,OKI semiconductonr

{MSM6949

ANALOG FRONT END LSI

GENERAL DESCRIPTION

The MSM6949 is an analog front end LS| which is fabricated by Oki’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.

(AGC). The AGC circuit is digitally controlled by the digital signal

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, and A/D and D/A converter with 8-bit parallel input/output.

In addition to these functions, the MSM6949 performs analog loop test, the detection
of call progress tones, 75 bps backward channel transmitter and automatic gain control

performs the demodulating function.
By utilizing the MSM6949 together with Oki’s digital signal processors, a cost effective
modem can easily be designed.

FEATURES

Performs all analog signal processing
functions required for CCITT V. 26,
V.27 and V. 29.

75 bps backward channel FSK transmit-
ter.

Interfaces to digital signal processors
with receive and transmit parallel data
bus.

Call progress tone monitoring.

An chip AGC circuit controlled by
external digital signals, over the
received signal level range of 51 dB
with 0.2 dB step.

Analog loop test: A transmitting analog
signal can be looped back as a receive
analog signal within the chip.
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processor which

A set of carrier detection circuits, the
on/off levels of which, are fixed at each
of the compromised values within the
chip, and also can be adjusted by
external resistors.

Two CD circuits are useful for Fall-Back
operation.

3.456 MHz external clock for operation.
On-chip voltage reference.

Few external components required.
Supply voltage, 5V,

Low power dissipation: 140 mW typi-
cal.

Power stand by mode available.

64 pin plastic Shrink DIP {SDIP64-P-750)

68 pin QFJ(PLCC) {QFJ68-P-5950)

64 pin-V1plastic QFP (QFP64-P-1420-V1K)
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PIN CONFIGURATION (Top View)

64 pin mini DIP {(MSM6949SS)
=1 /" a]
BRS {1 64 |5 vDD1
BTD 2 63 ATT3
TRSW —]3 621 ATT2
RDL 4 61 JATT1
WRT C5 60—/ EQT2
TD8 6 591 EQT1
TD7 17 S8 LT
TD6 T8 57 £ PWDN
TDS5 9 56— BOUT
TD4 10 55 1 XIN
TD3 11 54 1 AOUT
TD2 —]12 53— NC
TD1 —13 52 AIN
MCK —114 51 =3 VR2
VvDD2 c—] 15 50 =43 VR1
NC 16 49— CD2H
RD8 17 481 CD2L
RD7 — 18 47 CD1H
RD6 —]19 46 [ CDIL
RD5 20 45 3 RFO
RD4 | 21 44 (3 AGCI
RD3 /22 43 4 AGCO
RD2—]23 42 3 AGCC
RD1c—24 41 VSS
RDB ] 25 40D AG
RDA —] 26 39> DG
ST — 27 38 o EQR2
READ ] 28 37 3 EQR1
AGCW 29 36 3 BWC2
CSwWc—/ 30 35 =3 BWC1
LD1 331 34 /4CD2
LD2 —]32 33F=cCD1
68 pin PLCC (MSM6949JS)
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64 pin FLAT (MSM6949GS-V 1K)

LT

[63] wrr
[62] roL
[67] TRsw
[60] 87D
[59] RS
(58] vDD1
[57] atT3
[56] arT2
E ATTI
[54] eqm2
E EQT1
52

© [&@
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[36] acco
35] acce
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05 [3] 49| BOUT
08 [ 4] 48] xin
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™1 [7] 45| VR2
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PIN ASSIGNMENTS (SS ... 64 pin mini-size DIP, JS ... 68 pin PLCC, GS ... 64 pin FLAT)

. Pin No. .
Pin Name Function
SS | JS |GS

BRS 1| 2|59 Request to Send for backward channel (V.23)

BTD 2| 3|60 Transmit Data for backward channel (V.23)

TRSW 3| 4|61 Control signal for connection of DA input bus

RDL 41 562 Latch clock for RD to input to DA within chip

WRT 5| 6|63 Control signal for writing TD to DA

TD8 6| 7|64 MSB

TD7 7] 81 1 -

TD6 8| 9| 2 —

TD5 9|10} 3 L L. . —
Transmit signal digital data bus input to DA

TD4 10111 4 —

TD3 11112 5 -

TD2 12113| 6 —

TD1 13[14] 7 LS8

MCK 14|15/ 8 Master clock input 3.456 MHz

vDD2 151161 9 +5V power supply

RD8 1711910 MSB

RD7 182011 -

RD6 19]21(12 o o -

RD5 20122113 ?Be-(s:fa“tl: f}%r;al digital data bus output from AD —

RD4 21123 |14 -

RD3 22|24 |15 —

RD2 23|25| 16 —

RD1 24|26 (17 LSB

RDB 25|27)18 | Additional digit for RD bit shifting

RDA 262819 (3-state output)

ST 2712920 Control signal for starting of AD conversion

READ 28 (30|21 Control signal for reading RD from AD

AGCW 29 31|22 Writing clock for setting data to AGC circuit

CSw 303223 RD bit shifting enable

LD1 31|33|24 Outputs of level comparators put to AGC circuit’s output.
These are used to set AGC at typical gain when detecting

LD2 32|34 |25 | ABRUPT changes.

CD1 33|35 |26 Carrier detect for QAM/PSK signal

CD2 34 (36|27 Carrier detect for FSK signal (T.30)
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Pin No.
Pin Name Function
SS| JS|GS

BWC1 351 37|28

Receive filter bandwidth select
BWC2 36| 38|29

EQR1 37|/ 39|30 | Fixed compromise cable amplitude equalization select
EQR2 38| 40| 31 for receiving

DG 39| 41|32 Digital ground {0V)

AG 40| 42|33 Analog ground (0V)

VSS 41| 43| 34 —bV power supply

AGCC 42| 44 | 35 External capacitor terminal for AGC circuit

AGCO 43]| 45 36 AGC circuit output

AGC circuit input connected for RFO through external

AGCI 44| 47|37 capacitor
REO 45| 48| 38 Receiye filter output connected to AGCI through external
capacitor

CDIiIL 46| 49 | 40 .
Carrier detect level select for CD1

CD1H 47| 50 | 41

cD2L 48| 51|42

Carrier detect level select for CD2
CD2H 49| 52143

VR1 50| 63 44 . . . .
On-chip reference voltage adjust using external resistors

VR2 51| 6564 |45

AIN 52| 66 | 46 Receive analog signal input

AQUT b4| 57 |47 Transmit analog signal output

XIN 55| 59 (48 External analog signal input

BOUT 56| 60 |49 75 bps FSK transmit signal output

PWDN 5716151 Power down mode select

LT 5862|562 Analog loop test

EQT 59| 63 |53 Fixed compromise cable amplitude equalization select for
EQT2 60! 64 | 54 transmitting

ATT1 61| 65|55

ATT2 62| 66 | 56 8 steps attenuator select for transmit signal level

ATT3 63|67 |57

VDD1 64| 68 |58 +5V power supply
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ELECTRICAL CHARACTERISTICS

1. Absolute Maximum Ratings

Parameter Symbol Condition Ratings Unit
Power supply VpD -03 ~+7
voltage Vss T,= 25°C -7 ~403
\'IAor}:;Zg input Via vAvgho:e[s)pgct to Vgg-0.3 ~ Vpp+0.3 v
E’J?J;ZL‘""“‘ Vip -0.3 ~ Vpp+0.3
g?:;:itriant%re Top - -40 ~ 85 o
tse:;rp?gfamre TsTG - -55 ~ 150
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2. Recommended Operating Conditions

¢ MODEM- MSM6949 ¢

Parameter Symbol Condition Min Typ Max Unit
VpD With respect to 475 5.00 5.25
Power Supply AG or DG
Voltage Vss -5.25 -5.00 -4.75 \
AG, DG - - 0 —
Operating °
Temperature Top - Y - 70 c
A1 - Transformer - 600 -
impedance (Hybrid)
R2 - - 600 - Q
60002
R3 - 6oos - 000 - 300 _
R4 - — 51 —
R5 - — 51 -
R6 - - 51 -
- k&
R7 - —_ 51 —_
R8 - 10 33 —
R9 - - 36 -
C1 - - 22 -
c2 — — 1 -
C3 — — 0.1 -
c4 - - 0.1 —
C5,C7,C9 - - 10 -
Ce6, C8 - - 1 -
R10 ~ R17 - - - 10 — k&2
Ajusted by External
Reference Voltage VREF Resistors - +2.50 - \4
Master Clock Frequency fMmek 34557 | 3456 | 3.4563 MHz
MCK Duty Cycle Dmck 50% to 50% 30 50 70 %
Digital Input Rise Time tr RDL, WRT, MCK, ST, 0 - 50 ns
READ, AGCW
Digital Input Fail Time tf See Figure 1 0 - 50 ns
ST Period tps 51 - 143 us
ST width toys See Figure 2,3 0.4 — tps-0.4 us
READ Width tWRE 0.3 - — us
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Parameter Symbol Condition Min Typ Max Unit
ST —+READ
Timing tSR 51 - tpg+50 us
ST > AGCW
Timing tSA 5 - tpg-10 us
See Figure 2, 3
AGCW Width tWA 0.3 — tps-0.3 us
WRT Period tPW 20 - 143 us
WRT Width tww 0.4 - tpw-0.4 us
RDL Period tPRD 20 - 143 us
RDL Width tWRD See Figure 3 03 — tprD-0.3 us
RDL - WRT
Timing tRDW 0 - tprD-0.6 us
Allowable XIN Input
DC Offset Voltage VOsXIN - -100 - +100 mV
Allowabie AIN Input VOSAIN _ -100 _ +100 mvV

DC Offset Voltage

Refer to Figure 16.
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3. Power Dissipation
{(Vpp = +6V 5%, Vgg = -5V 5%, T = 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
Ipp - 14 25 mA

Active Current PDWN = 0
Iss - 13 25 mA

NOTE) Ipp meansbothof ippq and Ipp2.

4. Digital Interface
{Vpp = 5V 6%, Vgg = -6V 6%, T, = 0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
input Low Voltage ViL - 0 - 06 v
Input High Voltage VIH - 2.2 - VDD v
Output Low Voltage VoL loL =0.4mA 0 - 04 v
Output High Voltage VoH IoH = 20 A 24 - Vpp \'
Input Low Current I DG S VIN<V|L -10 - 10 BA
Input High Current lIH ViH 2 VINS VDD -10 - 10 A
TD Data Set-up Time tsTD 200 - - 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 200 - - ns
See Figure 3
RD Data Hold Time tHRD 100 - - ns
D1 - - 300 ns
AD Data .
. See Figure 2, 3
Output Delay Time D2 — — 300 ns
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5. Analog Interface
(Vpp = +6V 5%, Vgg = -5V 5%, T =0 ~ 70°C)

Parameter Symbol Condition Min Typ Max Unit
Reference Voltage
Reference Voltage VR Withm;;( agj:stment +1.02 | +1.20 | +1.38 A
]
Backward Channel Transmit Signal Output (BOUT), External Signal Input (XIN)
Output Resistance RoB — — 10 20 Q
Load Resistance ReouT - 10 - - k&2
Load Capacitance CeouT | BOUT - - — 100 PF
DC Offset Voltage VosB - -200 — +200 mV
i ReouT > 10 k2 174 | 219 | 276 | Vpp
Output Carrier Level | VgouT VREF = +2.50 V 22 0 5 dBm
it Si A" (450 Hz)
BWC Traqsmlt Signal LRBWC AQUT -1 0 1 dB
Level Ratio VAouUT (390 Hz)
BWC Mark | fosm BTD = 1 380 | 390 | 391 | Hz
Transmit
Carrier
Frequency | o’ | foms BTD= 0 449 | 450 | 451 | Hz
Input Resistance RxIN - 25 50 - k2
XIN
Input Signal Level VXIN - — - 4,;28 XBP:

NOTE)} 0dBm =0.775 Vrms = 2,19 Vpp

Transmit Analog Signal Quput (AOUT)

Output Resistance RoT - - 10 20 Q
Load Resistance RaouT - 10 - - kQ
Load Capacitance CaouT - - - 100 PF
DC Offset Voltage VosT XIN = AG -200 - +200 mV
Forward 1 EQT1 =1 § 1.8 kHz 403 | 5.08 6.39 | Vvpp
.| Channel EQT2=1 IN | Futlscale | +53 | +7.3 | +8.3 | dBm
Transmit ATT1 =1
Level VaouTt ATT2=1
(Single - ATT3 = 1
Tone) | VREF = +2.50 V
Idle Channel Noise | NypLT e e s e — | -80 | - | dBm
Total Harmonic _ _ _ _
Distortion THDT 65 50 dB
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* Transmit data (TD1~TD8) determine this level essentially. |f the D/A 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 +7.3 dBm (5.08 Vpp). But, generally in PSK or QAM
madulation, maximum peak factor of about 3 dB or 7 dB should be considered in the design. Therefore,
the transmit signal in the QAM forward channel is designed to be 0 dBm. This value shows one
example of designs.

Parameter Symbol Condition Min Typ Max Unit

Receive Analog Signal Input (AIN)

Input Resistance RAIN — 100 - - k&

. . Single Tone
Receive Signal
4.36 1095 | mVo—p

Level Range VAIN Allows the peak factor by PSK

(Single Tone) or QAM modulation -48 - 0 dBm
Receive Filter Qutput (RFO)

Output Resistance RoR - - 10 20 Q

Load Resistance RRFO - 50 - - k2

Load Capacitance CRFO - - - 100 PF

DC Offset Voltage VOsR AIN = AG -200 - +200 mV

. EQR1=1,EQR2 = 1 VAIN | y VaIN
’ dBm

Output Signal Level VRFO fn = 1800 Hz -2 AIN +2

Idle Channel Noise NIDLR fLIJ:tnvgv:igor{?e;fsil-t‘:e:(Hz - -80 — dBm

Total Harmonic

Distortion THDR - - -6 -50 dB
AGC Circuit Input (AGCI), Output (AGCO)

Input Resistance RaGgci - 50 100 - k2

Allowable Input _ _ _ +

DC Offset Voltage | ' OSAGC!| AGCI 05 08 | mv

Input Signal v - -454| — | +56 | dBm

Level Range 2 AGCI : ’

Output Resitance Roa - — 10 20 Q

Load Resistance RAGCO VAGCO =-6dBm 10 - — kQ

Load Capacitance CaGco AGCO - - - 100 PF

DC Offset Voltage Vosa - -50 - +50 mV

Output Signal Level 2| VAGCO gznmt;?j'lﬂ?:tgy - -6 - dBm

J

2When VaGc) 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%, T3 = 0 ~ 70°C)

Parameter |Symbol\ Condition ‘ Min TTyp I Max | Unit

Attenuator

Attenuation Accuracy .
{0 ~ 14 dB, 2 dB step) ATT To the Designed Values -1 0 +1 dB

Amplitude Equalizer (Transmit and Receive Paths)

600 Hz | -1 0 1
£Q0 | EQT(R)1 = 1 1200Hz| -05 | 0 | +05
(Through) EQT(R)2=1 2400Hz| -05 | O | +05
3000 Hz | -1 0 1

600Hz | -24 | -14 | -04

EQ1 EQT(R)1 = 1 1200 Hz | -1.2 -0.7 -0.2
Frequency M | EQT(RIZ=0 2400Hz | +02 | +0.7 | +12
Characteristics ) )

Relative gain to ) 3000 Hz | +0.1 +1.1 +2.1
the gain at 1800 Hz fIN dB

600 Hz | -48 -33 -1.8

R 1200Hz | -28 | -18 | -08

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

3000 Hz | +1.2 +2.7 +4.2

600Hz | -68 | -63 | -38

See Figure 4
EQ3 | EQT(R)1=0 1200 Hz | -3.7 | -2.7 | -17
(m | EQT(R)2=0 2400 Hz | +10 | +20 | +30
3000 Hz | +23 +38 +53
EQT(R)1 =1
GEQ1 _ -05 0 +05
Gain Tolerance EQT(R)2=0
; . EQT(R}1 =0
Relative gain to the G f 1800 Hz | -05 0 +05 dB
<gain of EQO at ) EQ2 | eqT(R)2=1 IN
H
1800 Hz EQT(R)1 =0
GEQ3 | gqT(R)2=0 -05 0 +05

NOTE) This spec is applicable for only amplitude equalizers and does not include other filters’ frequency
characteristics.
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Parameter l Symbol | Condition l Min I Typ l Max I Unit
BWC Transmit LPF
2-fopm | 780 Hz - -60 -55 dB
2nd/3rd Harmonics BTD=1
Components Amplitude 3-fopm | 1170 Hz - -60 -55 dB
Relative values to Hewc
the fundamental ) 2-fogs | 900 Hz | — -60 | -55 | dB
component amplitude BTD=0
3-fOBS | 1350 Hz — -60 -55 dB
Transmit LPF
390 Hz
. EQT1,2=1 as0Hz| "2 | O *2 | d8
Transmit LPF
; GTL | ATT1,2,3=1
Voltage Gain v 10dB 1700 Hz
= — m -
XIN 1800 Hz 08 +1.2 +3.2 dB
Frequency — Amplitude EQT1.2=1 2400 Hz | +05 +15 +25 dB
Characteristics ATL ATT1.2,3=1 |fiN
Relative gain to Vv =—10dBm 6000 H _ -2 -23 dB
(GTLat390 Hz> XIN z
Group Delay EQT1,2=1 = _ 12
Distortion DTL | 1100 Hz < iy < 2300 Hz 0 | s
Receive BPF
Foceive BPF EQR1,2=1
eceive
: GRg | VAIN =0dBm -2 0 +2 dB
[
Voltage Gain fin = 1700 Hz
1 H - -14 -1 dB
Frequency — Amplitude 50 Hz !
h teristi - _ -
Charac ans |c. An EQR1,2=1 i 300 Hz 42 22 0.2 dB
(gglasme i) ® | Vain=0dBm 3000Hz| +3 | +4 | +6 | dB
6000 Hz — -19 -16 dB
Group Delay EQR1,2=1 _ B 100
Distortion PRB | 1100 Hz < f;y < 2300 Hz us
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Parameter Symbol Condition Min Typ Max Unit
Receive HPF
Receive HPE EQR1,2=1
eceive i
Voltage Gain GRH | VA|N =0dBm -2 0 +2 dB
¥ fin =620 Hz
Frequency — Amplitude 390 Hz — -77 -65 dB
Characteristics E =1
_ ARH Qm;z fin| 450 Hz | — -71 | -65 dB
(Relatlve gain to) VAN =0dBm
GRH 1 500 Hz | — -40 | -36 dB
Group Delay EQR1,2=1 3 3
Distortion * | DRH | 1100 Hz < )y <2300 Hz 750 | bs

*!: Includes Receive BPF's characteristics.

Receive LPF (for Call Progress Tone Detection)

Receive LPF EQR1,2=1
eceilve - _ _
Voltage Gain X GRL VaIN =0dBm 4 2 0 d8
* fiN = 400 Hz

Frequency — Amplitude EQR1, 2 160 Hz - -14 -1 dB
Characteristics ApL | 1 fIN| 350 Hz 25 | -15 | -05 | dB
(Helative gain to ) VAIN

GRL . =0dBm 910 Hz - | 56 | 53 | a8

*L: 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 BWC1/BWC2 1,23 1,2 1,2 Block Figure
000
Attenuator XIN |AOQUT| -— - ! 1 - ATT + T-LPF 5
111
Transmit Amplitude | s | aout| — | = | 1 | % | - | ABQL + T-LeE | 48
Equalizer 11 ’
BWC BOUT BWC:LPF
Transmit LPF SXIN | AOUT 1 L L + T-LPF 5.6
Transmit LPF XIN [AQUT| — - 1 1 - T-LPF 5
Receive Amplitude 00
? AIN RFO 1 1 - - 14 AEQL 4
Equalizer 1
Receive BPF AlIN 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 = +5V 5%, Vgg = -5V 5%, Ty = 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 - - +2.50 — \Y;

Plus Full TD8 ~ TD1:

PFVDA +2.31 |+2.367| +242 | V

Full Scale VREF = 01111111
Scale* . +250V

Minus Full : TD8 ~ TD1:

Scale NFVDA 10000000 | —2-44 |—2.386 —2.33| Vv
Linearity * N{ pA - 05 1.0 %

* This specification is defined as the voltage at the AQyT 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
Rlus Full PFV = +242| +2.48 | +254| v
Eull Scale AD VREF =+2.50V . R .
Scale* - Equivalent values to the input
g::':ll;s Full NFVAD voltage of AD converter 256 | -260 | -244 v
Linearity * NLaD - - 05 1.0 %
Output DC Offset* VOSAD | Includes the AGC circuit -3 - +3 | LSB

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

AGC Circuit
(BEiatisno(f:c;:?etsrgllution BRESA - - 8 - bit
Dynamic Range DY aAGe — — 51 - dB
Mimimar Siep GsTp - ~ o2 | - |
Gain Setting Accuracy GE - —-04 (4] +0.4 dB
E?st;:nHig:mmonic THDAGC - - - -50 | dB
Signal to Noise Ratio SNaGge g?gtngla/il\rl‘;s?::TEQO 50 — - dB
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8. Timing Characteristics
(Vpp = +6V 5%, Vgg = -5V 5%, T4 = 0 ~ 70°C)

Parameter Symbol! Condition Min | Typ | Max | Unit
Carrier Detect and Level Comparator for AGC Circuit

OFF—ON TCDON1 VAN =0dBm — 21 — ms

ON —OFF | TCDOFE1 S'(D)”* fiIN=1700Hz | _ | 96 | — | ms

OFF—~ON | Tcpon2 BWCT|vany=-36dBm| — |27 | - | ms

ON —OFF | TcDOFF2 -0 fin = 1700 Hz — 6.7 - ms

OFF—ON | TcDON3 VaiN=0dBm | — | 18 | — | ms

cD1 ON —OFF | TCDOFF3 | gp1n fD1L fiN = 1800 Hz — 1 90| - | ms
S'ieigure 6.1 | OFF—ON | Tcpons |=Vss|swci|Vain=-39dBm| — | 26| — | ms
ON — OFF | TcDOFF4 fin = 1800 Hz - 54 | — ms

OFF - ON TcDON5 VAIN =0dBm - 1.7 - ms

ON —OFF | TcDOFFS BWCT 1 #in = 400 Hz - |200| = | ms

OFF-~>ON | TcDONG =chz VAIN=-40dBm| — ;45 | ~ | ms

ON - OFF | TCDOFF6 fiN = 400 Hz - lsg | = | ms

OFF—~ON | TcDON7 VAIN=0dBm - 1.2 - ms

SeeCD2 ON - OFF | TCDOFF7 CD2H fin = 1650 Hz - | 10] = | ms
Figure 9-1 | OFF~ON | TcpoNg =Vss VAIN=-40dBm| _ | 20| — | ms
ON —OFF | TcDOFF8 fin = 1650 Hz — 6.0 - ms

LD1 OFF — ON TLD1ON — * - ms

See
Figure 9-2 | ON — OFF | T D10FF _ * _ ms
LD2 OFF—ON TLD20N - * - ms
See
Figure 9-2| ON —OFF | T| D20FF — * — ms
*TBD
Power Down Control Timing

Power ON Time TPWON g:\.’aDF'\ilg;u:e_;oo - | - |0 ms
Power Down Time TPWOFF g:i%hllgug_‘l)o] — — 10 ms
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(Vpp = +BV #5%, Vgg = -5V 5%, T, =0 ~ 70°C}

Parameter Symbol Condition Min Typ Max Unit
Transmitter
4 ~ 8kH - - -20 dB
Out-of-Band Energy EQT1,2=1 z 2
Referred to Carrier EoT VaouT = —10dBm |8 ~ 12 kHz - - -40 dB
Level See Figure 11
12 kHz ~ — - -60 dB
Receiver
Dynamic Range DYR As a single tone -48 l - 0 dBm/
60002
THCDON1 CD1L =0 ON | — |-392| — | dBm
BWC1=0 cD1
THCDOFF1 fi\y =1700 Hz OFF| - |-493| - | dBm
H -
Carrier Detect | || JCDON2 | ooy 1CDIL =1 ON | — |-418| — | dBm
Threshold*> | 1h =vgg|[BWC1=0 | CD1
CDOFF2 fiN = 1800 Hz OFF - -46.8 - dBm
BWC1 =1 .
THcpon/ BWC2-0 | CD1 8';',/: — -5 | - | dBm
OFF3 fin =400 Hz
THCDON4 | CD2H = Vgg D2 ON | — | -45 - | dBm
THCDOFF4 fiy = 1650 Hz OFF - -50 - dBm
** Optional | THepons |CP1L: 0~ Vpp ON Adjustable dBm
Carrier CD1
Detect THCDOFES CD1H: 0~Vpp OFF Adjustable dBm
Threshold
by THCDONG CD2L: 0~ Vpp ON Adjustable dBm
External CD2
Potentials | THepoFFe CD2H: 0~ Vpp OFF Adjustable dBm

»1

*2

»3

This operating mode is used during the call progress tone monitoring and does not provide the
hysteresis of the detect ON and OFF level.
In this mode, CD1's ON/OFF and CD2's ON/QFF levels are determined by external adjustments,

It is impossible to use the optional threshold either for CD1 or CD2,

Threshold levels are defined by a single tone input on the AIN terminal. In actual applications,
however, input analog signal is not a single tone but a modulated signal by FSK, PSK or QAM.
Therefore, the hysteresis values (CD/OFF-CD/ON) become less than the differences of CD/ON and
CD/OFF levels shown in the specification table.
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Figure 1 Definition of Rise/Fall Time

ST \E f
tws
tps 1
READ A\
- 1SR WRE
tsA
AGCW h 4
WA
RD1~ (sl ) AR
RD8 High impedance | A {
—] [ feot—
1SAG tHAG 01 D2 B: Accosn
Data Input

Figure 2-1 Receive Data Timing Chart

WHT‘E' \___/
tww thw

T1PE;8~ 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 ‘
ws
tps 1
READ \
tRS
AGCW
WA
RDL _f
WRD
tPRD
WRT ‘]:’ N/
ww
tRDW
_—— DD
RD8 j/ High Impedance \tj/ \\—_4—1
tSRD tHRD 1SAG HAG tp1 tD2

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

Figurea 3 Transmit and Receive Data Timing Chart

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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AIN —/
—.I [— —-»‘ fet———
TcpoN TCDOFF
CD1/CD2
Figure 9-1
AIN
(et o L—r
TLD1ON TLD10OFF
LD1
LD2
TLp20N— [ ™| [*TLD20OFF
Figure 9-2
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XIN
or
AIN
PWDN
—1tPWON —* IPPWOFF
AOUT
(=1 I N T O L I O A A T A Y ittt
RFO High Impedance
Figure 10 Power Down Mode Response
0 4 8 12 16 /y kHz
T T T T 15
Transmit
Carrier
Level
=20
40 L
L/
60— I
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

GS

Function

BRS

1

2

59

BTD

60

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 AQUT,

BRS FSK signal transmit
Digital 0 Enable
Digital 1 Disable

Table 2

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

BTD FSK signal frequency
Digital O ‘’Space”” 450 Hz
Digital 1 “Mark” 390 Hz

Table 3

TRSW

61

RDL

62

On-chip D/A 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 connected to and taken from the same data bus line.

In this case, it is required that TRSW be applied to 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/ L= AGC

Receive AD .
Data bus = ?ﬁf::ve

o>

Figure 12

V-A-83




¢ MODEM-MSME949 ¢

Pin Name Pin No. Function
SS| JS |GS
WRT 5| 663 This signal controls write data from TD1 ~ TD8 into

the D/A converter.
This data is latched on the positive edge of WRT.

D1 [ 13[14] 7
§ § 5
TD8 6 711,
64

Transmit signal digital data input for D/A conversion.
These pins are 8-bit parallel two’s complement data input
pins, and the data is loaded into the D/A converter on the
positive edge of WRT,

TD1 is the LSB and TD8 is the MSB. Refer to Table 4.

TD/RD 8|(7|6|5|4;3(2]1
Plus Full Scale o1t (1 (1|11 (1]1

Plus O o(0|jo|j0jO0O]O]|]O|O
Minus O

Minus Full Scale 1|o|0]0j0’0}0’0

Table 4 8-digit Data Table for TD and RD

MCK 14|15| 8

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.

VpD2 | 15]16| 9

Positive power supply, +5V.

This pin is internally connected only to the digital output
logic circuitry for RD1 ~ RD8, RDA and RDB.

RD1 24 126 |17

RD8 17 (19 |10

These are 1/0 terminals, When READ is held in a digital 0
state, these pins become output terminals and the result of
the A/D conversion with 8-bit (or 10-bit} parallel two's
complement format appears. Refer to Table 4.

When READ is held in a digital 1 state, these pins becomes
input terminals and the data input to these pins is loaded
into the register storing them as the gain setting data for the
AGC circuit on the positive edge of AGCW.
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Pin Name

Pin No.

SS

JS

GS

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 RD5 +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 absolute gain
are as shown in Table 6.

RD Gain (dB)
8|7 (6|54 |3]|2)1/| Relative | Absolute
0 -25.5 -11.6
110(0|]0 0|0 |0 |1 -25.3 -11.4

11 (1|1 {1]1}11]1 -0.1 +13.8
oj0|0|0O|O|O0O|O0]|O +0.1 +14.0

o111 j1 1|10 +25.3 +39.2
T (1 (1|1 ]1]1]1 +25.5 +39.4

Table 6

RDB

25

27

18

RDA

26

28

19

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

27

29

20

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

Pin No.

SS

JS

GS

Function

READ

28

30

21

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

While this pin is in the digital O state, the output bus is active
and the result of the A/D conversion appears at RD8 ~ RD1,

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

AGCW

29

31

22

This signal joads 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 the digital 1 state,

csw

30

32

23

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 s set at the digital 1 state.

LD1

31

33

24

LD2

32

34

25

These output signals are from comparators each of which
have different threshold levels and the inputs are connected
to the output of AGC circuitry (AGCO).

When AGCO shows a level shift caused by the abrupt
change in the received signal level, LD1 and LD2 can be
used as a warning signal for the demodulator and the AGC
circuit.

Signal level on AGCO {dBm)
+2 +1 -14.5-15.5
o1 | o [/] 1
LD2 0 1
Table 7

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

In another case when LD2 indicates the digital 1 state, the
AGC circuit can be set at the nominal gain by setting all of
the RD digits to 0. This allows for quick escape from the
abnormal state. Refer to Table 7 and Figure 13.

{ | +2 dBm
— -6 dBm
— —-15.56 dBm
AGCO
LD1 | I
LD2 [ I
Figure 13

V-A-86




¢+ MODEM-MSM6949 ¢

Pin Name

Pin No.

SS

Js

GS

Function

CD1

33

35

26

CD2

34

36

27

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

On the other hand, their carrier detect levels can be
determined by an 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

37

28

BWC2

36

38

29

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

Band-

BWC1|BWC2| Receive Filter Composition width

Application

0.3 No backward
0 0 o0 o{HPFlo o4 LPF o O BPF bo—o 3‘4' kHz channe.l .
transmitting

Backward

0 1 0—0 ﬁ o oLrrlo © ﬁ 0—0 3046k:|z channel
) transmitting

03~ Call progress

1 0 & o Hrrfo & Ler fo—oqerrto—o i -
H 0.65 kHz 't::e monitor

Special case

1 1 o o oferfo ofeer}o L Through External
)

Filter

Table 8

\

0.6 kHz 0.65 kHz 0.3 3.4 kHz
<HPF> <LPF> <BPF>
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Pin Name Pin No. Function

SS| JS |GS

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 its 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 the 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
has the filter for detecting those tones.

EQR1 373930 For better transmission data quality, amplitude equalizers
are provided about MSM6949 in both transmitter and

receiver.
EQR2 | 38 40 |31
EQR1EQT1 EOR?EQ-W Equalizing Characteristics
0 0 I
‘ 0 1 il
! : : :
! 1 Through

Table 9

Refer to Figure 4.

DG 39| 41|32 Digital ground, OV.

AG 40| 42 |33 Analog ground, 0V,

When digital and analog circuitry are implemented in the
same chip, analog functional performances are easily
deteriorated by the digital noise. Especially, when the

digital noise is asynchronous to the operating timing for
analog circuitry, such as switched capacitor filter, or A/D and
D/A converter, the chip’s performance becomes deteriorated.
It is important not to mix the noise to AG and design of

PCB should be done to isolate digital and analog signals.

Vss 41| 43 |34 Negative power supply, -bV.
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Pin Name Pin No. Function

SS; JS |GS

AGCC 421 44| 35 An external capacitor of 0.1 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| 45 |36 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| 47|37 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| 48 | 38 capacitor is required as an AC-coupling not to transfer
the DC offset voltage to the AGC-circuit. The input
impedance of AGCI is typically 100 k£2.

CD1L 46| 49 |40 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| 50 | 41 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| 51|42 U N co1 02 | Operari
CD1L CD1H|CD2L|CD2H|BWC1|BWC2 — perating
| | | | ON ‘OFF ON | OFF | MODE
! I | T
o |vss| . « 0 . _3901i_493| — | _ 720&/)2500
CD2H 49| 52 143 1 /vss| . 0 « |-a18l-a68] - | - 240%«:800
. VSS . . 1 0 -45 - _ _ CaIITPorr(‘)egress
- * _ _ ~ _ 300 bps
. . + | vss 45 | -50 (T.30)
Depend on
>0V | >0V * . o) . VeoiL _ _
VCD1H J
. Depend on T External
>0V | >0V . » 1 0 VepiL. - _ Adjustment
| | VCD1H
Nepend on
. = [>ov|>ov| | - | = | VepaL
VCD2H

NOTE 1) Unit of CD1/2 detect level: dBm (0 dBm = 0.775 Vrms)
2) These levels are defined with a single tone.

Table 10
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Pin Name

Pin No.

SS

JS

GS

Function

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
CDiL CD1 OFF level becomes about -40 dBm
when the input potential is
CD1H | CD1 ON | 1145 2.5 V. The relation
CcD2L CD2 OFF between the potential and

the level is linear.
CD2H CD2 ON
Table 11

Carrier

Terminal Detect

VR1

50

53

44

VR2

51

54

45

The MSM6949 provides the voltage reference which is
used for A/D and D/A conversions, carrier detect, back-
ward channel transmitter, etc.

The potential is stabilized to variations of temperature
or supply voltages, but tends to be different from chip to
chip. Therefore, an external adjustment is necessary.

The resistors used to adjust the reference voltage are
connected to these pins as follows.

AG

R8 + R9 > 20 k2

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

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

Figure 14

VREF = 1.2 X_RB[:TRQ (V]

AIN

52

56

46

This pin is the receive analog signal input.
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Pin Name

Pin No.

SS

Js

GS

Function

AQUT

54

57

47

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.

XIN

65

59

48

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.

BW

Transmitter ™ LPF

DA

50K 56K

DTMF

Transmit
Filter 50K

Figure 15

An external operational amplifier can be omitted when
the DTMF tone is not input to XIN, and BOUT is
connected to XIN directly.

BOUT

56

60

49

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

61

51

When digital 1 is input to PWDN, whole functions in the
MSM6949 are disabled and the MSM6949 goes into the
power standby mode. At this time, AQUT and RFO
become high impedance state.

LT

58

62

52

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 in Yo Function

SS| JS |GS

EQT1 59| 63 |53 Refer to the description of EQR1 and EQR2.

EQT2 60| 64 |54

ATT1 61 65 |55 The MSM6949 provides attenuator for transmit signal.

b s

ATT3 63| 67 |57 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

VDD; | 64|68 |58 | Positive power supply, +5V.
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CIRCUIT WIRING ILLUSTRATION
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