure 3 shows the timing when transmit, receive and AGC data are interfaced via RD1 through
RD8 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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]

TcDon TCDOFF
cD1/CD2
Figure 9-1
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Figure 9-2
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Figure 10 Power Down Mode Response
0 4 8 12 16 /" kHz
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dB
Figure 11 Maximum Level of Out-of-Band Energy
Relative to the Transmit Carrier Level
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PIN DESCRIPTION

Pin Name

-Pin No.

SS JS

Function

BRS

1

BTD

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
Digital O
Digital 1

FSK signal transmit
Enable
Disable

Table 2

BTD is the transmit data that should be converted to the
modulated FSK signal to be sent over telephone line.
BTD
Digital O
Digital 1

FSK signal frequency
450 Hz
390 Hz

llspacen
‘‘Mark"’

Table 3

TRSW

=l

RDL

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
Filter

Transmit/
Receive
Data bus

=>AGC
K= Receive
Filter

AD

Figure 12
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Pin Name Pin No. Function
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.
§ ¢ 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|514]|3|2]|1
Plus Full Scale o111} 111{1]1
Plus 0 ojojo0o;o0/0j0j0]|O
MinusO |1 |1 ] 1|1 ] 1]111}1
Minus Full Scale | 1[0 o0]o]ofo]o]o
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.
VDD2 15 Positive power supply, +5V.
This pin is internally connected only to the digital output
logic circuitry for RD1 ~ RD8, RDA and RDB.
RD1 24 These are |/O terminals. When READ is held on digital O
§ § state, these pins become output terminals and the result of
RD8 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 Name

Pin No.

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 +0.2dB RDb5 +3.2 dB
+0.4 6 +6.4
+0.8 7 +12.8
+1.6 8 +25.6

Table b

The actual values of AGC circuit’s relative and obsolute gain
are as shown in Table 6.

RD Gain (dB)
8|7 6|54 |3|2]1]| Relative | Absolute
170000 |0|0]|O -25.5 -11.6
1{0|0]0|0|0|0]1 -253 | -114

-0.1 +13.8
0/0|0|0|0O|0|0O}|O0]| +0.1 +14.0

111711711110 +253 +39.2
o1 1111111111 +25.5 +39.4

Table 6

RDB

25

RDA

26

These are 3-state output pins to extend the RD bit length
when CSW is set at digita! 1 state. When CSW is set at digital
1 state, each digit of RD8 ~ RD1 is shifted toward less
significant bit by 2 bits and this makes RDA become LSB
and MSB appears on RD6, RD7 and RD8 with the same data.
This processing is useful to attenuate the received signal

level for the demodulator.

27

This signal allows the MSM6949 to start the AD conversion
on the negative edge of ST. The conversion period should be
within 51 ~ 143 us. The latest AD converted data appear
on the RD pins 44 us after from the falling edge of ST.
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Pin Name

Pin No.

SS JS

Function

READ

28

This is a control signal for 3-state output data bus line
RD8 ~ RD1, RDA and RDB.

While this pin is in digital O state, the output bus is active
and the result of the AD conversion appears on RD8 ~ RD1,

While this pin is in digital 1 state, the output bus is inactive
and RD8 ~ RD1, RDA and RDB become input terminals.

AGCW

29

This signal controls to load the gain setting data into the
register for AGC circuit through RD8 ~ RD1 on the positive
edge of AGCW, At this time, READ must be in digital 1
state.

CSwW

30

As mentioned in the description of RDA and RDB, the RD
bit length is extended from 8-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.

LD1

31

LD2

32

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.

Signal level on AGCO (dBm)
+2 +1 -14.5 -15.56

LD1 0 m 1
LD2 0 [7 1

Table 7

For example, the demodulator should be reset when LD1
indicates the digital O state.

In other case when LD2 indicates the digital 1 state, the

AGC circuit should be set at the nominal gain by setting

digital O to all of RD digits for the quick escape from the
abnormal state. Refer to Table 7 and Figure 13.

+2 dBm
— -6 dBm
— — -15,5 dBm
AGCO
LD1
L1
LD2 [ L
Figure 13
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Pin Name

Pin No.

SS JS

Function

CcD1

33

CcD2

34

The MSM6949 provides a pair of carrier detect circuitry
and each of them has a inherent detect level which is
internally fixed.

On the other hand, their carrier detect levels can be
determined by external circuit by using CD1L, CD1H,
CD2L and CD2H.

Usually, CD1 is used for 2400, 4800, 7200 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 O state, the received data should

be ignored as meaningless information.

Refer to the descriptions for CD1L, CD1H, CD2L and CD2H.

BWC1

35

BWC2

36

These control signals determine the receive filter bandwidth
according to the application’s requirement. Refer to
Figure 6, 7 and 8.

BWC1/BWC2

Receive Filter Composition

Band-
width

Application

0.3 ~
3.4 kHz

No backward
channel
transmitting

HPFBPF

0.6 ~
3.4 kHz

Backward
channel
transmitting

03~
0.65 kHz

Call progress
tone monitor-
ing

R N

Through

Special case
(External)
Filter

Table 8

0.6 kHz

<HPF>

0.65 kHz
<LPF>

0.3

3.4 kHz
<BPF>
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Pi .
Pin Name in 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

EQR1 EQR2
EQT1 EQT2

0 0 m
0 I
1
1

1
° ! 11
1 Through

Table 9

Equalizing Characteristics

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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. Pin No. .
Pin Name Function
SS JS

AGCC 42 An external capacitor of 1 uF should be connected
between AGCC and AG. This capacitor is necessary to
compensate the DC offset voltage generated in the AGC
circuit.

AGCO 43 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 RD8 ~ RD1 so that the signal level at
AGCO becomes -6 dBm. '

AGCI 44 AGCI 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 uF. This

RFO 45 capacitor is required as an AC-coupling not to transfer
the DC offset voltage to the AGCrcircuit. The input
impedance of AGCI is typically 100 k<2,

CD1L 46 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.

CD1H 47 On the other hand, detect levels can be externally
adjusted for various kinds of applications. Internal fixed
values and external adjustments are as follows.

cD2L 48 cD1L|cD1H|cD2L |cD2H/BWC 1 BWC2l—CP ch2 Operating

ON |OFF | ON | OFF MODE
. 0 |vss| « e | 0 | « |-3902|-403] — | _ 7202/9600
Ps
CD2H 49 1|vss| « |« |0 | . |-a18-468) — | — | 24004800
* VSS | = * 1 0 45 | — _ _ Call Progress
Tone
* * * * —_— —_ - - 300 b
» vss 45 | -50 .30,
Depend on
SOV [>0V | « |« | 0 | « | vepiL | - | —
VcD1H
Depend on External
>0V >0V |« * 1 0 | Vep1L, | — | - Adjustment
VCD1H
Depend on
* * >0V | >0V * * - — Vep2L,
) Vcp2H
NOTE 1) Unitof CD1/2 detect level: dBm (0 dBm = 0.775 Vrms)
2) These levels are defined with a single tone.
Table 10
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Pin No.
Pin Name 'n o Function

SS JS

If an external adjustment is required, each of these
terminals should be connected to the appropriate
potential, which is over 0V, and this determines the
carrier detect ON/OFF level. Four different kind of
potentials determine the level as follows.

As an aim for external adjust-
ment, it can be forecast that
the carrier detect threshold
CD1L CD1 OFF level becomes about -40 dBm
when the input potential is
CD1H CD1 ON plus 2,5 V. The relation
CcD2L CD2 OFF between the potential and

the level is linear.
CD2H CcD2 ON
Table 11

Carrier

Terminal Detect

VR1 50 The MSM6949 provides the voltage reference which is
used for AD and DA conversions, carrier detect, back-
ward channel transmitter, etc.

VR2 51 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 kQ

VR2 Cm AG

Figure 14

A bypass capacitor is required to keep this reference
potential in the silent condition and the value of 1 uF

is reccommended. The reference voltage on VR2 (VREF) is
approximately determined by the following equation and
the typical value is +2.5V.

R8 + R9
VREFX 1.2x————[V]
REF ™

AIN 52 This pin is the receive analog signal input. The maximum
input level is about 0 dBm (1.1 Vg.p).
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Pin Name

Pin No.

SS

JS

Function

AOUT

54

This is the transmit analog signal output pin. The output
resistance is about 10£2 and the load resistance should be
more than 10 k2.

The output signal level is set at typically +3 dBm or -1 dBm
for PSK or QAM mode, respectively.

XIN

=

55

This is an external analog signal input. Usually, XIN is
used as the input for the backward channel transmitter,
and frequently for an external DTMF 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

1 LPF

Transmit
Filter

DTMF

_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.

BOUT

56

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 monitoring is proceeding, BOUT

is internally connected to AG, because LPF is used in the
receiver side.

PWDN

57

power standby mode. At this time, AOUT and RFO
become high impedance state.

When digital 1 is input to PWDN, whole functions in the
MSM6949 are disabled and the MSM6949 goes into the

LT

58

LT is used to provide the 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.
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Pin No.

Pin Name Function
SS JS
EQT1 59 Refer to the description of EQR1 and EQR2.
EQT2 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
VDD1 64 Positive power supply, +5V.
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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, 12 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 configuraticn.

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

Interrupt by Progammable Timer
5 Level Stack

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

°
[ )
® Power Down Mode
°
[ ]

—20 to 75°C Operating Temperature
28 Pin DIP or 40 Pin DIP or 44 Pin FLAT

[ )
.
® 17.9 uS Instruction Cycle
.
[ ]

32 kHz ———

DPOUT DTMF OUT BD
R 3 DATA RAM
R2- < i
R3 640 word x 4 bit
R4
RS
i
R8 PROGRAMMABLE DTMF BD
" TIMER CIRCUIT CIRCUIT
12
13
1
c1
G2
4 bit BU!
o1
Q2 AR1). i
[ Y ARZ}’ address register
04 *— B :bankregister
EO1 L loop counter P :pageregister
EQ2
EQ3—
EQ4—
0
103 ~ -
|o_4 Z D13 ~DO
I0E g INSTRUCTION
s 2 DECODER A; 0 PROGRAM ROM
3

TIMING
GENERATOR

f

A0 2048 wordx 14 bit

VECTOR
ADDRESS

|
AC TEST vpp Vss
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PIN CONFIGURATION (Top View) 28 Lead Plastic DIP

(Top View) 40 Lead Plastic DIP

(Top View) 44 Lead Plastic Flat Package

—— k03
1)
NG
— EO"
—c1
—c2
—cs
—c4

[ R2
spE—n
=

44 4140 3938 37363534
R4 1 ssfE—1
r—rlo O 32 102
LY m— Sl ——
R7 4 30 ——303
Re'és 29 [———INC
R3 C—6 28 04
s =] 7 27 == bPouT
4 ——s 26 F———1 DTMF OUT
I — 25 F——1104
No— 10 24 F—l103
12 C— 1 23 /102

1213141516 171819 22

]

XT—
/s
82 kHz ——
10E ——]
TEST ——
NC———
Vss ]
ACC—]
B8
Voo —®

LOGIC SYMBOL

KEYBOARD s Eon
P R2 £o2 OUTPUT PORT
RS 101 f—n
KEYBOARD R6 102 f=—m
KEXE s 103|=—— | 1oPORT
R8 104 f~——
10E [—= " OUTPUTENABLE
—
= DIAL PUSLE
INPUT PORT { J— bPouT OUTPUT
—1a DTMFOUT }——=  DTMFOUTPUT
-—c1 BD|—— BUZZEROUTPUT
KEYBOARD| —|C2
ouTPUT | ——C3 32kHz |——  32kHz OUTPUT
—|ca
AC f=—— RESET
—Ao1
OUTPUT| =02 TEST [~ TEST
PORT | ———03
04 Voo [T ) power
Vss[~——
HOOK SWITCH ————{HS
osciLLATIoN [ pas
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PIN DESCRIPTION

Pin Name Function

VbD Pource source

Vss Circuit ground potential

AC Terminal to clear internal logic, pulled down to Vgg.
After power is turned on, the MSM6052 must be reset by this terminal.

TEST Terminal to test internal logic, pulled down to Vgs.
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 Vpp.

DP OUT Output terminal of dial pulse.
Dial pulse rate (10 pps or 20 pps) and Make Break ratio (40% or 33 %) can
be selected by software.

DTMF OUT Output terminal of DTMF signal

BD Output terminal of buzzer sound

32 kHz Output terminal of 32 kHz clock

R1~Ras Input port pulled down to Vgs.

Rs ~Rs

I~ 1la Input port having clocked pull-down resistor to Vgs.
Only when this port is accessed, pull-down resistors are connected to this
port.

C1~Ca Output port

01~0a4

101~ 104 Tri-state bidirectional port

I0E Output terminal

When |01 ~ 104 is accessed, input completion signal (when read) or
load signal (when written) is output from IOE terminal.
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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 10 bits
address registers (ARi, AR2), 2 bits bank
register (B), 4 bits page register (P) 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

- inthe 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 Vgg by internal resistor, and
status of the port is fetched by input instruction.

Port (R5 — R8)

4 bits input port. Each pin of the port is pulled
down to Vgg by internal resistor, and status of
the port is fetched by input instruction.

I-B-6

Port (11 ~14)

4 Dbits input port. Each pin of the ports is
pulled down to Vgg 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 (O1 ~ 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 O3 and O4 are
different from those of O1 and 02. O3 and 04 of
the ports are used as XMIT MUTE and MUTE
normally.

Port (EO1 — EO4)

4 bits output port. These ports consist of data
latches and buffers, and the contents of data
latches are rewritten by output instruction.

e 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 10
bits address of data RAM, when data search
instruction (RDAR) 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 1/100 prescaler.

Any of 7990.1 Hz clock, 1997.5 Hz clock and
998.8 Hz clock is input to 1/100 prescaler.
Output of 1/100 prescaler decrements 4 bits
down counter by 1.

When the contents of 4 bits down counter is
decremented to O, 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

¢ TELEPHONE-MSM6052 ¢

which the programmable timer generates are
selectable.

DTMF Circuit

DTMF circuit is used to generate DTMF
signal. 12 kinds of DTMF signal (O to 9, #, *) can
be output by output instruction.

BD Circuit

BD circuit generates the square wave which
can be used as the confirmation sound, warning
sound and so on. 15 kinds of sound (4.66 to
0.82 kHz) are output by output instruction
specifying the frquency.

Parameter Symbol Conditions Limits Unit
Supply Voltage Vbp Ta =25°C -03t07.0 Vv
Input Voltage Vi Ta =25°C -0.3toVpp+0.3 v
Output Voltage Vo Ta=25°C —-0.3toVpp+0.3 \Y
Storage Temperature Tstg - -55t0125 °C
Power Dissipation Pp Ta=25°C 200 mW

OPERATING CONDITIONS
Parameter Symbol Limits Unit
Operating Voltage VbD 25t06.0 Vv
Memory Retension 1.2t06.0 v
\%
Voltage DDM
Operating Temperature Topr —20to 75 °C
DC CHARACTERISTICS
(VDD =3V, Ta=—-20to 75°C)
Limits
Parameter Symbol Conditions Unit
Min |Typ |Max
Vpp=3V 2.2 — - \"
“H” Input Voitage VIH Db
Vpp=6V 4.4 - - Vv
Vpp=3V - - 0.8 Vv
“L” Input Voltage ViL DD
Vpp=6V - - 1.6 v
“H” Output Current (1) | IoH;, O3, O4 VOH=2.6V -200| - - | uA
“L” Output Current (1) | IoL, DP OUT VoL=0.4V 500 | — | - | uA
“H” Output Current (2) | IOH, Ci~ G VoH=2.6V -1 - - mA
1~ 4
“L” Output Current (2) | loL, VoL=0.4V 10 - - | uA
“H” Output Current (3) | | VOoH=2.6V -20 | - - A
OHs 1 6,0,8D oH a
“L” Output Current (3) | loL, VoL=0.4V 10 | — - | mA
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DC CHARACTERISTICS (CONT.)

Limits
Parameter Symbol Conditions Unit
‘ Min | Typ |Max
“H" Output Current (4) | IoH, :01 ~104 VOH=26V  |-150| — | — |uA
OE
“L” Gutput Current (4) |lop, EQ;~EQ. VoL=0.4V 300 | — — | pA
“H” Output Current (5) | IOHs 32 kH VoH=2.6V —40| — — | mA
z
“L” Output Current (5) |loLs VoL=0.4V 25 | — — | kA
Pull-up Resistance Rup HS 17 | — |150 | kQ
Pull down Rdwon 1| Ri~Rs 33 - 300 | kQ
Resistance (1) ,
Pull down Rdwon 2| |1~ 14, AC, TEST 10 100 | kQ
Resistance (2)
Input Leak Current L 101~ 104 0<VIN<VDD - - | £2 | uA
Vpp=2.5 to 6.0V :
Current IDDP | DTMF output Vpp= 3V - | 03[06 mA
Consumption (1) off VDD= 6V _ 12 ] 24 | ma
Current IpDT DTMF output Vpp=3V - [ 12]24 |mA
Consumption (2) on Vpp=6V — 3570 | mA
Memory retention IpbM ON HOOK Ta=25°C — |001] 02| uA
Current Vpp=2.5V Ta=—20t075°C - - 2 | pA
| |I AC CHARACTERISTICS
(VDD =3V, Ta=-201t075°C)
Limits
Parameter Symbol Conditions Unit
Min | Typ | Max
Key Input Time TKIN Vpp=2.5t0 6.0V 33 - - ms
Vpp=2.5V - | 250| -
Tone Output Voltage VouT Etgf’ "1‘{) Vpp=4.0V - | 360 | — mv
Vpp=6.0V — | 480 — |'ms
High/Low Level Ratio | dBGR | Vpp=2.51t06.0V 1 2| 3 | dB
Distortion Ratio %DIS RL=1kQ - 1 5 %
t - - 0.5
Rise/Fall Time (1) TLH:1 | Os, 04 DP OUT uSs
tTHL CL=50pF - - 0.5 ;
t — L - 0.5
Rise/Fall Time (2) TLHz | C1~GC4 uS
trhL, | CLTSOPF -] -] 10
-1 -1 5
Rise/Fall Time (3) 'TLHs | 01,0 BD, 32 kHz uS
trHL, | CL=S0PF - -] 10
t — — - - 1
Rise/Fall Time (4) TLHe | 104~104, IOE, EO1 ~EO4 uS
tTHL, | CL=50PF [ R B :
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Instruction Code

Mnemonic Operation
1312)1110 9 8[7 6 5 4[3 2 10
ADDACC,AP |0 0]0 0 O P|0 1 0 O A AP — (AP) + ACC
ADD#D,AP |0 1|1 0 O P D A AP — (AP) +D
o |ADC AP 00/00O0OP|O1O01 A AP — (AP) + ACC +C
Z|suBacc,AP [0 0j0 0 1 PlO1OO A AP — (AP) — ACC
Elsus#D,AP |0 1|1 0 1 P D A AP — (AP) — D
£ [sBc AP 0000 1FP[01 01 A AP — (AP) — ACC — C
£lcMpacc,AP |0 00 0 1 P 10 A (AP) — ACC
<[cMP#D.AP |0 1]0 1 1 P D A (AP) — D
XORACC,AP |0 0/0 0 O P|O 1 1 1 A AP — (AP) VACC
XOR#D,AP |0 1|1 1 1 P D A AP — (AP) VD
BITACC,LAP |0 0|0 0 O P|1 110 A (AP) VACT
c [BIT#D. AP o1lo1 0P D A (AP)VD
% [BISACC,AP |0 0|0 0 0 PlO 1 10 A AP — (AP) V ACC
8 [BIS#D, AP 01/000FP D A AP — (AP) VD
& [BICACC,AP |0 0lOoO 1 PlO1 10O A AP — (AP) AAGCC
BIC#D,AP |0 1/0 O 1 P D A AP — (AP) AD
ROR AP 0 0|0 0OOP|OOT1O A E@p —c=2
2 |ROLAP 00l0o01PlOO1O A Cap) —c-
S [ASRAP 00[000P0O01 1 A 0— (AP)—C
ASL AP 00/001P|0O011 A C—(AP) —0
SEZ 00/o010[1010/000O0]z—1
cLz 00/o0o0O0/1010[/000O0|z—0
s [sEC 00/0010/1001/0000| C—1
B [cLe 00/0000O0/1001/000 0| C—0
& [sea 00/0010/1000/00O0O0| G—1
8 lcLa 00/0000|/1000/0000O0| G0
SEA 00/0010/1011/0000| Z—1C—1,G+1
CLA 00/0000/1011(000O0|Z—0C—0G=0
MOVACC,AP |1 1|1 1 0 1]0 0 0 0 A AP — ACC
5 |Movacc,Ax |1 1[1 1 0 0 X A AX — ACC
¢ mMov#D,AP |0 1]1 1 0P| D A AP —D
s [Movapacc [1 11 11 1]0o0 o0 0 A ACC — (AP)
A|MOVAX,ACC |1 1|1 1 1 0 A ACC — (AX)
CHG AP 1 1/1 00 1/0 00O A (AP) — ACC

-B-9
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DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code

Mnemonic Operation
13.12“|10|9 I8 7 .6.5 l4 3.2 ‘1 I0
CHG AX 1 1|1 00O X A (AX) — ACC
RDAR 1 1/0 0 0O 0O|0O OO O|0 O O O| ACC—(AR1)
RDAR + (-) 1 1/0 0 0 0|0 O 1D/I|O0 O O O ACC~—(AR1),AR1—AR %1
ACC — (AR1)

RDAR+(-),Z |1 1|0 O 0 0|0 1 OD/I|O O O O] if(AR1)=0thenPC —PC +1
else AR1—AR1 =1, repeat

ACC — (ARY)
0 D/Il0 0 0 O] if (AR1)%0then PC —PC +1
else AR1—AR1 %1, repeat

RDAR + (=), N

-
—_
o
o
o
o
-
o

ACC — (AR1),L—L—1

0 D/I|0 0 0 0O if(AR+y)=0o0rL=0

then PC—PC+1

else AR+ —AR1 =1, repeat

RDAR + (=), Z, L

-
—
(=]
o
-
o
o
-

ACC — (AR1),L+—L -1

o D/Ijl0 0 0 0| if(ARY)#0orL=0
then PC —PC + 1

else AR1 —AR1 =1, repeat

RDAR + (=), N, U

-
-
o
o
o
-
o

MVAR 1 1/0 1 0 0|0 OO O(0 O O 0| AR2—(ARY)

MVAR + (-) 1 D/I|O0 0O 0 0| AR2—(ARY),
AR1—ARi1*=1, AR2—AR2=*+1

-
-
o
-
o

) ARz — (AR1),
MVAR+(-),Z |1 1/0 1 0 0{0 1 OD/I|0 0 O O] if(AR)=0thenPC —PC +1
else AR1 —AR1x1,

AR2 — AR2+1, repeat

Data transfer

ARz +— (AR1)

0 D/Ij0 0 0 O | if (AR1)%0 then PC —PC +1
else AR1—AR:1+= 1,
AR2+— AR2+1, repeat

MVAR + (=), N

-
-
o
-
o
o
-
o

 AR2—(AR1),L—L -1
0 D/Ij0 0 0 O ifL=0thenPC —PC +1
else AR1— AR 1,

AR2 —AR2+-1, repeat

MVAR + (-), L

-
o
N
o
o
o

AR2—(AR1),L—L -1
if (AR1)=0 or L=0

0 D/If0 0O O O} thenPC —PC +1
else AR1—AR1 %1,
AR2 «— AR2=*1, repeat

MVAR + (=), Z,L

-
-
o
-
o
o
-

.ARz2+—(AR4),L—L—1
if (AR1)s£0 or L=0
MVAR +(-),N,L41 1|0 1 1 01 O O0D/!|0O O O O| thenPC—PC +1
else AR1—AR1 %= 1,
ARz —AR:2 =1, repeat

-
o

CALL adrs 1 a, 8, ag|a, ag as a,|a, a, a, a,| STACK —(PC), PC —adrs

RET 0 0|0 0O O|1 1 00|00 O O| PC—(STACK)+1

RTI 0 0|0 O 10|11 00|00 O O|PC—(STACK)or
PC < (STACK) +1

Sub routine

m-B-10



DESCRIPTION OF INSTRUCTIONS (CONT.)

¢ TELEPHONE-MSM6052 ¢

Instruction Code

Mnemonic Operation
1312111109 8|7 6 56 4|3 2 1 O
1 L 1 1 1 1 1 1 1 1
a JMP adrs 1 0|0 a,,a, ag|a, a5 a; as|a; a, a, a,| PC—adrs
E [JMP @AP 0{0 00 P11 01 A PC — (PC) + (AP) +1
3
JMPIO @AP 0 0j0 0O 1P{1T 101 A PC — (PC) + {(AP)A7H} +1
BEQn it Z=1 then PC-—PC — nor
(BZE n) t 11 01 PO 1 0 n,ngn,n, ny| PC—PC+n-+1
else —PC —PC +1
BNE n if Z=0 then PC—PC — nor
(BNZ n) 1t 1|1 01 P{1 1 0n,nzn,n, ny| PC—PC+n+1
else PC —PC +1
if C=1 then PC —PC —nor
BCSn 1 1|1 01 PO O O ngjngn,n, ng| PC—PC+n+1
. else PC —PC +1
if C=0 then PC—PC —nor
BCCn 1 1{1 01 P[1 O O n,n; n, n; nj| PC—PC+n+1
< else PC —PC +1
8 if G=1 then PC —PC — nor
@ |BGTn 1 1{1 01 P|{0 O 1 n,lngn,n, ng] PC—PC+n+1
else PC —PC +1
if G=0 then PC —PC —nor
BLE n 1 1{1 01 P[1 0 1 n,nzn, n; nyg| PC—PC+n+1
else PC —PC +1
ifG=1orZ=1
BGEn 1 1|1 01 PO 1 1 n,n;n,n, ny| thenPC—PC—nor
PC —PC+n+1,
else PC —PC +1
if G=0and Z=0
BLTn 1t 1|1 01 P{1 1 1 n,n;n,n,ny,| thenPC—PC-nor
PC «~ PC+n+1
else PC —PC+1
- IN PORT, AP 0O 0j0 1 OFP PL A AP — (PORT)
§§ OUTAP,PORT |0 0|1 0Py P| PL A PORT — (AP)
=O|ouT #D,PORT |0 0|1 1 PyoO PL D PORT —D
STOP 0 0f1 11 0/0O O 0 0|0 O O O Stopsystem clock
QHALT (0 0/1 1 1 00 0 O 1|0 O O O HaltCPU
£ |AcT 00[(1110/0010[{00 0 0]ActivateCPU
o
T |El 00|t 11 0/01 1 0|1 0 O O] Enabletimerinterrupt
3 |oi 00/1110[0110[01 0 0Disable timer interrupt
"-'03 ET 0 0|1t 11 0{0 1 1 0{0 O 1 O] Enabletimeractivate
o
2 DT 0 0|1t 11 0/0 1 1 0|0 O O 1] Disabletimeractivate
O |EC 0 0(1 11 0{0 1 1 1|1 O O Of Enableoutputport(Ci~Ca4)
DC 0 0f1 11 0/01 1 1{0 1 0 0] Disableoutputport(Ci~Ca4)
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¢ TELEPHONE-MSM6052 ¢
DESCRIPTION OF INSTRUCTIONS (CONT.)

Instruction Code
Mnemonic Operation
1312|1110 9 8|7 6 56 4|3 2 1 0
1 1 1 1 1 1 1 1 L 1
oM 0 0f1T 11 0/01 1 1[0 0 1 0fSetl/Oport(l01~104)to
5 output mode
P
'gg IM 0 01 1 1 0{01 1 1[0 0 O 1| Setl/Oport(I0i~I04)to
[*F5] input mode
o}
%E RST 0O 0|1 1 1 0|1 00 1|0 O O O| Resetdivider
NOP 0 0O 0O 0O 0OJ]O O 0 O[O O O O] Nooperation

APPLICATION FOR DISPLAY TELEPHONE

INTERFACING WITH LCD SEGMENT DRIVER
LCD
o I v o
(o A O
COM ail-g5 COM ai1-g5
101 LOAD -~ LOAD
MSM6052 102 Sl MSM58292 SO Sl MSM58292
103 CLOCK ’-— CLOCK
INTERFACING WITH A DCT MATRIX LCD DRIVER/CONTROLLER
LCD
: 16 CHARACTERS
COM1+*COM8 SEG1* * SEG40 Oleeessceeceees040
EO1 RS DO DIt
EO2
R/W CP CP MSM5259
IOE E MSM6222 L LOAD
MSME0S2 4 DB7 DF DF
103 DB6
102 DB5S
101 DB4

m-B-12



APPLICATION FOR DISPLAY TELEPHONE (CONT.)

¢ TELEPHONE-MSM6052 ¢

INTERFACING WITH FLT SEGMENT DRIVER

N
N
Co

D1eeD5 Sa *+++Sg

EO1 RESET
EO2 LOAD
MSM6052 MSL9512
EO3 SIN
EO4 CLOCK

m-B-13



OKI semiconductor
MSM6052-01RS/20RS

TONE/PULSE SWITCHABLE REPERTORY DIALER

GENERAL DESCRIPTION

The MSM6052-01RS and MSM6052-20RS are repertory tone/pulse switchable dialer
which are fabricated by OKlI’s low power consumption CMOS silicon gate technology.
These LSIs 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 uA maximum and

memory retention voltage is 1.2 V.

Mixed dialing/storing.

m-B-14

FEATURES

® Either DTMF signal or DP signal gener- ® Autoinsersion of 4 seconds access pause.
ation. ® Pulse rate 10/20 pps pin selectable.

‘@ DP/TONE -output starts 100 msec after ® Make/Break ratio 34/66 or 40/60 pin
keying in normal dialing (-20RS). selectable.

® DP/TONE output starts 300 msec after ® Tone output for valid key input (2 kHz,
keying in normal dialing (-01RS). 32 msec).

® 500 digits repertory memory. ® Alarm tone for wrong operations.
(64 numbers maximum, 32 digits ® Single contact matrix keyboard to be
maximum/number). . used.

® 24 numbers repertory dialing by single ® 358 MHz oscillation circuit on chip
key dialing plus maximum 30 numbers for ceramic resonator.
repertory dialing by 2-digit abbreviated ® Supply voltage range 25V ~6 V.
code dialing. ® Low standby current 0.2 4A maximum.

® Last number redial (32 digits maximum). ® 28-pin plastic DIP Package.



¢ TELEPHONE-MSM6052-01/20 ¢
PIN CONFIGURATION

Nals of
el 77] c,
R[] 2 c,
R, [5] [24] LsEL
R, [6] g (23] op MoDE OUT
7, [ 2 72 WuUTE
s (2] 5 [71) XwrTMOTE
MODE SEL [9] g [20] DAL PULSE
M8 [10 £ [19] oTMF OUT
DRS 17 E Voo
xT E E] BD
X7 [13] E] AC
Test [13] 18] Vss

KEYBOARD INTERFACE

1 2 3 RECALL|————» R,
4 5 6 STORE ———— R,
7 8 9 PAUSE ———————» R,
* 0 # TONE |——— R,
(N A

L/l | Lifbe | L/l | LJL,, F——— R,

Li/Ly, | Le/lys | Lo/lyy | Le/l,y —————— R,

Ly/lyy | Lyo/byy | Liy/lyy | Lyy/L,, ——— R,

L .

03
cl
cl
V O — : Ll~lﬂ
oD O——— LSEL
L13~2‘

A 7 x 4 single contact keyboard shall be used. L;/L;3 . L2/L,4 are one touch memory
recall keys. By connecting or disconnecting LSEL to/from Vpp, 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).

m-B-15
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PIN DESCRIPTION

Pin Name

Pin No.

Function

R; ~Rq
C, ~Cy4

1~7
25~28

Key input pins.

C; ~ C, 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.

Hook switch input pin.

HS = High:  On-hook
HS = Low: Off-hook

LSEL

24

Selection pin for Ly ~ L4 or L3 ~ L,4 for single-key dialing

LSEL =Low: L; ~ Ly,
LSEL = High: L13 ~ L24

mMB

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

1

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

DP/DTMF mode selection pin.

MODE SEL = Low: DP mode
MODE SEL = High: DTMF mode

The status at off-hook is maintained.

If[TONE]|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 LSl is provided with oscillation inverter and
feed-back resistor, 3.568 MHz ceramic resonator and
capacitors are connected to XT and XT pin.

VDD, Vss

18, 156

Vpp: Positive power .supp|ypin. 25V~6V.
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

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

XMIT MUTE

21

Transmit mute output pin.
When HS = High (On-hook): Low
When HS = Low (Off-hook)

() While DP signal or DTMF signal is being
sent out: Low

(2 All other times: High

MUTE

22

Mute output pin.
When HS = High (On-hook): Low
When HS = Low (Off-hook)

(1) While DP is being sent out: Low I | |

(2 Al 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

m-B-17
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FUNCTIONAL DESCRIPTION
Dialing Function
(1) Normal Dialing

Off-Hook [Dyl.....

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 key causes 4 seconds access pause.
The access pause is released automatically 4 seconds later or manually by pressing ,
[RECALL], [STORE] or [TONE] key again.

Switching from DP dialing to DTMF dialing can be done during the course of dialing.
By pressing [ TONE] key during DP mode, the mode is changed to DTMF mode. When
TONE | 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 [PAUSE], [RECALL], [STORE] or [TONE] key,
if so desired.

(2) Redialing

Off-Hook E E]

The last dialed number can be redialed by pressing [RECALL] key twice. The functions
of |TONE| and |PAUSE | 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 |RECALL | key input. The normal dialing can follow after that leaving the telephone
off hook.

(3) Repertory Dialing

Off-Hook [R]
Off-Hook

The telephone numbers abbreviated to code can be dialed by single key operation

( [C]~ ), while those abbreviated to 2-digit can be dialed by pressing [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 ,
[RECALL], [STORE] or [TONE] key is pressed. If a stored number has a signal,
the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds
oruntil [PAUSE]|, [RECALL], [STORE] or [TONE] key is pressed.
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(4) Mixed Dialing

Off-Hook [R] [R] [D4] .- [R]

H .
Redial Normal dialing  2-digits Single key
abbreviated dialing
code 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 | STORE | 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 |[STORE | key input. In other words, if an alarm is not generated
at the first | STORE| 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. [ TONE | 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
~ . 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.

(o] ~ can be used for the first digit ,and [0] ~ [9] 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 [S] [Dy] ... [Dn] [R] [A]]

...... Store into 2-digit abbreviated code address

Off-Hook [S] [Lm| [Di] wervrrerererree

......... 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 [R] ).
Maximum 32 digits can be mixed-stored. Either or [R] is counted as
3 digits.

Therefore, if key or [R] 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 E]

Clearing operation can be continued leaving the telephone off hook. Pressing
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 key twice, an alarm sound is
generated and that key input is neglected.

Redial Inhibition

Off-Hook El (After signals sent out) @ @
Off-Hook . |D4| ..... (After signals sent out) l:S—_]

Pressing 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

] | i |

Storing Confirmation Sound
It is output when storing or clearing of telephone number has been completed.

2 kHz 2 kHz

i e
E . ﬂ

| 32 msec
T

0.5 sec

Alarm Sound (a)
It is output for the followings.
® Wrong key input.
® 33rd digit input for storing.
® |STORE|key input when the empty capacity of repertory memory is less than 16 digits.

2 kHz 3.5 kHz

I B S

I 32 msec 288 msec
[]

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.

2kHz  2kHz 3.5 kHz

o 32 msec ’ 288 msec

IR EY R TN

Alarm Sound (c)

It is output when there is no data in the accessed memory address.
1 kHz

e

| 288 msec

m jniniz R/ L

32 msec | 288 msec
T I

T
[ & [

Alarm Sound (d)
It is output when redial is prohibited.

2 kHz 1 kHz

_||||I|II_I|I|I|||| IIII!_

msec 288 msec
|

[&] [&]
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

¢ TELEPHONE-MSM6052-01/20 ¢

Parameter Symbol Condition Limits Unit
Supply Voltage Vpp Ta=25°C -03~+70 Vv
Input/Output Voltage Vio Ta=25°C Vgs-0.3 ~ Vpp+0.3 \%
Power Dissipation Pp Ta =25°C 200 mW
Operating Temperature Topr — -20 ~+75 °Cc
Storage Temperature Tstg — -55 ~ +125 °C

DC Characteristics VDD =30 V, Vgg =0 V, fogc = 3579545 MHz, T, = -20 ~ +75°C

Parameter Symbol Condition Min | Typ | Max | Unit
Operating Voltage VDD 25 — 6.0 \Y
Memory Retention
Voltagey ! Vppom Standby mode 1.2 — 6.0 \
Current
Consumption (1) IDDP Pulse Mode, No load — | 300 | 600 | nA
Current
Consumption (2) IpDT Tone Mode, No load — 12 | 24 | mA
Memory Retention Vpp =25V
Current Ipbm | ON HOOK, Ta=25°C - — 02| uA
Outout C . 10H: MUTE VOH =26V |-200| — | — | wA

utput Curren e S

I0H. VOoH =26V | -1 | - | mA
Output Current C, ~C,

oL, VoL =04V [ 10| — | — | uA

loH VoH =26V -20 - — HA
Output Current ? gg MODE OUT

loLs VoL =04V 10 - - BA

- 11H, — ViH =30V — — 2 HA

Input Current HS

L ViL =0V 20| — |-180| mwA

lH, ViH =30V 10 - 90 | uA
Input Current R, ~R,

N, ViL =0V - - -2 | uA

lHs LSEL, MB, DRS ViH =30V 30 — | 300 | A
Input Current MODE SEL

liLs AC, TEST ViL =0V _ _ 2 | uA
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AC Characteristics fosc = 3579545 MHz,2.5 V < Vpp <6.0 V, Ty = -20 ~ +75°C

Parameter Symbol Condition Min | Typ | Max | Unit
Key Input Time TKIN 33 — - m$S
ROW side only Vpp =25V |150 | 250 | 350 |
Tone Output \% _
OUT | RL=1Ka Vpp =40V | 200 | 340 | 570 | "™
High/Low Level dBcR 10 | 20 | 30 | dB
Distortion %Dis — 5 10 %
Tone Output Frequency fosc = 3.579545 MHz
Nominal Frequency Output Frequency Distortion
Key Input (Hz) (H2) (%)
R, 697 699.1 +0.30
R, 770 766.2 -0.49
R; 852 847.4 -0.54
R4 941 948.0 ) +0.74
C; 1209 1215.9 +0.57
C, 1336 1331.7 -0.32
| | I Cs 1477 14719 -0.35
Signal Output Timing fosc = 3.579545 MHz
Parameter Symbol - Condition Typ Unit
Tone Output Time Ttone Tone auto dial 100 mS
. Tipp, Tone auto dial ‘ 100 mS
Inter Digit
Pause TiDP, Pulse auto dial (10 pps) 800 mS
' Pulse auto dial (20 pps)
T 4 S
IDPs MSM6052-01RS 50 m
Pulse auto dial (20 pps)
T 5 S
IDPs MSM6052-20RS 00 m

-B-24



¢ TELEPHONE-MSM6052-01/20 ¢

TIMING CHART

DP MODE TIMING CHART
1) Normal dialing

mo L
KEY IN | | m——|

=)} 2~34ms

s} 32 ~63mS ~f=-32~64ms
MOTE [ s Ptz s |
XMUTE | | l I | l
e JUULA TUUULR A

Tmop Tmop

TONE DRS

Tmop = Tipp

2) Mode change-over by Tone key

KEY IN I | B M
B
MUTE - ’ + 32~ 64ms 32~64ms

woe [ | =

300msS ..... MSM6052-01RS

100 mS ..., MSM6052-20RS
DP

Tmop
Ttone Fe-ate—s|

TONE @ Trmot

e

Tmot = 100 mS
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3) Repertory dialing

s ] —
KEY IN ﬂ

osc

Repertory dialing 300 mS MSM6052-01RS |
125 mS MSM6052-20RS
MUTE Redialing 33 mS MSS6052-01RS ,H__ 32~64 ms

100 mS MSM6052-20RS

XMUTE

20 pps 900 mS MSM6052-01RS
— 20 pps 1000 mS MSM6052-20RS
Redialing 70 oo 800 m

s

20 pps 450 mS MSM6052-01RS

DP 20 pps 500 mS MSM6052-20RS
T

ioP

Repertory dialing | 10 pps 1600 mS |

TONE

DTMF MODE TIMING CHART
1) Normal dialing

KEY IN

-
.
T

MUTE

xwute [ R ] 1

300 mS ..... MSM6052-01RS 300 mS ..... MSM6052-01RS
100mS ... MSM6052-20RS 100msS ..... MSM6052-20RS

DP

Ttone || 100 mS |}

TONE A@ Tmot N Tmot

Tmot = 100 mS
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—

Repertory dialing 300 mS MSMB052-01RS

32 ~64mS |

—-_— 125 mS MSM6052-20RS
XMUTE I_:Loaeu.anng 33mS MSM6052-01RS
100 mS MSME052-20RS |
Repertory disling 200 mS
DP edialing 00 ms
Ttone |—ste—n] TIDP
TONE M N NN NN NS
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OXK I semiconductor

'MSM6052-05GS,/10RS,/11RS

TONE/PULSE SWITCHABLE REPERTORY DIALER

\

GENERAL DESCRIPTION

The MSM6052-05GS, MSM6052-10RS and MSM6052-11RS are Tone/Pulse switchable
repertory dialer which are fabricated by OKI’s low power consumption CMOS silicon
gate technology. All of these LSIs can generate either DTMF (Dual Tone Multi Frequency)
signal or DP (Dial Pulse) signal.

of

The repertory memory has a capacity of 500 digits. Maximum 54* telephone numbers
of 32 digits maximum per telephorie number can be stored in it, so far as the total number

stored digits does not exceed 500 digits.

All of these LSIs operate on 2.5 V ~ 6.0 V single supply voltage. Stand-by current is
0.2 A 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).

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 wrong operations.
3.568 MHz for ceramic resonator oscilla-
tion circuit on-chip.

Supply voltage range 2.5V ~6 V.

Low stand-by current 0.2 uA maximum.,

MSM6052-05GS

MSM6052-10RS

MSM6052-11RS

Memory Storing/
Clearing

Both of On-Hook memory storing/clearing and
Off-Hook memory storing/clearing
or
On-Hook memory storing/clearing only
selectable

On-Hook memory
storing/clearing only

Keyboard Interface

Matrix keyboard input
or
4-bit parallel data input
selectable

Matrix keyboard input

Package

44 pin plastic FLAT
package

40 pin plastic DIP
package

28 pin plastic DIP
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
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MSM6052-05GS

«
o

HERRRARRERR

8o
[SNSNSNS)

&

ARA

O

A2 DTDDOD
&

I
1z

XT (O3]

32 kHz [14]
Ne (5]
TEST (18]

xT [12

MSM6052-10RS

Nec (1] ~ 40] LEDp
Ne (2] 39 c,
NC [3] 28] c,
R, [4] 37 c,
R, [E] 36] c,
R, [g] [38] LSEL
Rs (7] [34] LEDs
R, (8] [33] DP MODE OUT
R, @] [32 MUTE
Dstb [10] [31 XMIT MUTE
R, [11] 1300 DP OUT
As [2] (28] DTMF OUT
MODE SeL [13] 28] Ppenbl
R, [14] 27) OHsenbl
DRs [1§] 126 senbl
XT [16] [25] KEYenbl
XT [17] 74 vpp
32 kHz (i8] 23] BD
NC [ig] [22] AC
TEST [20)] 77 Vss

Nc O7]

[33) LSEL
[37) LEDs
[31) DP MODE OUT
[30) MUTE
[29] NC
28] XMIT MUTE
% DP OUT
26) DTMF OUT
[25] Penbl
[24] OHsenbl
23] senbl
FERKER
#2283
O
¥
MSM6052-11RS
R 1O = c.
n 2 =7 c,
Rs E 26| C,
R, [4] 28] c,
R, [5] 24] LsEL
R, [6 23] oP MODE OUT
R, [7 22] MUTE
As [8] [21] XMITMUTE
MODE SEL [9 | 20 DP OUT
ms (10| [19] DTMF oUT
DRs [17] 18] Voo
xT [12] 17] BD
XT [13] [16] Ac
TesT [14] 15] 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 MSM6052-11RS, 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 MSM6052-11RS with the keyboard is described in
the Figure 2.

4-bit parallel data
Dstb | |

b
Q §L04 ;ELD3 ?LDQ %Dl

AN DN D M ~ R
AN VAN VAN |l 1
DD MM ~E R
\NZARAN Y AP ANV LT 2
DD DM ~
\NPARAN AR NV N g R,
DD DD ~
ANVARAN VANV ANV LT 4
DA D M
\NVARAN VAR Y AR NV 5
DD MM R
\NPARAN VAR VAR N ¥/ 6
MDD MM R
(VAR NP ARN VAR ) 7
8
Note Cl
CZ
}/l ’T | c,
I C

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

&

}

A

D MDD D
\NVARN VAN VARV
MDD D M
NVARNVARNVARNY/
DD DM
NVAANVAANVARNY/
MDD DM
INVAANVARNVARNY/
DD MDD
NVAAN VAN VAN
DD DM
WV UV
MDD DM
NVAANVAANVAAN

Figure 2.
MSM6052-11RS
Keyboard Interface

Interface with a single contact matrix keyboard

Inmugfm"pm c1 ) c3 c4
R1 1 2 3 RECALL
R2 4 5 6 STORE
R3 7 8 9 PAUSE/REDIAL
R4 X 0 # TONE
R5 L1/L13 L2/L14 L3/L15 L4/L16
R6 Ls/L17 L6/L16 L7/L17 L8/L19
R7 Lo/L21 L10/L22 L11/L23 L13/L24

VbD

O/O Ly~

O—— LSEL

L13~24

A 7 x 4 matrix single contact keyboard shall be used. L1/L13 ~ L12/L24 are single key
dialing keys. By connecting or disconnecting LSEL to/from Vpp, 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, Senbl pin of MSM6052-05GS and MSM6052-10RS 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.

Iﬁ this case, however, dialing by single key operation cannot be used.

Figure 3 shows an 4-bit parallel data input timing, while Figure 4 shows the 4-bit data
and its corresponding data input from the keyboard.

Dsib

33 msec min.

Figure 3 4-bit parallel data input timing

o
-
N
w
»H
4
[}
~
©
©
>
o]
(¢}
O
m
m

HEX Data
i

KEY Data

mpo—®»
N
w
»H
[$;]
[«
~
[e0)
©
o
*
3
mzZ0+
c
re>»om>3

Note: C, ~ C, 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 Name

Function

1~4,
6,
34~37,
43,44

1~7,
25~28

Key input pins.

As for MSM6052-11RS, C, ~C, are set to low level

in on-hook mode, while they are set to high level in

off-hook standby mode.

As for MSM6052-05GS and MSM6052-10RS, the

C, ~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

10

(Only MSM6052-GS and MSM6052-10RS)
When 4-bit parallel data input is selected, the data
strobe signal is input to this pin.

12

Hoostitch 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"oropen: L, ~L,,
LSEL =""H" HE T A

MB

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
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

13

DTMF/DP mode selection pin.
MODE SEL ="'L" or open : DP mode
MODE SEL = ""H"". : DTMF mode
If 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 Name

Pin No.

-10

-1

Function

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
ouT

31

33

23

Dial pulse mode output pin.
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 QUT = "“H"" level output
MODE SEL =“'L" level output
DP MODE OQUT = "“L"’ level output
A ""L" level signal is output from DP MODE OUT
pin even when MODE SEL = “’L" and HS = “L",
if key is pressed.

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.

VpD. Vss

18,21

21,24

15,18

Vpp : Positive power supply pin (2.5 V ~ 6.0 V) »
Vgg : 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 Name

Pin No.

—-10

-1

Function

KEYenbl

22

25

(Only MSM6052-05GS and MSM6052-10RS)
Either matrix keyboard input or 4-bit parailel 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.

Penbl

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
is enabled.
Penbl =L : Manual pause cancel function
is disabled.
When manual pause cancel function is disabled,
[PAUSE | 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)
Qutput terminal of 32 kHz lock.
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FUNCTIONAL DESCRIPTION

Dialing Function

(1)

(2)

if
(3)

Normal Dialing

Off-Hook [Dy] [D,] [Ds] -
( designates for [0]~[9], [¥] . [#]. or keys)
*[P/R]: [PAUSE/REDIAL |
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, and key inputs are invalid.

Redialing

Off-Hook

When key is firstly pressed once after the telephone is On-hooked, the last dialed-
out telephone number is dialed out.

[P/R] : [PAUSE/REDIAL]

If the redial function is inhibited, an alarm tone is generated and normal dialing can be
executed after that.

Repertory Dialing

Off-Hook [R] [A] [Ag - 2-digits abbreviated code dialing
or
Off-Hook (L, - Single key dialing

RECALL
[Li/Lia] ~ [Lis/Laa |
(o]. [1.
In case of 2-digits abbreviated code dialing, an alarm tone is generated if any key other

than [0] [1] or [2] key is pressed after [R] key.

In this case, however, if [R] key is pressed again after the alarm tone and 2-digits
abbreviated code is addressed after [R] key, the memory contents of that 2-digits
abbreviated code will be dialed out. In this case, if any key other than [R] key is firstly
pressed after the alarm tone, an alarm tone will be generated again.

2 EE] [

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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(5)

(6)

(7)

4 TELEPHONE-MSM6052-05/10/11 ¢

Mixed Dialing
Off-Hook  [P/R] [Dy] -~ [R]
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.)

Pause

When the key is pressed, transmission of DTMF/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
key during the 4-seconds pause is available for MSM6052-11RS. 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 [PAUSE | 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 | PAUSE | key.
Penbl = “/L"" : Pause cannot be cancelled manually.

Switching to DTMF mode
When |TONE| key is pressed in the DP mode, the mode is switched to DTMF mode
from that digit.

When [TONE 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.)

Key input confirmation tone
As for MSM6052-11RS, an operation confirmation tone is generated for the input by

[0] ~ [9]. [RECALL], [STORE|, [PAUSE/REDIAL] and [TONE] keys in the DP
mode and input by [RECALL], [STORE], [PAUSE/REDIAL ] and [TONE] keys in
the DTMF 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 MSM6052-11RS, only On-Hook memory storing/clearing is available.

MSM6052-05GS MSM6052-10RS MSM6052-11RS

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 |STORE| 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.
m 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.

----- ----- Store into 2-digits abbreviated

code address

@ ----- ----- Store into single key address
5] :

In case of storing telephone number into 2-digits abbreviated code address, shall

be any of [0], [1] or and shall be any of [0] ~ [9]. For any input other

than these keys, an alarm tone is generated.

In this case, however, by pressing [STORE key again enables to select the 2-digits
abbreviated code address again.

If any key other than { STORE | 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 |STORE | key input. In other words, if an alarm is not generated
at the first [STORE| key input, minimum 16 digits can be newly stored.

-B-38



(2)

¢ TELEPHONE-MSM6052-05/10/11 ¢

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. | 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
~ . Other than those single key dialing address, maximum 30 telephone
numbers can be abbreviated to *2-digit address codes, which are ~ , 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.

Mixed Storing

Dy - [R]
----- Store into 2-digits abbreviated code address

----- Po] [R] [Ad [Ad] [Lo] [S] [t

----- Store into single key address

P :  Last dialed telephone number

~ : Normal dial

[R] : Already stored telephone number
1 Already stored telephone number
Al A, : 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 [PAUSE/REDIAL] key is regarded as
a pause information.

Maximum 32 digits can be mixed stored. Either or [RECALL is

counted as 3 digits, while number of the digit of the last dialed out telephone number
depends on the contents of redialing.

If [5] 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.
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(3) Clearing of telephone number

[S1s] [A] A - Clear the 2-digits abbreviated code address
----- Clear the single key address

Pressing [ STORE | 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.

i.  When more than 32 digits are dialed out in a single dialing operation.
ii. In the memory storing/clearing operation, { STORE | is pressed followed by any
valid key input.

iii. When the telephone is On-hooked, |[PAUSE/REDIAL]| 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 MSM6052-10RS MSM6052-11RS
DP [o]~[o].An
mode Function keys
Normal operation —
DTMF All Function keys
mode
Memory storing/ Valid key inputs Valid key inputs

Clearing operation

2 kHz

I {111 1]

32 msec. !

‘t____,.

]

Memory Storing/Clearing Confirmation Tone
It is output when storing/clearing of telephone number has been completed.

0 7

2 kHz

)

32 msec.

i 0.5 sec. 0.5 sec.

'I

o
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Alarm Sound

i. Itis output for the followings.
— Wrong key input
— 33rd digit input for storing
- key input when the empty capacity of repertory memory is less than
16 digits ,

2 kHz

_ I

E 288 msec.
T

[}

|

J

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.

|l

3.5 kHz

|

]

1 kHz

288 msec.
| ]

|-

| '
| 288 msec. |
S |
1 |

L,

oiole

It is output when there is no data in the accessed memory address. It is also outpuf
when redial is prohibited.

1 kHz
i 288 msec. |
|

— ]
[

(=] [2] [4]
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TIMING CHART
DP mode Timing chart
1) Normal dialing

= —

- i=—32 ~ 64 ms ! =—32~ 64 ms

VIOTE I_q'——1 00 ms g 100 ms l
XMIT | l l | | l

oo HULEL Ty L
Tmop

TONE DR

TIDP = TMOP

2) Repertory dialing

N [

s — ]
i Repertory dialing 125 ms E
MUTE l—:"q/-ﬂedialing 100 ms [4—32~ 64 ms I
XMIT [ ] | |
10 pps 1600 ms
DP || II ||| ||l|| H F:a 20 pps 1000 ms

TONE
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3) Mode change-over by TONE key

s | —
KEY IN Iﬂ_—l IlTonel ﬂl__l
A ~—2 ~ 34 ms

e —H H —— }——
i i [l

Y TH S I q—-lOO T T T

MUTE i " Jﬂ.\33 ms ~ 64 ms : ’:: 5‘33 mSI______

wr [ ] '

oo [UlkA

Ttone 23 ~_ Tmot

Tmot = 100 ms

DTMF mode timing chart
1) Normal dialing

o] [
KEY IN I 1 [ ]
wre [ i 1
XMTT | :“"I -ﬂ§<—33ms~64ms ] | jm

100ms ! 100ms | { ~6ams

DP i ; :
: —

TONE @ i M '
: : 1 ' T

Dk o=

Ttone \Tmot 100 ms Tmot
Tmot =100 ms
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2) Repertory dialing, Redialing
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KEY IN M |

s — T
i ]

MUTE : i

_I ' i\ I_

1

I ; Repertory dialing 125 ms 1

XMIT r:z’-Redial 100 ms :«—~| |

[\
E \Repertory dialing 125 ms
DP ! Redial 100 ms

e
Tione TiDP

Signal output timing

Parameter Symbol Condition Typical Unit

- 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
TIDP 3 Pulse auto-dial (20 pps) 500 ms

fosc = 3.5679545 MHz
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ELECTRICAL CHARACTERISTICS

‘Absolute Maximum Ratings

Parameter Symbol Conditions Ratings Unit
Power Supply Voltage VpD Ta=25°C -03~7 Y
Input Voltage \7 Ta=25°C —0.3 ~ Vpp +0.3 \Y
Output Voltage Vo Ta=25°C -0.3 ~ Vpp +0.3 Y
Power Dissipation Pp Ta=25°C 200 max mw
Storage Temperature Tstg — —55 ~ +125 °c

Operating Ranges

Parameter Symbol Conditions Ratings Unit
Power Supply Voltage VbD fosc = 3.58 MHz 25~6 \%
Memory Retention Voltage VDDM - 1.2~6 \Y
Operating Temperature Top - —-20~ 75 °c

DC Characteristics

Vpp =30V, Vgg=0V,fosc = 3.579545 MHz, Ta = -20 ~ +75°C

Parameter Symbol Conditions Vpp | Min | Typ | Max | Unit
“"H'" output current (1) 10H: MUTE VoH=26V [30V|-02| — -~ mA
XMIT MUTE
“L" output current (1) loL: DP OUT VoL =04V (30V| 05 - — mA
“H" output current (2) 10H:2 VoH=26V [30V|-1.0| — — | mA
C, ~C,
“L" output current (2) oL, VoL =04V [30V| 10 — - MA
“H"" output current (3) loLs | DPMODEOUT | Vo =26V 3.0V |-20| — - HA
LEDs
‘L' output current (3) loLs BD VoL =04V (30V| 10 - - MA
““H"* output current (4) 10H4 VoH=26V (30V|[-150| — - MA
LEDp
‘L' output current (4) 0L VoL =04V (30V(|300 [ — - MA
""H"" output current (5) 10Hs VoH=25V [30V|—-40 | — - A
- 32 KHz
“L" output current (5) 10Hs VoL =04V |30V} 26 | — - A
3.0V} 22 - -
““H"" input voltage VIH - \Y
6.0V | 44 - -
30V| — - 0.8
L"" input voltage ViL — \%
60V| — - 1.6
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Parameter Symbol Conditions Vpp | Min | Typ | Max | Unit
“H"" input current (1) 1H: VIH=60V [60V| — — 2 uA
HS 30v|-20| — |-180
“L" input current (1) e, ViL=o0Vv MA
60V |—-40 | — |-360
ViH=6.0V |60V | 20 — | 180
“H'" input current (2) liH, MA
R; ~ Ry Vig=3.0V |3.0V]| 10 - 90
“L" input current (2) L, vViL=0Vv 60V| — - -2 | uA
MB ViIH=60V |60V | 60 — | 600
H’" input current (3) 11 Hs LDSTESL HA
MODESEL VIH=30V |30V, 30 — | 300
“L* input current (3) | 1)L, Te5r viL=ov  |60V| — | — | -2 | uA
“H" input current (4) 11Ha KEZ:QP' ViH=6.0V |60V | — - 2 | uA
“L"" input current (4) [ITA o,';'esfg‘,bl ViL=0V 60V, — - -2 | uA
30V | — 03 | 06
Power supply current (1)| Ippp Pulse mode, No load mA
60V — 1.2 | 24
30V | — 1.2 | 24
Power supply current (2)| IppT Tone mode, No load mA
60V| — 356 | 70
Power‘supply current (3)| Ippm Klvgsiga%"(-.’}gojznggg? 25V | — — 0.2 | uA
AC Characteristics fosC = 3579545 MHz, 25 V < Vpp <6.0 V, Ta = -20 ~ +75°C
Parameter Symbol Conditions Vpp | Min | Typ | Max | Unit
Cycle time tcy f = 3.579545 MHz 30V| — |179] - us
25V — 250 | -
For row only mV
Tone output VouT 40V| — |360 | -
R =1k rms
60V| — |480 | —
30V| 1 2 3
High/low level ratio dBcR - dB
60V]| 1 2 3
3.0V| — 1 5
Distortion % dis RL=1k&Q %
60V| — 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
R, 770 766.2 -0.49
R, 852 847.4 -0.54
R, 941 948.0 +0.74
c, 1209 1215.9 +0.57
c, 1336 1331.7 -0.32
c, 1477 1471.9 -0.35

fosc = 3.579545 MHz
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OXK I semiconductor

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 LSl can generate either
DTMF (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 25 V ~ 6 V single supply. Standby current is 0.2 A maximum
(Vpp = 2.5V Ta=25°C) and memory retention voltage is 1.2 V.

FEATURES

® Either DTMF signal or DP signal gener-
ation.

e 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.

® | astnumber 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.

3.68 MHz oscillation circuit on chip
for ceramic resonator.

Supply voltage range 2.5V ~6 V.

Low standby current 0.2 uA maximum.
(Vpp =2.5V, Ta=25°C)

28-pin plastic DIP Package.
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PIN CONFIGURATION

R, E (@) E C,
R, E E CT
el 26] c,
R[] 28] c,
R, [5] [2a] LsEL
R, [6] 4 [23] op MoDE OUT
I
R, [7] ::“ 22 MUTE
fs [&] 8 [21) XmiTMUTE
©
MODE SEL [9] s E DIAL PULSE
%)
MB [i0 = [19] pT™FOUT
DRS [17 8] voo
xT [12] 7] 80
xt [13] [16] AC
TesT [14] [15] Vss
KEYBOARD INTERFACE
1 2 3 R (Recall) ——————— R,
4 5 6 STORE ———————— R,
7 8 9 PAUSE ——— R,
* 0 # TONE —— R

N

(U1 1 T8 [ O I Y E——

Ls/Lig|Lellyy|Ly/Lyg|Le/big———> R

L9/L20L10/L21L11/L22 Redial [———— R,

| I

C3
CZ
cl
: — O L|NLII
A\
oD O——————— LSELPIN
Lia~Lla,

A 7 x 4 single contact keyboard shall be used. L;/L{;~L;;/L;, are one touch memory
recall keys. By connecting or disconnecting LSEL to/from Vpp, 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

R; ~ R, 1~7 Key input pins.

C; ~C4 256~28 | C; ~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;~L;; or L;,~L,, for single-key dialing.
LSEL =Low: L; ~ L,
LSEL = ngh 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.
IfITONE!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 LSl is provided with oscillation inverter and
feed-back resistor, 3.568 MHz ceramic resonator and
capacitors are connected to XT and XT pin.

VDD. Vss 18, 15 VpD: Positive power supply pin.2.5V ~6 V.

Vgs: 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
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
XMIT MUTE 21 Transmit mute output pin.
When HS = High (On-hook): Low
When HS = Low (Off-hook)
@ While DP signal or DTMF signal is being
sent out: Low
(2 All other times: High
MUTE 22 Mute output pin.
When HS = High (On-hook): Low
When HS = Low (Off-hook)
@ While DP is being sent out: Low
(@ Al other times: High
DP MODE OQUT 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

-B-52



¢ TELEPHONE-MSM6052-25 ¢

FUNCTIONAL DESCRIPTION
Dialing Function

(1) Normal Dialing

Off-Hook [Dy].....

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 | PAUSE | key causes 4 seconds access pause.
The access pause is released automatically 4 seconds later or manually by pressing |PAUSE |,

RECALL!, STORE | or [TONE | key again.

Switching from DP dialing to DTMF dialing can be done during the course of dialing.
By pressing | TONE | key during DP mode, the mode is changed to DTMF mode. When
TONE | 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 [PAUSE], [RECALL], [STORE] or [TONE] key,
if so desired.

(2) Redialing

Off-Hook Redial

The last dialed number can be redialed by pressing |Redial | key. The functions of EI'_QNE
and 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 key input.
The normal dialing can follow after that leaving the telephone off hook.

(3) Repertory Dialing

Off-Hook [R]
Off-Hook

The telephone numbers abbreviated to code can be dialed by single key operation

( ~ ), while those abbreviated to 2-digit can be dialed by pressing |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 -[PAUSE] ,
[RECALL], [STORE] or [TONE] key is pressed. If a stored number has a signal,
the dialing mode is changed from DP mode to DTMF mode, and dialing halts for 4 seconds
oruntil [PAUSE], [RECALL], [STORE] or [TONE ] key is pressed.
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(4) Mixed Dialing

ortrook (o] B . (o [ (&) (&) [

Red“" Normal dialing  2-digits Slngle key
abbreviated dialing
code 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 [S] [D4] ... (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 | STORE | 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 [STORE] key input. In other words, if an alarm is not generated
at the first [STORE 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. [ TONE] slgnal 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

~ . 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.

@ ~ 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 IEJ

...... Store into 2-digit abbreviated code address

Off-Hook | S| |lLm| [Di] ceeveeeriieeennne @

......... 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 [R] ).
Maximum 32 digits can be mixed-stored. Either [L,] or [R] A,] iscounted as
3 digits.

Therefore, if key or [E] 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 | STORE
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 | STORE | key twice, an alarm sound is
generated and that key input is neglected.

Redial Inhibition

Off-Hook E (After signals sent out)
Off-Hook [-I_D] ..... (After signals sent out)

Pressing 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.

n_omm

Storing Confirmation Sound
It is output when storing or clearing of telephone number has been completed.

wom e

Alarm Sound (a)
It is output for the followings.

® Wrong key input.
® 33rd digit input for storing.
L @Q@key input when the empty capacity of repertory memory is less than 16 digits.

2 kHz 3.5 kHz

L]

32 msec 288 msec
(7]

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.

2kHz 2 kHz 3.5 kHz
32 msec 288 msec

& B R

Alarm Sound (c)

It is output when there is no data in the accessed memory address.
1 kHz

i
| 288 meec

2 kHz 2 kHz 1 kHz

- ILJII LJH ----- Il

32 msec 288 msec
|

EIEJ

Alarm Sound (d)
It is output when redial is prohibited.
2 kHz 1 kHz

_JI|||||||_||||||||| ll!ll_

| 32, | 288 msec

ElEl
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply Voltage VDD Ta=25°C -03~+70 Vv
Input/Output Voltage Vio Ta=25°C Vgg-0.3 ~ Vpp+0.3 v
Power Dissipation Pp Ta=25°C 200 mW
Operating Temperature Topr — -20 ~ +75 °C
Storage Temperature Tstg - -55 ~ +125 °c

DC Characteristics VDD =30V, Vgg =0 V, fogc = 3579545 MHz, T, = -20 ~ +75°C

Parameter Symbol Condition Min | Typ | Max | Unit
Operating Voltage VpD 25 - 6.0 \%
Memory Retention
Voltagg ' Vppm | Standby mode 1.2 - 6.0 Vv
Current
Consumption (1) IDDP Pulse Mode, No load - 300 | 600 | uA
Current
Consumption (2) IpDT Tone Mode, No load — 1.2 | 24 | mA
Memory Retention Vpp =25V
Current 'Dbm ON HOOK, Ta=25°C - - 0.2 | A

IOH: | s | von =26V |200| — | — | uaA

MUTE OH . M

Output Current ‘

loL, | XMITMUTE, DP VoL =04V |500| — | — | kA

I0H. VoH €26V | -1 - — |'ma

- Output Current c, ~C,

oL, VoL =04V | 10| — | — | uA

10H VoH =26V | 20| — — | KA
Output Current ? gg MODE OUT

loLs VoL =04V | 10 | — _ | A

HH, _ ViH =30V - - 2 MA
Input Current HS .

Ly ViL =0V -20 | — [-180| wA

1H, ViH =30V 10 - 90 | uA
Input Current R, ~ R,

N, ViL =0V - — 2 | uA

lIHs LSEL, MB, DRS ViH =30V 30 — 1300 | pA
Input Current MODE SEL

lLs AC, TEST ViL =0V - - -2 | MA
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fosc = 3.5679545 MHz,25 V < Vpp <60V, T, = -20 ~ +75°C

Parameter Symbol Condition Min | Typ | Max | Unit
Key Input Time TKIN 33 - - mS
: Vpp =25V 150 | 250 | 350
Tone Output VouT F;OV;I szyc;nly ?:n\{;
L Vpp =40V | 200 | 340 | 670
High/Low Level
Ratio dBCcR 1.0 { 20 | 3.0 | dB
Distortion %Dig - 5 10 %

Tone Output Frequency

fosc = 3.579545 MHz

Key Input Nomina::zr;:quency Output(lF_irZe)quency Dist(c;’;(ion

R, 697 699.1 +0.30

R, 770 766.2 -0.49

R; 852 847.4 -0.54

R4 941 948.0 +0.74

C, 1209 1215.9 +0.57

C, 1336 1331.7 -0.32

Cs 1477 1471.9 -0.35

Signal Output Timing fosc = 3.579545 MHz
Parameter Symbol Condition Typ Unit
Tone Output Time Ttone Tone auto dial 100 mS
. Tipp, Tone auto dial 100 mS
Inter Digit

Pause TiDP, Pulse auto dial (10 pps) 800 mS
TiDP, Pulse auto dial (20 pps) 500 mS
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TIMING CHART
DP MODE TIMING CHART
1) Normal dialing

o
KEY IN I Ill_—L

= 32~64ms

-} —}=-32 ~ 64 ms =32~ 64ms
MUTE I—o‘:]-mo ms jq.—wo ms

XMUTE

e 1 ] 2= I D
T

mop Tmop

TONE DRS

Tmop = T|pp

2) Mode change-over by Tone key

KEY IN ﬂ | “ I?J“I II I
|32 ~ 64 ms
oc —H  H A -

XMUTE

ol

oo [

Tmop
Ttone 1

TONE ﬁ Tmot

Tmot = 100 mS
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3) Repertory dialing

w1 —
KEY IN |—|

osc —m—m m
MUTE m-r 100 ms ,l_-i-sz~e4 ms ‘_
XMUTE _I_—] | l_

DP Wlﬁiﬁi oo

Tiop

TONE

DTMF MODE TIMING CHART
1) Normal dialing

ot [ R | ]
100 mS F——I

100 ms

Ttone || 100 MS | g ol
.

Tmot = 100 mS
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2) Repertory dialing, Last number re-dial

—

KEY IN I I
||

ose —fH 1
MUTE I ""4‘&64"‘8 I
XMUTE [_::| 100 s 10 ]
 op

Ttone |a—sja—n! TIDP ‘
TONE M H N N NN
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OKI semiconductor

MSM5070RS/MSM5071RS

TONE/PULSE SWITCHABLE DIALER WITH REDIAL

GENERAL DESCRIPTION
The MSM5070RS and the MSM5071RS 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 MSM507 1RS is Make/Break Ratio.
The MSM5070RS has 33/67% Make/Break Ratio, while MSM507 1RS has 40/60% Make/
Break Ratio.
These LS| can generate either DTMF 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 LSls are 2.6 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, 2.5V — 5 V
Memory retention voltage, 1.2 V

minimum
3.58 MHz crystal oscillation I l l

MUTE/XMIT MUTE output
18 pin plastic DIP package

Make/Break Ratio Type No.
33/67% MSM5070RS
40/60% MSM5071RS
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FUNCTIONAL BLOCK DIAGRAM

X.MUTE MUTE DP TONE XT XT -
? ﬁ% ﬁ? %8\ C?—?}—
DTMF

OUTPUT LOGIC GENERATOR 0sC

t f l (1 Vbp

REDIAL MEMORY 31DIGIT|__|
T CONTROL LOGIC
KEYBOARD LOGIC v T SGD Vss
INPUT LOGIC

=
N,

0101010 CIEIOIE &—@©
MODE

Co C] C2 Cs Rl R2 Ra R4 HS

(7]

PIN CONFIGURATION KEYBOARD LAYOUT
voo[1] O 18] DTMF ouT RD 1 2 3 |«——R,
RD
m c,[2] 7] op RESET 4 5 6 |«—R,
c.[3] [EL PAUSE 7 8 9 |«—~R,
c,[4] 18R, TOnE ) ; P
C3E E R,
s . Lol
XMIT MUTE 7| 12) s Co C, c, G
xT[8] [11] MUTE
XT[9] 10| MmoDE

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

R; ~ R4
Co ~C3

13~ 16
2~5

Key input pins scanned at 500 Hz.
Single contact keyboard or 2 of 8 keyboard shall be
connected.

HS

12

HOOK SWITCH input pin, pulled up to Vpp.
HS = Open: “ON HOOK"
HS =Vgg : “OFF HOOK"

DTMF OUT

18

DTMF output pin.
Open emitter output.

DP

17

Dial pulse output pin.
MAKE : High level
BREAK: Low level

““ON HOOK'": Low level
CMOS Output

1

MUTE output pin.
““ON HOOK"’ : Low level
During DP output: Low level

All other time (When HS = Low level): High level
CMOS output

XMIT MUTE

MUTE output pin for transmitter.

(HS = Open) ““ON HOOK" : Low level

During DP or DTMF output: Low level

All other time (When HS = Low level): High level

MODE

10

Mode selection pin.

MODE = "“"Vpp'': DTMF mode
MODE = “Open’’: DP mode, 10 pps
MODE = “Vgg" : DP mode, 20 pps

XT, XT

8,9

3.68 MHz crystal connection pin.

Since both MSM5070RS and MSM507 1RS are provided
with on-chip CG, CD and Rfb, no external components
are required for the connection except a crystal
oscillator.

AW

e D o o
e L

CG

O
O

0

A
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¢ TELEPHONE-MSM5070/71 ¢

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 key, the redial function is disabled. If 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. RD
Note: : RESET

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 DTMF mode

DTMF mode can be established automatically by connecting MODE pin to Vpp or
pressing TONE key during DP mode. The mode cannot be changed from DTMF 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 key or key. This pause is manually
released by pressing any key. At that time, [PAUSE], [REDIAL]and [TONE] keys function
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 tc 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.
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DP MODE TIMING CHART

® Normal Dialing

KEYIN mm

.

HL

. I-—tKlN

MUTE
XMIT MUTE

Make —-l

bP 12| |3

tPDP
Break

~—tmor

|1| |2| |3| |4|

® Redial

HS

REDIAL

KEY IN ——mll_——

*l |<—t|<|N

MUTE
XMIT MUTE

DP
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DTMF MODE TIMING CHART

® Normal Dialing

~—tKIN

XMIT MUTE

TONE

[~—tMOT

1718
iz

tPDP ]

TTONE

XMIT MUTE

TONE

“ = tKIN ——

—{tMOT[~—

tPDP ]

tTone  tIDP
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AC CHARACTERISTICS
1) Key Operation Time

fx.TaL=3.5679545 MHz

¢ TELEPHONE-MSM5070/71 ¢

252 Vpp <50V

Parameter Symbol Min Typ Max Unit
Effective key input time tKD 35 — — ms
Key scanning frequency fKEY — 500 — Hz
Key input time tKIN 32.7 34.7 36.7 ms
On-Hook confirming time tONH 2 — - ms

2) DTMF Output Frequency

fxTAL = 3.5679545 MHz

Key input Nominal(l*_'f;t)aquency Output( |1j|rze)quency Dist(g;:)tion
Ri 697 699.1 +0.30
R, 770 766.2 -0.49
R 852 847.4 -0.54
R4 941 1948.0 +0.74
C, 1209 1215.9 +0.57
C, 1336 1331.7 -0.32
C; 1477 1471.9 -0.35
3) DTMF Signal fx.TAL = 3.579545 MHz
Parameter Symbol Min Typ Max Unit
Tone output time tTONE - 100 — ms
Predigit pause tPDP 63.3 65.3 67.3 ms
Interdigit pause t1DP — 100 - ms
Mute time after DP tMOT — 100 — ms
4) DP Signal fxraL =3.579545 MHz
Type No. M;ke DiaFI,:;lse B::k tp;r?sp t:‘)sp t|\:|n?p
10 67 98.3t2 | 831.3x2 | 800
MSM5070RS 3 20 33.5 31.8+2 | 465.3*+2 450
10 60 105.3¥2 | 905.3+2 800
MSM5071RS 40
‘ 20 30 356.3%2 | 485.3%2 450
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¢ TELEPHONE:-MSM5070/71 ¢

ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Condition Rating Unit
Supply R e
voltage VDD Ta=25°C 0.3~6.0 v
Input oo N
voltage VIN Ta=25C Vgs —0.3~Vpp +0.3 v
Output s N
voltage Vout | Ta=26C Vgs —0.3 ~Vpp +0.3 \Y
Dower PD | Ta=25°C 200 mW
dissipation
Operating . N .
temperature Top —20 ~+75 c
Storage N R
temperature Tstg - —bb ~ +125 C

=l
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ELECTRICAL CHARACTERISTICS

¢ TELEPHONE-MSM5070/71 ¢

fx-TAL = 3.567945 MHz Ta =25°C

. Rating i
Parameter Symbol Condition Vi Tvo Miax Unit
Operating _
voltage VbD — 25 50 | V
Power No load, during tone output, _
consumption (1) DD Vpp=5V 3 6 mA
Power No load, key input off, operation _
consumption (2) IDD: halt, Vpp =5V - 100 A
Memory retention .
voltage VpDH | On hook, operation halt 1.2 — 5.0 \%
Memory retention On hook, operation halt, _ _
current 'DbH Vpp =25V 02 KA
Input voltage (1) ViH, 08Vpp| -— Vbb
(C,~C,, R, ~R,) Vpp=25~5V v
AS ViL, Vss | — [0.2vpp|
ViH, 09Vpp - VbD
Input voltage (2) _
(MF’ODE) 9 VM. Vpp=25~5V 0.4Vpp|0.5Vpp0.6Vpp| Vv
ViL, Vss - |0.1Vpp
Input current (1) 1H; VDD =5V VIH=5.0V - - -1 WA
(HS) Ny ViL=00V | _60 | —120 | —240
Input current (2) lH, VDD =5V VijH=12v | -20 | =30 | -50 A
(Co~C5, R, ~R,) L. ViL=12V | 120 | 180 | 275
liHs ViH=45V | 110 | 160 | 250
Input current (3) - -
s aarrent { Vs VDD =5 V ViM=25V | —20 | © 20 | WA
s ViL=05V | —110 | —160 | —250
Output voltage (1) _
(MODE) 29 VoM Vpp = 2.5~ 5V Open 0.45Vpp|0.5Vpp0.55vpp|  V
Qutput current ] \ =26V| 0.2 — -
XMITMUTE,, OH: Vpp =3V OH mA
MUTE, DP low, VoL=04V| 05 - -
Oscillation rise ] _ - _
time tRISE Vpp=25~5V 3.0 10 mS
Tone output _ - y _ mV
voltage VouT Vpp=3V RL=1kQ — 300 RMS
High/Low ratio dBCR Vpp=25~5V 15 20 25 dB
Distortion % Dis Vpp=25~5V - — 10 %
Internal = ~ _ —
capacitance CD, CG Vpp=25~5V 12 pF
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OXK I semiconductor
MSM6224RS

DTMF TONE DIALER LSI

GENERAL DESCRIPTION

The MSM6224RS is a TONE dialer LSI which is fabricated by OKI’s low power consump-
tion CMOS silicon gate technology.

The MSM6224RS 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
® FEither the standard 2 of 8 keyboard or the ® Supply voltage 265V ~85 V.
calculator type keyboard can be used. ® Either the single tone or the dual tone
® Low power consumption by use of the ouptut.
CMOS silicon gate technology. ® 3.579545 MHz crystal oscillation.

FUNCTIONAL BLOCK DIAGRAM

Voo

—={ TRANSMIT \——I:
XMIT

&

0osc1
© ’ osc 2 MUTE LOGIC —0 MUTE
0sco o
(Low)

R Se—— PR
o KEYBOARD PROGRAMMABLE [16fL| [ck| 8sTAGE
LoGic c DIVIDER JOHNSON

LADDER

(Row) 160, 146, 132, 118 COUNTER [NETWORK Voo

R4 0— \l -
SINGLE % —J ADDER
JNSLE INHIBIT
TNHIBTT LOGIC I o Lg#s

=

R3 O]

& o "
[y Sem— KEYBOARD PROGRAMMABLE ] 8 STAGE
S Logic cK DIVIDER 16t JOHNSON LADDER

=1 (coLumn) "PR| 92,84,76,68 COUNTER ETWORK]
ca
[HIGH]
Vpp 00—
Vgs —
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¢ TELEPHONE-MSM6224 ¢

PIN CONFIGURATION

16 Lead Plastic DIP
(TOP View)

Voo E
xmiT [2]
5 O
@ [
5 [
vss E
osc1 [7]

osco 8]

16] ToNE OUT

75 SINGLE TONE INHIBIT
7] i

)

12] 73

)

10] mMuUTE

Bk
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¢ TELEPHONE-MSM6224 ¢

PIN DESCRIPTION

Pin Name Pin No. Function
0scC1, Osco 7,8 The 3.679545 MHz crystal oscillator is connected to these pins.
A feedback resistor and the condensers are incorporated.
‘({SC|
3.579545 —[- I
H: = AFR
0sco Ly
Lc
I
MSM6224RS
R1~R4,C1~Ca 14,13, | R1 ~ R4 are the 1/O pins of the row side, while C1 ~ C4 are
12,11, | the 1/O pins of the column side. All of those pins are provided
3,4, with the pull up resistors internally. The resistance value is
59 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.
A
R‘(;\‘N L;)_(‘)LUMN
— COLUMN
GND ~ row MSM6224RS
Standard 2 of 8 keyboard
The Table 1 shows the relation between the nominal frequency
and the tone output frequency _while the Table 2 shows the
input conditions of R1 ~ R4 and C1 ~ C4.
o Refer to the note.
MUTE 10 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

povy I v

OFF OFF

>0 Q MUTE

MSM6224RS
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Pin Name

Pin No.

Function

XMIT

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.

Key input

OFF ON

OFF

XMIT
g e

Open

MSM6224RS

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.

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.

Voo
20K ~ 150K 2
SINGLE TONE INHIBIT O—

MSM6224RS

TONE OUT

16

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%.

MSM6224RS

VpD. Vss

1,6

Vpp is a power supply pin.
Vgg is a ground pin.
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Note:
Table 1
Effective input f'lc;r:;?‘i; Tz_g::::g;t Accuracy Remarks
R1 697 Hz 699.1 Hz +0.30 %
(ROW) 5_3 770 Hz 766.2 Hz -0.49 % Low group
R3 852 Hz 847.4 Hz -0.54 %
R4 941 Hz 948.0 Hz +0.74 %
ci 1209 Hz 1215.9 Hz +0.57 %
(COLUMN) @ 1336 Hz 1331.7 Hz -0.32% High group
C3 1477 Hz 14719 Hz -0.35%
ca 1633 Hz 1645.0 Hz +0.73 %
Table 2
Row input Column input Tone output* Note
No No ov
1 1 fL+fy Dual tone
No 1 fH (SCI)nr?:; ;gruemn)
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 Vgg.

fL: Low group

fH: High group
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Limit Unit
Supply voltage VDD Ta=25°C -0.3~95 \Y
Storage temperature Tstg -55~ +150 c°
Input voltage V) Vss-0.3~Vpp+0.3 \Y
Output voltage Vo Vss-0.3~Vpp+0.3 \'
Maximum current power _ 9n0
dissipation Pp Ta=70°C 500 mW

Operating Range

Parameter Symbol Condition Limit Unit
Supply voltage VDD — 25~85 \'%
Operating temperature Top - -30~+70 c°

=
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DC Characteristics

¢ TELEPHONE-MSM6224 ¢

(Ta =—30 ~ +85°C)
it -
Parameter Symbol Conditions Vi L_:_ml Y Unit App:i?ble
in yp ax
Vpp=3.0V IgH=15mA 1.5
“H" output voltage | VoH Db oH= =T XMIT
- | VDD=10V 1oH=50mA 7.0 \Y
"“OFF" leak current | IoFf | VDD=8.5V VQF=0V 100 HA XMIT
Vpp=3.0V VoH=2.5V 0.17
““H'" output current | IQH Db OH mA MUTE
Vpp=8.5V VoH=8.0V 0.57
Vpp=3.0V Vo_=0.5V 0.53
“L" output voltage | oL Db oL mA MUTE
Vpp=8.5V Vo =0.5V 20
“H’’ input voltage ViH ‘ 0.7 Vpp VDD %:%‘
“L"" input voltage ViL Vss 0.3 Vpp "
“L" input current it | VDD=8.5V V| =0V 0.0567 0.425 | mA "
“"H"" input current liH | VDD=8.5V V|4=8.5V 10 uA "
“TONE OUT" mv
output voltage \" Vpp=3.0V RL=1KQ 235 437 TONE OUT
! ouT| VD rms
(Single tone) (Row tone)
Difference of high/ =20 ~ "
low band level dBCR | Vpp=3.0 ~ 8.5V 1 15 2 dB
Distortion % DIS | Vpp=3.0 ~ 8.5V 10 % "
SINGLE
“H'" input current iH | VDD=8.5V V=85V 1 uA | TONE
INHIBIT
“L" input current L | VDD=8.5V V=0V 0.0567 0.425 | mA "
"H'" input voltage VIH 0.7 Vpp VpbD \% "
“L" input voltage ViL Vss 03Vpp| V "
Power consumption Vpp=8.5V ‘ ”
(Stand-by) IpDs | No load Key-OFF 200 HA
Power consumption Vpp=8.5V
{Operating) Ipp | No load Key-ON 25 mA
“L" output voltage | VoL | VpD=3V 1oL =0.2mA 0.4 v Ny
TONE OUT Rise .
Tine ! tRise | Vpp=3.0 ~ 8.5V 5 mS | TONE OUT
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Sample Waveform of The Single Tone

DD

0.9

08 |

0.7 |

06 |

os|1,2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17]18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

VREF) t—

Tone Amplitude (mV rms)

900 -
800 |
700 |
600 -
500 |
400 | : RL = 1KQ

ROW TONE
300 ¢
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OKI semiconductor
MSM6234RS

DTMF TONE DIALER LSI

GENERAL DESCRIPTION

The MSM6234RS is a TONE dialer LSl which is fabricated by OKI’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. ® Either single tone or dual tone output.

® The low power consumption by use of ® 3.579545 MHz crystal oscillation.
CMOS silicon gate technology. ® |nterface with microcomputer.

® Supply voltage 25V ~85 V.

FUNCTIONAL BLOCK DIAGRAM

3.579545 MHz
osct

o —~O AKD
= 05c0 ’ osc 12
o
B )r"/ Voo {Low]
R1 O« PR
0_)4:{ KEYBOARD PROGRAMMABLE ok| 8sTAGE LADDER
LoGIC cK DIVIDER JOHNSON  f————

_ TWORK
A NETWO!

]
|
|

(ROW) 160, 146, 132, 118 COUNTER
Ra

INE
— L 1 | aa—
INHIBIT Voo oGIc one
o
ouTt
c1 04 R
I I el e B e
- LocGic [ | 5 NETWORK
e (COLUMN) P 92,84, 76,68 COUNTER
ca
[HIGH]
Volo—

TONE
DISABLE

VssO— % Voo
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¢ TELEPHONE-MSM6234 ¢

PIN CONFIGURATION

16 Lead Plastic DIP
(Top View)

Vob

TONE DISABLE E

<
c2
c3
vss
osct

0sco

1

alalalals

[

8

-

o] 3] I Bl E] B B

gl

TONE OUT
SINGLE TONE INHIBIT

]El 3l 3 2

>
A
o
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PIN DESCRIPTION

¢ TELEPHONE-MSM6234 ¢

Pin Name

Pin No.

Function

0sC1, 0sCo

7,8

The 3.579545 MHz crystal oscillator is connected to these pins.
A feedback resistor and the condensers are incorporated.

3.579545 MHz
(o

H

ISFB

;;I c

osco

.

MSM6234RS

e
—

K1

14,13,
12,11,
3,4,
59

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.

r— Vob

X

Y777

R = 20K ~ 150K

gl
TR~

0
y
71

<

P

a
|
B

2 of 8 keyboard MSM6234RS

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
C1 ~ C4 pins.

o Refer to the Note.

10

AKD pins drives the external bipolar transistor by its N-channel
open drain output. This pin is open when the key _input is off,
while it becomes low when the key input is on. AKD is used
for the mute of the transmitter/receiver.

Key input I
OFF on OFF

— AKD
B IR PO
Open Open

MSM6234RS
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Pin Name

Pin No.

Function

TONE DISABLE

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 ison.

AKD is effective at that time. This pin is provided with the
pull up resistance of 20K ~ 150K ohms internally.

Key input
OFF ON OFF

TONE DISABLE ™ ] L
MO e Topm
Open Open

TONE OUT L (I/“H/VWM" L

Voo
20K ~ 150KQ
TONE DISABLE @ }
MSM6234RS

SYNGLE TONE INHIBIT

m

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.

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.
Voo
20K ~ 150K Pull up resistor
SINGLE TONE INHIBITO—

MSM6234RS

TONE OUT

16

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~ 2dB.

The distortion of the dual
tone is maximum 10%.

' MSM6234RS

VpD. Vss

1,6

Vpp is a power supply pin.
Vgs is a ground pin.
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Note:
Table 1
Effective input fNominal Tone output Accuracy Remarks
requency frequency
Ri 697 Hz 699.1 Hz +0.30 %
R2 770 Hz 766.2 Hz -0.49 %
(ROW) — Low group
R3 852 Hz 847.4 Hz -0.54 %
R4 941 Hz 948.0 Hz +0.74 %
(of] 1209 Hz 12159 Hz +0.57 %
c2 1336 Hz 1331.7 Hz -0.32% .
(COLUMN) — High group
c3 1477 Hz 14719 Hz -0.35 %
ca 1633 Hz 1645.0 Hz +0.73 %
Table 2
Row input Column input Tone output* Note
No No ov
1 1 fL+fy Dual tone
No ! fH tonly solamn)
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 QUT

pin and the Vgs.

fL: Low group

fy: High group

Sample interface circuit with microcomputer

ouT

B I

rmsmaonss I
[Rp— Do—— i
R2 L I {>o—|—— R2
R3 I I Do—l— R3
R4 B >—|———DOL R4
o —J 1 l {>o——|— ci
o at e
c3 1 : >o———1: c3
c4 >0
TONE 8 D l l

1 6
A A
W
e T
tid

A
W V

14250 mS AND 46 mS <tid<3S
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Limit Unit
Supply voltage VDD Ta=25°C -03~95 \Y
Storage temperature Tstg -65 ~ +150 °c
Input voltage Vi GND-0.3~Vpp+0.3 Y
Output voltage Vo GND-0.3~Vpp+0.3 v
Operating Range
Parameter Symbol Condition Limit Unit
Supply voltage VDD - 25~85 \
Operating temperature Top - -30 ~ +70 °c
DC Characteristics
Limit i
Parameter Symbol Conditions 'm! Unit Apph.cable
Min Typ Max pin
“H'* input voltage ViH 0.7Vpp VpD %:%%’
‘L’ input voltage ViL Vss 0.3Vpp "
‘L' input current liL | VDD=8.5V V| =0V 0.0567 0425 | mA "
“’H" input current iH | VDD=8.5V V=10V 10 uA "
“TONE OUT"” - _ mv
output current VouT | VDD=30V RL=1K& 235 437 | | TONEOUT
Difference of high/ 2~ "
low band level dB CR | Vpp=3.0 ~ 8.5V 1 1.5 2 dB
Distortion % DIS | Vpp=3.0 ~ 85V 10 % K
TONE
“H" input current | Iy | Vpp=8.5V V|4=8.5V 1 uA | DISABLE
SIT*
“L" input current it [ VDD=8.5V V=0V 0.0567 0425 | mA "
“’H" input voltage ViH 0.7 Vpp VDD \' "
“L" input voltage ViL Vgs 03Vpp| V "
Power consumption Vpp=8.5V "
(Stand-by) Ipps | Noload o iirF 200 | WA
Power consumption Vpp=8.5V
(Operating) Ibp | No load Key-ON 25 mA
Vpp=3V VQL=0.5V 053 1.3 J—
"L" output current | lo| DD oL mA AKD
VpD=8.5V Vg =0.5V 20 |53
“OFF" leak current | IQFF 10 HA AKD
TONE OUT Ri .
Time 'S¢ ! tRise | Vpp=3.0 ~85V 30 | 50 | mA | TONEOUT

* SIT = SINGLE TONE INHIBIT
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Sample Output Waveform of the Single Tone

DD

0s |! 2 3 45 6 7 8 9 10 11 1213 14 15 16 17 1819202122232425262728‘293031 32

VREF) t—

Tone Amplitude (mV rms)

800 |

700

600

500 ¢

400 | RL = 1K
ROW TONE

m-B-87






C. comBO m
CODEC







OKI semiconductonr

MSM6932 (u-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 (u-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 (from 64 kHz to 2048 kHz)
respectively.

FEATURES
® Pre-channel Single Chip CODEC with ® Synchronous or Asynchronous Opera-

Filters. tion.
® 5V Power Supplies. ® Serial Data Rate of 64KBPS to 2048-
® Low Power Dissipation. KBPS.

65 mW operating (TYP) ® On-chip Full Auto-ZERO Circuit.
7 mW standby (TYP) ® On-chip Analog Pre-Filter and Post-

® Follows the u-companding Law. (MSM- Filter.

6932) ® Excellent Power Supply Rejection Ratio
® Follows the A-companding Law. (MSM- 25 dB (from 300 Hz to 300 kHz)

6933)

BLOCK DIAGRAM

® On-chip Precision Voltage reference.

SAMPLE

t COMP

TRANSMIT
PLL XsYNC

TRANSMIT @) XcLocK

VRer O

CONTROLLER
—> PCM OUT

______________ MODE T™MC
SELECT O

«—(Bs*
RECEIVE
CONTROLLER O: ;(C:tﬂog(

RECEIVE J< ) Rsyne

% only MSM6932
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4 COMBO CODEC-MSM6932/33 ¢

PIN CONFIGURATION

Vg —>
T™MC—>
AN—
AG —>

AQuT «<—

VREF —>
Vob—>

cisicicicizichs

6]

5] <— XcLock
2] <—XsYNC
18] <~— DG

2] <=— Bs*
7] <— NsYNC
j0] <— RcLock
§] <—PCMIN

% only MSM6932

——>PCM OUT

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
VpD -03 ~ +7
Supply Voltage
Vss +0.3 ~ -7 v
Reference Voltage VREF 0~ VppD V
Analog Input Voltage VAIN Vgg-0.3~Vpp +0.3 \%
Digital Input Voltage VDIN -03~Vpp +0.3 \%
Operating Temperature Top 0~70 °C
Storage Temperature Tstg -565 ~ 150 °c

0-C-4




Recommended Operating Conditions

¢ COMBO CODEC-MSM6932/33 ¢

Parameter Symbol Conditions Min Typ Max Unit

Vpp 4.75 5 5.25
Supply Voltage

Vss -5.25 -5 -4.75 \%
Reference Voltage VREF - 25 - \%
Analog Input Voltage VAIN -VREF| — [+VREF| V
Input High Voltage VIH XSYNC, XCLOCK PCM IN 20 — VpbD \
Input Low Voltage viL | RSYNC, RCLOCK,TMC,BS 0 - 08 | Vv
Clock Frequency fe XCLOCK, RCLOCK 64 - 2048 kHz
Sync Pulse Frequency fs XCLOCK, RSYNC - 8 - kHz
Clock Duty Ratio DR XCLOCK, RCLOCK - 50 — %

- . . XSYNC, XCLOCK, PCM IN _ _
Digital Input Rise Time ty RSYNC. RCLOCK (Fig. 2) 50 ns
- . XSYNC, XCLOCK, PCM IN _ _

Digital Input Fall Time t)r RSYNC. RCLOCK (Fig. 2) 50 ns

txs XCLOCK — XSYNC (Fig. 3) 50 - - ns
XMIT. Sync Timing

tgX 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 | tywx (Fig. 3) 1/fc — 117 us
RCV. Sync Pulse Width tWR (Fig. 3) 1/fc - 117 us
PCM IN Set-up Time tps (Fig. 3) 100 - —_ ns
PCM IN Hold Time tDH (Fig. 3) 100 - - ns
Analog Output RaL 0 - — ke
Allowable Load CaL _ _ 100 PF
Digital Output RpL ! - i
Allowable Load CoL _ _ 100 PF
Operating Temperature Top 0 — 70 °c

-C-5



4 COMBO CODEC-MSM6932/33 ¢

DC Characteristics

Parameter Symbol Condition Min Typ Max Unit
Supply Current 'oD. - B " mA
(Operatmg) 'SSI _ _ 11 mA

Vpp = +5.25 V
Supply Current 'DD: Vgg=-56.25V - 1.0 3 mA
(Stand-by) ISSs - 0.3 15 mA
Reference Current IREF - - 100 MA
Input High Voltage ViH ‘(/DD = +§22:\‘/’ 20 | - | - v
S§S = .
Input Low Voltage ViL \</DD - +:7755\\// — - 0.8 \
S§s = —4./3
H =+ V=56V — - 2.0 LA
Input Leakage Current \</DD - _552255\\//
m §s T | vi=ov — - 05 | mA
Output Low Voltage VoL ‘(}32 = *:}755\‘/’ ~ - | 04| v
SS T 4.
Output Leakage Current | IonH \</DD = +5522:\\// — - 10 | mA
§S = 9.
Except for AIN - 5 - PF
Input Capacitance CIN
AIN - 5 - PF
Analog Input Resistance | Ry fIN < 3.4 kHz - 1 - MQ
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4 COMBO CODEC-MSM6932/33 ¢

AC Characteristics

Condition
Parameter Symbol P Level Min Typ Max Unit
(Hz) |(dBmo)
Loss S1 60 20 - - dB
Loss S2 300 -0.1 - 0.2 dB

Loss S3 810 Reference Value

XMIT FILTER

Frequency Response Loss S4 2010 -0.1 - 0.2 dB
Loss S5 3000 -0.1 - 0.2 dB
Loss S6 3400 -0.1 - 0.8 dB
Loss S7 4600 29 - - dB
Loss R1 300 -0.1 — 0.2 dB

Loss R2 810 Reference Value

o|lw|lo|OoO|OoO|lO0O|O|O|O|OCO|OO|O|]OC|OO|O|OC|O|(OO|O|O| O

RCV FILTER LossR3 | 2010 01| — | 02 | a8
Frequency Response LossR4 | 3000 01| - | 02 | a8
LossR5 | 3400 01| - | 08 | B
LossR6 | 4600 Vpp =| 29 _ - dB
Loss 1 60 BV 20 - - B
Vss =

Loss 2 300 5V | 02| — |04 | dB

Total Loss 3 810 Reference Value
Frequency Response Loss4 | 2010 02| - | 04 | a8
Loss5 | 3000 02| - | 04 | aB
Loss6 | 3400 02| - | 16 | a8
SD1 1020 36 - | - dB
sD2 1020 36 - | = | a8
S oy | @3 [ 0| [ | = [~ | w
sD4 1020 | -40 31 - | - dB
SD5 1020 | -45 26 - | - dB

*1: The measurement is taken with P-message filter.
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4 COMBO CODEC-MSM6932/33 ¢

. Condition
Parameter Symbol f Level Min Typ Max Unit
(Hz) |(dBmo)
GT1 1020 3 -0.4 - 04 dB
i GT2 1020 -10 Reference Gain Value
Gain Tracking GT3 1020 | -40 04 | - | 04 | dB
GT4 1020 -50 -0.9 - 09 dB
GT5 1020 -55 -2.9 - 29 dB
Idle Channel Noise *? NIDL — - -71 |dBmOP
Absolute Delay Time Vpp = - - 0.52 ms
+5V
tGD1 500 0 — — 1.5 ms
Vss =
tGD2 600 0 BV — — 0.75 ms
 Group Delay Time tGD3 1000 0 _ _ 0.25 ms
Frequency Response
tGD4 2600 | © - — | 025 | ms
tGD5 2800 0 — — 1.5 ms
R N1 8K — - -50 |(dBmO
Single Frequency ‘
Leakage Level N2 128K - - | -50 |dBmO
Cross Talk Attenuation Cr 810 0 66 - — dB
tsD Vpp =| 50 - 300 ns
+5V
t ~| 50 - 300 n
Digital Output XD1 Vgs = s
Delay Time tXD2 -5V 50 — 300 ns
RL =
tXD3 2k 50 - 300 ns
Output Fall Time tDOf 1%I6P=F - - 100 ns
AVS 810 | o |VDD=| -05 | o 05 | dB
Absolute Gain *3 +5V
AVR 810 | © Vgs; -0.5 0o | 05 dB

*2: The measurement is taken with P-message filter.

*3: @dB = 1.251 Vrms
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4 COMBO CODEC-MSM6932/33 ¢

PIN DESCRIPTION

Pin Name | Pin No. Function
v 1 Vgg is a negative supply pin. The voltage supplied to this pin should be
58 5V +5%.
Test mode control input pin.
TMC is a control input for operating mode selection, such as normal operating
T™MC 2
mode and analog loop-back mode.
The operating modes are listed in the following table.
“TMC" Mode “AOUT" “AIN"
v Receive Signal Output
(2.0 V LHV ) Operating Connected to Xmit Signal Input
: oD RCVF,_ Output
v Analog
0~ (')lé v) Loop Back oV Disconnected
’ (Refer to Fig. 1)
AN 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 + VRgf and - VRgF 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.
A 5 AQUT is an analog signal output pin and is connected to the receive filter output.
ouT The output voltage range is +2.5 V.
(NC) 6
VREF is an input of the external voltage reference. This pin is left in open or
VREF 7 - ;
connected to AG to activate the internal voltage reference.
v 8 Vpp is a positive supply pin. The voltage supplied to this pin should be
DD +5V 5%,
PCM)y is an input pin of the PCM signal. This signal is éerial data and is
PCM|N 9 converted to the analog signal under control of Rgy N and RgLock. 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
RcLock 10 signals required for the input of the PCM signal.

The frequency of this clock must be coincident with the input PCM data rate.
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4 COMBO CODEC-MSM6932/33 ¢

Pin Name

Pin No.

Function

RSYNC

11

RsyYNC is an input pin of the pulse signal that is synchronized with RoLock
and is used for taking out the required signal from the input serial PCM data.
This signal makes the whole operation in the receive section synchronized.
When RgyN( is connetected continuously low or continuously high, the
receive section is powered down,

The frequency of this signal is 8 kHz + 50 ppm.

BS

12

7 bits control input pin.

In the normal mode and the analog loop back mode, a positive or negative
transient of BS signsl 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.

XsSYNC

14

XgYNC is an input pin of the pulse signal that is synchrorized with XcLock
and makes the operation in the transmit section synchronized.

The output signal from the PCMgyT pin is naturally synchronized with this
signal. When Xgy N is connected continuously low or continuously high, the
transmit section is powered down, The frequency of this signal is

8 kHz + 50 ppm.

XcLock

15

XCLOCK is an input pin of the clock that provides the basic timing and control
signals required for the output of PCM signal. Clock rates of 64 kHz ~ 2048 kHz
can be used for X¢cLocK.-

m PCMouT

16

PCMQ@uyT is an output pin of the PCM signal. The result of conversion from
analog to digital is output from this pin as 8 bits serial data. This data is shifted
out under control of XgynNc and XcLocK.

Because of an open-drain output, wired-OR connections are easily performed.

XMIT FIL.

A
ouT 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.
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TEST CIRCUIT

¢ COMBO CODEC-MSM6932/33 ¢

74LS04
SYNC o-
Drf 1 | K o
741504 ’ l
CLOCK © > "
| 1
161514131211 10 9
D
12345678
WAT41 1 ’ l WA741
1] E 6000
0.1uF 0.1uF
Analog A T 1 Analog
Input 6009 ; - Output
10LF T -[ T10uF .
° |
e} o
-5V GND  +5V
(Ov)
Note 1: SYNC and CLOCK timing.
SYNC .

clock LML UL UL LU

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.
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¢ COMBO CODEC-MSM6932/33 ¢

2.4V —Z X'\— 2.4V
1.4V —%& M qav
o.4v—'—[ \—'—— 0.4V
T/ \
:WX
WR
t
If
tir toot

Figure 2 Definitions of Rise Time and Fall Time

XcLock s tay

XsyNC / | twx

PCM OUT 1}31 B2 \ B3 \ B4 Y B5 | B6 \ B7 YBS|/
J1xDs

XD txo,

_\[\ Transmitter
t Section

tsp-H

R
CLOCK ‘/—}Eﬂs

Rsync l

PCM IN XB1X32MB4X85XB§XB7X38X

DS, | 4 DH

Receiver
Section

Figure 3 Basic Time Chart

m-C-12



€1-0-

RSYNC |

12345678

PCMIN

12345678

12345678

s 1]

————————— i

123456789

Allowable Range

123456789

I

BS

\|/ B8

/\
/7 0\

Decoder
Operation

8 Bits Decode

7 Bits Decode

8 Bits Decode

Figure 4 Time Chart for 7 Bits Decode
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OXK I semiconductor
MSM6962,6982(.-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
(u-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 ® Synchronous or Asynchronous Opera-
Filters. tion.

® 5V Power Supplies ® Serial Data Rate of 512KBPS, 1024-

® Low Power Dissipatoin KBPS, 1536KBPS, 1544KBPS or 2048-

b5 mW operating (TYP) KBPS.
4 mW standby (TYP) ® On-chip Full Auto-ZERO Circuit.

® Follows the u-companding Law. (MSM- ® On-chip Analog Pre-Filterr and Post-
6962 and MSM6982) Filter.

® Follows the A-companding Law. (MSM- ® Excellent Power Supply Rejection Ratio
6963 and MSM6983) 30 dB (from 300 Hz to 300 kHz)

® On-chip Precision Voltage reference.

PACKAGE VARIETY

pu-Law A-Law Package No. of Pin
MSM6962RS MSM6963RS Plastic DIP 16
MSM6982JS MSM6983JS PLCC 28
MSMB982ES MSM6983ES Lce 28
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

BLOCK DIAGRAM

VRer O

SAMPLE

| COMP
TRANSMIT

DIVIDER

XsYNC

TRANSMIT

. X
SAR - CONTROLLER CLOCK

—( PCM OUT

——————————————————— MODE TMC
SELECT O
ok

<—(QBs*
<~ PCM IN

OReLock
RECEVE L \R
DIVIDER OFsyne

*only MSM6962 and MSM6982

RECEIVE
CONTROLLER

PIN CONFIGURATION

XSYNC
XCLOCK
PCMOUT
Vss
T™MC
AIN

AG

MSM6982/83ES

O VOOV ¢,
QO 22222 m

MSM6962/63RS
)
vss O & PCMOUT
TMC [E XCLOCK
AIN [ [ XSYNC
AG [ @ DG
AOUTCE] ) BS*
NC = M RSYNC
VREF [ [ RCLOCK
Vpp CE =1 PCMIN
MSM6982/83JS
[CRSISISYSTS A
022222 m
XSYNC
XCLOCK
PCMOUT
Vss
T™MC
AIN
AG

*only MSM6962 and MSM6982
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
VpD -0.3 ~ +7 \Y
Supply Voltage
Vss +0.3 ~ -7
Reference Voltage VREF 0~ Vpp Vv
Analog Input Voltage VAIN Vgg -0.3 ~ Vpp +0.3 \Y
Digital Input Voltage VDIN -0.3 ~Vpp +0.3 \Y
Operating Temperature Top -10 ~ 80 °c
Storage Temperature Tstg -65 ~ 150 °c
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Recommended Operating Conditions

4 COMBO CODEC-MSM6962/82 6963/83 ¢

Parameter Symbol Conditions Min Typ Max Unit

Vpbp 4.75 5 5.25 \
Supply Voltage

Vss 525 | -5 |-475| V
Reference Voltage VREF — 25 - \%
Analog Input Voltage VAIN -VREfF| — |+*VREF \%
Input High Voltage VIH XSYNC. XCLOCK. PCM IN 20 - Vpp \%
Input Low Voltage vy | RSYNC, RCLOCK,TMC,BS 0 - 0.8 v
Clock Frequency fe | XCLOCK, RCLOCK 1530, 260020048 | kHz
Sync Pulse Frequency fs XCLOCK, RSYNC — 8 — kHz
Clock Duty Ratio DR XCLOCK, RCLOCK 40 50 60 %
Digital Input Rise Time )y ég\tmg' égtggﬁ'(i?:nzl)‘\l — - 50 ns
Digital Input Fall Time | 1) | ASVNC: ’R(gtggﬁl(f%"';)” - | = | 50 | ns

txs XCLOCK — XSYNC (Fig. 3) 50 - - ns
XMIT. Sync Timing

tgX 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 | tyx (Fig. 3) 1/fe - 117 us
RCV. Sync Pulse Width tWR (Fig. 3) 1/fc — 117 us
PCM IN Set-up Time tps (Fig. 3) 100 - - ns
PCM IN Hold Time tDH (Fig. 3) 100 - - ns
Analog Output RAL 0 - _ ke
Allowable Load CaAL _ _ 100 PE
Digital Output RpL 1 - - ka
Allowable Load CoL _ _ 100 PFE
Operating Temperature Top 0 - 70 °c
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

DC Characteristics

Parameter Symbol Condition Min Typ Max Unit
Supply Current 'DD: B 55 " mA
(Operating) Iss, - 5.0 11 mA

Vpp = +5.25 V
Supply Current 'DD: Vgg =-5.25 V B 1.0 3 mA
(Stand-by) 1SS, - 03 15 mA
Reference Current IREF - 5 100 MA
Input High Voltage Vi \</DD = +552255\‘/’ 20 | 17 | - v
S§S = -
Input Low Voltage ViL \<IDD - +:7755\\// - 1.6 08 v
§s = 4.
lIH = V=56V — <05 2.0 A
Input Leakage Current \</DD _ -_'.5?22:\\//
m §§ 7 - Vi=0V — | <05| 05 | wA
Output Low Voltage VoL \</DS[§ : j:7755\\// - <0.2 0.4 Y
Output Leakage Current | lgH \</DD = +§2255\\// - <5 10 LA
S§§ = 9.
Except for AIN - 5 - PF
Input Capacitance CiNn
AIN - 5 - PF
Analog Input Resistance | Ry fIn < 3.4 kHz - 1 - Mo
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AC Characteristics

¢ COMBO CODEC-MSM6962/82 6963/83 ¢

Vpp =+5V 6%, Vgg=-5V 5%, VR =0V

Condition
Parameter Symbol P Level Min Typ Max Unit
(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 00 0.2 dB
Loss TH 3000 -0.1 0.10 02
Loss T6 3400 0 045 08
Loss T7 3980 14 16 -
Loss R1 300 -0.1 | -0.02 0.2
Loss R2 820 Reference Value
Receive Loss R3 2020 0 -0.1 0.0 0.2 B
Frequency Response Loss R4 | 3000 0.1 | 010 | 02
Loss R5 | 3400 0 0.65 08
Loss R6 | 3980 14 16 —
SDT1 3 36 43 —
SD T2 0 36 41 -
Transmit I
Signai to Distortion SD T3 1020 -30 36 40 - dB
Ratio (*1)
345
SD T4 -40 *2 31 —
33
31
SD T5 -45 |2 26 —
285
SD R1 3 36 44 -
SD R2 0 36 41 —
Receive
Signal to Distortion SD R3 1020 -30 36 41 — dB
Ratio (*1)
: 355
SD R4 -40 *2 31 -
35
34
SD R5 -45 *2 26 —
285

*1: The measurement is taken with P-message filter.

*2:| MSM6962
MSM6982

MSM6963
MSM6983
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

‘ Condition
Parameter Symbol £ Level Min | Typ Max Unit
(Hz) |(dBmO)

GT T1 3 -0.2 | -0.01 0.2

GT T2 -10 Reference Value
e ing GTT3 (1020 | -40 02 | 005 | 02 | aB

GT T4 -50 -04 | 025 04

GT T5 -55 -08 | 0.10 08

GT R1 3 -02 | 002 0.2

GT R2 -10 Reference Value
ggic: i'\ll'?’acking GT R3 1020 | -40 02 | -005| 02

GT R4 -50 -04 | -0.16 | 04

GT R5 -565 -08 | -013 | 08
idle Channel Transmit NipL T - - -89 -75
Noise *2 Receive NipLR - - - -89 -75 BmoP
Analog Input Level VIN 1020 0 1,182 | 1,252 [ 1,326 | Vrms
Analog Output Level VouT 1020 0 1,182 | 1,262 | 1,326 | Vrms
Absolute Delay Time tp — - - 047 05 ms

tgp T1 500 - 0.2 0.75

tgp T2 600 - 0.1 0.35
Transmit . tgp T3 1000 o - 0 0.125 s
Group Delay Time tgp T4 1800 Reference Value

tgp T5 | 2600 - 0.05 |0.125

tgp T6 2800 - 007 | 0.75

tgp R1 500 - -002 | 0.75

tgp R2 600 - -002 | 035
Receive . tgp R3 | 1000 0 - 003 [0.125 s
Group Delay Time tGpR4 | 1800 Reference Value

tgp R5 | 2600 - 007 |0.125

tgp R6 | 2800 - 0.10 | 0.75

*3: The measurement is taken with P-message filter.
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

Condition
Parameter Symbol f Level Min Typ Max Unit
(Hz) |(dBmO)
. TtoR CRT 1020 — -90 -66
Crosstalk 0 dBmO
RtoT CrR 1020 — -78 -66
Discrimination Against 46K ~|
Out-of-Band Input Signals Dis 72K 25 30 32 - dB
Spurious Out-of-band 300 ~ B _
Signals at the Output SO 3400 0 - 33 30 | dBmO
. fa=470
Intermodulation IMD 1 =320 -4 - -40 -38 dB
Spurious In-band Signals
at the Output sl 1020 0 - -45 -40 | dBmO
Single Frequency Noise Ng — — — -60 -50 |dBmO
Transmit PPSR T — 30 -
Vpp PSRR . dB
Receive PPSR R 0~ 200 - 30 -
Transmit NPSR T | 300K | mVpp — 30 -
Vgs PSRR dB
Receive NPSR R — 30 —
tsp 50 150 200
Digital Output XD R pull = 1 kO 50 100 200
Delay Time pull = ns
txXD, CL =100 pF 50 100 200
tXDs 50 180 200
Digital Output Fall Time tpDf — 20 100 ns
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4 COMBO CODEC-MSM6962/82 6963/83 ¢
* PIN DESCRIPTION

Pin No.
Pin Name Function
RS |ES,JS
Vgg is a negative supply pin. The voltage supplied to this pin should be
Vss LI L -ava-TY
Test mode control input pin.
™C 2 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"
v Receive signal output
(2.0V lHV ) Operating Connected to to Xmit signal input
: bD RCVFLI output
v Analog
© ~I(!)-8V) Loop back ov Disconnected
- {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.
In the analog loop-back mode, this pin is disconnected from any other
circuits.
Analog ground pin.
AG 4 4.5 AG is connected to the analog system ground.
AouT 5 1 AQuUT is a analog signal output pin and is connected to the receive filter
output.
The output voltage range is +2.5 V.
Vv 7 13 VREF is an input pin of the external voltage reference. This pin is left in
REF open or connected to AG to activate the internal voltage reference.
VoD 8 |14,15 Vpp is a positive supply pin. The voltage supplied to this pin should be +5
: +5%.
PCM )y is an input pin of the PCM signal. This signal is serial data and is
PCM 9 16 converted to the analog signal under control of Rgync and ReopLock. The
IN input PCM data rates are 512KBPS, 1024KBPS, 1536KBPS, 1544KBPS or
2048KBPS.
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

Pin Name

Pin No.

RS

ES,JS

Function

RcLock

17

RcLOCK is an input pin of the clock that provides the basic timing and
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

18

RgyNC 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.
This signal makes the whole operation in the receive section synchronized.
When RgyNC is connected continuously low or continuously high, the
receive section is powered down.

The frequency of this signal is 8 kHz +50 ppm.

BS

12

19

7 bits control input pin.

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

26

XgYNC is an input pin of the pulse signal that is synchronized with XcLock
and makes the whole operation in the transmit section synchronized.

The output signal from the PCMoyT pin is naturally synchronized with this
signal. When XgyNg is connected continuously low or continuously high,
the transmit section is powered down, The frequency of this signal is

8 kHz 50 ppm.

XcLock

27

XcLOCK is an input pin of the clock that provides the basic timing and
control signals required for the output of PCM signal. Clock rates of
512KBPS, 1024KBPS, 1536KBPS, 15644KBPS or 2048KBPS can be used for

XcLocCK.

PCMouT

28

PCM@yT is an output pin of the PCM signal. The result of conversion from
analog to digital is output from this pin as 8 bits serial data. This data is
shifted out under control of Xgync and XcLocK.

Because of an open-drain output, wired-OR connections are easily performed.

A
IN XMIT FIL.
A
ouT RCV FIL.
Figure 1
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SIGNAL TO DISTORTION RATIO

50 l I |
s /D) [With P-message filter]
(dB A
A YAV AN
40 y v
AN
30 N
—= A/D \
-—--=D/A \
20 \{
0 -10 -20 —-30 —-40 —-50
INPUT LEVEL (dBmo)
GAIN TRACKING CHARACTERISTICS
LOSS |
(dB)
1.0]
02 1 o .._r.\f\ ,\’! A
—0.21 !
_ — =A/D
-1.0 === =D/A
6] -10 -20 -30 —-40 —-50
INPUT LEVEL (dBmo)
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TEST CIRCUIT FOR MSM6962 AND MSM6963

4 COMBO CODEC-MSM6962/82 6963/83 ¢

74LS04
SYNC o
> T I R
74LS04 ‘ !
CLOCK © > |
16 15 14131211 10 9
12345678
WATH T l WATH
F' | ; 6000
014 0.1yF r_l:l\ zrw—o
Ainalotg —I_IJ i 1 Analog
npu 600Q2 ; - Output
) o] | T Tiowr c

o o 5
—5V GND +5V
v

Note 1: SYNC and CLOCK timing.

SYNG ‘ I
cock LI LI LI Lo

"Note 2: Make the connection wire between AG and DG as short as possible.
Note 3: Use a test socket with short leads.
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

2.4V ——1 &_\_ 2.4V
1.4v —~'~/ M 14V
0.4 —'Z \'— 0.4V
M N
iwx
WR
t
If
iy tbof

Figure 2 Definitions of Rise Time and Fall Time

Rsywne — fwR \ |
PeM IN Y Bt YB2 YBR3Y B4 Y\ BS { B6 Y B7 { B8 X
DS, | 4 DH

Figure 3 Basic Time Chart

Transmitter
Section

Receiver
Section
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4 COMBO CODEC-MSM6962/82 6963/83 ¢
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4 COMBO CODEC-MSM6962/82 6963/83 ¢

OXK I semiconductor

MSM6996H,/6996V,/6998 (A-Law)
MSM6997H,6997V/6999 (.-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 (u-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.

® | ow Power Dissipation.

70 mW operating (TYP)
5 mW standby (TYP)

® Follows the A-companding Law (MSM-
6996, MSM6998)

® Follows the u-companding Law (MSM-
6997, MSM6999)

® Synchronous or Asynchronous Opera-
tion.

® 600 2 drive (MSM6996, MSM6997)

® 600 2 push-pull drive (MSM6998, MSM-

6999)

m-C-28

Serial Data Rate Range: 64K BPS ~

2048 K BPS.

On-chip Full Auto-ZERO Circuits and

PLLs.

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)



4 COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

BLOCK DIAGRAM (MSM6996H/MSM6996V/MSM6997H/MSM6997V)

AIN +
AIN —
GS X

SAI\‘IPLE

O XSYNC

TRANSMIT
PLL

1
Voo O— | TRANSMIT
vss O—O : CONTROLLER O: oo
1
DG O— i T.PWD i
2 : R _OPDN/BS*1
______ I B
e O 1 RECEIVE |+———QO PCMIN
! CONTROLLER O RCLOCK
AOUT ;I-' L
RECEIVE
7}7 *1 BS: Only MSM6997
*2 Only MSMB996V
MSM6997V
BLOCK DIAGRAM (MSM6998/MSM6999)
SAMPLE
N PRE 5th TRANSMIT
8Dy nlinlt 5
GS X

VppO—
Vss O—
AGO—
DGO—

AOUT -0

AOUT + (O

TRANSMIT | O XCLOCK
CONTROLLER O :cc'\'ﬂ‘ ouT

le——O PDN/BS*
RECEIVE [«——QPCMIN
CONTROL LER}«——Q RCLOCK

RECEIVE
PLL

*BS: Only MSM6999

O RSYNC

m-C-29



=l

¢ COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

PIN CONFIGURATION

_/
AN 1] 16| Vss
AIN-{ 2 15 | PCMOUT
asx| 3 14| PDN/BS*2
AG[ 4 13|DG
AOUTE 12|xSYNC
*1 (tmo)[ 6 11]RSYNC
vop| 7 10| xcLock
PcMIN| 8 [ 9 |rReLock
MSMB996H/MSME996V
MSM6997H/MSME997V
*1. Only MSMB996V/MSME997V
*2. BS: Only MSM6997/MSM6999

-/
AIN +E 16
AIN -] 2 15
GSX| 3

AG| 4 13
AOUT| 56 12
AOUT -| 6 "
Vpp| 7 10
P(,LMIN 8 9

MSM6998

MSM6999

-C-30




4 COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Rating Unit
Vpp -03~+7 \%
Supply Voltage
Vss +03~-7 \Y
Analog Input Voltage VAIN Vgg-0.3~Vpp +0.3 \%
Digital Input Voltage VDIN -0.3~Vpp+0.3 v
Operating Temperature Top -10 ~+80 °c
Storage Temperature Tstg - 55 ~ 150 °C
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4 COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
VpD — 4.75 5 5.25 \
Supply Voltage
Vss — -5.25 -5 -4.75 \
Analog Input Voltage VAIN - -25 — +2.5 \Y
Input High Voltage VIH XSYNC, XCLOCK,PCMIN,| 20 - VpD \%
RSYNC, RCLOCK, TMC,
Input Low Voltage ViL BS 0 - 08 \)
Clock Frequency fe XCLOCK, RCLOCK 64 — 2048 kHz
Sync Pulse Frequency fg XSYNC, RSYNC - 8 - kHz
Clock Duty Ratio DR XCLOCK, RCLOCK 40 50 60 %
- . . XSYNC, XCLOCK, PCM IN
Digital Input Rise Time tIr RSYNC. RCLOCK (Fig. 2) — —_ 50 ns
- . XSYNC, XCLOCK, PCM IN
Digital Input Fall Time tif RSYNC. RCLOCK (Fig. 2) - — 50 ns
txg | XCLOCK — XSYNC (Fig. 3) 50 — — ns
XMIT. Sync Timing
tgx XSYNC — XCLOCK (Fig. 3) 150 - — ns
tRs RCLOCK — RSYNC (Fig. 3) 50 — — ns
RCV. Sync Timing
tgR RSYNC —RCLOCK (Fig. 3) 100 - - ns
XMIT. Sync Pulse Width twx (Fig. 3) 1/fc - 117 us
PCV. Sync Pulse Width tWR (Fig. 3) 1/fc - 117 us
PCM IN Set-up Time tps (Fig. 3) 100 - - ns
PCM IN Hold Time tpH (Fig. 3) 100 - - ns
Analog Output RAL - 600 - - Q2
Allowable Load CAL _ _ _ 100 oF
Digital Output RpL — 1 - - kQ
Allowable Load CoL _ _ _ 100 oF
Operating Temperature Top - 0 — 70 °c

I-C-32



DC Characteristics

4 COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

Parameter Symbol Condition Min Typ Max Unit
Supply Current IDD: - - " mA
»
(Operating) Iss: VDD = +5.25 V =] 1| ma
Vgg =-5.25V
Supply Current IDD2 - 1.3 3 mA
(Stand-by) 1SS -~ | 03| 15 | mA
\% =+5.25V
Input High Voltage VIH V2§= -5525 v 20 - - \%
\% =+475V
Input Low Voltage ViL V[')sz sy - - 08 Vv
||H \V =4525V V|=5V - —_ 20 MA
Input Leakage Current VDD = 525V
L SS T - V=0V - — 05 MA
\Y =+475V
Output Low Voltage VoL stDz _:’755 v - - | 04 | v
\% =+525V
Output Leakage Current loH VDS!; -5 255\/ — — 10 uA
Except for AIN — 5 - pF
Input Capacitance CIN
AIN - 5 — pF
Analog Input Resistance RIN — - 1 - MS$2
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AC Characteristics

Condition
Parameter Symbol f Level Min Typ Max Unit
(Hz) | (dBmO)
Loss T, 60 20 - -
Loss T, 300 -0.1 - 0.2
Loss T, 820 Reference Value
;::glsjr:rﬁ:y Response Loss T, 2020 0 0.1 - 0.2 dB
Loss T 3000 -0.1 - 0.2
Loss T, 3400 0 - 08
Loss T, 3980 14 - -
Loss R, 300 -0.1 - 0.2
Loss R, 820 Reference Value
Receive Loss R, 2020 0 -0.1 - 0.2 8
Frequency Response LossR, | 3000 01| - | 02
Loss R, 3400 0 - 0.8
Loss R, 3980 14 - =
SDT, 3 36 - -
SDT, 0 36 - -
m Do Goefey | soT, | om0 | 0 % | - | - |
SDT, -40 31 — —
SDT, -45 26 - —
SDR, 3 36 - -
SDR, 0 36 - -
e Sy | SOR, | 1020 | 30 % | - | - |
SDR, -40 31 — -
SDR; -45 26 - —

*1. The measurement is taken with P-message filter,
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Condition
Parameter Symbol f Level Min Typ Max Unit
(Hz) (dBmO)
GTT, 3 -0.2 — 0.2
GTT, -10 Reference Value
Transmit
Gain Tracking GTT, 1020 -40 0.2 — 02 dB
GTT, -50 04 — 04
GTT, -55 08 - 08
GTR, 3 -0.2 — 0.2
GTR, -10 Reference Value
Receive
Gain Tracking GTR, 1020 -40 -0.2 - 0.2 dB
GTR, -50 0.4 — 04
GTR; 55 0.8 — 0.8
Idle Channel Transmit NipL T - - - - -75 m
Noise *? - BmOp
Receive NipL R - — — — -75

1,189/ 1,231/ |1,274
Analog Input Level *2 VIN 1020 0 Vrms
1,185 (/1,227 /1,270

Analog Output Level *3 v 1020 0 1,189/ 1231 11,274 Vrms
9 out 1,185| /1,227 /1,270

Absolute Delay Time tD - - - - 05 ms
tGD T, 500 - - | 075
tGD T, 600 - - | 035
Transmit 1G0T, 1000 — — 0125
Group Delay Time tGD T, 1800 0 Reference Value i
tGD T, | 2600 - - |0125
tGD T, | 2800 - - | 075
tGD R, 500 - - | 075
tGDR, 600 - - | 035
Receive tGD R, 1000 = — 0128
Group Delay Time tGDR, | 1800 ° Reference Value ™
tGDR; | 2600 - - | 0125
tGDR, | 2800 - - | 075

*2: The measurement is taken with P-message filter.

*3. | MSM6996

M
SMea%8 MSM6997

MSM6999
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4.COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

Condition ‘
Parameter Symbol f Level Min Typ Max Unit
(Hz) | (dBmO)
TtoR CpT 1020 — - -66
Crosstalk 0 dBmO
RtoT CrR 1020 - - -66
Discrimination Against 4 6K ~
Out-of-band Input Signals DIs 72K -25 30 - - dB
Spurious Qut-of-band 300 ~
Signals at the Output S0 3400 0 - - -30 *| dBmO
. fa =470 :
Intermodulation IMD 1 |g =300 -4 — — -38 dB
Spurious In-band Signals
at the Output Sl 1020 0 — — -40 |dBmO
Single Frequency Noise Ns - - — - -50 |[dBmO
Transmit PPSR T - 30 -
Vpp PSRR - dB
Receive PPSR R 0~ 200 - 30 -
Transmit | NPSRT | SO0K | mVpp - 30 -
Vgs PSRR dB
Receive NPSR R - 30 —
tsp 50 - 200
Digital Output Delay Time tXD, 50 — 200
R pull =1 KgQ _ ns
t
XD, Cy = 100 pF 50 200
txD, 50 - 200
Digital Output Fall Time tDDf - - 100 ns
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4 COMBO CODEC-MSM6996H/96V/98 6997H/97V/99 ¢

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 2.
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"
MSM6E996V 6 Receive Signal
MSME997V ViH . Output .
only 2.0V ~Vpp) Operating Connected to Xmit Signal Input
RCVE | Output
Analog
NV(;L Loop Back oV Disconnected l
(0 8V) (Refer to Fig. 1)
AOUT-
MSM6998 6 This is the inverting analog output pin. This output can drive the
(MSMGQQQ) impedance of 600 2.
only
NC
(mgmggg‘;;') 6 As for MSMB996H and MSM6997H, this pin should be left open.
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 RCLOCKk. The input PCM data

rate range is from 64KBPS to 2048KBPS.
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Pin Name

Pin No.

Function

RCLOCK

Receive Clock Input pin. The clock that provides the basic timing and
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.

XCLOCK

10

Transmit Clock Input pin. The clock that provides the basic timing and
control required for the output of the PCM signal is input to this pin.
The clock frequencies are from 64 kHz to 2048 kHz.

RSYNC

11

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
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.

XSYNC

12

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.

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.

=

PDN/BS

14

Power Down Signal Input pin.

This is an input of the power-down control signal. When this input is held
at low level more than 1 ms, the chip is put into the power-down mode.
For the u-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.

PCMOUT

15

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.

ENCODING FORMAT

MSM6996, MSM6998 MSM6997, MSM6999
B1/B2|B3|B4|B5|B6/B7|B8|B1|B2|B3|B4/B5/B6/B7|B8
01 1101 0|0 6jo0|o0

VIN = +Full Scale | 1

VIN =+0 1]1

VIN = -0 01
0j0

VIN = -Full Scale

o—--\og

o=|=olB

o—\—\o?g

1 0
0 0j1]0 111]1 111111
0 0[1]0 0j1}1 11111
1 11041 0|0]0 0j0]0]|0

VS8S

16

This is the negative power supply pin. The voltage supplied to this pin
should be -5 V £5%.

-C-38
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AIN

AouT

XMIT FIL.

RCV FIL.

Figure 1
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TEST CIRCUIT

=l

CLOCK O {>c
SYNC O {>c
PDN O
Control
NORMAL: 1 1615 1413 1211 10 9
12 3456 78
© p 6000
600023 AN—O
Analog T ] 10uF 10uF
Input ! I— +€ ! 2 ko Analog Output
Y K F
o 1 r 1 o
0.1uF é 0.1uF
(0]
-5V oV +5V
for MSM6996, MSM6997 .
CLOCK O {>c
SYNC O {>c
PDN O-
Control )
NORMAL: 1 1615 1413 12 1110 9
12 345 6 7 8
I I_J L 3000 1:1
O » MN
% Analog
60052 Output
Analog 10uF 10uF M
Input ~ N b T2kn 3000
o D G s
0.1uF (L 0.1uF
(@] (@]
_5V ov +5V
for MSM6998, MSM6999

Note 1 :

Note 2 :
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Make the connection wire between No. 4 pin and No. 13 pin as short
as possible.

Use a test socket with shor leads.
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2.4V ! \IT 2.4V
1 .4V—'/ IT1 av
0.4v—1~ A opav
twx
| tWR
1t
)y tDOf
—_,— —_— Y e

Figure 2 Definitions of Rise Time and Fall Time

XcLock _txst { \ tsx2 3 4 5 6 7 8 9 10

XsYNC | twx | g;z?isomnitter
P ouT [‘ml B2 ) B3 f B4 )\ B5 }( B6 { B7 {BS|/
15D+ 4XCH XD, JILixo,
RCLOCthRS‘ ;
Rsync tWR i g:szglgr
PCMIN )(31)(32)‘3]3* B4 Y B5 { B6 { B7 ) B8 )

DH 2' < DS

Figure 3 Basic Time Chart
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Signal to Distortion Ratio

50

I I I
s/D [With P-message filter]
(dB) ]

~

RiA

i v Y
\3
4 \y

30 <

20

INPUT LEVEL (dBmo)

Gain Tracking Characteristics

LOSS |
(dB)

1.0

02 N

A =
-0.21 \
— -A/D
10 —
0 -10 -20 -30 -40 -50
INPUT LEVEL (dBmo)
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OKI semiconductor

MSM6814 (u-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 OKI'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, D/A converter, transmit time slot assignment circuit and receive time
slot assignment circuit.

FEATURES
® [ndependant transmit and receive time slot ® On-chip voltage reference
assignment ® On-chip full auto zero circuit
@ 32 time slot per frame maximum ® -+5V power supplies
® Clock rate selectable (512 KHz, 1024 KHz, ® Low power dissipation
1536 KHz, 1544 KHz, 2048 KHz) 60 mW operating (TYP)
® Time slot control by serial interface 5 mW standby (TYP)

® Follows the u-companding Law (MSM6814) ® 22 pin plastic DIP package
® Follows the A-companding Law (MSM6815)

BLOCK DIAGRAM

AIN+ Pre. A/D - O TSX
AIN— Fiter [] BPF ] conv. Transmitf——————>0 DX
GSX A TSAC O XSYNC

| Auto J

| Zero A . -O BCLK

‘ Voltage |

| Ref. Cont- —O DCLK

. roller QO DC
T™MC O——-——ﬂ-L—' O CS

{ it
VFRO O- } LPF DA Rec. O DR
PWI O Jil i TSAC O RSYNC
AG

AOUT+ O <+
AOUT- 0——@—]
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PIN CONFIGURATION

4 COMBO CODEC-MSM6814/15¢

AoUT-[1]
AG[ 2]
AOUT+ [ 3]
PWI[4]
VFRO[ 5 |
Vpp[6]
RSYNC[7 ]
DR[ 8]
NC[9]
oS

DC [17]

22] vss
[21] AIN+
20] AIN-
[19] Gsx
18] TMC
[17] TSX
XSYNC
[15] DX

14] DG

13] BCLK
[12] DCLK

M-C-45



=

4 COMBO CODEC-MSM6814/15¢

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

‘Parameter Symbol Condition Ratings Unit
Vbp -03 ~+7
Supply voltage
Vss -7 ~+0.3
Ta =25°C \
Analog input Via B _
voltage Vgs—0.3 ~Vpp +0.3
Digital input v
voltage ID -0.3~Vpp +0.3
Operating _
temperature Top - —10~+80
°C
Storage _
temperature Tstg - =55 ~+150
Recommended Operating Conditions
Parameter Symbol Condition Min Typ Max Unit
VpD 4.75 5.0 5.25
Supply voltage \'
Vss -5.25 -=5.0 —4.75
Analoginput
voltage VAIN - - 5 Vp-p
High input XSYNC, RSYNC, BCLK,
voltage VIH | Dg,DCLK,DC,CS, TMG 20 24 VbD v
Low input X8YNGC, RSYNC, BCLK,
voltage VIL | Dg,DCLK,DC,CS, TMG 0 0 08 v
512
1024
Clock frequency fc BCLK - 1536 - KHz
1544
2048
Synclonizing V _
signal frequency fs XSYNC,RSYNC - 8 KHz
Clock duty cycle Dp BCLK 40 50 60 %
T XSYNC, RSYNC, BCLK,
Digital input tr DR, DCLK, DC, CS - - 50 ns
(Refer to Figure 1)
L XSYNC, RSYNC, BCLK,
Digital input tf DR, DCLK, DC, CS - - 50 ns
(Refer to Figure 1)
TBs BCLK to SYNC 0
Synclonize (Refer to Figure 2)
signal - ns
timing Tse SYNC to BCLK 50
(Refer to Figure 2)
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Recommended Operating Conditions (Cont.)

¢ COMBO CODEC-MSM6814/15 ¢

Parameter Symbol Condition Min Typ Max Unit

Synclonize XSYNC, RSYNC
signal width Tws (Refer to Figure 2) 400 ns
DR set-up time TDpRs (Refer to Figure 4) 100 ns
DR hold time TDRH (Refer to Figure 4) 100 ns

TwcH DCLK (Refer to Figure 5) 244 ns
Data clock width

TweL DCLK (Refer to Figure 5) 244 ns

Tcst DCLK to CS 50 ns

(Refer to Figure 5)

Tcs2 CStoDCLK 100 ns

_ (Refer to Figure 5)
S signal timing

Tcs3 (Refer to Figure 5) 50 ns

Tcsa (Refer to Figure 5) 50 ns
DCset-uptime | Tpcs (Refer to Figure 5) 100 ns
DC hold time TDcH (Refer to Figure 5) 100 ns

TIMING CHART
§—2.4v
1.4V
0.4V

w—dt W/ S\ S

XSYNC
RSYNC

Figure 1 Definition of Rise Time and Fall Time

-/

)

Tes TsB

Tws 1

Figure 2 Synclonizing Signal Time Chart
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BCLK

NAVAVAVAVAVAVAVAVAVAVE
e [T\
b .‘}MSDXmXoa Y o )(Dsj(oexmxosj

TDX1 TDX2

TSX

TTS1 TTS2

Figure 3 Transmit Signal Basic Time Chart (Time Slot 1 is selected)

TDRS TDRH

Figure 4 Receive Signal Basic Time Chart (Time Slot 1 is selected)
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\

Tcs3 Tgsa

(a) When DCLK is continued

DCLK

CS “L"Fixed

(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
XSYNC—[1—2|34 !?78 m r.l r-| 123‘!5—6|78 w r-l I_-I rL

i

DC__I I : l I A
|
|

|
|
[
l
Time slot reset data Time slot data M
&5 0" i A

o] Open Output tothe specified
Output tothe prior time slot time slot

GND level
sout N\l /- R TATATAYYA VY

Note*1: Maximum number forNis 5.

Figure 6

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.

XSYNGC _,V_I—I [1] [2] [s] [+] [

Internal r
Power-on)

reset
DCLK “1”
G o
o
Dx l Output tothe 1st time slot

Poweron

Figure 7
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DC Characteristics
Parameter Symbol Condition Min Typ Max Unit
(Supply cur;'ent Iop1 - = 14 mA
Operating _ _
Iss1 VDD = +5.25 V 4 | mA
Vss=-5.25V
Supply current | 1002 - 10 3 mA
(Stand-by) Iss2 - 03 15 | mA
Input high Vop = +5.25 V
vol'tageg ViH Vss =—5.25V 2.0 1.7 - v
Input low Vpb=+4.75V _
voltage ViL Vss =—4.75V 16 08 v
Input leakage fiH Vop=+525v |[VI=5V - <05 20 HA
current n Vss =-5.25V Vi=0V _ <05 05 A
Output low Vob =+4.75V _
voltage Vou Vss =—4.75V <0.2 04 v
Output leakage Vob =+5.25V _
current lon Vss =—5.25 V <5 10 uA
Input _ _
capacitance CiN 5 . PF
TRANSMIT Analog Interface
Parameter Symbol Condition Min Typ Max Unit
Input resistance RINX AIN+, AIN— 1 - - MQ
Load resistance RiLax GSX 10 - - KQ
Load capacitance CLex GSX - - 100 PF
Output level VoGX GSX,RL=10KQ —-25 - 25 \'%
Offset voltage VosGx Gain=10 —-20 - 20 mV
RECEIVE Analog Interface
Parameter Symbol Condition Min Typ Max Unit
Input resistance RinPw PWI 1 - - MQ
RLvF VFRO 10 - — KQ
Load resistance
Rrao AOUT+, AOUT- 600 - - Q
CLVF VFRO - - 100 PF
Load capacitance
CLro AOUT+, AOUT—- - - 100 PF
Vovr VFRO,RL=10KQ -25 - 25 \"
Qutput level
AOUT+, AQUT—, _ —
Voao RL=600 O 2.5 25 \
Vosvr VFRO —-150 - 150 mV
Offset voltage
AOUT+, AOUT—, _ —
Vosao | pwi=0V 20 20 mV
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A.C. Characteristics

Vo =+5V £5%,Vss =—5V +5%

Condition . )
Parameter ISymbol f Level Min Typ - Max Unit
(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 RS | 3400 0.0 0.65 0.8
Loss R6 | 3980 14 16 -
SDT1 3 36 43 -
SDT2 0 36 41 —
Transmit
signal to distortion SDT3 1020 -30 36 40 - dB
Ratio (1)
SD T4 —40 2 31 | #EL | -
SDT5 —45 2 26 |8 o -
SD R1 3 36 44 -
SDR2 0 36 41 -
Receive
signal to disortion SDR3 | 1020 -30 36 41 - dB
ratio (*1)
355
SDR4 —-40 *2 31 -
35
34
SDR5 ~45 - | 2 26 -
285

*1: The measurement is taken with P-message filter.

2l
MSM6814

MSM6815
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Condition M T M U
in yp ax nit
Parameter Symbol f Level
(Hz) (dBmO)
GTT1 3 -0.2 —0.01 0.2
. GTT2 -10 Reference Value
Transmit
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 -10 Reference Value
Receive
gain tracking GTR3 1020 —-40 -0.2 -0.5 0.2
GTR4 —-50 —0.4 -0.16 0.4
GTRS —55 -0.8 -0.13 0.8
Idle Transmit NioL T - - - -89 —-75
channel dBmOp
noise *3 Receive NIBLR _ B _ _89 _75
; . 1.18 1.227 1.270
Analog input level VIN 1020 0 4 T 189 {231 274 Vrms
* 1.18 1.227 1.270
Analog output level Vout 1020 0 4 T 189 {231 {274 Vrms
Absolute delay time tD - - - 0.47 0.5 ms
tGD T1 500 - 0.2 0.75
tGD T2 600 - 0.1 0.35
Transmit tGDT3 | 1000 . - 0 0.125
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
tGD R2 600 - —-0.02 0.35
Receive tGDR3 | 1000 — 0.03 0.125
Group delay time o] ms
tGDR4 | 1800 Reference Value
tGDR5 | 2600 - 0.07 0.125
tGDR6 | 2800 — 0.10 0.75

*3: The measurement is taken with P-message filter.

4

MSMe6814

MSM6815
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Condition Mi T M Unit
in yp ax ni
Parameter Symbol f Level
(Hz) (dBmO)
TtoR | CRT 1020 - -90 —66
Crosstalk 0 dBmO
RtoT | CRR 1020 - -78 —66
Disc_:rintlination 4.6K
agains 6K ~ _
ogt-of—pand DIS 7oK -25 30 32 dB
input signals
Spurious —_ _ — —
ogt-of-band signals SO %91%0 0 33 30 | aBmO
at the output
Intermodulation MD 1 [fa=2701 —a - ~40 -38 | dB
Spurious in-band
signals at the S1 1020 0 - —45 —40 dBmO
output
Single frequenc:
paigelreq y Ns - - - —-60 —50 | dBmo
Transmit PPSRT - 30 -
Vob PSRR dB
Receive PPSRR 0~ 200 — 30 -
Transmit | NPSRT| 300K | mVp-p - 30 -
Vss PSRR dB
Receive NPSRR - 30 —
Toxi1 50 - 200
Toxz2 50 - 200
Digital outputdelay |————— Rpull=1kQ ns
time TTs1 CL=100pF 50 — 300
— Refer to Figure 3
TTs2 50 - 300
Digital output fall i _
time tDDf 20 100 ns
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PIN DESCRIPTION

Pin No. Pin Name Function

1 AOUT- Receive analog signal output pins.
The maximum output signal swing is 5 Vp-p.
These output can drive the impedance of 600 ().

3 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.

2 AG Analog ground level.

4 PWI Input pin for the receive buffer amplifier.
Receive level can be adjusted by using VFRO pin and PWI.

*R2>10KQ

5 VFRO Output pin for receive filter.
Voltage swing of output signal is 5Vp-p.
So, it can drive a resistor of 10 K or more.

6 VbD Positive power supply pin. +5 V +5% has to be applied.

7 RSYNC 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 risin% edge of this
signal becomes the first clock. (Refer to Figure 4

8 DR PCM signal input pin. PCM signal is written at the falling edge of

BCLK signal. Itis 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 i
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 G711.
;\/ISM681 5 is also provided with the even number’s reverse
unction.

Input/ Dx/DR

output -

level MSM6814 MSM6815

+FS 1 000O0OO0OOO|1TO0O1O01O0T1T0
+ 0 111 1111111010101
- 0 o1111111({01010101
~FS 000OOOOO]|]OO0T1TO0T1TO0OT1TO0
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PIN DESCRIPTION (CONT.)

Pin No. Pin Name Function
10 CcS Zime slot control signal input pin for receiving and transmitting of
ata.
11 DC DCLK ........ A clock which enables to write a time slot data.
8-bit burst clock or a continuous clock. Cycyle of
12 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.
It consists of DC1 ~DCs and the data is written at
the falling edge of DCLK signal.
DC1 DC2 DC3 Operation
' 0 0 X Specify thetime slot of Transmit or Receive
0 1 X Specify the time slot of Transmit
1 0 X Specify the time slot of Receive
1 1 X Reset for time slot function, power down mode.
DC4 | DCs | DCeé | DC7 | DCs Time Slot
0 0 0 0 0 1
(o] 0 0 0 1 2
(o] o] 0 1 0 3
I l 1 1 1 0 1 3.0
1 1 1 1 0 31
1 1 1 1 1 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 1024 KHz.
BCLK Variable time slot
512KHz 1~ 8
1024 KHz 1~16
1536 KHz 1~24
1544 KHz 1~24
2048 KHz 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.
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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.)
Nominal dat Number of clock
?;nt:: 3‘, D; a between SYNC signal
and DR
Main value | Minimum | Maximum
512Kb/s 64 64 65
1024 Kb/s 128 127 130
1536Kb/s 192 190 195
1544 Kb/s 193 190 - 195
2048Kb/s 256 253 257
SYNC _|_| ]
I |
BCLK”””” _______ ”I””Il
lt———Numberof clock —-|
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 (Dc). Refer to the description about Dc, 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 KQ) has
to be connected between Vpp and Dx.
16 XSYNC Input pin for the transmit synchronous signal.

This signal is the base signal for the time slot of the transmit PCM
signal (Dx).

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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PIN DESCRIPTION (CONT.)

Pin No. Pin Name Function
17 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 KQ as it is
open drain output.
18 T™MC Mode switching signal input pin. Operation mode or analog
loop-back mode can be selected.
TMCinput Mode
>20V Normal
<08V Analog loop-back
)ggg —— AD . DX
' ' —— Normal operation
—-~— - Analog loop-back mode
19 GSX 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.
20 AIN— AIN—is a inverting analog input pin which is connected to the
inverting input of the transmit amplifier.
21 AIN+ GSx is a transmit amplifier output pin. Adjustment can be done by
) following method.
filter
AG Gain=1+§—§<10
Note: 1. R2+R3 > 10KQ
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. R1should be less than 20 KQ).
22 Vss Negative power supply pin.

-5V +5% has to be applied.
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OKI semiconductor
MSA 4710

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- tional approaches
ments ® 28 pin plastic DIP package, 28 pin
® All transmission performance para- PLCC package
meters can be externally programable

® Free from parastic SCR's using di-
electric isolation technology
® Size and weight reduction over conven-
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BLOCK DIAGRAM

SCN

[8]

i

Tip Current | | |
Det. T
Tip Current 1Bout ~
Drive Amp, b1 VoutH=P1
~{'8in L opx
V.V‘V.V
RIB [ Interface
Over Circuit
Voltage o e V,
Protection Cireuit ref
Battel
A r L lout ™| Feed ~
W
RIA —tolain Cont.
Ring T lin
Current lAout
Drive Amp, u ¥
Ring & 3
Current | | | Al L
Det.
l [Dl{ |
CN cbc
R.
cdcl- Dz Y
- VBB %Cn

Figure 1 OKI SLIC functional block diagram

PIN CONFIGURATION

28 pin Plastic Dip Package

225%2>
nonnnn
O N A WN =

cDC ]
VEE (]
4WR ]
N.C
PADC]
BNO ]
BN1 ]

- ©
(=]
-
o8

1"

MSA4710RS

Top View

28 pin Plastic Leaded Chip Carrier Package.

MSA4710Js
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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 k£2), 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
Battery noise rejection capacitor input. This capacitor value is 60 V
CN 6 1 uF
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 16 V 4.7 uF.
VEE 9 —b5 V input.
AWR 10 Receive input and is connected to the positive input of the built-in
buffer operational amplifier.
N. C. 1 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 XMIT 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
RNG 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 k).
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 resisto‘r. (apr. 10 kS2)

VCC 22 +5V input.

cc 23 Compensation capacitor Cc, in series with Rc, input. These capacitor
and resistor are 4700 pF (30 V) and 2 k{2, 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 k§2) and is connected to the built-in over voltage protection

circuit.

=l
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ABSOLUTE MAXIMUM RATINGS

¢ PABX-MSA4710 ¢

Ta=25°C
Rating Symbol Value Unit
VBB —60 ~+0.3
Supply voltage Vce —0.3~+7.0 \%)
VEE —-7.0~+0.3
Tip and Ring voltage
sensing terminals
A and B input la. 1B 200 mA
current
Receive signal -
input voltage V4WR VEE-0.5 ~ Vcct+0.5 \%
Operating junction . o
temperature Tj 125 c
Storage temperature - °
range Tstg —55 ~ 150 Cc
RECOMMENDED OPERATING CONDITIONS
Rating Symbol Typ. Max. Unit
VBB —48 —43
Supply voltage Vce +4.75 +5 +5.25 Vdc
VEE -5.25 ) —-4.75
Operating ambient °
temperature Ta - 70 c
Loop current L — 80 mA
Longitudinal | _ 10 mAry
induced current AC onductor
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ELECTRICAL CHARACTERISTICS

Ta=0°C ~70°C, Vgg=—48V 5V, Vgc = +5V 5%
VEE = -5V 5%

e REA = REB =450, Ry =4.7 KQ
® 2 wire terminating impedance = 900 Q +2.16 uF
® Balancing network = 800 ©/(100 £ + 50uF)

Parameters Symbol Conditions Min Max. Unit
Minimum battery feed Vgg = —48 V _
current ILm R =1900 © 20 mA
vgg =53V
ON-Hook Pso R|_=open - 170 mwW
Power Vee =+5.25 V, VEg = -5.25 V
dissipation Vgg = 53 V
OFF-Hook Ps1 RL =50 - 700 mwW
Vce =+6.25 V, VEg = —5.25 V
BB Vgg = —53 V - 24
ON-Hook supply current lcc 3'65 :’_),_?25 Vv - 7.8 mA
IEE VEg=-5.25V _ 5.4
vgg =53 V
2-wire leak current ILEAK 5’_’ =0Q - 1.0 mA
BF =H
0.2 KHz ~ 0.5 KHz 23 -
2-wire return loss Ry Fig. 3 - dB
0.5 KHz ~ 3.4 KHz 29 -
Frequency response FR Fig. 2 f=0.3 KHz ~ 34 KHz -0.1 +0.1 dB
. . . f=1004 Hz
Insertion loss variety ALy Fig. 2 IL=20'mA ~ 80 mA -0.1 +0.1 dB
Idle channel noise Nj C-message Fig.5 - 10 dBrnc
0.2 KHz ~ 0.5 KHz 23 —
Transhybrid loss THL Fig.4 | 0.5 KHz ~ 2.5 KHz 28 - dB
25 KHz ~ 3.4 KHz 23 -
Fig.6 0.2KHz ~ 3.4 KHz
Longitudinal balance Lg The matchig of REA and REB 46 - dB
is £0.1%
Power supply noise PSR Fig. 7 0.2 KHz ~ 3.4 KHz 30 _ dB

rejection ratio

Vin= 100 mVp-p
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Vx
= X =0V .
G,, = 20 log ‘VL |@VR 0 ) "
\" +5V
G,, = 20 log |ﬁ @Vr=0V i
2KS S45 eT 242' 22
CN G EV,
4700P = 27} pe o
14
BN1
265 1y
3=
C =100 uF
A b [ i8kag| aws 13 o
9000 2581061
(£1%) T & >200 2 | Vx
Vi 2 cc g ano S sk =
v s 10
T 4WR A
A 12K
|21
SCNf—0 VR
18
NB BF O ag
RNG 17—0—4
NE pADI2 4
cDc RY VBB VEE 1
8l 7] 1] 9 =
® 2-wire terminating impedance, DZF 2 347 EAY
K
= a7
Zyo = 90092 + 2,16 uF [ o 8y

® Battery feed resistance, RDC = 2 x 2002

® Transmit and receive gain, G,, =G,, =0dB

® Balancing network, Z; = 800£/(10052 + 50 nF)
(See APPLICATIONS INFORMATION)

Figure 2 Transmit & Receive Gain Test Circuit

RL=20log|x—T|-6dB !
L - +5V
2K 5545 5-1_24:;] 22
4700P = 7)o ¢ EVee
90092 (£1%) ana 14
2,16 uF (+1%) o =
. T <=
é) vt v J-_c_|100 o A28 B aws S o]
IE > 20m 2581061 2
1o o Blcc ‘é BNO :: EE 3.2K
, 25D1502 4WR ‘v‘W—O—-l_
vy A w2 o 12K il
e L]
RNG L
NE pAD 2
CDC RY VBB VEE

® 2.wire terminating impedance,
Zio = 9002 + 2,16 uF

® Battery feed resistance, RDC = 2 x 200

@ Transmit and receive gain, G,, =G,, =0dB

® Balancing network, Z; = 800£/(100$2 + 50 nF)
(See APPLICATIONS INFORMATION)

8l 7} 1
F‘ +
zz 4.7
Dz - .
4.7 K

Figure 3 2-wire Return Loss Test Circuit
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® Battery feed resistance, RDC = 2 x 200

® Transmit and receive gain, G,, = G,, =0dB

® Balancing network, Z|_ = 8002/(10092 + 50 nF)
(See APPLICATIONS INFORMATION)

VR ! —
THL =20 ‘Og |v)—(—| 45V
u
4, (, j
KG 345 6] 24| 20| 22
CN G EV
4700P :E 2N pe S Fedz,
14
BN1
26| g Ly
38
C =100 uF TeK
i} — W28l e aws S -0
2581061
1009 >20H 2 vx
L
(£1%) S 800 2Bl I snofd sk T
50 nF ((11%) g 10 <
(t1%) 4WwR ‘v‘
A 12K
snfP—0
VR
e AL
RNG 17 =
N NE paDP2
cbC Ry VBB VEE
8l 7] 1 9I =
. . . . <
® 2.wire terminating impedance, DZ.F-:{' %;4.7 -5V
K
- 47
Z4o = 9009 + 2.16 uF [ fe7u v

Figure 4 Transhybrid Loss Test Circuit

® 2-wire terminating impedance,
Zio =900 + 2.16 uF
® Battery feed resistance, RDC = 2 x 2000
® Transmit and receive gain, G,, =G,, =0dB
® Balancing network, Z| = 800£/(100%2 + 50 nF)

(See APPLICATIONS INFORMATION)

. I
+5V
Tp
p.
KS 45 6] 24 zol 22
CN G EV,
4700P == 27} pe g etz
26 N1 P
PB > X
3E
C =100 uF T8K g s
1} —A\W—B 4ws - O
25B1061
f E >20 e 1vx
WSy 23 S 13 < =
1% < L cc g BNO S3K T
= wrpe N
A | 12K
C =100 uF SCNf=————0 =
NB BF['e
rNG L
NE pAD 2
cDC Ry VBB VEE

8l 7] 1
PS5 :;4.7
Dz - K
4.7

Figure 5 Idel Channel Noise Test Circuit
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vVt [ ! =
Lg =20 lo | I
B 9 VL l +5V
1p

J .
2K 2245 6T24 20| 22,

CN G EV,
26 CINY L
P8 Ly
38
€ =100 uF TaK
‘“ o—A 28 B aws 15 o
. 2581061
VT S 3680 >20H 2 Vx
3 4 j! 1
'“—@_4_’ 0K |V Blcc 3 Bnoft2 Ssax =
' > AL s 10
se8a 2sD1502 4WR M
{4 —WA-2 A N P 12K
€ =100 uF 8K SN0
_ VR
B e
RNG L =
NE pAD 2
VBB Y,
|EEE Std 455-1985 cbc Ry VBB VEE

45 BL 7] 1 9] =
® 2-wire terminating impedance, DZF 2 347 -5V
47

Zio =900 + 2.16 uF i 4 Y
® Battery feed resistance, RDC = 2 x 20092
® Transmit and receive gain, G,, =G,, =0dB
® Balancing network, Z|_ = 800£/(100% + 50 nF)
(See APPLICATIONS INFORMATION)

Figure 6 Longitudinal Balance Test Circuit

J VCN
KS 345 o] 24 20' 22

27[CN G EvVee e
4700p == PE 7x
14
BN1
261 pg <X
b33
C =100 uF TeK
4 — 288 aws 2 o)
2581061
J ? & >20n 2 lvx
20022 23 3 13 S =
1% < L cc I BNO 32k <
= el | \ :
A 12K
s —0

" sFhe
RNG L
NE paDH2

cDC RY VBBVEE

a5 8 L 9' = VEN
® 2.wire terminating impedance, Dz{;"i %4,('7 @——EN
Zio =900Q + 2.16 uF 4 O—-ev
® Battery feed resistance, RDC = 2 x 20002 VBN
® Transmit and receive gain, G,, =G,, =0dB
® Balancing network, Z| =800Q/(100Q + 50 nF)
(See APPLICATIONS INFORMATION)

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 Z{, Zp 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 = 2x20082  REA = REB = 45
RDC = 2x2202  REA = REB = 50

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
Icl = 0.9x(Vz—2)/REA

. (2) Vz: Zener voltage

Typical Battery feed characteristics
is shown in Figure 8.

Loop Current (mA)

o ' L

1 i
0 10 20 30 40 50

Figure 8 Typical Batteryfeed Characteristic Voltage between Tip and Ring (V)
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2) SUPERVISION

The OKI SLIC has two comparators, Comp0 and Comp1, to supervise the subscriber line
conditions. The CompO0 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 Comp0, 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 Comp0

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-Ip + REB-lg) SoN
-~ Hysteresis =
Cont.
VREF, VREF =
1 1
1, —OFBF
COMP1 VREFO 0.279 x VEg
0.89 x (IREA-Ia - REB-Igl)=» VREF1 0.262 x VEE
~ VREF2 0571 x VEE
Hysteresis | VREF3 0.128 x VEg
Cont, VREF4 0.667 x VEE
VREF
VREF. }
VREF’ -O RNG
IA: Ring Current
Ig: Tip Current
to
TP&RING o |  Coment ( i
Current i
drive amp. Circuit
Figure 9 Functional Circuit Diagram
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Table 1
~ (IaA+1B)OR[IA- 18] |
VREF VOLTAGE | CURRENT DETE({:;K)}N — THRESHOLD
REA=REB =45 ' REaA=REB =50
(VEE=5V) ia+lp la—18l A+l A - 18l

VREF0 = 1.395 V 2x 155 . - 2x14.0 —
VREF1=1310V 2x14.6 - 2x13.1 ' -
VREF2 = 2.855 V — 71.2 - 64.2
VREF3=0.640 V - 16.0 - 14.4
VREF4=3.335V - 834 - 75.1

3) AC CHARACTERISTICS
- The AC functional circuit diagram of the OK| SLIC is shown in Figure 10,

a) 2-wire termiinating impedance
2-wire terminating impedance Zyo is given by eq. (3)
Zio=(VL/IL) = 2x/(KijxKyQ). - - . . .. ... (3)

The value of Zx can be derived from eq. (3) to provide the desired 2-wire terminating
impedance.

Zx =Ztox (Kix Kyg). . . oo oo 4)
Both the value of the current gain Ki and the voltage gain Ky are given by table 2.

b) Transmit and receive gain

2-wire to XMIT and REC to 2-wire transmission gain G,4, G4 are given by eq. (5)
and eq. (6) respectively.

Gy = IVX/V| [= IRSX Kvo/Zxl........ (5)
Kv1 x Ky3 x Z)
= = ' -
Ga, IVL/VR | Ky /[Z| +Zx/(Kvox Ki)] - oo oo v ot (6)

The impedance. ZI may be chosen a general transmission impedance 6002 or 900%2.
The value of Rg may be calculated to provide the disired G,4 for given Zx.by eq. (4) and
Kyo by table 2.

Rs=1ZX xGaa/Kvol .. ... .o L. (7)

The value of the receive attnuator Kyy3 may be. desired from eq. (6) and (4) once ZI is
known,

Ky3 =Gaq x 1(Z) + ztov)/(Z| xKvi/Kvo) oo ..7(8)
m-D-14 '
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OPR KV3 REC

Current
L

v
T XMIT

Vx

Figure 10 AC Functional Circuit Diagram

¢) Transhybrid rejection

Transhybrid rejection is acheived with OK| 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 VR.
When the receive signal VR transmits to 2-wire, the return current ix from 2-wire and the
cancel current is apear at the negative input of OPS amp.

These ix and ib are given by eq. (9) and (10).
=VRxKV1xKv3X 1
(Ki x Kyoq) Zx

ib=-VR x Ky1 x Ky2 x Ky3/(Zp +2Z¢) .. (10)

The value of the impedance Zp and Zi are selected to exactly cancel out the return
current ix and are determined by eq. (11) and (12).

Zp=KixKyoxKy2ax2Z8............ (11)
Zy=Ky2xZx = Kjx Kyg x Ky2 x Zyo. .. (12)

The impedance Z2 may be an actual subscriber line loop impedance, including phone set.
The value of Ky/2 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 power
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 OK| SLIC @Ry=47K
@ REA=RER=45Q

. __Ry
K; REA + REB 3.858 201
Kvo 0.167 0.167
Kv1 1.60 1.60
Kyv2 1517 1.517

Ry
Kij K 0644 « ——— 33.6
Ttvo (REA + REB)
Ki*Kyvo-K 0977 +— Ry 51.0
\i*Kvo°Rv2 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 £ 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)
Ryx Cx Apply to North America
1 Y o—A—}—0 (AT&T)
900 2.16u 30.2K 64nF (See CCITT rec. Q517)
Ry Cx
‘ Apply to NTT
o—M——o ~WA—(—o0
2 8005 1pF 20.2K 30nF (See CCITT rec. Q517)
220nF M esnF ,
3 3000 Cxx Rxs C - Apply to BT ,
o—W\—4 o~ *Ry, (See CCITT rec. Q517)
10.1K
100092 33.6K

Note (1)

(2)

m-D-16

Cxx: needed to be provided to block the DC (~ 0.68uF + 50%)

When a required 2-wire return loss cannot be obtained even when an externaly imgedance
Zy is selected, it is possible to improve the characteristic merely by adjusting the externally
resistor Ry.



(2) Transhybrid rejection impedances Zt and Zb.

¢ PABX-MSA4710 ¢

Table 4
2-wire terminating | 2-wire subscriber Deterl;r:(l)nr:dt:;lzezdances
No. impdeance Zto |line loop impedance Remark
(1) (1) Zt Zb
80002 40.8K
North America
! m 5.1K nonloaded line
1002 50uF 1nF
45 9K
16500 42 4nF 84.2K
4n
) o—*MN\—}—o0 North America
9000 2.16 uF 5.1K loaded line
1002 5nF 0.1nF
2.16uF 21.2nF North America
3 O—AAA f ° O AAN ‘I special service
line
9000 91.8K l i
(Zt + Zb)
72nF 42.3K
14F 1500 19.6nF
4 | oWAV——o OAM—— NTT
6000 383k —
8300 1.4nF
(Zt + Zb)
100092 620Q 51K 31.6K
3000 3700 34.2K
220nF 310nF 4.3nF 6.1nF

Note (1): See LSSGR and CCITT redbook Rec. Q517.
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RINGING SIGNAL INSERTION

{Je
sv
4 Ch=r '_|
Re< S REB 5| 24|20 22
= CN G E V
581 2Re Cer 2T e %
3l 1
2o | X 152507 26 BN1
8 PB
a o
Tip 152597 R
{} ¢ | A28 aws
2581061 °
Negative half ~
<
cycle current 23 cc % BNO
TEL s
Ring 25D1502 4WR|
(N 2a _—
Q 1526597 R, SCN
Ring l__; _
Relay 4 NB BF
RNG
RGO T 3 ne PAD
Det. CDCRY VBB VEE
S REA 8] 7| 1| 9
D SR -5V
z -Ibdc Y D
. {]-a8v
-48v
Silent period Ringing period Silent period
Ringing
~ Current \
I
|
|
RNG 0T : |
L
SCN H
L L
Loop current detector
Note: BF should be always logic level L’ may detect a charge or discharge
current,
(See APLICATIONS INFORMATION)
Figure 11 Signal Insertion Circuit Diagram
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OKI semiconductor
MSA4722-1

SOLID-STATE RELAYS FOR SLIC IN THE PABX

GENERAL DESCRIPTION

The MSA4722-1 is a solid-state relay function LS| 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 ® [ow ON-Resistance & High OFF-
interface), T (Network test switch) and Resistance.
Cutoff (Separate the Battery-Feed ® Size and Weight reduction over electro-
circuit from subscriber line) functions magnetic relays.
on chip. ® 22 pin plastic DIP package.

® High voltage functions integrated in
dielectric isolation technology.

FUNCTIONAL BLOCK DIAGRAM

GTO NOR
- - O—- —©O -
2 15 S, 114 3
A Pl AA
Sub-
scriber J | Battery

fne < i .

PNPN switch with
GTO function

o) Control terminals
(TTL compatible)

Figure 1 MSA4722-1 Functional Block Diagram
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PIN CONFIGURATION

Top View

RB |1

AA |3
N'|;1 4
BB |5
NTO| 6
B|7
.0 [8]
RA|9
(N.C) [10

El11

-/

22 vee
21]RC

20} (N.C)
19 cr

18] vEE
17] TRP
16] RNG
15] GTo
14] noR

13| PLP

E NTC
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PIN DESCRIPTION

Name Pin No. Function

Ringing signal sending power resistor RG1 input and connected to Ring line

RB 1 through the switch S1. The resistor value is 510 £, 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 ©, 0.25 W,

N.C. 10 Unused.

1 Connected to ground.

Network test switches S5, S6 control input. A logic level ““H’’ connects the

NTC 12 Battery-feed circuit to the Network test equipment through S5 and S6.
PLP 13 Superimpbsing 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.
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 k2.
VEE 18 -5 V input.

Ringing signal generator input and connected to the ringing signal feed
CR 19 resistor RGO. )
The resistor value is 220 ©,0.5 W.

N.C. 20 Unused.

Ringing signal feed resistors RGO and RG1 input. The voltage between

RC 2 RC and CR applies to the Ring trip interface circuit (IF).

VCC 22 +5V input.
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ABSOLUTE MAXIMUM RATING

T, =25°C
Rating Symbo‘l Value Unit
Y —-0.5~+7
Supply Voltage cc \%
VEE —-7~+0.5
S1.524, 8 +180
Anode-cathode Current
Continuous S3. S84 1AK 170 mA
Ss, Sg 120
Operating Ambient . o
Temperature Range ' ‘ Ta 0~+70 C
Storage Temperature Range ‘ Tstg —56 ~+125 °c
Junction Temperature Range Tj +125 °c
RECOMMENDED OPERATING CONDITIONS
Rating : Symbol Value Unit
Vee +4.75 ~ +5.25
Supply Voltage \%
VEE —-5.26~—-4.75
u Ringing Signal Voltage VCR - 69~83 Vims

-D-22



ELECTRICAL CHARACTERISTICS

(Unless otherwise noted Tp = 0 to 70°C)

¢ PABX-MSA4722-1 ¢

Parameters Symbol Conditions Min Max Unit
Supply current — OFF Hook lvce Figure 2 - 15 mA
High level | V|y NoRr(" 2.0 -
Logic input voltage — v
Low level ViL GTO - 0.5
: PLP
Logic input current | 1dh level hH | ViH=Vce n.’}‘g’ - 0.1 mA
per one fan-in Lowlevel | Iy |ViL=0V -12 -
Cross point ON P-Gate lpG I S, ~S - 1.2 A
drive current 9 i
N-Gate ING S, - 1.5
Crosspoint off drive current IGOFF | Figure 3 S;. S, — 3 mA
S, -320 320
Breakdown voltage VBo - \
S,~S, -260 260
Minimum voltage ramp
Which could fire the SCR dv/dt 200/0.8 — V/us
under transient conditions
Interrupt DC current capability lopp |GTO ="H" S,. S, 5 - mA
Holding current IH Ss, S 0.1 - mA
ON voltage VE IF=30mA| §,~§, - 1.4 \
Center .
Dynamic ON resistance RonN | current S;. S, - 10 Q
IF =30 mA
Relative ON resistance error ARQON S,~§, - 1 Q
OFF state resistance ROFF Vak =50V 150 - MQ
Ringtrip interface circuit . = _
transfer ratio K Figure 4 Vi, = x8V 0.305 0.439
TRP output resistance Rout 6.2 13.8 kQ

Note (1) The fan-in of GTO, RNG and PLP is two, respectively.
Other logic fan-in is one.
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RING@———— A

2200

WWNV— -48V

BB MAV—I

000 o 2200 !
OoO— B FFZ o
e RARBRCCR Zoga o TRP|T-0
510022200 J ]
2200
7BV () T
-4y M
Figure 2 Supply Current Test Circuit
+50V Open
+5V Open 8V o
0
—7 3 ;
CONTROL S, ~S8 s. s
W |NF:/UE1['E aTO 20 Sy
1 NOR
Switch VEE
control -3V @ PG T
circuit Open BV g IGTO
-48V
(a) P-gate Drive Current (b) N-gate Drive Current (c) GTO Drive Current

Figure 3 Switch Drive Current Test Circuit

g

v 5V
x =16V ~ 116V 7L\ T
VCC E
CR
Vil 31K TRP
RC Vo
1K VEE =
L
L -5V
V
K=—O.
Vi

Figure 4 Ring Trip Interface Circuit Transfer Ratio Test Circuit
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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.

Velp=Vbo-+4/2 xVer.......... (1)

Vclp : 2nd arrestor clamping voltage.
Ver @ Ringing signal voltage [r.m.s].
Vbo : Breakdown voltage of S1.

A
/M, 2nd arrestor
/ \)[ clamping
' \ voltage

MSA4722-1 / m
— oV

&
2nd ARR ESTORT

"

4
VCcRp

Ringing signal
Maximum

Figure 5 Overvoltage Protection Diagram

2) Ringing Signal Sending Time Chart

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, S2g, 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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[ MSA4722-1 NT1 NTO _}
| | Equivalent battery
l | feed circuit
| r T -
| I [ :
RING I s ! ! R v
O O > My b —e "
B— A S——— AN i U O 0P A N
H | I ] A |
: | i | MA- |
|I ] | l BF |
| I I | :
| | | | I
Ay i !
1 | !
k‘_—_—_——-‘— ———___>_—J"_\B————--——s____ss_ ______ BB 1 _ oy __L_
o o P o -O——T T ——n
TIP | S, s . —Iﬂﬁs L——__Roc__|
1
l IZ§ I
| NORA
| b . Y
| ! Switch | PLP Timing
drive
I circuit RNGAA generator
I
|
[

Figure 6 Ringing Signal Sending Diagram

—— - — - Ringing current

— — — — — Sjlent current
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Ringing period

Ringing signal period
sending current - e X e f e A\ ——

Silent period

.

FRNG&PLP-————-—j

NOR

| tgz

Logic
input <

GTO

tg1 : prevents the switches S; and S, from holding by flowing current through a line leakage
resistance. (=1 ms)

tg2 : needs to be not shorter than the half cycle time of ringing signal frequency.

1
> =
(ex. %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, S 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 S;.

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, S, 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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Logic
input

-

Loop current

i
NOR —m————— i
|
GTO Jl IL
-
| |
| |
| 1
<=1 ms
|
Lo
BF b

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.

RING
A
&
Igw Ring trip interface
circuit
A
r ~N
A\
~ RG 5109
Tip 220’% J SRG1 h
Q /
-V j ) <
BB Vi < S vce
3 3 Vv
] \ =t_“‘_—°> TRP
Level _[
) ver shift transistors =

Figure 9 Ring Trip Interface Circuit Diagram
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//'\ VCR

\ Ig (Off- Hook)
VCR «f

~

0/'>\\ /

WO\ N\

(On- Hook) ~——"

VEED-——————— ———— — =D

Figure 10 Ring Trip Interface Dynamic Characteristic

Veed---— e ———— — ——
) 2N\

2, : On-Hook
AN : Off-Hook

6.0

VTRP
(v)

-6.0

20 0
Vi 4.0/div (V)

Figure 11 Ring Trip Interface Static Characteristic

20
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OKI semiconductor

MSM6912

PCM CHANNEL FILTER

GENERAL DESCRIPTION

The MSM6912 is a PCM channel filter LS| which is fabricated by OKI's low power con-
sumption CMOS silicon gate technology. .
It consists of pre-filter, HPF, post filter and two LPF’s.

FEATURES
® CCITT G.712standard ® Power-down mode available
® 50/60 Hz rejection filter on-chip o 128 KHz or 2048 KHz external clock for
® SIN x/x compensation filter on-chip operation
® External gain adjustment, both transmit ® Power supply, 5V
and receive filters ® 16-pin ceramic DIP package

BLOCK DIAGRAM

=

Vyal+
XGI h Pro - s '
_  fiter [] HPF - LPF I+ —0 VX0

filter

VxGo ?
Clock CLK
v Generator
RO - CLKS

VRGI+ !

VxagI—

LPF f————=Q VRI

VRGI—

Ll

Vbp Vss DG AG  PDWN
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PIN CONFIGURATION

/
Vxar+ [1] 6] Vxo
vxal- [2] 5] A
vxao [3] [14] cLks
VRo [4] E:{l PDWN
VRaI+ [ 5] 12] cik
Vrai~ [6] 11] DG
VRGO |7 EI VRI
vss  [8] 9] vop
PIN DESCRIPTION

Pin No. Pin Name Function

1 Vxait VxGl+ 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 VxGI— VxaGI— 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.
|
Vxait 4|
I +
| "
Ao VXGl— 2| - Gv=1+RF/RG
RE : (RF +RG) >10KQ
3]
Vxgo !
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 VxG o becomes 50-Gv (mV) in the worst
case. The load resistance connected to Vxgo should be greater
than 10 KQ.

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 VR should be
greater than 10 KQ.

5 VRGIT VRGJ+ is the non-inverting input of the gain setting Op Amp in the

) receive filter section.
6 VRGI— VRG|— is the inverting input of the gain setting Op Amp in the

receive filter section.
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Pin No. Pin Name

Function

7 VRGO

VR(‘?O 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
|
|
15 VRalt
L
|
|
+ : 7 VRGO
_ : Gv=-+R2/R1
| R2 (R1+R2)//R_ >10KQ
le VRGI~ SR
i <
]
| R
1
Figure 2 7T
[}
'4 VRO
I
| R1
!s  VRalt
|
: R2
+ 7 Vmeo
1
- i Gv=Rz(R:+R2
1 (R1+R2),RL >10KQ
1
le  VRaI~ AL
T
|
1
Figure 3

Use Figure 2 for amplification and Figure 3 for attenuation. As the
receive filter section has a gain of approx. 0 dB excluding this
amplifier, a suitable level diagram has to be calculated.

The DC offset voltage of VRG o 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 VRG o should be greater than 10
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Pin No. Pin Name Function
8 Vss Vgg is the negative supply pin. The voltage supplied to this pin
should be —5V =+ 5%.
9 VDD Vpp is the positive supply pin. The voltage supplied to this pin
should be +5V =+ 5%.
10 VRI VR| 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 x/x 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 (Pin12) 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)ﬁo is the analog output of the transmit filter. The output
voltage 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 greater than 5 KQ.
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Conditions Ratings Unit
VbD -03~7
Supply voltage \"
Vss +0.3 ~—-7
Ta=25°C with
Digital input respectto _ -
voltage VDIN DG and AG 0.3~Vpp +0.3 v
Analog input v Vss-0.3 ~ Vpp+0.3 v
vouage AIN SS - DD .
Operating . o
temperature Top 0~70 Y
Storage ~ °
temperature TsT —55~150 C
Recommended Operating Conditions
Parameter Symbol Conditions Min Typ Max Unit
VbD With respect to 4.75 5 5.25 v
Supply voltage DG and AG
Vss an -4.75 -5 ~5.25 v
Operating .
temperature Top 0 70 c

DC and Digital Interface Characteristics

(Vpp =+5V =+ 5%,Vgg =—5V =+ 5%, Ta=0 ~ 70°C)
DD S8

Limits
Parameter Symbol Conditions Unit
Min Typ Max
- . 1
Standeysupely 225 eown -viy i
Isss - 0.01 1 mA
i Ibpo - 5 10 mA
gt?:;;?)}gt?rrent PDWN =Vy_

Isso - 5 10 mA
Input leakage e V=0V - - 10 nA
current ™ V=5V _ ~ 0 A

Input voltage Vi With respect - - 0.8 v

ViH toDG 2.4 - - v
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Analog Interface, Gain Setting Amplifier and Transmit Filter
(Vpp = +5V =+ 5%, Vgg = —5V =+ 5%, Ta =0 ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min Typ Max

Input leakage

current
VXGI+
VXGI—

IBX —3.2VSV|NSH3.2V - - 10 nA

Input
resistance
2 — —
VxaGi+ Rix MQ

VXGI—

Input offset

voltage Vosxi —3.2VSVNSHB.2V - - 50 mv

DC open loop B B
voltage gain AvX 66 dB

Open loop
unity gain fex - 2 - MHz
bandwidth

Gain setting amplifier

Load

capacitance CLx1 - - 200 | PF

Load
resistance RLX1 10 - — KQ

Output voltage B B
swing Voxi RL > 10KQ +25 v

Output
resistance Rox1 - - 100 Q

Vosx VXGLt =AG
Input OP Amp at - - 200 mV
Unity gain

Output offset
voltage

Load
capacitance CLx2 - - | 200 | PF

Filter

Load
resistance RLx2 5 - - KQ

Output voltage

swing Vox2 RL>5KQ +25 | - - v
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Analog Interface, Receive Filter and Gain Setting Amplifier
(Vpp = +5V =+ 5%,Vgg =—5V = 5%, Ta=0 ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Min Typ Max
Input leakage .
current IBR1 -3.2VSV|N<S+3.2V - - 10 A
Input ) B B
resistance RIR1 2 MQ
Output _
_ |resistance ROR1 - 200 Q
o]
i | Output offset _ B _
voltage VosR VRI=AG 200 | mv
Load
capacitance CLR1 - - 200 PF
Load
resistance RLR1 10 | - - | ke
Output voltage _ _
swing VOR1 RL>10KQ +25 v
Input leakage
current IBR2 —3.2VSV|NSH3.2V -~ - 10 uA
VRGI+ VRGI—
Input
& | resistance RiR2 2 _ _ MO
£ | VRGIH VRGI-
E
«© Input offset _ _ 3
2 |voltage VosRI 3.2VVINS+3.2V 50 | mv
%
» DC open loop N 3
£ voltage gain AVR 66 dB
© Op_en lopp
unity gain fcr - 2 - MHz
bandwidth ’
Output . .
resigtance RoR2 At unity gain - — 20 a
Load _
capacitance CLR2 - 200 PF
Load _
resistance RLR2 10 - KQ
Output voltage _ _
swing VoR2 RL>10KQ +25 v
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(Vpp = +5V =+ 5%, Vgg = —5V = 5%, Ta =0 ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Amp Min Typ Max
Absolute passband
Below 60 Hz Input=0dBmo | -— - —-20
- =1.25Vrms
%3 300~3000 Hz -0.25 — +0.1 dB
<g Output
£ 3300 Hz GRX =+3dBmo -0.35 - +0.1
£ =1.77 Vrms
o | 3400 Hz 0dB |-0.85 - +0.1
2
3 4000 Hz - - —-14
i
4600 Hz and
above - - —28
Gain variation with Input =0 dBmo °
temperature ' GAXT 900 Hz — |0.0005| - |dB/°C
. i . Input =0 dBmo
Gain variation with GAXS 900 Hz - |oo0s | - |dBNV
pp Supplies: +5%
Crosstalk, Receive N _ _
to Transmit CTRX 1 - 60 | dB
Total C message noise _
at output Ncx1 - 8 l
dBrnco
Total C message noise _
at output Ncx2 20dB - 10
3glf:rentlal envelope Dpx 0.9 ~2.6KHz - — 60
Yy
0dB uS
Absolute delay Dax 900 Hz - 200 -
Single frequency Vxo = +3 dBmo _ _ _
distortion products Dpx 900 Hz 20dB 45
Positive power
supply rejection PSRR1 VXO\‘IQOO Hz 25 30 - dB
ratio DD
0dB
Negative power
supply rejection PSRR2 VXO\'IQOO Hz 23 28 -
ratio ss
*1 VR =0dBmo, 800 Hz
VXG,|+ VXGO o
VXGI—
10kQ
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Receive Filter Transfer Characteristics

(VDD = +5V = 5%, Vgg = —5V + 5%, Ta =0 ~ 70°C)

Limits
Parameter Symbol Conditions Unit
Amp Min Typ Max .
Absolute passband Input =0 dBmo
gain (900 Hz) GAR =1.25 Vrms —025 01 ©
Below 300 Hz Output -0.25 - +0.1
—~ =+3dBmo
g 300~3000 Hz =1.77 Vrms —-0.25 — +0.1 dB
£ | 3300Hz GRR With sin x/x 035, - |+01
‘® correction
o | 3400Hz where x 0dB |-0.85| -— +0.1
2 =71/8000
S | 4000 Hz - - -14
o
4600 Hz and
above - - —28
Gain variation with Input =0 dBmo o
temperature GART 900 Hz — [00005) - dB/°C
. . . Input =0 dBmo
Gain variation with GAXS 900 Hz - |oos | - |dBw
Pp Supplies: =5%
Crosstalk, transmit .
to receive CTxR 1 - - | -60 | dB
Total C message noise
at output NCcR - 7 — |dBrnco
Differential envelope - _
delay DpRr 0.9 ~2.6 KHz - 120
MuS
Absolute delay DAR 900 Hz - 120 -
Single frequency VRGO =+3dBmo _ _ _
distortion products DpPR 900 Hz *2 50
Positive power
supply rejection PSRR3 VRGQ/' 900 Hz 30 35 - dB
ratio DD
Negative power Y 900 Hz
supply rejection PSRR4 RGO 30 35 -
ratio SS

*1 Vxo=+3dBmo, 900 Hz

VRI=AG

*2 Removing the component of 128 KHz
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OKI semiconductonr
MSM6913

SERIAL PARALLEL CONVERTER

GENERAL DESCRIPTION

The MSM6913 is a serial-paraliel converter LS| which is fabricated by OKlI’'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 ® Built-in parity-generation circuit for data
and parallel conversion for 8-bit serial output signal
signal ® 5V single power supply

® 9MHz high-speed switching ® 24-pin plastic DIP package, 24-pin

® Built-in parity-check circuit for data ceramic DIP package
input signal
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BLOCK DIAGRAM

8 steps
D-F/FX9 Shift Register
IN, o ' " D-F/FX8 8-1 Sel
| L ' \‘ D-F/FX8  D-F/Fx9
I Posl( 8l(1) ; ; —oouT,
8 — ' ﬁ 8 8 8
| l 1 '
= IR R =
——o
IN, 0—— = (8 8 8 UT,
T B T
INg 0—— gl (8 8|((®) Parity
! : Generator
D-F/F —
1 {>o—o PER
DGo L
=
AN
2 Parity
o—- —
_?'_( Timing Generator
lRo—m Generator
PIN CONFIGURATION
(Top View)
N
INg lI E Vbb
IN, [2] 23] ouT,
‘N2E _2_31 ouT,
INs[4] 21] ouT,
IN,[5] [20] ouT,
IN;[6] [19] ouT,
ING[7] 18] ouT,
IN.[8] [17] ouT,
INy[9] [16] OuT,
CLR[T0 5] ouT,
CK[11] [14] PER
Vss[i2 [13] DG
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Pin Name

Pin No.

Function

IN, — INg

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,~O0UT,

23 ~15

Corresponding to Items 1) and 2) of INx above.

1) 8-bitdata + 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

Qutput pin of parity check result for input data of 8-bit data +
parity parallel HW during parallel-serial conversion

13

Input pin of specified data for odd and even number sides of
parity generation circuit during serial-paralle! conversion

CK

11

Clock input pin

CLR

10

Clear input pin

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Ratings Unit
Supply voltage VpbD Ta=25°CVgg =0V -0.3 ~+7 \
VIN MAX Vpp +0.5 \
Input voltage Ta=25°C
VINMIN Vgs—05 v
Operation .
temperature Top 0~+70 °C
Storage - °
Temperature TSTR —65~150 c
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Recomended Operating Conditions

Parameter Symbol Min Typ Max Unit Remark
~ VpD 4.75 5 5.25
Supply voltage \' 5V +5%
Vss 0 0 0
Operational . o
temperature Top 0 - 70 c
Clock duty D¢ — 50 - %
Input transit tiNr - 10 - nS
time NG _ 10 _
VIH 2.2 - VDD
Input voltage Vv
VIL 0 - 0.8

D.C. Characteristics
(Vpp =5V+5% Ta =0°C ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
L VL =0V -10 - -
Input current nA
IH VIH=VDD - - 10
VoL lo=1.6mA - - 0.4
Output voltage Vv
VOH lo =—400 uA 24 - -
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A.C. Characteristics
(Vpp =5V+5% Ta =0°C ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Maximum clock ViH =3.0V
frequency femax ViL=0v ° - - MHz
Power supply _
current IbD fc =9 MHz - - 50 mA
OUTy - - 45
tPHL CL=35pF
Propagation PER - - 65
delay time ViH=3.0V nS
OUTy - - 45
tPLH ViL=0V
PER - - 65
INX 10 - -
Data setup time DG tSET 25 - - nS
CLR ViH =3.0V 10 - - -
INX ViL=0V 30 - -
Data hold time DG tHOLD 20 - - nS
CLR 30 - -
. tr CL =35 pF - - 25
tO‘utput transit Vi =3.0V ns
ime tf V=0V - - 25
Minimum pulse fowL ViH =30V 38 B B ns
width of clock tCWH ViL =0V a8 _ _
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FUNCTION TABLE
) Input Output
INg | INg INy | INg | INg | INs | INg iN7 INg -D—é\ OUT(|OUT, | OUT, |OUT3{OUT4 |OUTs |OUTg |OUT, [OUTg | PER
Doo | D1o | D20 | Dao | Dao | Dso | Deo | D70 | Deo | DGo | Dog | Dot | Doz | Dos | Do | Dos | Dos | Doz
Dot | D1y | D2y | D3y | D4y | Dsy | Dey | D7y | Dgy | DGy| Dyo | Dyq | Dya | Dyg | Dyg | Dys | Diys | Di7
Doz | D12 | D2z | Dgz | Daz | Dsz | Dez | D7z | Dg2 | DG2| Do | Dz | Dap | Dog | Dog | Dos | Dag | Dor | L | o
Dos | D13 | D23 | Dag | Daa | Dss | Dea | D73 | Dag | DGg| D3o | D31 | D3z | Dag | Dag | Das | Dgg | Day % __% _
Do4 | D14 | Dog | Daa | Das | Dsa | Des | D74 | Dgs | DGy | Dao | Dat | Dz | Dyz | Dag | Dys | Dae | Dar 1=
Dos | Dis | Das | Das | Das | Dss | Des | D75 | Dgs | DGs | Dso | Ds1 | Dsp | Dss | Dsa | Dss | Dse | Dsy
Dog | D16 | Dog | Das | Dae | Dse | Dee | D76 | Des | DGe | Deo | De1 | De2 | Des | Dea | Des | Des | Der
Do7 | D17 | Da7 | Da7 | D47 | Ds7 | De7 | D77 | De7 | DG7| Dyo | D71 | D72 | D73 | D74 | D75 | Dye | Doy
Note 1: '_DI'%a Xth bit of OUTg depends on the number of “H’s at the Xth bit of D,q through D,; and the

The number of “H” at the
Xbitof D,y ~D,7 & DG

The X bit of OUTg

0, 2, 4, 6, 8

o]

1, 8, 65, 7, 9

1

Note 2:

The Xth bit of PER depends on the number of “H”s of Dy, through Dg,.

The number of “H”
of Do, ~ Dgy & DG

The X bit of PER

0, 2, 4 6, 8

1, 8, 5, 7, 9
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CLR
INX

DG
PER
OUTx

(]

ouT,

.

10 11 12

(0~8) I DxO l Dx1 l Dx2 I Dxal Dx41 Dx5 I st [ Dx7 ]

1b

[«——] seeNote2of —Ff—]

Function Table

10.5b

|
|

[DG, | DG, [DG,[DG3]DG, [ DGs| DG | DGy |

Dox | D1x | Dox | Dax | Dax [ Dsx | Dex | D7x |

[«—J—— seeNote 1 of —}—F—|

| Function Table
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OKI semiconductor
MSM6914

HIGHWAY SWITCH CIRCUIT

GENERAL DESCRIPTION

The MSM6914 is a highway switch circuit LSl which is fabricated by OKI'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
® 16 X 4 X 3 bits switch matrix ® Built-in multi-input circuit for expanding lat-
® Built-in parity-check circuit for input control tice size
signal ® 5-Vsingle power supply
® Built-in parity-generation for data output @ 120-pinceramic PGA package
signal
BLOCK DIAGRAM

D-F/F 16-1 Selector ) ) ) "I

Dioo o D-F/F D-F/F D-F/F
\ 3-1 Selector N
00 D-F/F
Di1s o— H + —{>———-o Yio

B cro_|
16 ! ’
r—.4>_.|>—- o Yit
5 |— B b
16 1
I—- o Yi2
5
16
i o Yis
5 - - =) - ]
D-F/Fx2 Control
0o 2 Circuit — |
I E_..J
o L
cke —' i=0~2)
D-F/F gamy
- enerator
Sx0 o 20 D-F/F - P'Tv;
gx; o 24 PTY1
Sis m PTY2
Ex o— PTY3
Px
0—1 oK1 Parity Checker ~ CKO 2 PERO
L 5
———————————90 PER1
(X=0~3) - OPER2
I
CKO PER3
CK1 o

=]
X
™)
,tpm-!:bm]
N
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PIN CONFIGURATION AND CONNECTION

§s2:8288blonBay il
|¢s;é]eew|&sae]9am
NN
2099999598065k
PTYo v _-O D) @ @ —s $30
PTY2 — 6b miszz
MINZTT‘:Z): O&‘-__Zzs S20
(NC) {3 O—r— 2 mseL
MIN20: —+ MSEL
MIN‘I:AINVOJO_-\C) %—-312 st
'N°§4W6\O “\——Qs)_—su) s
seusﬁm QOF s
o) %b QOtos
p21s B O ek
D214 ~—+ Dooo
D213 ——4’6\0 e} Doot
D212 O¥——Doo2
D211 (m% _DONDoo:s
~no —FO0 QOt—na
Dmmi: Guide Pin Q O_—‘NC’DOO5
Dmam—w—-:‘ E) @ O'_DODGWW
205 ~N—=1-Doos
=B eBReBEeRRaReERs
QO|®.Q\O.O.Q|.O O]Q QIQOQQQ
BHHBEREHEHEEEEE Rre—
3852283588528 ;g2
888caLP55a660066462888
Eio"_ Symbol ,Z'g Symbol E'g Symbol ﬁ'g Symbol rl?llc? Symbol ﬁg‘ Symbol
1 Do1o 21 N.C 41 PER2 61 N.C. 81 D209 101 CK2
2 Do12 22 D211 42 PERo 62 Doos 82 N.C 102 P1
3 Do14 23 D213 43 Po 63 Doo7 83 D212 103 P3
4 D100 24 D21s 44 P2 64 Doos 84 D214 104 Vpp I l
5 GND 25 N.C 45 VbD 65 Do11 85 CKO 105 E1
6 D1o1 26 SEL1 46 Eo 66 Do13 86 SELo | 106 E3
7 D103 27 MiNo1 47 E2 67 Dois 87 MiINoo | 107 Sa1
8 D1os 28 MIN11 48 Sa3 68 GND 88 MiIN1o | 108 S23
9 Dio7 29 N.C 49 Sa2 69 D102 89 MIN2o | 109 S21
10 D1og 30 MIN21 50 S30 70 D104 90 N.C 110 MSEL

11 D111 31 PTY2 51 S22 71 D1oe 91 PTYs | 111 S12
12 D113 32 PTYo 52 S20 72 D1os 92 PTY1 112 S10
13 Vop 33 Ya3 53 MSEL | 73 D110 93 Y22 113 So2
14 D115 34 Y21 54 S13 74 D112 94 Y20 114 Soo
15 D201 35 Y13 55 S11 75 D114 95 Y12 115 Dooo
16 D203 36 Y11 56 Sos 76 Vop 96 GND | 116  Doo2
17 D204 37 GND 57 So1 77 D200 97 Yo3 117 Doo4
18 D206 38 Y10 58 CKi1 78 D202 98 Yo1 118 N.C
19 D208 39 Yoz 59 Doo1 79 D205 99 PER3 | 119 Doos
20 D210 40 Yoo 60 Doo3 80 D207 100 PER1 | 120  Doos
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Condition Ratings Unit
Supply voltage Vbb Ta=25°C,Vgg=0V -03~+7.0 V'
VIN MAX Vpp +0.5
Input voltage Ta=25°C \
VIN MIN - Vgg—05
Operation temp. Top 0~+70 °C
Storage temp. TSTR -65 ~ +150 °C
Recomended Operating Conditions
Parameter Symbol Max Typ Min Unit Remark
VDD 475 5 5.25
Supply voltage Y 5V 5%
Vss 0 (0] 0
Operational temp. Top 0 - 70 °C
Clock duty D¢ - 50 - %
HNr - 10 -
Input transit time nS
tNs - 10 -
ViH 2.2 - Vbp
' Input voltage Y
ViL 0 - 0.8
D.C. Characteristics
(Vpp =5V+5%Ta=0 ~70°C)
Parameter Symbol Condition Min Typ Max Unit
| ViL=0V -10 - -
Input current I nA
IH VIH=VDD - - 10
VoL loL=1.6mA - - 0.4
Output voltage v
VOH IOH =—400 A 2.4 - -
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(Vpp =5V=+5%Ta =0 — 70°C)

Parameter Symbol Condition Min Typ Max Unit
Maximum clock ViH=3.0V
frequency fc MAX \|/||‘||_ =0V 9 - - | MHz
Power supply Ipp fc =9 MHz ~ | - | 130 | mA
Y xx - — 55
PERx tPHL - - 50
) nS
Propagation PTYx CL=35pF - - 85
delay time VIH=3.0V
Yxx ViIH=0V - - 55
PERXx tPLH - - 50
VIH=0V
PTYx - - 85
Dxxx 10 - —
Data setuptime | Sx,Ex,Px| tggT ViH=3.0V 10 - - ns
MINX ViL=oV 10 | - -
Dxxx 30 - -
Data hold time Sx, Ex,Px| tHLD ViH=3.0V 30 - - nS
MINx ViL=0Vv 30 - -
. tr CL=35pF - - 25
tOimu:aput transit Vi =30V ns
tf ViL=0V - - 25
CKo tcyc
—~CKi | tskwO1 -5 | - | s
Clock skew nS
CKo tcyc
. CKz tskw02 -2 - it
Notes: Yxx: YO0 ~Y03,Y10 ~Y13,Y20 ~Y23
PERx: PERO ~PER3
PTYx: PTYO~PTY3
Dxxx: D000 ~D015,D100 ~D115,D200 ~D215
Sx: S00 ~—S03,S10 ~ 813,820 ~S23,S30 ~S33
Ex: EO ~E3
Px: PO ~P3
MINx:  MINOO ~ MINO1, MIN10 ~MIN11, MIN20 ~ MIN21

M-D-49



¢ PABX-MSM6914 ¢

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.

MINXxx 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

PERx Parity check (odd number side) output pin of Sxx, Ex, and Px

CKo Latch clock of input highway data Dxxx

CKi Latch clock of Sxx, Ex, and Px

CKa2 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 output data is multiplied by MINxx input data

-D-50



¢ PABX-MSM6914 ¢
FUNCTION TABLE (1)

Note 1 Input Output
(M |s03|S02|So01|Soo | Eo | PO Yoo | Y10 | Y20 |PERo |PTYo
MIN|MIN
@|s13/812{S11|S10 | E1 | P4 00 | 01 | Yo1 Y11 Y21 |PERt |PTY1 | Re-
SELO | SEL1 [MSEL| ! | ! mark
®|s23|S22|S21|S20 | E2 | P2 MIN[MIN| Yoz | Y12 | Y22 |PER2 |PTY2
@|s33|s32|S31|S30 | E3 | P3 s Yo3 | Y13 | Y23 |PER3 |PTY3
XX XX 1 X (o] (0] X 1 1 1 1 1 Note 2
ojofo|l0 {0 }|O0 o] 0 X 1 1 | Dooo | D100 | D200 1
ojojof{o0}|oO 1 [o] 0 X 1 1 | Dooo | D100 | D200 o]
o|0|O 1 o0 0 o] X 1 1 | Doo1 | D101 | D201 0
olo]|O 1 0 1 o] 0 X 1 1 | Doo1 | D101 | D201 1
0|0 1 oOf{0 |0 0 0 X 1 1 | Doo2 | D102 | D202 0
o0 1 0|0 11 O ] X 1 1 | Doo2 | D102 | D202 1
o0 1 1 [¢] 0 (o] ] X 1 1 | Doo3 | D103 | D203 1
0o|o0 1 1 o] 1 (o] (o] X 1 1 | Doo3 | D103 | D203 (o]
o] 1 oOj0j|0|O 0 0 X 1 1 | Doo4 | D104 | D204 0
o] 1 o0 |0 1 o] o] X 1 1 | Doo4 | D104 | D204 1
(o] 1 [o] 1 0|0 o] 0 X 1 1 | Doos | D105 | D205 1
(o] 1 (o] 1 o] 1 (] 0 X 1 1 | Doos | D105 | D205 0
1-clock
o|1]l1]ojo|o]| o 0 X | 1|1 |Doos | D106 | D206 | 1 delay
0] 1 1 0|0 1 o] o] X 1 1 | Dooe | D106 | D206 o] orLs!
of1|1|(1]o]o0o]| o 0 X | 1|1 |{Doo7 |Dio7 | D207 | O
0|1 1 1 o] 1 o] 0 X 1 1 | Doo7 | D107 | D207 1
1 ojojo0o|0}o0 o] 0 X 1 1 | Doos | D108 | D208 (o]
1 0O]J]0| 00 1 0 0 X 1 1 | Doos | D108 | D208 1
1{of0|1]0]O 0 0 X 1 | 1 |Doo9 | Dto9 | D209 1
1|10j0|1 0|1 0 0 X 1 | 1 |Doo9 | D109 | D209 0 Note 3
1 (0] 1 o|O0|O [o] o] X 1 1 | Dot1o | D110 | D210 1
1 (o] 1 o|o 1 o] (o] X 1 1 | Dot1o | D110 | D210 (o]
1 [o] 1 1 o]0 0 0 X 1 1 | Do1t | D111 | D211 (o]
1 (o] 1 1 o] 1 [o] o] X 1 1 | Do11 | D111 | D211 1
1 1 ojofo|o 0 o] X 1 1 |Do12 | D112 | D212 1
1 1 o|o0|o0 1 o] o] X 1 1 | Do12 | D112 | D212 [o]
1 1 0|1 0|0 (o] (o] X 1 1 {Do13 | D113 | D213 o]
1 1 0] 1 0 1 0 0 X 1 1 | Do13 | D113 | D213 1
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4 PABX-MSM6914 ¢

Input Output
S03{S02|S01|S00| Eo | PO Yoo | Yio | Y20 | PERo | PTYo
MIN|MIN
S13|S12{S11|S10| E1 | P1 ' 00 |01 | Yot Y11 Y21 | PER1 | PTY1 | Re-
SELO | SEL1 |MSEL| | | ! mark
S23|S22|S21|S20| E2 | P2 MIN|MIN| Yo2 | Y12 | Y22 | PER2 | PTY2
20 | 21
S33(S32(S31(S30| E3 | P3 Yo3 | Y13 | Y23 | PER3|PTY3
111 |1 ]0|0]O 0 o | x 1 |1 |Dot4 |D114 | D214 (o]
1 |11 |1 (0|0 |1 o] 0 X 1 |1 |Do14 |D114 | D214 | 1 1-clock
yel;:jy
111111 ]o]o|o 0 X |1 |1 |pots |D115 | D215 | 1 |Note3 |gisl
1 1 1 1 0 1 0 0 X 1 1 |Dot1s [D115 | D215 0
X |X | X |X 1 X 1 [o] X 1 1 1 1 1 Note 2
0O|j0ojojo0o|O0]|O 1 (o] X 1 1 | Dooo { D1oo | D200 1
o f{ofofojo |1 1 0 X |1 |1 |Dooo |Dtoo |D200| O 3-clock
] ] ] ] T | | T I T T T delay
| | | | | | | | | | | | inside
| | | | | | Al | | ! | | of LSI
[ | | | 1 | 1 | | | |
1 1 1 1 0|0 1 0 X 1 1 |Do1s | D115 | D215 1
1 1 1 1 [o] 1 1 [0] X 1 1 |Dot15 | D115 | D215 0
X | X (X (X |1 X 0 1 X 1 1 1 1 1 Note 2
oj{o|o|oj|o}{oO 0 1 X 1 |1 |Dooo | D100 | D200 1
O (0|0 |0 |O 1 0 1 X 1 1 |Dooo | D100 | D200 0 4-clock
delay
AR T A A A A
[ T R T T | I [ | | I | of LS
: [ | 1 | | | 1 ] | | | ! 1
" 1 {1 {11 101}]o0 0 1 X 1 |1 |Dois | D115 | D215 1
1 1 1 1 (] 1 o] 1 X 1 1 |Do1s [ D115 | D215 o]

X: don’t care Irrespective of 1/0 condition
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¢ PABX-MSM6914 ¢

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
Sx0 ~ Sx3, Ex and Fx PERx
0,2,4,6 “q”
1,3,5 “”

Note 3: Numbers of “1” on Doxx, D1xx and D2xx determines PTY

The number of “1” on

Doxx, D1xx and D2xx PERx
0,2 “0”
1,3 “1”
FUNCTION TABLE (2)
Input Output
S00 | S10 {S20 | S30 | Eo | Po MiNoo | MINo1 | Yoo | Yo1 [ YO2 | Yo3 |PTYo ARemark
~ |~~~ | — |~ |~ |SELo | SEL1 | MSEL | MIN10 | MIN11 [ Y10 | Y11 | Y12 | Y13 ~
S03 |S13 |S23 |S33 | E3 | P3 MIN20 | MIN21 | Y20 | Y21 | Y22 | Y23 |PTY3
X X X X 1 X X X X 1 1 1 1 1 1 1
X X X X 1 X X X (o] (] 1 o] 1 1 1
X X X X 1 X X X [o] 1 0 1 o] 1 1
X X X X 1 X X X 0 0 o] 0 0 1 1 Note 4
X X X X 1 X X X 1 0 1 1 1 (o] 1
X X X X 1 X X X 1 1 o] 1 1 1 0
X X X X 1 X X X 1 o] (o] 1 1 (0] (o]

X: Irrespective of 1/0 condition
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¢ PABX-MSM6914 ¢

Note 4: These are determined as follows.
1) Incase of MSEL =“0". .
PTYois determined by the numbers of “1” on MINoo ~ MIN2o, while PTY 1 is determined by
the numbers of “1” on MINo1 ~ MIN21.
PTY2and PTY3 are constantly “1”.

Numbers on “1” of Numbers on “1” of
MINoo ~ MIN21 PTYo MINo1 ~ MIN21 PTY1
0,2 wgr 0,2 wgr
1.3 wqn 1.3 wyr

2) Incaseof MSEL =“1".
PTYoand PTY1 are constantly “1”.
PTY2is determined by the numbers of “1” on MINoo — MIN2o, while PTY 3 is determined by
the numbers of “1” on MINo1 ~ MIN21.

TIMING CHART

CKO
CK1
CK2

DXxo0
~Dx15

Sxx

Exx

MSEL

Px

MINxx

Yxo
X1

Yx2
X3

PERx

PTYx

(1) Incase of SELO =“1” and SEL1 =*1”

rruyyyruryyuuyuurerrere

| A

[efclolefrlafu] it Jofrfr]m]

| so

| s1| s2| saf sa| ss| se| s7 [ se] so]siwo] sii] siz]

uon l “q s I uon

X | R X

o

| A

[ e[ cel or] er ] Pl e e p T e[ te] 7

wqn wqn

| Mo mi] m2] ms]

Note 1
[Axso | Axs1] Axsz [ Axsa] Axsa] Mo | M1 | «1 | «1» | axso]axsio]

[Axso] Axs1] Axsz2]Axsa] Axsa] “1” T “1" T M2 | Ma [ Axso]Axs1o]

1b See Note 1 of Function Table (1)
o See Note 3 of l See Note 4 of [See Note 3 of
Function Table (1) Function Table (2) Function Table (1)

Note 1: Axsn is the value when Dxxx is selected at Sxx=Sn.
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¢ PABX-MSM6914 ¢

(2) Incase of SELO =“1”and SEL1 =*“0”

CKO
CK1
CK2

Dxo0
~Dx15

Sxx

S I e I I o I I I 6y

[ All B8] cl]

ol el Flefnul ] o] tfm]

ISOTS1IS2I SsIS4| Ssl Sel S7| SBI SQ[S1OIS11[S12T

.

Ex

MSEL

Px

MINxx

Yxo
X1

Yx2
X3

PERx

PTYx

Note 1:

X | “0” | wyr | X

| ael] B ce| Dp| Er| FPl Gl HP ] o | op | ke P | wmpr]
wqn Mo Mi] M2 | ma] g
Note 1

3b

[ Axsof Axs1| Axsz | Axsa]Axsa| Mo | M1 | “17 ] “17 [ Axso|

Axso | Axs1|Axs2 [ Axsa| Axsa| “17 | “1” | Mo | M1 [Axse]

1b

See Note 1 of Function Table (1)

4b

See Note 3 of See Note 4 of r
Function Table (1) Function Table (2)

Axsn is the value when Dxxx is selected at Sxx=Sn.
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(3) Incase of SELO =“0” and SEL1 =“1"

|
P ML L
CK2 I

Dxo0

~oxs | Al BlclofJe]Flafn] tJo]k]ce]m]nN]

Sxx | sol] s1 ] s2| sa| sa| ss| se]| s7] ss | so| siof s11] s12] s13 ]

£ “o r e l “gr
MSEL X |« | = X
Px | Al B ] cp] op] Er] Fr] Gr ] W] 1P| | ke ] L] Mp| e
MINxx “1" [Mo] Mi] M2] Ma] g
Note 1
Y§‘1’ [Axso] Axs1] Axsz] Axsa] axsa] Mo | M1 ] “17 | «17 ] Axso
X2 “© Axso | Axs1 [ Axsz| Axsa] Axsa | “17 | «1» | M2 | M3 | Axso
PERx SeeNote 1 of Function Table (1)
1b

PTYx See Note 3 of tSee Note 4 of.

5b Function Table (1) Function Table (2)

Note 1: Axsnis 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

® |[nstructioncycle : 250 ns o Input/Output

® |Instruction ROM : 512 words X 23 bits Parallel Port

o Data ROM : 512 words X 13 bits Serial Ports

e Data RAM : 128 words X 16 bits DMA transfer

o Multiplier : 16 bits X 16 bits CPU interface 8080 series

=31 bits 5V single power supply
3-micron CMOS
28-pin ceramic DIP

28-pin plastic DIP

FUNCTIONAL BLOCK DIAGRAM

DATA DATA INSTRUCTION
ROM RAM
ROM
| SELECT | [ SELECT |
T PC
____REG___| ___REG.__]
i
MULTIPLIER STACK
____________________ w
Lowerbits | Higherbits &
>
BUSB 16 l 1 [éwl @ o
o poi
B 32
i ®m
FLAG P Q
REG. ALU
SERIAL PORTS
ACC A
|
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¢ SIGNAL PROCESSOR-MSM77C20 ¢
PIN CONFIGURATION

N\
ne [ 1] 28| vee
DACK [ 2| [27] Ao
pra 3 26] CS
po | 4 5] Ro
P1 5 24| WR
Do 5] 23| SORQ
D1 7 22| SO
p2 [ 8] 21] s
D3| 9 20 | SOEN
o4 [10] 19] SEEN
D5 |11 18| SCK
D6 |12 J—L—l INT
o7 [13] 16] RST
GND |14 15| CLK
(Top View)
PIN DESCRIPTION

Symbol Description Type Function

Do ~D7 Data bus 170 Bi-directional port used to transfer data between the DR or
SR register and the external data bus.

RD Read 1 Control signal to read out the data stored in the DR or SR
register. When this signal and the CS or DACK signal
become active-low, the Do to D7 are put into the output state.

WR Write | 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.

[ Chip select | 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 | Signal to select the DR or SR register when reading out the
register select data. When this signal is set to “1” and the SR register to “0”,
signal the DR register is selected.

RST Reset | When this signal is set to “1” (at least 4 clocks should be

input), the internal program counter, etc. are initialized.

DACK DMA | Control signal to transfer data between the DR re§ister and
acknowledge external units in the DMA mode, and input the signal

indicating that the DMA cycle is permitted.

DRQ DMA request (o) Signal to request the DMA transfer to external units when
data is transferred in the DMA mode.

Po, P1 Ports 0 and 1 o General-purpose port output assigned to the SR register.
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PIN DESCRIPTION (CONT.)

¢ SIGNAL PROCESSOR-MSM77C20 ¢

Symbol Description Type Function

INT Interrupt | When this signal is changed from “0” to “1” (at least 8 clocks
should be input) during the interruptiblie state (specified by
the SR register), the program jumps to the interrupt address
and the interrupt processingis executed.

Sl Serial input | The serial data is input by being synchronized with the SCK
clock rising edge.

SIEN Serial input enable | Signal to control whether or not to input the serial data. When
this signal is setto “1”, the serial data is not stored.

SO Serial output Tri- The serial data is output by being synchronized with the SCK

state clock falling edge.

SOEN Serial output enable | Signal to control whether or not to output the serial data.
When this signal is set to “1”, the SO is put into the
high-impedance state.

SORQ Serial output request (o] 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
signalis putinto “0”.

SCK Serial clock I Clock to synchronize the serial data. The serial datais input
or output by being synchronized with this clock.

CLK Clock ] Clock to operate this chip.

INSTRUCTION
INSTRUCTION FORMAT
. Instruction Register
Instruction T T T T T T T T N O O O
22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
P A R
OoP S S P
(Operation 00 E ALU E DPL DPH.M D SRC DST
and Move) L L E
C
P A R
RET s S P
01 E ALU E DPL DPH.M D SRC DST
(Return)
L L E
C
JUMP
(Jump) 10 BRANCH JMPA
LDI
(Immediate 11 ID DST
Data Load) ‘
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4 SIGNAL PROCESSOR-MSM77C20 ¢

INSTRUCTION FIELD
e ALU P-Port Selection Field (OP, RET)
PSEL
Mnemonic | | Description
20 19
RAM [o] 0 RAM
DB o] 1 Internal data bus (*1)
M 1 0 M register *1 Indicates the contents of
registers specified in
N 1 1 Nregister ) SRC field.

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 | | | | Description
18 17 16 15
NOP 0 0 0 0 No operation
OR 0 0 0 1 (ACC) V (P) — (ACC)
AND o o 1 0 (ACC) A(P) — (ACC)
XOR 0 0 1 1 (ACC)¥(P) — (ACC)
suB 0 1 0 0 (ACC) — (P) — (ACC)
ADD 0 1 0 1 (ACC) + (P) — (ACC)
SBB 0 1 1 0 (ACC) — (P) — (C) — (ACC)
ADC 0 1 1 1 (ACC) + (P) +(C) — (ACC)
DEC 1 0 0 0 (ACC) -1 —(ACC)
INC 1 0 0 1 (ACC) +1 — (ACC)
CMP 1 0 1 0 (ACC) —(ACO)
SHR1 1 0 1 1
SHL1 1 1 ] 0
SHL2 1 1 0 1
SHL4 1 1 1 0
XCHG 1 1 1 1

Note: P: ALU P-portinput selected by PSEL fields

: Carry flag of FLAG register that is not selected by ASEL bit.
: OR.

: AND

: Exclusive OR

4><0
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o Accumulator Selection Field (OP, RET)

4 SIGNAL PROCESSOR-MSM77C20 ¢

ASEL
Mnemonic | Description
14
ACCA 0 Accumulator A
ACCB 1 Accumulator B

o DP Operation and Modify Field (OP, RET)

DPL
Mnemonic | | Description
13 12
DPNOP 0 0 No operation
DPINC (o] 1 Increment DP_
DPDEC 1 0 Decrement DP_
DPCLR 1 1 Clear DP_
DPH.M
Mnemonic | | | Description
1 10 9
MO 0 0 0 (DPe DPs DP4)¥-(0 0 0)
M1 0 0 1 (DP6 DP5 DP4)¥%(00 1)
M2 0 1 (o] (DP6 DP5 DP4) % (0 1 0)
M3 0 1 1 (DP6 DP5 DP4)¥%(0 1 1)
M4 1 0 0 (DP6 DP5 DP4)¥(1 0 0)
M5 1 0 1 (DP6 DP5 DP4) ¥ (10 1)
M6 1 1 o] (DPe DP5 DP4)%(1 1 0)
M7 1 1 1 (DP6 DP5 DP4)¥-(1 1 1)
o RP Decrement Field (OP, RET)
RPDEC
Mnemonic | Description
8
RPNOP o] No operation
RPDEC 1 Decrement RP
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4 SIGNAL PROCESSOR:- MSM77C20 ¢

® Source Register Field (OP, RET)

SRC
Mnemonic I I I | Description
7 6 5 4
NON o] o] (o] (o] No register
A 0 (] 0 1 Accumulator A
B 0 0 1 0 Accumulator B
TR (o] 0 1 1 TR register
DP 0 1 (o] [o] DP register
RP (] 1 [o] 1 RP register
RO (o] 1 1 (o] RO register
SGN 0 1 1 1 SGN register
DR 1 ] o] (] DR register
DRNF 1 0 0 1 DRregister (*1)
SR 1 [o] 1 o] SR register
SIM 1 0 1 1 Sl register (1st —MSB) (*2)
SIL 1 1 0 0 Sl register (1st — MSB) (*3)
K 1 1 0 1 K register
L 1 1 1 0 L register
MEM 1 1 1 1 RAM

*1 The contents of DR register are output to 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 Thefirst 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 “0”.

*3 Thefirst bit of serial data (ex. 16 bit data) is output to the bit “0” of the internal bus, and the
last bit to the bit “15”.
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o Destination Register Field (OP, RET, LDI)

4 SIGNAL PROCESSOR-MSM77C20 ¢

Mnemonic

DST

Description

@NON

No register

@A

Accumulator A

@B

Accumulator B

@TR

TRregister

@DP

DP register

@RP

RP register

@DR

DR register

@SR

SR register

@ SoL

SO register

@ SOM

SO register (LSB — 1st) (*1)

@K

K register

@KLR

KLR (*3)

@KLM

KLM (*4)

@L

L register

@ NON

No register

@ MEM

RAM

*1 The serial data is output successively starting from the bit “0” of internal bus.

*2 The serial data is output successively starting from the bit “15" of internal bus.

*3 Thedataoninternal 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 DPe=1 thatis (1, DP5, DP4, DP3, DP2,DP1,
DPo), set to K register, and the data on internal data bus to L register.
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

¢ BRANCH Field (JUMP)

BRANCH
Mnemonic' | i i I 0 | I | Description
20 19 18 17 16 15 14 13
JMP 1 (o] 0 0 o] 0] 0 (o] Unconditional
CALL 1 0 1 0 0 0 0 0 Unconditional
JNCA 0 1 0 0 0 0 0 0 CA=0
JCA 0 1 0 0 0 0 0 1 CA=1
JNCB 0 1 0 0 0 0 1 0 CB=0
JcB o 1 o o o o 1 1 cB=1
JNZA 0 1 0 0 0 1 0 0 ZA=0
JZA 0 1 0 0 o0 1 0 1 ZA=1
JNZB 0 1 0 0 0 1 1 0 ZB=0
JzB 0 1 0 0 0 1 1 1 ZB=1
JNOVAO 0 1 0 0 1 0 0 0 OVA0=0
JOVAO 0 1 0 0 1 0 0 1 OVAO=1
JNOVBO | © 1 0 0 1 0 1° 0 OVB0=0
JOVBO 0 1 0 0 1 0 1 1 OVBO=1
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 | © 1 0 1 0 0 o} 0 SA0=0
JSAO 0 1 0 1 0 0 0 1 SAO=1
ONSBO | 0 1 o0 1 0o o 1 o SB0=0
JSBO 0 1 (o} 1 0 0 1 1 SBO=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
JsSB1 0 1 0 1 .0 1 1 1 SB1=1
JDPLO 0 1 0 1 1 0 0 0 DP_=0
JDPLF 0 1 o 1 1 0 o i DP_=F (HEX)
 UNSIAK 0 1 0 1 1 0 1 0 SIACK=0
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

BRANCH
Mnemonic | I | ) | ) | | Description
20 19 18 17 16 15 14 13
JSIAK 0 1 0 1 1 0 1 1 SIACK=1
JNSOAK (o] 1 0 1 1 1 0 o] SO ACK=0
JSOAK o 1 0 1 1 1 o] 1 SO ACK=1
JNRQM (o] 1 0 1 1 1 1 o] RQM=0
 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.
o JMPA Field (JUMP)
JMPA field
Jump address

12 11 10 9 8 6 5
[¢] 0 0 (o] o] (o] [o] “0” address is specified as the jump address.
o] 0 (o] 0 0 0 0 “1" address is specified as the jump address.
0 (o] 0 0 0 0 1 “2" address is specified as the jump address.
¢
1 1 1 1 1 1 1 “511” address is specified as the jump address.
o ID Field (LDI)
ID field

T T T N T TN S SO S o | HEX
20 19 18 17 16 15 14 13 12 11 10 6 5

0 0 0 0 0 0 0 0 0 o] 0 0 o] 0000

0 0 0 0 0 0 0 0 0 0 0 0 1 0001

0 0 0 0 0 0 o] 0 0 (o] 0] 1 0 0002

11 FFFF
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4 SIGNAL PROCESSOR-MSM77C20 ¢

ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Conditions Limits Unit
Supply Voltage Vce ' —-05~+7.0 \'
Input Voltage VIN —0.5 ~Vcc+0.5 \
GND Basis
Output Voltage VouTt -0.56 ~Vee+0.5 v
Storage Temperature Tstg —65 ~+150 °C
Power Dissipation - Pd Ta=25°C 1.0 w
OPERATING RANGE
Parameter Symbol Min Typ Max Unit Remark
Supply Voltage Vce 4.75 5 5.25 "
Operating Temperature Top -10 25 70 °C
2.2 - Vec+0.3
High Input Voltage VIH Vv
3.5 - Vce+0.3 CLK
: -0.3 - 0.80
Low Input Voltage ViL v
-0.3 - 0.45 . CLK

| | DC CHARACTERISTICS
(Voo =5V £5%, Ta=—10 ~70°C)

Parameter Symbol Conditions Min. Typ. Max. Unit
Low Output Voltage VoL loL=2mA ) - - 0.45 V'
High Output Voltage VoH loH=—400uA 2.4 - - \
Input Leak Current L 0 SViN SVee -10 - 10 nA
Output Leak Current Lo 0 <Vouyrt <Vce —/1 0 - 10 uA
CLK, SCK Capacitance Co - - 20 pF
Input Capacitance CiIN fc=1 MHz - - 10 pF
Output Capacitance Cout - - 20 pF
Current Consumption lec Tcyc=122nS - 24 40 mA
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AC CHARACTERISTICS
(Vec =5V +5%, Ta=—10 ~70°C)

¢ SIGNAL PROCESSOR-MSM77C20 ¢

Unit

Parameter Symbol Condition Min Typ Max
CLK cycle time »CY 122 - 2000 ns
CLK pulse width éD 60 — - ns
ClLK rise time or et - 10 | ns
irement
CLK fall time ot B .0V - - 10 | ns
Ao, CS, and DACK setup to RD| tAR 0 - - ns
Ao, CS'and DACK hold after RD 1 tRA 0 - - ns
RD pulse width tRR 250 - - ns
Data access fromRD| tRD CL =100pF - - 150 ns
Data bus float after RD 1 tpF CL =100pF 10 - 100 ns
Ao, CS, and DACK setup toWR | taw 0 - - ns
Ao, CS, and DACK hold after WR1 twa 0 - - ns
WR pulse width tww 250 - - ns
Data setup to WR1 tow 150 - - ns
Data hold after WR| twp 0 - - ns
RD and WR recovery time between controls |  tRy 250 - - ns
DRQ output delay tam CL =100pF - - 150 ns
DACK inputdeiay tDACK 1 - - $D
DACK pulse width top 16 bittransfer | 250 - 50000 | ns
SCK cycle time tscy 480 - DC ns
SCK puise width tsck 230 - - ns
SCK rise time trsc - - 20 ns
SCK fall time tisc - - 20 ns
SORQ output delay tbrq CL=100pF 30 - 150 ns
SOEN setup to SCK| tsoc 50 - - ns
'SOEN hold after SCK| tcso 30 - - ns
SO output delay tpck - - 150 ns
o o | o ||
SO active after SCK1 tpzsc 20 - 300 ns
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

Parameter Symbol Condition Min Typ Max Unit
SO active after SOEN| tpze 20 - 180 ns
SO float after SOENT tHzE 20 - 200 ns
SO float after SCK tHzsc 20 - 300 ns
SO float after SCK1
(controlled by SORQ) tHZRQ 70 - 300 ns
SIEN and Sl setup to SCK{ tpc 55 - - ns
SIEN and SI hold after SCK tcp 30 - - ns
Port output delay tpp - - ¢1C 5Y0+ ns
RST pulse width tRsT 4 - - #CY
INT pulse width HNT 8 - - ¢CY

Note 1: Voltage at AC timing measurement point

ViL=VoL=08 \'
ViH=Von =22V

Note 2: AC test input waveform

24 (excluding CLK)
m Xz
0.45 0.8

(CLK)

3.5

0.45 ><

X

Note 3: Output HZ and DZ test load circuit

25V

2kQ

ouT
100 pF

.||._|

Note 4: Voltages at HZ and DZ timing measurement points

HZ

DZ
7‘ 0.4
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

TIMING DIAGRAM

CLOCK

READ OPERATION
Ao, CS, DACK iil }(
tAR |1 tRR t~ trA L
RD
tRD —= —1 tDF
2 .

WRITE OPERATION

Ao, CS, DACK ;F<

taw I tww ):WA f-—

tpy ——=+=—twD

Do~7
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

DMA OPERATION
(8 bit Transfer Mode)

tbACK

DACK \

AN

DRQ /

(16 bit Transfer Mode)

tam

top

DACK \

tDACK

tAM

DRQ

m-E-16




4 SIGNAL PROCESSOR-MSM77C20 ¢

SERIAL INPUT/OUTPUT TIMING

trsc trsc
[_\L.—tscv tSCK ~=-tsCK -— e
s __ A N/ ‘ J&m
IDRQ DRQ
| -
SORQ !
t
__'CSO
tsoc -
tsoc
SOEN /
. f—
tbzRQ tDcK tHze tpzsc DCK _ﬁi‘zsc
—
SO ——=——— VALID  D)—————1 = 1-4 VALID D-—--<«
Ly
— toc — -—-’tt
CD
SIEN SK
_ teo

SI

tbc
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¢ SIGNAL PROCESSOR-MSM77C20 ¢

PORT OUTPUT TIMING

CLK

Po, P1

RESET

RST

tRsT

INTERRUPT

INT

} tNT

READ/WRITE CYCLE TIMING

CS, DACK \

ﬁﬁ,ﬁ—\—}

trv
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OXK I 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 OKlI'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 & 100nS machine cycle time.

The MSM6992 incorporates a 1K-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 address 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
® |nstruction cycle ® 64K-word program memory area
100nS/125nS ® 64K-word data memory area
® Arithmetic formats ® Multiprocessor interface
Floating-point arithmetic 16E6 ® Microcomputer interface (8-bit & 16-bit)
Fixed-point arithmetic 16-bit ® DMA controller connection capability
Logical arithmetic 22-bit ® Maximum 15-bit shift function (left or right)
® Built-in 1K-word X 32-bit instruction RAM ® Double loop function
(Also usable as data ROM) ® 15V power supply
® Built-in 1K-word X 32-bit instruction ROM ® Low power consumption, 400 mW
® 32-bit wide horizontal microinstruction ® 132-pin ceramic PGA package
® 2,m silicon gate CMOS

BLOCK DIAGRAM

A 15~0

D 210

CONTROLLER
=
D
A

vee AQ CLKM 1,0

GND

CLKO

M-E-19



¢ SIGNAL PROCESSOR-MSM6992 ¢

PIN CONFIGURATION

m-E-20

O 0O 0O 0O 0O 0O O O O O O 0 O a
40 39 38 37 36 35 34 33 32 31 30 29 28 27
O 0O 0O 00O O OO0 O OO0 0 0 0
41 86 85 84 83 82 81 80 79 78 77 76 75 26
0O 0O 0O OO0 O O O O O O 0 0 O
42 87 124 123 122 121 120 119 118 117 116 115 74 25
O O O O O O
43 88 125 114 73 24
O O O O O O
44 89 126 13 72 23
O O O O O O
45 90 127 12 7 22
O O O {TOP VIEW) o O o)
46 91 128 111 70 21
O 0 O O O O
47 92 129 110 69 20
O O O insorti O O O
48 93 130 :‘,23:;‘,;;:' ;s,"'o" 109 68 19
O O O o‘/ O O O
49 94 131 108 67 18
O O O O O O
50 95 132 107 66 17
O 0O O 0O 0O O O O 0O 0O O O O
51 96 97 98 99 100 101 102 103 104 105 106 65 16
O 0 0O 0O 0O 0O O 0 O O O O O
52 53 54 55 56 57 58 59 60 61 62 63 84 15
0O 0O 0 0O 0O O O 0O 0O O O O O
1 2 3 4 5 6 7 8 9 10 1 12 13 14
INDEX
PinNo. Pinname /0 | PinNo. PinName I/O | PinNo. Pinname I/O | PinNo. PinName /0
1 DREQ o 34 D18 o | 67 PD5 | 100 TA o
2 PSAO [ 35 D15 o | ‘68 PD3 1 101 PD28 1
3 CLKO o 36 D13 vo | 69 PAO O | 102 PD25 I
4 * | 37 D10 0| 70  PA1 o | 103  PD21 1
5 M i 38 D8 o | 71 PA4 o | 104 PDI7 [
6 PD30 1 39 D5 o | 72 PA6 o | 105 PDI5 I
7 PD29 | 40 NC - 73 PA8 o | 106 PDi3 |
8 GND - 41 D2 o | 74 GND - | 107  PD1O |
9 PD24 [ 42 GND - 75 PA15 o | 108 PD7 1
10 PD22 1 43 A2 o 76 PTO | 109  PD4 1
1 PD19 I 44  vCcC - 77 * 1 110  PDO |
12 vce - 45 A6 [} 78 % | 111 PA2 o
13 PD14 | 46 A7 o 79 OF0 o | 112 vce -
14 NC - 47 NC - 80  GND - | 113 Pas o
15 PD11 1 48  A12 o 81 D17 70| 114 PA11 o
16 PD8 I 49 A4 o 82 D14 0 | 115  PA14 ¢}
17 PD6 1 50 RD o | 83 D11 vo| 116  TPT1 1
18 GND - 51 BREQ o 84  vcC - | 117 vce -
19 PD2 | 52 DACK 1 85 D7 10| 118  OF1 o
20 PD1 - | 53 cs 1 86 D3 7o | 119 D19 [¢]
21 NC - 54 vce - 87 DO o | 120 D16 170
22 PA3 o 55 MCLKO l 88 A0 o | 121 D12 170
23 PAS o 56 RST 1 89 A3 o | 122 D9 110
24 PA7 [¢} 57 PD31 | 90 A5 O | 123 De 170
25 PA10 0 58 PD27 1 o1 A9 o | 124 D4 0
26 PA12 o 59 PD26 | 92 A10 o | 125 D1 170
27 PA13 o 60 PD23 1 93  A13 o 126 A1 o
28 IPT2 1 61 PD20 I 94 IF1 | 127 A4 o
29 * | 62 PD18 1 95 GND - | 128 A8 o
30 IFO [ 63 PD16 | 96 BACK 1 129 At1 o
31 * [ 64 PD12 1 a7 NC -1 130 a1s o}
32 D21 o | es PD9 1 98  PSA1 1 131 WR o)
33 D20 V0| 66 NC 1 99 MCLK1 | 132 I0RQ o

Note: Pins marked by an * must be connected to ground.



¢ SIGNAL PROCESSOR-MSM6992 ¢

PIN DESCRIPTION

Pin symbol

1/0

Function

PA 15 ~PAo

Program memory address output pins
® These pins address external program memory.
® On reset this address goes to zero.

PD31~PDo

Program memory data input pins
® Input to external program memory data.

M

Internal ROM selector input pin

® This signal is used to select between internal or external program memory.
forinternal program mode IM="“1"
for external program mode IM="0"

A1s~ Ao

o
(3-state)

Data memory address output pins
® Designates the external data memory and external I/C addresses.

D21~Do

170
(3-state)

Data memory data input/output pins
® Parallel input and output of external data memory, microprocessor, or I/0 bus data.

IPT2,1,0

3-level interrupt input pins (active low)

® Interrupts accepted during the “sequence” operations.

® Interrupts are accepted if interrupt level is greater than interrupt priority set in control
register and fixed address corresponding to interrupt level is passed to program
memory address bus.
Interrupt priorities are: IPT2 > IPT1> IPTo

IF1~1Fo

Universal input flag pins
® |Inputstosetflagin IFR register.

OF1~OFo

Universal output flag pins
® Qutputof OFR latch.

170
(3-state)

Read control input/output pin (active low)
o Ou:jput of external data memory and I/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.

1/0
(3-state)

Write control input/output pin (active low)
® Output of external data memory and I/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.

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.

PSA1~PSAo

Port select address input pin
® INR/OUTR ports connected to data input/output pins are selected according to the
host MPU data bit length whenMSM6992 is in slave mode.

Host CPU
PSA1 | PSAO
8-bit 16-bit MSM6992
INR 21~16 INR 21~16 INR 21~0
0 0 | outr21~16"P D0 | outR21~16 DD | ouTR21~0PH D0
INR 15~8 INR 15~0 INR 21~0
0 ' | outr15~8"P" Do | GuTR15~0 PP | oytR21~0 P2 D0
INR 7~0 INR 21~0
1 (o] OUTR7~8“D1~D° NOP 0UTF(21~0“DZ‘ Do
INR 21~0
1 1 NOP NOP OUTR21~0“D“~D°

m-E-21



¢ SIGNAL PROCESSOR-MSM6992 ¢

PIN DESCRIPTION (CONT.)

Pin symbol 170 Function
IORQ (o] 170 request output pin .
(3-state) | ® This signalindicates whether the write or read operation is with respect to external
data memory or I/0 device.
1/0 request when IORQ =“1"
Data memory request when IORQ =“0"
BREQ o] Bus request output pin (active low)
® Signal to request external data bus.
® Access requests passed to external devices are invalid when this DSP is accessed
by external MPU (CS =*0").
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 ="0")
and the BACK signal is active, that is, a full “hand shake” must take place.
DREQ (o) DMA request output pin (active low)
® Data transfer request signal for data transfer between external memory and the DSP
when in DMA mode.
® DREQ s reset after transfer of one word of data has been completed to maximize
utilization of system bus.
DACK 1 DMA acknowledge input pin (active low)
® Input signal indicating DMA cycle is enabled by external DMA control.
TA o Table data access indicator
® TA =“1"when data is read from the program memory.
RST | Reset input pin (active low)
® This signal initializes all internal states of DSP.
® The reset signal must be applied for a period greater than one machine cycle.
® |f reset input signal is applied for more than five machine cycles, internal clock
synchronization is effected in addition to internal initialization.
MCLKO,1 | Master clock input pin .
® Master clock obtained by input of external clock (50 =+10% duty) with frequency four
times the machine cycle
CLKO (o] Internal system clock output pin
Vee - +5V power supply pin
GND - Ground pin

m-E-22



ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

¢ SIGNAL PROCESSOR-MSM6992 ¢

Parameter Symbol Conditions Limit Unit
Supply voltage Vce —-05~+7.0 \
Input voltage VIN -0.5 ~Vgg+0.5 \Y
GND Basis
Output voltage VouT -0.56 ~Vgc10.5 \
Storage temperature Tstg —65 — +150 °C
Power dissipation Pd Ta =25°C w
Operating Range
Parameter Symbol Min Typ Max Unit
Supply voltage Vee 4.75 5.00 5.25 \'
Operating temperature Top 0 25 70 °C
“H” input voltage VIH 2.2 Voc+0.3 v
“L” input voltage ViL -0.3 0.8 v
DC Characteristics
(Vog =5V +5%, Ta=0~70°C) E
Parameter Symbol Conditions Min Typ Max Unit
Input leak current Ll 0SVINSVee -10 10 uA
Output leak current Lo | 0=VouTSVce -10 10 uA
“H” output current VoH | loH=-400uA 2.4 \'
“L” output current VoL |loL=2.0mA 0.4 \
Stand-by supply lces | 0SVi<Vee 15 mA
Operation supply lcco | tMC=31.25nS 80 mA
Capacitance
Parameter Symbol Conditions Min Typ Max Unit
Input capacitance CIN 10 pF
f=1MHz
Output capacitance Court 20 pF

m-E-23
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¢ SIGNAL PROCESSOR-MSM6992 ¢

AC Characteristics
@ Clock Timing

(Ta=0 ~70°C, Vpp =5V +5%)

Symbol Parameter Condition Min Typ Max | Unit

temMC MCLK cycle time 31.25 - DC ns

teMH MCLK high level pulse width 13 - - ns

temML MCLK low level pulse width 13 - - ns
Voltage at

tomr MCLK rise time timing - - 5 ns
measurement

. point

tpMf MCLK fall time =0.8vV&22v| — - 5 ns

tac CLKO cycle time 125 - - ns

t¢H CLKO high level pulse width T-10 - - ns

toL CLKO low.level pulse width 3T-20 - - ns

tor CLKO rise time Xﬁ:}ﬁge at - ~ | 10 | ns
“measurement

tgf CLKO fall time P a2av| — — | 10 | ns

tRsTS RST set-up to MCLK | 10 — — ns

tRSTH RST hold after MCLK | 10 - - ns

*
tRSTW RST pulse width ,2t¢MC - - ns
4t¢MC
T=tyc/a * Refer to User's Manual.
Note 1:

2.4V

0.4V

AC test input waveform

X

Note 2: Voltage at AC timing measurement point

-E-24




¢ SIGNAL PROCESSOR: MSM6992 ¢

External Instruction Operation

Symbol Parameter Condition Min | Typ Max Unit
tpPAD PA 15 ~ PAo output delay - - 55 ns
tPAH PA 15 ~ PAohold after CLKO| -5 - - ns
tpps PDs1 ~ PDoset-up to CLKO | 24 - - ns
tPDH* PDs1 ~PDohold after CLKO | T - - ns
tTAD TA Output delay - - 60 ns
tTAH TA hold after CLKO| - - 40 ns

* When using MSM6992 at low speed, it is necessary to latch memory output once to satisfy hoid
time.

Write/Read Operation (Master mode)

Symbol Parameter Condition Min | Typ Max Unit
tAD A1s ~ Aodelay - - 50 ns
tAH A1s ~ Aohold after CLKO| -5 - - ns
twA A1s ~ Aohold after WR1 -15 - - ns
tWRD WR output delay - - T+20 ns
tWRH WR hold after CLKO| - - 20 ns
tww WR pulse width 3T-20| — - ns
tpob D21 ~ Dooutput delay C=100pF - - T+40 ns
tDoH D21~ Dohold after CLKO| CL=100pF 0 - - ns
tRDD RD output delay CLKO| - - |T+20 | ns
tRDH RD hold after CLKO| - - 20 ns
tRR RD pulse width 3T-20 | — - ns
tpis D21 ~ Doset-up to CLKO CL=100pF 35 - - ns
tDIH D21~ Dohold after CLKO| CL=100pF 0 - - ns
tioQp IORQ output delay - - 60 ns
tioqQH IORQ hold after CLKO| - - 40 ns

M-E-25
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¢ SIGNAL PROCESSOR-MSM6992 ¢

Read/Write Operation (Slave mode)

Symbol Parameter Condition Min | Typ Max Unit
tAR CS, PSAo,1setuptoRD| 0 - - ns
tRA CS, PSAo, hold after RD1 20 | - - ns
tRR RD pulse width 50 - - ns
tRD D21~ Doaccess fromRD| CL=100pF - - 60 ns
tpE D21 ~ Dofloat after RD{ CL=100pF 10 - 100 ns
taw CS, PSAo, 1setup to WR| 20 - - ‘ns
twa CS, PSAo, 1hold after WR1 20 - - ns
tww WR pulse width 50 - - ns
tpw D21 ~ Dosetup to WR1 CL=100pF 20 - - ns
twp D21~ Dohold after WR1 CL=100pF 30 - - ns
tcs CS setupto CLKO| 40 | - - ns
tcH CS hold after CLKO| 0 - - ns
tps D21~ Dosetup to CLKO| CL=100pF 40 | - - ns
toH D21 ~ Dohold after CLKO| CL=100pF o] - - ns

DMA Write/Read Operation

Symbol Parameter Condition M/in Typ Max Unit
tbRQ DREQ output delay (CLKO|) - - 30 ns
tAKQ DREQ output delay (DACK ) - — | 8T+30| ns
taAKS DACK setup to CLKO| 30 - - ns
tAKH DACK hold after CLKO | 10 - - ns
tAKG DACK setup to RD/WR 0 - - ns
tCAK DACK hold after RD/WR 20 | - - ns
tRw ‘RD/WR pulse width 50 - - ns
tpc D21 ~ Dosetup to WR1 CL=100pF 20 - - ns
tcp D21~ Dohold after WR| CL=100pF 30 - - ns
tRD ' D21~ Doaccess from RD| CL=100pF - - 60 ns
tDF D21 ~ Dofloat after RD{ CL=100pF 10 - 100 ns’
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4 SIGNAL PROCESSOR:-MSM6992 ¢

BREQ & BACK Timing
Symbol Parameter Condition Min | Typ Max Unit
tBRQ BREQ output delay (CLKO]) - - 50 ns
tBQK BREQ output delay (BACK |) - — | 8T+50 | ns
tBKS BACK setup to CLKO| 30 - - ns
tBKH BACK hold after CLKO | 10 | - - ns
tzDA Address enable delay (BACK ) - — | 4T+60 | ns
tpzA Address disable delay (BACK ) - — | aT+60 | ns
tzDB Data Bus enable delay (BACK ) CL=100pF - — | 5T+60 | ns
tpzB Data Bus disable delay (BACK?1) CL=100pF - — | 4T+60 | ns
Interrupt & Port Timing
Symbol Parameter Condition Min | Typ Max Unit
tips 1TPo ~1TPzsetup to CLKO| 40 | - - ns
tipH TTPo ~TTP2hold after CLKO| 10 - - ns
tiFs IFo ~ IF1setup to CLKO| 40 - - ns
tEH IFo ~ IF 1 hold after CLKO| 10 — - ns
toFD OFo ~ OF 1 output delay - - 50 ns

m-E-27



¢ SIGNAL PROCESSOR-MSM6992 ¢

Note 3: Output HZ and DZ test load circuit

2.5V

2k

200pF

I

Note 4: Voltages at HZ and DZ timing measurement points

4.5V 4.5V
HZ
Dz Dz
74 0.5V 0.5V

TIMING CHARTS

Clock

=

teMH
é toMf tomr

MCLK1,0 ‘_ﬂ ’ \

tRsTS tRSTH > toML
tRSTW ‘ >

teMC
RST JK i
t¢H

CLKO . 7[_\_
t¢|_
L |

thl' td,f I¢C

=1
T—4 tqu
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¢ SIGNAL PROCESSOR:MSM6992 ¢

External Instruction Operation

4T

VAR S A [

CLKO
tpAD i:AH
PA 15 ~PAo W W
tpDS tPDH
¥
PDa: ~PDo W % ><
K
|
tTAD tTAH
. N
Write/Read Operation (Master mode)
CLKO / J lk /[ \ / \
tAD taH
A1s~ Ao X X
twRD ++ twA
_ tww tWRH
WR \ /
R/
t
RDD t trOH
— RR
RD \
//
tpob DOH tois | 'DH
D21~Dp == e = = - - ——— ﬂ_-_-< y *
K
tioab tioqH
I0RQ /
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¢ SIGNAL PROCESSOR-MSM6992 ¢

Read Operation (Slave mode)

CS.PSAo, PSA

RD 'AR tRR

D21~Do

8, 16 bits Write Optation (Slave mode)

‘ toF 1

CS.PSAo, PSA+
WR taw tww / twa
\( 7
tpw twp |
D21 ~Do
22 bits Write Operation (Slave mode)
CLKO /
CSWR \L tcs tcH
tps tDH

s
D21~Do
N

m-E-30




4 SIGNAL PROCESSOR-MSM6992 ¢

DMA Write/Read Operation BREQ & BACK Timing
4T
oo /[/_\ A A A
tbRQ
DREQ
DACK
WR/RD
D21 ~Do
(DMA write data)
tRD IDF ",
D21~Do
(DMAreaddata,_-_---_--_--D-_-_<:ﬂ;___--
BREQ & BACK Timing
a7
CLKO / k |\ ﬂ Y / o\ |\
tBRQ tBQK ,
BREQ ?./
tBKs tBKH
BACK
\ 1%
tbza
HZ
tDzB )
:F HZ

m-E-31



4 SIGNAL PROCESSOR-MSM6992 ¢

Interrupt Timing

CLKO /_\ /—\

47

[

/3

IPTo, IPT+, IPT2

ips | tIPH,

Port input/Output Timing

[\ [}

_

CLKO
tirs tFH
4
IFo, IF X‘ X
}
toFD
OFs, OF 1 )f
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F. CELLULAR B
MOBILE PHONE







OKI semiconductonr
MSM6807,/6817

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 OKI’s low power consumption CMOS
silicon 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- ® Microcomputer interface serial control
ting MODEM data and DTMF signals. data.

® Built-in anti-aliasing filter and smooth- ® CMOSssillicon gate process.
ing filter. ® Power supply: +5V.

® Pre-emphasis, de-emphasis circuit on ® | ow power consumption: 30 mW.
chip. ® 32 pin plastic FLAT package.

m-F-3
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PIN CONFIGURATION

4 CELLULAR PHONE - MSM6807/17 ¢

32 PIN Plastic Flat PKG

vopa [ ] O
sGc [2]
ne [3]
sG (4]
DEMO [ 5 |
el (6]

eo [7 ]
TONE [ 8]
REXT [9 |

SPK | 10
ALT | 11
PD |12
STB |13
CDAT |14
CCLK |15
MCK | 16

32] vop

31] DG
30] voic
29| EMP
28] TEXT
27] ci

26] cO
25] CCH
24] cCL
23] TXS
22] TXD
21| DTMF
20] cLMmP
ZE]MOD
18 | AG
17| NC
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¢ CELLULAR PHONE - MSM6807/17 ¢

PIN DESCRIPTIONS

Pin Name

Pin No.

1/0

Function

VDDA

1

Power

Power supply pin for the analog circuit.
+5V shall be applied.

SGC

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 uF so as to keep SG silent.

SG

SG is built-in analog ground.

VDDA
5 V.

To make its impedance lower, it is necessary to be AC

grounded for AG via a bypass capacitor of more than

2.2 uF. ,

This voltage is nearly

DEMO

Demodulated signals input.
The demodulated baseband signal input to DEMO can
be sent out via ALT, SPK, REXT and El.

El

Expandor Input.

When the control data BO (refer to table 1) is logical O,
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
the change in output level is 2 dB.

See Figure 6.

’

EO

Expandor Output.
The signal input to EO has 20 dB gain between EO and
SUM. Refer to description of pin 6 for details.

TONE

This is an input to SUM (Summing Ampli<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>