OKIX semiconductor
MSM6951B &

ANALOG FRONT END LS| FOR MULTI-STANDARD MODEM

,4:»5/\}9
GENERAL DESCRIPFION

The MSM6951 B//Lsﬁ/Q\\Efé/alog front-end LSI which is fabricated by OKi's low power con-
sumption CMOS/siﬁ(’égh gate technology for modem chip set based on Bell 212A, CCITT
V.21, V.22, V. Q}ﬁd V.22 bis standard. The MSM6851 consists of two BPFs, for low
band and high'h ad, an A/D converter with 8-bit parallel output, a D/A converter with 8-bit
parallel i@\éh AGC circuit controlled by external digital signals, a guard tone generator
(550 l-!;/(1 3 0 Hz selectable) and some analog signal control switches for various applications.

The@)\?\SMGQNB communicates with a modulator and a demodulator via each 8 bits par-
alteldigital fine.

R %;s 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 provides an analog signal input, an analog signal output and some signal-loop
control inputs, and requires a 3.6864 MHz clock input to generate the operating time-base.

FEATURES

® Conforms to Bell 212A, CCITT V.21, ® On-chip multi-purpose LPF for tone
V.22, V.23 and V.22 bis transmitting and call progress detection.

® 8-bit parallel output A/D converter and ® Provides AC loop test function, a
8-bit parallel input D/A converter on transmitting analog signal can be looped
chip. back as a receive analog signal within

® On-chip voltage reference. the chip.

® On-chip AGC circuit controlied by 8-bit ® Supply voltage: 5V,
external digital signal, over the received ® | ow power dissipation: 115 mW.
signal level range of 48 dB with 0.19 dB ® 36864 MHz external clock for ope-
step. ration. P

® Dynamic range: 70 dB ® 42-pinplasticDIP ..... MSM6951BRS\ )

® Guard tone mixing function: 550 Hz or 56-pin plastic FLAT W
1800Hz. MSM695 B@}e\fk

44-pinPLCC......... MSJ\\& 51BJS
o
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4 MODEM-+-MSM6951B ¢

PIN CONFIGURATION (Top view)

42 pin DIP (MSM6951BRS)
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56 pin FLAT (MSM6951BGS-VK)
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44 pin PLCC (MSM6951BJS)
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4 MODEM-MSM6951B ¢
BLOCK DIAGRAM
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Pin Assignment

¢ MODEM-MSM6951B ¢

Pin No.
Pin Name In/Out Function
RS| GS JS
TD1 1 51 2 Input | Transmit signal digital data input to DA (LSB)
TD2 2 52 3 Input | Transmit signal digital data input to DA
TD3 3 53 4 Input | Transmit signal digital data input to DA
TD4 4 54 5 Input | Transmit signal digital data input to DA
TD5 5 55 6 Input | Transmit signal digital data input to DA
TD6 6 3 7 Input | Transmit signal digital data input to DA
TD7 7 4 8 Input | Transmit signal digital data input to DA
TD8 B 5 g9 Input | Transmit signal digital data input to DA {(MSB)
WRITE 9 6 10 Input | TD writing control signal for DA
MCK 10 7 11 Input | Master clock input 3.6864 MHz
START | 11 8 12 Input | Control signal for starting of AD conversion
READ 12 9 13 Input | RD reading control signal for AD
RD1 131 10 14 In/Out | Receive signa! digital data output from AD (LSB)
RD2 14 11 15 In/Out | Receive signal digital data output from AD
RD3 15 12 16 In/Out | Receive signal digital data output from AD
RD4 16| 13 17 | in/Out | Receive signal digital data output from AD
RD5 17| 16 18 In/Out | Receive signal digital data output from AD
RD6 18 17 19 In/Out | Receive signal digital data output from AD
RD7 191 18 20 | In/Out | Receive signal digital data output from AD
RDS8 20 19 21 | In/Out | Receive signa! sigital data output from AD (MSB)
vDD2 21| 20 22 Positive power supply (+5 V)
DG 22 (22,2323, 24 Digital ground {0 V)
AG 23| 24 25 Analog ground (0 V)
AGCC 24! 25 26 External capacitor terminal for AGC
VR 26| 29 28 | Output | External capacitor terminal for reference voltage
AIN 27| 30 29 Input | Receive analog signal input
DT 28| 31 30 Input | Dial tone detecting loop
PT 29| 32 31 Input | DTMF signal transmitting loop
AOUT 3¢ 33 32 | Output | Transmit analog signal output
LT 31 35 33 input | AC loop test
FT 32| 36 34 Input | XIN enable (Filter test or External input)
GT 33| 37 35 Input | Guard tone select {1800/550 Hz)
XIN 34| 38 36 Input | External transmit analog signal input
SP 35| 39 37 Input | V.23 transmitting loop
MODE 36| 40 as Input | Originate/Answer mode select
RFO 371 2 39 | Output | Receive filter output
AGC) 38| 44 40 Input | AGC circuit input
GR2 39| 45 41 | Output | External resistor terminal for Guard tone level
GR1 40| 47 42 Input | External resistor terminal for Guard tone level
VSS 41| 48 43 Negative power supply (-5 V)
vDDT 42| 21,49| 44 Positive power supply (+5 V)
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¢ MODEM-MSM6951B ¢

ELECTRICAL CHARACTERISTICS
1. Absolute Maximum Ratings

Parameter Symbol Conditions Ratings Unit
vDD -0.3 ~+7
Supply voltage
vss Ta=25°C *03~-7
el Vv
Analog input voltage VIA with tespect | vss-03~ VDD +0.3
Digital input voltage vID -0.3~ VDD +0.3
Operating temperature Top — -40 ~ + 85
°C
Storage temperature TsTG — -55 ~ +150
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4 MODEM- MSME951B ¢

2. Recommended Operating Conditions

Parameter Symbol Condition Min Typ Max Unit
VoD 475 | 600 | 5.25
Power Supply Voltage Vss it Respect to 525 [ -600 | 475 | V
AG, DG - - 0 -
Operating temperature Top - o - 70 °c
Ro _ - — 51 - kQ
R, - Transformer - 600 -
= — Impedance (Hybrid) . 500 — o
’ (o) o0
R, - - |30 | -
R, - - 51 -
R, - - 51 -
R, - - 51 -
R, - - 51 -
R, - - - 51 - | k@
R, - - 51 -
Ry - - | 100 | -
Co - - 0.1 -
c, - - 22 -
c, - - 1 -
c, - - - | o -
ufF
c, - - 1 -
¢,.C,.C, - - 10 -
c,.C, - - 1 -
R,, VR,, - - - 20 - k2
Master Clock Frequency FMCK - 3.6860 |3.6864 | 3.6867 | MHz
MCK Duty Cycle Dmek 50% to 50% 30 50 70 %
Digital Input Rise Time TR Tp, ~ Tp, . WRITE, 0 - 50 nS
Digital‘Input Fall Time TF g;?fgé::e:l)l:’igure ] o] - 50 nS
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4 MODEM-MSM6951B ¢

Parameter Symbol Condition Min Typ Max Unit
WRITE Period Tpw 104 - 143 uS
WRITE Width Tww 0.55 - 85 uS
START Period Tps 98.2 - 143 us
START Width Tws See Figure 2, 3 1.1 ~ 79 uS
READ Width : TWR 3.2 - * us
START = READ
Timing TsR 80 - ' uS
READ — START
Timing ’ TRs 15 - * uS

Allowable XIN Input
DC Offset Voltage VOsXinN , - =100 | — | 4100 | mv

Allowable AIN Input
DC Offset Voltage VOsAIN - -100 | - [+100 | mv

* TwR MAX =Tps — TsR — TRs
TsR MAX = Tps — Twr — TRs
Trsmax =Tps ~ Twr — TSR

3. Power Dissipation
(VDp = +5 V 5%, Vgg = -5 V 5%, T = 0 ~ 70°C)

Parameter Symbol Condition Min Tvp Max Unit

Positive Power
Supply Current lob = - 12 20 mA

Negative Power
Supply Current Iss - - 1 20 mA

Note: Ipp = Ipp1 (Vpp1 pin} + Ipp2 (Vpp2 pin)
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¢ MODEM-MSM6951B ¢

4. Digital Interface
(VDD = +5 V 5%, Vgg = -5 V 5%, T3 = 0 ~ 70°C}

Parameter Symbol Condition Min Typ Max Unit
Input Low Volitage ViL - — - 0.6 v
input High Voitage VIH — 2.2 — — \"
Output Low Voltage VoL lop =0.36 mA - - 04 v
Qutput High Voltage VoH lon =20 A 2.4 - — \
Input Low Current m DG SViNSV)L -10 - 10 sA
Input High Current UTS| VIHSVIN SVDD -10 - 10 HA
DA Data Set-up Time TsD 0 - - usS
See Figure 3
DA Data Hold Time THD 1.2 - - uS
AGC Data Set-up Time Tsa 0 — - us
See Figure 2
AGC Data Holid Time THA 2.2 - — us
AD Data ' To: Pull-gngeKsiStor ¢} - 3 uS
Output Delay Time Tos See Figure 2 05 | - 3 uS
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¢ MODEM-MSM6951B ¢

5. ANALOG INTERFACE (VDD = +5V%5%, -5V+5%, Ta=0~70°C)
Reference Voltage (VR)
Parameter Symbol Condition Min Typ Max | Unit
Reference Voltage VR 2.40 2.50 2.60 \

Transmit Modem Signal Characteristics (XIN, AOUT)

Parameter Symbol Condition Min Typ Max Unit
Input Resistance RXIN |XIN fyny=5KHz 500 KQ
Input Voltage . VXIN | XIN 5 Vpp
RAOUT 2 20K €2,
Output Voltage VAOUT CAOUTS 100PF 5 Vep
Load Resistance RAQUT 20 KQ
Load Capacitance CAQUT 100 PF*
DC Offset Voltage VOST | AQUT, XIN = OV - 500 0 +500 | mv
. GT1 |oOriginate [1200H2 | 4o | o | 45| g
1 0dBm
Bell 2124y
Absolute | /%0 92bis 2400H
Voltage | GT2  |Answer 1 -1s) o |+15] dB
Gain 0dBm
Tone Transmit GT3 GT=1, 1020Hz, 0dBm ~-15 0 +1.5 dB
Gain Tracking TGT1 GT1-GT2 ~-1.0 0 +1.0 dB
t g “
2 Bell 2124/ vT1 Originate | 1200Hz 6.5/6.6 dBm
AOUT .
: V.22/V.22bis VT2 [Answer |2400Hz 5.2/6.0 dBm
Signal
Level Tone Transmit VT3 |GT=1,1020Hz 6.6/6.7 dBm
NIDLT1 | Originate [0.3~ -60 -55 | dBm
3.4KHz
NIDLT2 | Answer -56 -50 { dBm
*3 [Bell 2124/ e
Idie V.22/V.22bis NIDLT3 | Originate 3kHz -76 -65 | dBm
Channel
Noise 0.6~
NIDLT4 | Answer 1.8KHz -73 -65 dBm
Tone Transmit | NIDLTS |GT=1 0.3~ -66 | -60 | dBm
3.4KHz
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4 MODEM-MSM6951B ¢

Parameter Symbol Condition Min Typ Max Unit
Clock Noise NCLKT | All modes, at 57.6KHz -50 | dBm
rotal THDT1 |Originate égg?:z' -52 | -50| a8
Harmonic Bell 2124/
. V.22/V.22bis
Distor- THDT2 |Answer 2400Hz, ~-45 -43 dB
tion 0dBm
Tone Transmit THDT3 [GT=1, 1020Hz, 0dBm -48 -45 dB
*1 GT=20log (VAOUT/VXIN}
*2 DAinputievel is maximum, XIN = DAO
@ ;WRITE = 7.2KHz, @; WRITE =9.6KHz
*3 Idle Channel Noise is defined with no weighted filter.
Note) 0dBm=0.775Vrms
Guard Tone (AOUT)
Parameter Symbol Condition Min Typ Max Unit
FGT1 GT=0 530 553.8 570 Hz
Tone Frequency
FGT2 |GT=1 1780 1800 [ 1820 Hz
VGTt |GT=0,R8=Opened -1.0 0 1.0 | dBm
Tone Amplitude
VGT2 |GT=1,R8=0pened -1.0 0 1.0 dBm
GT=0
THDGT1 ! -63 -57 dB
Total Harmonic Distortion VGT1= - 4dBm
(2nd and 3rd) * GT=1,
THDGT2 VGT2 = - 4dBm -51 -45 dB

* Harmonics above 3rd harmonic are negligible.
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4 MODEM-MSM6951B ¢

V.21/V.23 Transmit Signal Characteristics (XIN, AOUT)

Parameter Symbol Condition Min Typ Max Unit
. 1080Hz,
GT4 Originate 0dBm -15 0 +15 dB
CCITT V.21 1750
*1 GT5 | Answer 0d§ Hz, | 45 o |+15]| a8
Absolute m
Voltage
Gain GT6  |Main oqoorz | 15| o |+15| a8
CCITT V.23 4201
GT7 |Backward Z -15| 0 |+15]| dB
0dBm
. CCTT V.21 TGT2 GT4 ~GT5 -1 0 1 dB
Gain
Tracking | CCITT V.23 TGT3 GT6 - GT7 -15 0 1.5 dB
VT4 Originate | 1080Hz 6.5/6.7 dBm
*2 CCITT V.21
AOUT VTS Answer 1750Hz 6.0/6.4 dBm
Signal VT6 Main 1700Hz 6.1/6.4 dBm
Level CCITTV.23
vVT7 Backward {420Hz 6.8/6.8 dBm
NIDLT6 | Originate -59 -55 | dBm
*3 |carTVv.2t
idle NIDLT7 | Answer 0.3~ -56 -50 dBm
Channel NIDLT8 | Main 3.4KHz -63 | -55 | dBm
Noise CCITT V.23
NIDLT9 |Backward -67 -60 | dBm
.. 1080Hz,
THDT4 | Originate 0dBm -53 -50 dB
CCITT V.21
Total THDT5 | Answer J)ZZOHI' -48 | -43 | dB
Harmonic i m
Distor-
tion THDT6 | Main 332‘;,”2' -50 | -45 | d8
CCITT V.23 20
THDT? |Backward | 429H2. -59 | -s55 | a8
0dBm

*1 GT=20log (VAOUT/VXIN)
*2 DAinputlevel is maximum, XIN = DAQ

@®;WRITE = 7.2KHz, @; WRITE = 9.6KHz

*3 Idle Channel Noise is defined with no weighted filter.
Note) 0dBm =0.775Vrms
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Receive Modem Signal Characteristics (AIN, RFO)

¢ MODEM-MSM6951B ¢

Parameter Symbol Condition Min Typ Max Unit
Input Resistance RAIN JAIN fyn=5KHz 500 KQ
Input Voltage Swing VAIN [AIN 5 Vpp
RRFO 2 20K,
Output Voltage VRFO CRFO< 100PF 5 Vep
Load Resistance RRFO |RFO 20 KQ
Load Capacitance CRFO |RFO 100 PF
DC Offset Voltage VOSR |RFO - 500 0 + 500 mV
N GR1 |Answer [1200Hz. | 45 o | ,45]| a8
1 3dBm
Bell 212A/
Absolute .
V.22 .22bis . 2400Hz
Voltage GR2 | Originate | -15 0 +15] dB
Gain 3dBm
Tone Receive GR3 GT =0, 300Hz, 3dBm -1.5 0 +1.5 dB
Gain Tracking TGR1 | GR1-GR2 -10 0 +1.0 dB
* — -
dle 2 Bell 212A/ NIDLR1 | Answer 63 57 dBm
V.22/V.22bis NIDLR2 | Originate |0.3~ -63 | -57 | dBm
Channel 3.4KHz
Noise Tone Receive NIDLR3 |[GT=0 -69 | -57 | dBm
NCLKR1 [ All modes, at 57.6KHz -45 dBm
Clock Noise
NCLKR2 [ GT=0, at N x 14.4KHz -45 dBm
THORT |Answer | 120042 -47 | -43 | a8
+ 3dBm
Bell 212/ THDR2 | Originate | 2*00H% a1 | -37| de
V.22/V.22bis +3dBm
Total
_ - 1200Hz,
ngmomc THDR3 | Originate 0dBm ~58 -53 dB
Distor-
tion THOR4 |Answer | 2300Hz, -90 | -55 | o8
0dBm
Tone Receive THDRS GT =0, 300Hz, -57 -49 dB
+3dBm

*1 GR=20log (VRFO/VAIN)
*2 Idle Channel Noise is defined with no weighted filter.
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4 MODEM-MSM6951B ¢

V.21/V.23 Receive Signal Characteristics (AIN, RFO)

Parameter Symbol Condition Min Typ Max Unit
GRa |Answer |1O80MZ. | i | o | 415| @B
3dBm
CCITT V.21 pr—
*1 GR5 |Originate |0 Lt 15| o {+15] dB
Absolute m
Voltage . 1700Hz
Gain GR6 Main 3d8m -1.5 0 +15 dB
CaITTV.23 o
GR7 |Backward Z -15]| o |+15]| dB
3dBm
. CCITT V.21 TGR2 |GR4-GRS -1 0 1 dB
Gain
Tracking | CCITT V.23 TGR3 | GR6-GR7 -15 0 1.5 dB
NIDLR4 | Answer -62 -57 dBm
*2 [ CCITTV.21 —
idle NIDLRS | Originate }q 3. - 62 ~57 | dBm
Channel NIDLR6 |Main 3.4KHz -66 | -57 | dBm
Noise CCITT V.23
NIDLR7 | Backward -69 -57 dBm
THDR6 |Answer | 1080HZ, -a7 | -a3| a8
+3dBm
CeITT V.21 pr—
Total THDR7 |Originate de' -43 | -40 | dB
Harmonic +3dBm
Distor-
tion THDRS | Answer 83:?:2' -100 | -s0 | a8
. 1080Hz,
THDR9 | Originate 0d8m -67 50 ds
THDR10 | Main 1700Hz, -43 | -40 | dB
+3dBm
CCITTV.23 prow
THOR11 | Backward | #20H2 -58 | -50 | dB
+3dBm
. 420Hz,
THDR12 | Main 0dBm - 60 -50 dB
THDR13 |Backward | 700HZ, -90 | -s0| a8
0dB8m

*1 GR=20 log (VRFO/VAIN)
~*2 Idle Channel Noise is defined with no weighted filter.
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¢ MODEM-MSM6951B ¢

6. Filter Transfer Characteristics

Low-band BPF
(Vpp = +6 V 5%, Vgg = -5 V 6%, Ty =0 ~ 70°C)

GrL, 508 Hz/406 Hz* - 44 | -40 | o8B
GFL, | 555 Hz/444 Hz - -60 | -45 | dB
GFis 898 Hz/718 Hz -1.5| 0 +1.5| dB
GrL, 1,008 Hz/806 Hz Referred Gain 0 dB
2;::‘1::&’:339" GFL, | 1.,148H2/918Hz |-15| 0 |+1.5| dB
Gpy, 1,352 Hz/1,082Hz | -156| 0o |+1.5| dB
GFL, 1,508 Hz/1,206 Hz -2 0 +1 d8
GEL, 1,806 Hz/1,444 Hz - 65 | -45 | dB
GFL, 2400 Hz/1,920 Hz - -55 | -50 dB
Group Delay Distortion Gpy, 2(2)8: :’ggg "::i/ _ - hoosi20 #S

* Beli212A, V.22, V.22 bis/V.21
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" ¢ MODEM-MSM6951B 4

High-band BPF

Parameter Symbol Condition Min Typ Max Unit
GEp, 1,195 Hz/956 Hz* - 55 | 50 | dB
GFH;, 1,641 Hz/1,313 Hz - -65 | -50 | dB
GFH, 2,055 Hz/1,644 Hz -1.5 0 +1.5 dB
GFH, 2,195 Hz/1,756 Hz Referred Gain 0 dB
2:!2‘1?3’:3398 GFHs | 2,398 H2/1,918Hz | -15| O |+15| dB
GEH, 2,602 Hz/2,082Hz [-15| 0 |+15| dB
Gep, 2,742 Hz/2,194 Hz | -12 0 |[+18 | dB
GFHs, 3,211 Hz/2,569 Hz - -43 [ -38 | dB
GFH, 3,398 Hz/2,718 Hz - -35 -29 dB
Group Delay Distortion GpH ?égg: %}gg nzl _ _ 200/240 uS
* Bell212A, V.22, V.22 bis/V.21
Multi-purpose LPF
Parameter Symbol Condition Min Typ Max Unit
GFLF, 211 Hz -1 o} +1 dB
GFLF, 305 Hz Referred Gain O dB
gils’t:ive Voltage Gain to- GFLF, 617 Hz GT=0 -1 0 +1 dB
' GELF, 898 Hz — | -5 | —40| aB
GFLF, 1,695 Hz — —50 | -46 dB
GEHF, 211 Hz -1 0 +1 dB
Relative Volgate Gain to GEHF, 305 Hz Referred Gain O dB
GLPF, GFHF, 2,477 Hz 6T=1 "398 0 |+05]| B
GFHE, 3,898 Hz - ~51 | —46 de
BPF for CCITT V.23
Parameter Symbol Condition Min Typ Max | Unit
GFB, 414 Hz ~ | -49 | -44 | aB
GFB, 602 Hz - 1 -32| -27]| dB
GFB, 789 Hz -1.5| 0 | +1.5| dB
gc::lgzive Voltage Gain to Geg, 1,695 Hz Referred Gain O dB
GFp, 2,602 Hz -1.5 0 +1.5 dB
GEs, 3,008 Hz - -15 | -12 | dB
Grg, 3,398 Hz -~ | -36 | -32| dB
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7. AGC Circuit and DA, AD Converters

4 MODEM-MSM6951B ¢

(VDD = +5 V 6%, Vgg = -5 V +56%, T, = 0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
AGC Amplifier
Input Resistance RAaGCI - - 1 - MQ
Variable Voltage
Gain Range GaGc - -4 - +438 | dB
Voltage Gain _ +0.03
Accuracy Gg 04 | 57| 104 d8
Output -60 +60 mvV
DC Offset Voltage VOsAGC - -3 | ~ | +3) |(se)
Transmit Digital to Analog Converter
Bits of Resolution BREST — - 8 - bit
End-point Linearity NLpa - - 0.36 0.5 %
Differential Non-linearity DNLpa - - 1/5 1/2 LSB
Plus
Full Scale | 'TVYDA - - |te481) - | mV
Full Scale
Minus
Full Scale | NFVDA - - |-2500| - mv
DC Offset Voltage VosDA - -10 -156 +10 mV
Receive Analog to Digital Converter
Bits of Resolution BRESR - - 8 - bit
End-point Linearity NLAD - - 0.24 05 %
Differential Non-linearity DNLAD - - 1/56 1/2 LsB
Plus PFV - +2481| — | mv
Full Scale AD - ‘
Full Scale
Minus
Full Scale | NFVAD - — [-2500] - | mv
DC Offset Voltage* VOSAD - -1/2 | — | +1/2 | LsB

* This specification does not include the DC offset voltage at the input of the AD converter.
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tf tr

Figure 1 Definition of Rise/Fall Time

START \ N J
te—-TWS tp
S
READ N /
tSR TWR-sle—tRS-»
RD1~ Al )
RD8 8 High impedance n
1SA tHA 1D, tp,

A: AD Data Output
B: AGC Gain Data Input

Figure 2 Receive Data Timing Chart

WRITE \ T
I+ tww
tPW —»
TD1~ . x x
TD8 Invalid Data

tsD tHD

Figure 3 Transmit Data Timing Chart
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4 MODEM- MSM6951B ¢

GAIN (dB)

FREQUENCY (kHz)
1 2 3 4

=20+

-30+

-80

T T T T T T T T

Low-band BPF High-band BPF

Figure 4 Low/High — band BPF FREQUENCY CHARACTERISTICS

Note) For CCITT V.21 mode, the passband of these BPFs is shifted down to B0% for the original.
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Figure 5-1 MULTI-PURPOSE LPF FREQUENCY CHARACTERISTICS
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4 MODEM MSM6951B ¢

FREQUENCY (kHz)
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Figure 5-2 BPF for V.23 {1200 BPS) FREQUENCY CHARACTERISTICS

IV-A-142



4 MODEM - MSM6951B ¢

PIN DESCRIPTION

Pin No.
Pin Name Function
RS | GS | JS
TD1~TD8(1~8|3~5,|2~9 | Transmit signat digital data input for DA conversion. These pins are
51~ 8 bit parallel two’s complement data input pins. The data is loaded to
55 the DA converter at the falling edge of WRITE. TD1 is the LSB and
TD8 is the MSB. Refer to Table 1 below.
el e s e s |2 |0 [l e
Ptus Full Scale [v] 1 1 1 1 1 1 1 +127 +2.|72,1’m\l
+126
‘ ~1 :
Plus @ o 1] 1) [} ] 0 [+] 0 [ 0
Minus 8 1 1 1 1 1 1 1 1 -1 -17.1mv
: 2 '
: ~27
Minus Full Scate 1 I 1) ‘ o I 0 I )] 1 [+] l 0 l 0 j -128 -2,188.2 mVv

Table 1 * The reference voltage for DA conversion is +2.5 V. This
output voltage is defined at AOUT, and does not care
of its polarity.

WRITE 9 6 10 | 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
104 usec v 143 usec {7~ 9.6 KHz). It is desirable for the noise
performance that the WRITE is synchronous to the MCK.

MCK 10 7 11 A 3.6864 MHz clock signal should be apptied to this pin. This is the
time base for the operation of the MSM6951B.

START 11 8 12 | This signal enables MSMB951B 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 98 usec ~ 143 usec.

READ 12 9 13 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
resuit of the AD conversion is output from RD1 ~ RD8 terminals.
While this pin is at digital 1 state, the output bus is inactivated and
RD1 ~ RD8 become input terminals.

{to be continued)
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Pin No.
Pin Name Function
RS | GS | JS
RD1~RD8 13~ | 10~ | 14~ | These are 1/O terminals controlled by START and READ terminals.
20 13, 21 | when READ is set at digital O state, RD1 ~ RD8 become autput
16~ terminals and the AD conversion result is output from these pins
19 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
] 1 1 1 1 1 1 1 +2,480.5 mV
:L o 7 7 S N ~195 mi\lwsup
i 07 0 70 B o [+] [ o 1 +195 my
~ 9 07 9 R [¢] o 0 0 0 [+]
1 1 1 t 1 1 1 1 ~-19.5mVv
IR B § ~19.5 mV Step
I u[olo]ofulula 2,500 mv
Table 2
READ = Digital 1
AD, | RD. | RO, |AD, | AD, |RD, |RD, | RD, R et tte Vol
1 )’ 1 1 1 1 1 1 +438
1 1 1 1 1 t 1 0 +43.6
7 $ 0.1875 dB Step
1] [ [V] )] 0 o 1 [+] -3.63
0 o o ] [+] 13 1 -3.81
077 0 )] 0 4] 1] o 0 -4.00
Table 3
VDD, 21 20 | 22 | Positive power supply, +5 V.
This power supply is internally connected to the digital output logical
circuitry RD1 ~ RDS8 to avoid the deterioration to the noise
performance. Same power supply as to Vpp, should be used.
DG 22 | 22, | 23, -
23 24 Digital ground, O V.
AG 23 24 | 25 | Analog ground, O V.
AGCC 24 | 25 | 26 | An external capacitor of 1 xF should be connected between AGCC
and AG. This capacitor is necessary to compensate the DC offset
voitage generated in the AGC circuit.
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Pin Name

Pin No.

RS

GS

Js

Function

VR

26

29

28

The MSM6951 provides the voitage reference which is used for AD
and DA convertions and the guard tone generator.

The electrical potential is stabilized to variations of temperature or
supply voltages.

%5'—@4

Figure 6 (MSM6951BRS)

A bypass capacitor is required to keep this reference electrical
in the silent condition. A capacitor with the value of 1 uF is
recommended.

AIN

27

30

29

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

DT, PT

28,
29

31,
32

30,
31

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 8. When the chip is used for
the V. 21 or V. 23 modem, DT and PT should be in digital 1
state.

"AOUT

30

33

32

This is the transmit analog signal output terminal. The output
resistance is about 10 Q and the load resistance should be more than
20 k2. The higher the road resistor is, the lower the power dissipation
of MSM69518B becomes.

When the full scale digital data is input to DA, the output voitage on
AQUT becomes as follows. The polarity of the output voltage and
DC offset are not cared in this table.

Input Data to DA Reference Voltage Qutput Voltage (AOUT)

Pius Full Scale 217V
25V
Minus Full Scale -219v

Table 4

(to be continued)
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Pin Name

Pin-No.

RS

GS

JS

Function

LT

31

356

33

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 analog fiiter and is directly routed to the
receive analog filter. At this time, the transmit analog signal
must be of the same channel with the receiver. The passband
of the receive analog filter is selected by LT and MODE as
shown in Table 5.

Receive Filter Passband

LT [MODE AN AoUT
. v.21 v.23

0 | 2000~ 2800 Hz | 1600~ 2240 Hz | 800~ 2800 Hz

i Open Shorted to AG (OV)
1 800~ 1600 Hz | 640~ 1280 Hz 0-~620 Hz

0 x Normal Operating State

Table 5
* Bell 212A, CCITT V.22, V22 bis

DAO

32

36

34

DAO is the output of the digital to analog converter. Normaily,
this pin is connected to the XIN pin directly. As the output im-
pedance is low and the minimum input impedance of XIN is
500 K2, the transferred signal level from DAO to XIN can be
adjusted by the external resistors.

GT

33

37

35

GT selects the frequency of the guard tone, which is a necessary
function for this chip to be used internationally.

At the same time, the passband of LPF is decided according to
the guard tone frequency.

LPF is useful also for DTMF or extra tone transmitting with its
wider passband.

GT Guard Tone Frequency LPF*s Passband

o 550 Hz 0~620 Hz

1 ' 1,800 Hz 0~ 2480 Hz

Table 6

LPF plays a role of rejecting harmonic components from the
original tone. In addition to it, this LPF can be also used in the
receiver as the band limiting filter during call progress tone
detection.

GT is used to provide the receive and the transmit filter for
CCITT V.21 or V.23 modem function. Refer to Tabie 8.

XIN

34

38

36

XIN is the transmit analog signal input. As described in the
paragraph for DAO, XIN is normally connected to DAOQ directly.
The maximum input level is about + 7.2 dBm (5 Vp-p).
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Pin Name

Pin No.

RS

GS

Js

Function

SP

35

39

37

This pin controls the transmit and receive analog signal paths for
V.23 and the other standards.

When the chip is used for the V.23 modem, SP should be in digital 1
state,

For details, refer to Table 8.

MODE

36

40

38

MOQDE 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 receiver's channel determined by MODE.

Transmit 8and {Hz) Receive Band (Hz)
MODE Mode

. v V.23 . V.21 V.23

o Originate 800~ 640~ 0~ 2000~ 1600 - 800~
1600 1280 620 2800 2240 2800

1 Answer 2000~ 1600 ~ BOO ~ 800~ 640~ 0~
2800 2240 2800 1600 1280 620

* Bell 212A, CCITT V.22, V.22 bis
Table 7

RFO

37

41

39

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 0.1 uF. The load resistance should be

more than 20 k2. The maximum voltage swing is about 5 Vp-p.

AGCI

38

44

40

AGCl 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 by 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.

" AGC Receive -
+ Fitrer

38 37
AGCI RFO

R10 c3
100k D.1uF

Figure 7 (MSM6951BRS)

(to be continued)
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Pin No.
Pin Name Function
RS | GS | JS
GR2, GR1| 39, | 45, | 41, | The output guard tone level can be adjusted by using external
4Q 47 42 | resistors as shown in Figure 8.
Guard Tone
Generator
Figure 8 (MSM6951BRS)
The approximate output tone level is determined by the following
equation.
R!
VAOUT = 20+log ———— {dBm}
s +R,
In Bell's standard sets, the guard tone function is not applied.
VSS 41 48 | 43 | Negative power supply, —5 V.
Vpp, 42 | 21, | 44 | Positive power supply, +5 V.
49
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MSM69518RS CIRCUIT WIRING ILLUSTRATION
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APPLICATION INFORMATIONS

1. Typical Master Clock (MCK) Frequency and WRITE, START, READ signals.

Micro- MSM6951B
_{D}_ E——» Controller
r=- READ
18.432MHz Y
Receive
Timing
N
4 TD1~TD8
DSP
K {rp1~RDS8
9.6KHz2 | e
START
S s B e WRITE
3.6864MHz
MCK

Figure 10 Clock and Control Signals

Figure 10 shows the typical design for the operating clock and control signals.

It is desirable to use one time base for the noise performance of the modem system.
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Consideration for Transmit Signal Level Diagram

The consideration is difficult to be described because of the Aperture Effect* depending on
the sampling period and the peak factor in PSK {1200 bps) and QAM (2400 bps) modes. *See
Figure 12.

To make easy understandings, the following model should be defined here.

Sampling period ; 8KHz

Modem mode ; CCITT V.21, CH.1 (FSK, 1080 * 100Hz)
Inputdatato TD1~TD8 ; +Fullscale

Reference voltage (VR) ; +2.50v

DAO [ XIN

TD1

AOUT

Filter —;——G(D

TD8

FuH
scale
input
data

Qutput Wave Form of DA

VR

7
v

——————— 1/1080Hz ——————

20log % = +7.17dBm, 0 dBm = 1.095 Vop
20 log S|r)\(X = ~0.26dB, X = ng—z)%% [Aperture effect]

Figure 11 Transmit Signal Level
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As a result of this case, the transmit signal (1080Hz) amplitude at AOUT becomes as follows.

+7.17-0.26 —0.34= +6.57dBm
A B

A : Aperture effect at 1080Hz
B : Lossof the DA converter

in the actual applications, there is not a design by such level diagram. This is just a sample
for understandings.

Normally, the amplitude at AOUT may be designed to be around 0dBm. Particularly for PSK
or QAM modulation, since the modulated analog signal has the peak factor, to consider it
into the design of the output signal amplitude is very important.

. SAMPLIN
[ 7200Hz
 8000HzZ -
2t
o ) 9600Hz "%
2
[+]
~
1
6 X :
0 1 2 3 f(KH2)

Figure 12 Aperture effect
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3 Original Transmission Mode

The signal pass in this mode is shown in Figure 13.
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.

4 MODEM-MSM6951B ¢

AGCC AGCI RFO

DAO XIN sp BT
263 —
WArTE (9 1
10, (8
™, (7
D, (8 ofswr Rci (AC LooP )
TMF
0, (s oA = DTMF TONE
~
7D, (4 T
i
™; 3 ! BPF
™, (3 LT SWT o SWT2
~Z
TD t A
. LOWBAND
i i i
) 1
Vret cLK D )
vR s ) 1
[ N S R W -
H ! !
McK  (10) + ) h
1 1 [Nt ! 1
et HPF N HIEE | !
~ 1t
RO8 AL 82| 1. i i
~ Sof 1 . h
Ao7 (19 8bi Hlmo S| h |
5%
AGK SWR1 SWR2 <t : l ! '
rog (8 J) [ . '
1
RDs (1) alof) oswz o i} ' ; TS
e
RO4  (36) AD Py x T‘ sw3 I T T =
- —_—— 1
RD3 (1) ! DIAL TONE * ! ! )
T I i |
rRD2 (W) ' * | !
H I
rO1 (33) ; ' ' ;
] ! I
FEap (12 ! ! : i
sTART (M +5V 5V -5V OV OV ' ! | .
] ] ] t
2—(39Q7 AHDEEHR) @—Ce——Go

<
]
o
<
o
°
<
@
@
>
)
o
o
-
5
o
3
o,
3
z
<]
<]
™

Figure 13 (MSM6951BRS)
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4 Answer Transmission Mode

The signal path in this mode is shown in Figure 14.

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 620Hz
while GT is in digital O state and becomes about 2480 Hz while GT is in digital 1 state.

DAO XIN s AT
AGa G — (33
WATE(R |
'
O, (8 ]
TD, (7
70, (e (ACLOOP )
TMF T
™, (3 oa o ONE
™, (a o
Al
o, (3 DTME vt
70, (2
T0, (4
: —H-I—Qrsm
GR2
Vref 4
VR
Mek (30
w
z
&2
RO8 S
<
ro? (19 23
ROG
RD5 (1)
ros () AD ) At
ros (S _
Aoz (04 R
Aot (3
reap (12
sTART (1
= D-@DORE .
AGCC AGCI RFO VDD, V0D, V§s AG DG LT
Figure 14 (MSM6951BRS)
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5 Tone Transmit Mode

The signal path in this mode is shown in Figure15.
LPF put on this path has two kinds of its cut-off frequency (620 Hz/2480 Hz). This mode

useful for DTMF signaling and so forth. Refer to Table 8.

¢ MODEM MSME951B ¢

DAC XIN

o4 44
r_uol:l_g;
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©

<4 o
2P

- =
o 3]
wall): 0. 0.0.0):6):. ()
4
>

4
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Vret CLK =D
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mMCK  (10)
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aos AGK
RD5 17)

AD4 (36 A AGe
AD3 15)

RD2 )

RD1t &

aeap @
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apE DTME
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Figure 15 (MSM6951BRS)
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6 Tone Receive Mode
The signal path in this mode is shown in Figure 16.

LPF put on this path has two kinds of cut-off frequency — 620 Hz and 2480 Hz. This
mode is useful for call progress tone monitoring, such as for dial tone. Refer to Table 9-1.
In this mode, AQUT is connected to AG (OV} internally.

DAO XIN

0
°

€
“444{?3

*

(S%r Tome)

'
N
3

aPF DTME

A

{

S
LOWBAND

AC LOOP
DIAL TONE

o 53
e BAIN
-~

+6V +6V -6V OV OV

@-a2aN @) G—G)—3

VDD, VDD, Vss AG DG T oT Gt

Figure 16 (MSM6951BRS)
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7 AC Loop-back Test Mode
The signal path in this mode is shown in Figure 17.
The modem system has to receive its own transmit signal to check the modem operation.

In this mode, the transmit filter is skipped from the signal route and the channel used
for AC Loop-back test is determined by the receiver’s channel assigned by MODE. Refer
to Table 8.

AOQUT is connected to AG (OV) internally.

During AC Loop back test (LT = 1), the output of the DA converter is connected to the
forward signal route internally, and XIN is disconnected from the signal path.

DAD XiN s PT

WRITE

(AC LOOP
DTMF TONE

AOUT

‘l
MCK h ]
[ 1
wl o0, )
a O () ¥ 1
b I
ROB §a o | )
z|
AD7 o3| 1 ! !
10 i
ADE -
1 " ' ' Aca
ROS w2 JER \ ! ~ D an
RD4 1 sw3 1 ' T =
AD3 T DIAL YONE ¢ ' i
b e e r i — Lo 4 ] 1
RD2 ' ) ' |
i I
RO1 1 i ' '
1 1 | 1
AEAD ! ! 1 !
START +5V 46V -5V OV OV ! ! \ H
1 ] ] 1
o /'\ &) G &)
2 97 {B‘ééé 3)—8 %)
MOD

2 22
AGEC AGTI RFO YDO, VoD, VssAGDG T o

Figure 17 (MSM6951BRS)
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8 CCITT V.21 Transmission Mode

The chip provides the V.21 filtering function.
V.21 is the 300BPS full duplex modem standard and applies the different frequency bands
from other standards — Bell 212A, CCITT V.22, V.22 bis —. In V.21, 1080 Hz (Low band)
and 1750 Hz (High band) are FSK carriers, and the required bandwidth is about 300 Hz.

To realize this filtering function, the clock frequency for on-chip BPFs is set at 80% of
its original value when V.21 mode is selected.
Refer to Table 8.

9 CCITT V.23 Transmission Mode

As another function, the chip provides the V.23 filtering function including the 75BPS
backward channel filter.

The BPF for the main 1200BPS channel is realized by combining second order filters which
are originally designed for Bell 212A or CCITT V.22/V.22 bis. For the LPF for the optional
75BPS backward channel, multi-purpose LPF can be commonly applied with its narrow
bandwidth.

The signal path in this mode are shown in Figure 18 and 19. Figure 18 shows the path
for the main channel (1200 BPS) transmitting and the backward channel (75 BPS) receiv-
ing. Figure 19 shows the reverse case.
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Figure 18 (MSM6951BRS)
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Figure 19 (MSM6951BRS)
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