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SIffiRA SM{rcONDUCTOR 9600 bp Facsimile Modem DSPs
sc-1r077 ts cl1 08 7/s c 11 088/s c 11 1 e8

FEATURES

O lowPower
. Single srpply +51/ + 10%
. l30srw (tlpical) operating
. 50mw (typical) standby.

C Fax Modes
. Y 29, V 27 te\ V:1 Channd 2

D VoiceMode (SC11087)
. 1G12 bit linear
.8 bit F-[aw
. 9.6, 8, 7 3, 4.8, ksps options

0 HDI.C Fhg Detection
n DTE Interface

. Parallel PC bus
rRS232CCC[�[TV24 s€rid

E Controller Interfae
. D,ral port RAI{
. R96MD regisu ompatible

CEXERAL OEtCRIPTIOII

The SC110Z series products are
low power fac{mile modem Digi-
tal Sigrut Processors depjgned for
use wi th Sierra's SCI 1$5,SCl I 092,
SC 1 1091, ard SCI 1 196 fanily of Fax
Modem Analog Pr,oc,essors GIIAP).

Together, &re tno-chip sets com-
prise a complete modem data pump
supporting CC1TT facsimile stan-
dards up to 9600 bit/s. All models
support group 3, V.21 channel 2,

Daa Modes (SC11088 only)
.V22tuXJf2,V23,V21'
. Bell lG,21?A,N2
. Caller LD. support
. Synchronous, Asynchronous
DTE Interface
. Parallel PC bus
.RS232CC€ITTV24 s€rid
Serial FIUAPinterfae
Equalizer
. Aubmatic adaptive rceive

equalize
. Selectable fixed compromise
Small Size
. PLCC or PQFP packages
DTlvtFdetect
2(X) ns Instmction cyde time
256 x 8 RAIrd
Internal ROM prognm

Y 27 tet & V29 standards. In addi-
tion the SC11198 supports grouF
1 & 2 modes and provides a
Rockwell R96MD rEsister comFt-
ible interface- TheSCll0Z/87 ta-
tures voice mail modes induding
sisrultaneous voice transmission &
DTMF tone detection and optional
p-L-AW compression. The SCI 1088,
in conjunction with SCll092 or
SCl 1094, comprises a complete syn-
chronous 9600 bit/s facsigrile mo-

/ra Pltl P|.clC PACKACE
C I { o

l t  2c

scllozcv
scll0€7cv
sctt088cv
scr1198CV

dem and 2400 bit/s data modesr
supporting synchronous and also
aslmchronous full duplex V.21,
V22, V.22bis, V.L3, B€ll 103, Bell
212,212A, and half duplex V.26ter
CCITT reqcmmendations. The set
includes DTMF tone detection,
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RXD
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GEXERAL OESCRIPTION (conttnmdl

programmable transmit level,
HDLC fl ag detection, ring input and
elimination of external op amp for
dial up line applications The data
punp is fully tested and is guaran-
teed for one vear.

The SC110&5 & SC11198 chipset
can be used with Sierra's SK06l1
and other chipses to build a com-
plete intelligent Fax and Data mo-
dem compatible with EIA 2388
dass 2 specifi cations. A special four

chip kit, SQ01%, is offered for this
application. Firmware and applica-
tion software are available.

FMAP

Ff'SP

scl119E sct10E7 scl1(EE scl1(}n

scl1ffi5 sK8598 sK8687

sclr0q2 sK9288 sYg2n

scu094 SK9,l88 sYs4n

scll196 sI(9698

DATA PUIIP KIT COI|AIXATIOIIS

The following tables indicate valid combinations of FI'{AP and FDSP.

Features may vary depending on lriask ROM revisbns. Check with your local Sierra repres€ntativ€ lor currently available
options. Custom ROM Masks can be supplied for speciaj applications.

General Kit F€eture!

KIT SKE69E sK959{l sKt687 sK92Et sKgm SIO{EE sK947'

CODE AAB AAC tuf/t AAA AAA AAC

G3 / / { J I /

G l , 2

Supply Voltage t5v t5V 15V 15v +5V +5V +5V

Power Consumption 4m {00 M/2fr 400/50 f f i l n 4&/40 m/n
v.27, Y.27ta,Y.29 / / /

Y.21,?2,22bis.L) J /

Bell  103,2@, 2l2A / / /

DTMF detect

Voice Mail Mode

u-[-aw Conversion

Voice Sample Rate 96m 9ffi 96m
48m

96m 9@
8m
48m

96m 96m
8m
7W
48m

RinS Detect / I

Caller LD.
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PIN NAI{E

PINNI,'MBER

TWET DESCRIPTION

sc1107rc1/
scu(nrc.t/
scrlcrcv
sclll$cv

scl1o7'7CQ
scrlurrcQ
scu(FscQ
scurescQ

PLCC PQFP

CABSI 20 l4 IA C.bles€l€ct 1

CJ|'Bsa l9 l3 IA C.bleSeled2

csts 5 13 [A RcgbterB.t*l ChlpSelec

csoB 3 41 IA Reglster Bank 0 Chtp Selec

CISB z2 l5 o ClcrraoSert

+Do 31-38 2fr2 I /OA 6 BltDatl &rt

DCLK 26 20 o D.tr Clock

RQB 2 ,lO o Incrrupt Reguert

MCLK l { 8 o OockOrtFs (9.839 mhz)

GCELK l l 5 o odlhbr orrPut (19.66(B mhz)

FORIB z) 23 ts Powcr<n-Reret Input

FOROE 30 21 I/OB Portlron-Re*t InFrt/otrtFrt

RD I 37 IA R..dEuble

RI.sDB 2l 15 o R.aetwd Llne Slgrul Detector

RSrRfr 394;2 3&35 IA Reglstcselect Llne.

RTSB t7 1 1 I,A Request-to-Sed

RXCLK 28 ?2 I.A RecetrrcrClck

RXD 25 l9 o Recelver Data

RXDIN l8 12 I.A Receiver Data Input

RX5TB l 6 10 IA Receiver Shobe

scLK I 2 I.A Serbl lnprt Clock

SD 9 3 o Seri.l D.t qltp rt

SI 6 u I.A Serial Date lnput

STEN I IA Serirl Inp,ut Enable

SOEN 10 1 o Serial Output Enable

TXCLK 27 2l LA Tnrumlfterclcck

TXD 23 r7 I,A TnrumitterDaa

T}(|STB l5 9 IA TnnrmltterStrobe

vDo u E PWR +5 VoltSupply

vss 24 l8 PWR Ground

vsgt 4 42 FWR Ground

WRB 39 TA Eneble

XTAL 12 6 X Crystal Output ( 19.566 MlIz)

XTAL 13 X Crystal Inp'ut ( 19.6S MtIz)

NOTE 1: See table on page 11, 'Digilal Interface Characteristics'
NOTE2: | = Input.O =Outprn
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CONNECTIOX DIAGRAI'S

44L PLCC 44L POFP

SIEN
SCLK

so
so€N

oscctJ(
xTAL
XTAL
r/lcLl(

TXSTE
RXSTE
RTSS

RS3
DO
Or
g2

txt
O.
05
6
o7
PORC'8
PORE

srEt{
scu(

so
SOEfl

oscctr
XTAL
XTAL
ractx

TXSTB
RXSTB

RTSE

Rgt
oo
Dt
u2
Ix|
tx
05
D6
o7
POROA
PORA

"frUSEEFeEE$.6 gEE EFeEE $

Fg33BtsBII*8339s tss lgs
sqtcl rctct

GI
3{l
37
36
35
v
3
32
31
30
4

7
E
9
t o
I t
1 2
1 3
l a
1 5
r 6
7 7

O a ? C t q ? f o q - O
t i t l l

a

scl1077CV
sq|1087cv
sctl@8c1/
sctlr98cv

o o O - N a t l n g N a
: - { a a c ( q d c q

: 3 g . g t t 5 t 8 3
1 .  3 : l

scr1077cv
scrl@7c1/
scrl@8c1
scr't't98cY

31
30
a
2A
27
26
6
21
23
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FUNCTIONAL OESCRIPTIOII

The Fax Modem DSP (FMDSP)
proc€ssor is a DSP engine for Fax
Modem applicatioru. It is designed
to do all signal processing tasl6 for
a Fax Modem except the sanple
rate processing for the group 3 re
ceiver, which is done in the FaxMAP
front end drip. Since this is a haU
duplex modem, the maximum
computation load is pres€nted by
symbol processing for the V.29
receiver, combined with simulta-
neous tone generation. This indudes
the following routines which are
completed in one V.29 symbol
period of 415 ms:

' Equalizer
. CarrierTracker
. Slicer
. Dfferential Decoder
. Grey to Binary Converter
. Descrambler
. Sync Recovery PLL
. Tone Generator

Other functions which are handled,
but not in the critical path are:

r Group 1 Transmitter and
Receiver

. Group 2 Transmitter and
Receiver

. V2l Transmitterand Reeiver

. ToneGenerators 0ncluding
D(MD

. Tone Detector

Procoror Archltcctgro
Onowlcw

The FMDSP proessor is a l6bit
proc€ssor dedicated to the FAX
Modem DSP functions. Designed
wi$r zuSC philosophy, its instruc-
tions are mostly single word and
execute in a single clock cyde. The

Processor uses a two staSe
pipeline, fetch and execute. There'
fore, all branch instructions take two
clock cycles to execute. Delay
Jurnp Instmctions are induded to
achieve single cycle branch as
most RISC processors do.

The FMDSP proc€ssor utilizes the
so-called Harvard achitecture simi-
lar to TMS320. The Data memory
space of 512 words total is com-
pletely on chip, while the program
space of 64K words can be either on
chip or off chip. The program
memoiy is read only. A TMS32G
like TLBR instmction is provided
to load coefficient table from
program spac€ into on chip RAMs.

The FMDSP is organized around
one 16 bit data bus and one 9 bit
address bus. F.xcept for four lurd-
ware registers, all processor re
sources are addressable Data
Meurory locations. All I/O are also
memorymapped.

Sp€cid hardware is incorporated
on chip to achieve high throughput
in sitical DSP functions. The most
notable is the 16 by 16 hardware
multiplier that can do a 2's comple'
ment multiplication in 63 ns. An 8
bit acctrmulator together with the
15 bit ALU combine to perforrn the
24 bit accumulation of multiply
results which is 32 bits wide wifh
lower 7 bits discarded. There is
alsoa6bitloop counterusd by the
RPT and RPT2 instructions to
perfonn loops with zero overhead.
Saturation arithmetic is supported
by the ALU.

The FMD6P is supplied as a pre'
programmed ASIC product wittr
features as outlined on page 2. The
f  unct ions provided by these
vers ions are descr ibed in the
following pages.
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Function
Freq. GIz)
Go.qrr)

CallingTone (CNG) u@
AnswerTone (CED) 2lm

Group 2 ldentification
(cr2)

r850

Group2 Command
(cc2)

21@

Group 2 Confirmation
(CFR2,MCF2)

r650

Line Conditioning
Signal (LCS)

1 lm

End of Message
(EO[\O

t 1 @

Procedure lnternrpt
(PIs)

62

Group I White
Bleck

l5m
2,l(n

Trenrrrilttcr Tonrl 8lgnrllng
tnd Crdor Ftrqucnclor

T.30 Tonal Signaling Frequencies

Tone Gcncretion

Under control of the host proc€ssor,
the modem can generate voiceband
tones up to 4800 Hz w'ith a resolu-
rion of 0.15 Hz and an accuracv
of 0.019o. Tones over 34O0 Hz are
attenuated.

Tonc Dctcctlon

In the 300 bit/s FSK receive con-
figuration, the presence of tones at
pres€t frequencies is indicated by
bits in the interface memorv.

Drtr Encodlng

The modem data encoding con-
forsrs to CCITT reccommendations
V29 and Y.27 ter.

Eqsellzrrr

The data puurp provides the follow-
ing equalization functions which
can be used to improve perforur-
ance when operating over poor
lines:

Cable Equalizers-Selectable com-
promise cable equalizersare pro-
vided to optimize performanc€ over
different lengths of non-loaded
cable of 0.4 mm diameter.

Automatic Adaptiv€ Equalizer-An
a utomatic adaptive equal izer is pro-
vided in the receiver circuit for V.27
and V.29 configurations. The equal-
izer is configured asa T/2 equalizer
with 32 taps.

Trenrrvrittcd Dete Spoctrum

The transmitterspectrum is shaped
by the following raised cosine filter
functions:

l. 7200 Baud. \uare root of 90

Percent.
2. 1500 Baud. Square root of 50

Percent-
3 2400 Bald. Square root of 20

percent.

The out-of-band transmitGr power
limitations meet those specified by
Part 68 of the FCC's rules, and
typically exceed the requiremenb
of foreign telephone regulatory
bodies.

I'cre nrblor/Dercrenrb br

The modem incorporates a self*yn-
duonizir€ saanbler/desaarnbler.
This facility is in acordance with
either V27 ter or V29 depending
on the selected configuration.

Rocrlvcd Slgnel Frcqucncy
Tolrrence

The receiver circuit of the modem
can adapt to received carrier fre.
quency error of up to t 10 Hz with
less than a 0.2 dB deg-radation in
BER performance. However, the
symbol rate mtrst be within 0.017o
for proper opention. Group 2 car-
rier recoverycapture rangeis 2100 t
30 Hz. The Group 2 receiver oper-
ates properly when the carrier is
varied by t 15 Hz at a 0.1 Hz per
secpnd rate.

Tone Detcctlon

Three tone detectors are active in
the FSKor tone receive mode. Tone
detectors are active in the Group 2
transmi t mode. The freouencies for
the detectors "t" ptogr"-mable
through the ttAM access. Refer to
the Rockwell Application Note (Or-
der No.558) for the procedures. Be
aware that the sampling rate in the
Group 2 mode is 10358 s/s; there.
fore, use 10368 instead of 9500 to
calq:late the coefficients for Group
2 tone detrtors in thos€ €quations.

Slgnellng rnd Drte Reter

Specilicetion
B:ud R:tc

(S nbols/Scc)
Bits pcr

Brud

Dete Rete
GiUc)

GO.fl%)
Sprbol
Points

v8 24& 4 960 l6

v8 2m J 72@ 8

V.27ter l6m 3 48@ 8

V 27tet 12m a zffi 4

v26 r2@ 2 2@ 4

Vl2bis @ 4 248 l 6

v.z3 12@/75 I 12@/E N/A

v2. 6m 2 r2@ 4

v21 3m 1 3m N/A

B€11103 3m I 3m N/A

B€ll 2l2A @ 2 r2@ 4

Carrier Frequencier

Function
Freq. (!Iz)
(io.m%)

T.3 Carrier (Group 2) 21m

V.27 ter Carrier l8m

V.29 Carrier t7@
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HDLC Fteg Dotoctloct

tn Group g or iSK reeive mode,
HDLC flag sequence can be
detected byenabling tftt FDENbit
in the interface m€mor1r. In Grorrp 3
mode, the hardware 1850/1 6n Hz
detector is enabled and monitored
to deterstine the presence of f|ag
s€quence. In FSK mode, the firut-
warc monibrs the received data to
decide the flag detectioru

Yolor llodr Appllcrtlon

When the modem is configured in
the voice mode, the 10(12) bit data
are read /written through the inter-
face register 0:1 MSBs) and 0:0
(ISBs). Thedata aresasrpled at9600,
80G1,7300 or,1800 sanples pers€c-
ond as set in the modem chip con-
figuation regist€tr.

ln the transuritmode,onlythe 10(12)
IvGBs are writEr to the 10(12) bit
Dll-lr. the recive mde, the 6(4)
ISBs are fiIled with zeroes. During
voice transurissions, the DTMF re-
ceiver is also activated. This allows
the host to tersrinate voic€ trans-
mission onc€ a DTMF tone is de
tecd.

To use the voice capability, the host
processor first sets the DSP to voice
mode by writing 82H to register
(0:4) and setting SETUP bit (0:83)
to one. This also enables the DTMF
receive function in SC1167. (The
SC11198 cannot simultaneously
detect DTMF tone while transmit-
ting voice.)

TheMDA0 (0:Ef) bit Modem Data
Available) is set by the DSP when it
is ready for the host processor to
read or write data is YSM and YSL
Alter the proesrcr has red or writ-
ten 16 bit data to these RA[,] loca-
tions, it res€ts MDAO to "g'. In
transmit mode the most significant
12 bits of YSM and YSL will b€
written to the DAC for transmis.
sion. In the receive mode, the 12 bit
ADC ourput is wrinen to YSM &
YSL and the 4 ISB's are filled with,,v,.

Rocolve Tlnrlng

In the receive state, the FDSP Pro-
vides a Data Clod (DCLK) outPut
in the form of a sgr:are wave. The
low to high transitions of this out-
put @incide with the cenerof the
received daa bis. The tirning re'
covery circuit is capable of tracking
a t0.0l7o freguency error in the as-
sociated Fansmit timing soutcE.
DCLKduty cydeis fi% t7%.

Trenrnilt t'rvol

The transmitter output level de
faults to + 5dBm t I dB at power on.
When using the default Eansmit
level and driving a @ ohm load,
the TXA output requires a 5ff ohm
series reistor to provide -1 dBm tl
dB to theload. Theoutputlevel can
be programmed overa 10 dB range
by perforudng a RAM writeopen-
tion. The transmit can also be p'ro-
granmed over a 16dB range (ldB/
step) through the inerface memory.

Trenrn{t Tlttllrrc

In the transmit state, the FD6P pro-
vides a Daa Clock (DCLK) output
wi$ the following characteristics:

l. Frcquarcy. Selecd daa rate of
gffi , 72ffi , 4ffi , 24Cf., ot 90 tlz
e0.01%). InGroup2andGroup
1, rcLK tracksan external 10358
FIz dock If the external dock
input (XCIJO !s grounded the
Group 1 and Group 2 DCLX is
70372.7 Hzt0.01% and group 1.

2. Duty Cycb. 50 t 17'

Transmit Daa (TXD) must be stable
during the 1 microsecond p€rid
immediately preceding and the 1
microsecpnd perid immediately
follonring the rising edgeof DCLK

TO S€NO Ofl REC€^/E
VOC€ SAMPLES

6

SET VOIC€ l,lOOE
82H + 0:a

SET S€TUP 8tT
1 --+ 0:E3

DSP GO€S tr{TO
VOEE MO€ &

RESETS SETUP STT

Pt.Ac€ l0 oFl t2
gTT SAMPIE IN

YSU T YSL

COI{VERT S^MPLE
TO &8{T e{tw
A PIJCE IN YSL

SET MO^ BIT
1 + O:E!

wAfT FOR r.rOST
TO READ

YSU r YSl-

HOST READS Ofl
WRTES YST,I E
YSL REGsTERS

RESET MO^O
TO ZERO

0 --+ orEO

3023 05
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Tutn{ln Srquonco

A hotal of ten seleclable turn-on se-
quenc€s car be generated by the
modem, as defined in Table L

Turn.Off Scqucnce

For Y.27 ter, the turnoff s€quencE
consists of approximately l0 ms of
remaining data and scrambled
ones at 1200 baud or aPProximately
7 ms of daa and scrambled ones at
150 baud followed by a2O ms pe-
riod of no transmitted energy. For
V 29, the turnoff seguence consists
of approximately 5 msof r€maining
daa and sqasrbled ones followed
by a 20 ms period of no transmitted
energy. In V.21 the transmitter
rurns off within 7 ms after RTS

goes false. In Group 2 and Group 1
the transmitter rurrts off within
200 ps after RTS goes false.

Ghnrglng

The following clamps are provided
wi&r the modem:

l. Rcccioed Dau (N(D). RXD is
damped tol constant mark (1)
whenever RSLD is off.

2. Recciocd Linc Signal Mector
(RSD). EtD is clamped off
(squelched) during the time
when RTS is on.

3. Enadcd Squcl&. Optionally,
RSLD r€snins damped ott for
130 ms after the turn-off
s€quencE

Rerporrlr T|rner of Clerr-to-
sond (dFEl

The time between the off'to+n
tamsition of ffi and the off-toon
transition of ffi is dictad by the
lengh of the training sequence.
Response time is 253 ms tor Y.I),
708 ms for V27 ter at 4800 bit/ s, and
943 ms forY-27 ter at2/t00bit/s. In
V21 eTS turrs on in 14 ms or less.
tn Group 2 eF turns on in 400 Fsor
less.

The time between the on-to-off
transition of ffi and dre on-tooff
transition of CTS- in the data slate is
a maximusr of 2 baud times forall
configurations.

Bocelvcd Llrr Slgnel Detoctor
(Ftr56t

For either Y.27 ter or V.29, FtD
turns on at the end of the training
s€quenc€. If training is not detected

at the receiver, the EfDoff-to<n
respons€ time is 15 t 10 ms. The
RSLD on-tooff response time for
Y 27 is I 0 t 5 ms and for V.29 is'30 t
9 ms. Response tinres are meas-
ured with a signal at least 3 dB
above the actual RSLD on ttueshold
or at least 5 dB below the achral
EtDoffthreshold.
'lhe RS-Don-to{ff response time
ensr:res tlrat all valid data bits have
appeared on R)(D.

Two threshold options are
provided:

1. Greaer than 4] dBm (RS-LD on)
lrss than -{8dBm (E[Dof0

2. GreaEr than 47dBm (RSLD on)
Less than -52 dBm (RSLD ofO

NOTE
Performance may be at a redued
level when the received signal is
lers than-{i} dBm.

A minimun hysteresis action of 2
dB exiss between the actr:al off-
toon and on-to+ff transidon lev-
els- The threshold levels and
hysteresisaction.rre measur€d with
an unmodulad 2100 Hz tone ap-
plied to the receiver's audio input
(RXA).

Table 1. Tum-On Sequences

Specificrtion

RF-eIS�turnOnTimc
Echo Protcctor
Tone Dis:blcd

Echo Protcctor
Tonc Enrblcd

v.29
V.27 48@ bit/s

V.n 240bft/s

t)J ms

708 ms

943 ms

438 ms

913 ms

l1{8 ms

V213@bit/s

Group 2

S 1 4 m s

s 'l@ lrs

5 1 4 m s

S4@ps
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The DSP operates in either a serial
or a parallel mode.

Scrlel llo&

The serial mode us€s sandard V.24
(R92324 compatible) signals to
transfer drannel data.

Perelhl llode

The daa pump can transfer chan-
nel data eight bis at a ti.sre via the
microprocessor bus.

llodc Sohctlon

Selection of either the serial or par-
allel mode of operation is by means
of a control bit. To enable the paral-
lel mode, the cpntr,ol bit must be set
to 1. The modem automaticallyde'
faults to the serial mode at power-
on. In either mode the modem is
configured by the host proessor
via the microprocessor bus.

II{TEFFACE
CI{ARACTERISTICS

The modem interface compri-s
both hardware and sof tware
circuits.

Herdwerc Circuitr

Signal names and descnptions of
the hard ware orcuits, including the
microprocessor interface, are listed
i the Modem Hardware Circuits
table; the table column titled Typ€'
refers to designations found in the
Digrtal or Analog Interface Charac-
tenstics.

Microp roces sor Int€rf ac€_

Sixteen hardware circtrits provrde
address lBSo-Rq), d3h _(ft-D),
control (CS, Read and WRITE) and
interrupt tlRQl signats for imple
menting a parallel interface com-
patible with an 8O88 microproces-
sor or Sierra ASIC SCll011 series
controller family.

The microprocessor interface allows
a host microprocessor to change
modem configuration, read or wnte
channel data as well as diag-nosnc
data. and supervise modem opera-

8

tion by ureansof software strappable
crcntrol bits and modem staft:s bi6.
The significance of the control and
stafus bits and methods of data in-
terchange are discussed in the
Sof tware Circui ts section.

V-24 Interfaca

Seven hardware circuits provide
ti-rring, data and control signals for
implementing a serial interfac
compatible with ccITT Recom-
mendation V.24. These signals
interface directly with circuits us-
ing TTL logic levels (Q +5 volt).
These TTL levels are suiable for
driving the short wire lengths or
printed ciroritry norurally found
within stand-alone modem enclo-
sunes or equipment cabinets.

In applications where the modem is
operated in parallel data mode only
(i.e., where the V.24 signals:rne un-
used), all V.24 pins may remain
unterminated.

Cable Equalizerr

Modems may be connrted by di-
rect wiring, such as leased telephone
cable or through the public swirched
telephone network, by means of a
data access arrangement. In either
case, the modem analog signal is
carried by copper wire cabling for
at least some part of iR route. The
cable characteristics shape the
passband response so that the lower
frequencies of the passband (300
Hz to 1700 Hz) are attenuated less
than the higher frequencies (1700
Hz to 3300 Hz). The longer the cable
the more pronounced the effect.

To minimize the impact of this un-
desired passband shaping, a com-
promise equalizer with more at-
tenuation at lower frequencies than

Cable Equalizer Selection

at higher freguencies can be plaed
in series with the analog signal. The
modem indudes three such equal-
izers designed to compensate for
cable distortion.

Overhcd

Excqllor the power+n-reset sig-
nal POR, the overhead signals are
dclrcweror ground poinE. When
the modem is initially energizd a
signal called Power-On-Reset (POR)
causes the modem to assuEre a valid
operational state. Approximat€ly 10
ms algr the low to high transition
of PO& the modem is ready for
normal use The POR sequence is
reinitiated aytime the + 5V supply
drops below + 3.5V for more than
3O ms, or an €xt€rnal device drive
pin 29 lowforat least 3 ps. When an
external low input is applied to pin
29, the modem is ready for normal
use approximately 10 ms dter tre
low ingut is removed. [n all cases,
the POR seguence requires from 50
ms b350 ms b completaThe POR
sequenceleaves the modem config-
ured as follows:

. Y29/9ffibit/s

. T/2equalizer

. Serial mode

. Training enabled

. Echo protector tone enabled

. No extended squelch

. Higher receive threshold

. lntemrpts disabled

. RAM Access S = 00

. I{AM Access B = 22

. Eye pattern disabled

. Transmit signal is summed
with ALIX input before
sending to TXA

. Transmit level control with
OdB attenuation

. HDLC flag detection disabled
o Receive input control normal

This configuration is suitable for
performing high spee'd data trans-
fer on the I}STN with the serial data
port selected as the input and out-
put point for data tersrinal equrp-
ment (DTE).

CABS2 CABSl

Lengrh
of 0.4 mm
Dir Crblc

0 0 0.0

0 1 1.8 km

I 0 3.6 km

I I 7.2km



Mod.m Herdware Circuttr

Nenc T!'pc
PLCC

Pin No. Dcscription

A. O\TERIIEAD:

Ground

+ 5 vols

FR

GND

rrwR

rloB

+24
u
29

PowerSupply Returrt

+ 5 volt supply

Poweron-reset

B. MICROPROCESSORINTERTACE

q

D6

D5

D{

D3

q
q

Ds

Rq

RE

Rq

Rso

G

GT

READ

WRITE

RA

lloA

lloA

lloA

l/oA

tloA

lloA

l/oA

l/oA

IA

IA

IA

I.A

I.A

IA

I,A

I-A

OB

31

32

33

v
35

x
37

38

a
41

40

39

3

5

43

I

2

Data Bus (6 bits)

Register Select (4 bits)

S€lect Re8.0- F

Chip Select Sample Rate Register

Chip Select Baud Rate Register

Read Enable

Write Enable

lntemrpt Request

c. V.24INTERFACE

DCLK

RE

G

TXD

RXD

EED

oc
IB

oc

ts

oc

oc

26

7 7

4
23

E

27

Data Clock

Request-to-S€nd

Oear-to-Send

Transmitter Data

Receiver Data

Received Une Signal Detector

D. CABLE EQUALIZER

CABSl

CABS2

ts
IB

20

19

C:ble Select I

Cable Select 2

:So,rltwtn Elgnrh

The FDSP contains 32 registers to
which an external 01q51) micropro-
cessor has accss. Although these
registers arc within the DSP, they
may be addressed as part of the host
processor's memory spa ce. The hos t
may read data out of or write data
into these registers. The register:
are referred to as interface memory.
Registers update at the modem
sarrplerate(!X00bit/s) in thetrans.
mit mode and at the selected baud
rate in the reeive mode. [n Group 2
FSK configuration they updaE at
the sample rate of 703f,8/9ffiH2.

When information in these regis-
ters is being dirussed, the forsrat
Y:ZQ ls used. The chip indudes
twoblocksof 16 registers. Theblock

' is specified by Y (0 or 1), the register
byZ (GD,and the bit byQ (GZ 0 =
ISB). A bitis considered to be "on"

when set to a l.

Stdur/Control Bltr

Modem operation is affected by a
numberof software control inputs.
These inpu6 are written into regis-
ters within the interface memory
via.the host microprocersor bus.
Modem operation is monitored by
various software flags that are read
from interface memory via the host
microprocessor bus. All status and
control bits are defined on the Inter-
face Memory table. Bits designated
by a'-' are reserved for modem
use only and must not be changed
by the host.

Any one of the registers may be
read or written on any host read or
write cyde, but all eight bits of that
register are affected. In order to
read a singlebitorgroup of bits in a
register, the host proc€ssor must
mask out unwanted data. When
writing a single bit or group of bits
in a register the host processormust
per form a read-wr i te-modi fy
oFration. That is, the entire regis-
ter is read, the necessary bits are set
or r€set in the accumulator of the
host, then the original unmodified
bits are written back into the regrs-
ter of the interface memory.
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sto PoRT Ttrt|i|c

SCLK

SEN

sl

SOEN

so

SYIVIBOL PARAMETER MIN NOM MAX UNTT

kc SCLKCydeTlre ,1(B rui

tO{ SCLKHIgh Puls€ Wldth' 2U ns

Cd- SCIX low hrlse Wldth' 2U ru

ktn SIEN/SOEN retup before SCLK falling 50 ns

t1ts SIEN/SOEN hoH tlme after SCLK hlling to ns

tsus SI setup beture SCLK falling 50 ns

ttst Sl Hold time afterSCLK falling 50 ns

tGo SO Valid afterSCLK rising r00 ns

'Drry Cycle Must Be Within 4ME"

UICROPROCESSOR IXTERFACE TIIIINC
OIAGRAII

d
( ' . 0 .  l )

RS
( i  .13)

EF-ft

REAO

oi
(i - o-4

1(,

CRITICAL TIUIXC REOUIREUEXTS

CHI'RACTERISTIC SYfv{BOL MIN MAX UNTTS

CSi. RSi setup dnr orior
to Read or Write tCS 30 ns

Data Access tirrc after Read toe 140 n5

Data hold tirrc efter Read tpg r0 50 n5

CSi; RSi hold tirne efter
Read orWiE t{H 10 ns

Write data s€tup tinE twm 75 ns

Writedata hold time twDg r0 n5

Write strobe prhe width twR 75 ns

5023 07
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ABSOLUTE IIAIll l,1 RATINCS

V669rpply Voltags { {v

Input Voltage 4.6 V to V6q + 0.6V

Storage Temperatue Rangs {5 to +150t

L,eadTempenhrc (Sold€rlng l0 sec) 3trC

Operating Temperature Range 0 to rc.c

DC ELECTRICAL CHARA6ERISTICTS clr - 0 ro 70oc. Vcc - *5 v t 107c)

NOTE 1: l loaD = -100 mA
NOTE 2: I toeo - 1.6 mA
NOTE 3: lloro = -40 mA
NOTE 4: Vsc = 5V t 10?o

PARAMETER DESCRIPTION MIN TY? f,{AX T'NITS

vcc Pcitive Supply Voltage 4.5 5.0 55 v
Icc Nomin:l OperatingCurrent @ Vcc = 55V ,O 90 mA

Icc Power Down mode (SCl 1O77 / 87 / I Or.lyl 12 E mA

Fcrx Crystal Clock Frequency r9589 19.666 19.627 wh

DTG|TAL |]{TERFACE CHAnAGTER|ST|CS (OCl

Sprbol Prnncter Unitt TA TB IC ID TE OA OB oc voA voB
vu{ InFrtHighVoe{. v ZOErin 3.f5hin 2.futil 2-&rin 3.fSE&l ZOnin 2-edn

vI lngrt LowVoltrgc v 0.tcrrx l3!ing 0&ur( l35qtrx 0lcur 0t6s

vcr{ olrtptrt HighVolt{c v U6ctnt l.65odnl Zaadnl 2ragdrt!

v4 Ortput [.ow Voltrt O{aur2 t ssuf tlsux2 0.{grrxl

br{ Ortput Hi6h Cunant ErA 4.1 {.r

Ic[ Ortput t ow Curr,.nt mJ{ 1.6 1.5 1.5

IPU Sh6r Cirorit

f\rllupCmt
FJ{

-2(bru
-lmtnin

-2,(bru
-fmmin

-2{Onex
-lSmin

-2tt&lu
-1mmir

Ciralt Typc TTL cMoS TTL
with

I\:llup

TTL
Sch.Trig.

Cl\,{Os
wrth

I\llup

OPEN.
DRAIN

with
Pullup

cMos qv{G

lst.t€
TTL

Trens-
etv€t

OPEN.
DRAE.{

with

Pullup

RAM Data Access

The user can access much of the
data stored in the modem's memo-
ries. This data is a useful tool in
per forming cer ta in d iagnost ic
functions.

The modem contains 128 words of
random acc€ss memory (RAM).
Each word is32-bits wide. Because
the modem is optimized for per-
foruring complex arithmetig the
RAM word s are frequently used for
storing complex numbers. There.
fore, each word is organized into a
real part (16 bits) and an imaginary
part (15-bits) that can be accessed

independently. The portion of the
word that norrrally holds the real
value is referred to as XRAM. The
portion that normally holds the
imaginary value is referred to as
YRAM. The entire contents of
XRAM and YRAM may be read by
the host proc€ssor via the micro-
prctc€ssor interface.

The interface memory acts as an
intermediary during these host to
signal proctssor RAM data ex-
changes. The RAM address to be
read from or written to is deter-
mined by the contents of register
0:F (RAM ACCESS S) or 1:F (RAM

ACCESS B). The RAM Access
Code able lists acess codes for
storage in registers 0:F or l:F and
the corresponding diagnostic func-
tions. Each RAlv{ word transferred
to the interfa@ memory is 32 hits
long.

These bits are written into interface
memory registers O:3,0:2,0:l and
0:0, or 1:3, 1:2, 1:1 and 1:0, in that
order. Registers 3 and 2 contain the
most and least significant bytes of
XRAJv{data, respectively, while reg-
isters I and 0 contain the most and
least signifi cant bytes of YRAM da ta
respectively 

1 1
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When s€t toa one,bit&Ss (RAMWS)
or bit 1:D0 GAMWB) caus€s the
modem tosuspend transferof RAlv{
data to the interface memory,:rnd
instead, to transfer data from
interface memory to RAl\i[inbank0
or in bank 1, respectively. When
writing into the RAM, only 16 bits
are transfered, not 32 bits as for a
read operation. The 16 bit wdtten
in XRAIv{ or YRAM come from
registers 1 and 0, with register 1
being the most significant byte.
Selection of )GAM or YRAIv{ for
the destination is by means of the
code stored in the RAIrt[ Access B
bits of register l:F for chip l, or by
means of 0:5:4 GAE) and 0:F (RA-tr,[
Actess S) for chip 0. When bit 1:F:7
or 0:5:4 is s€t to one, the XRAM is
selected. When 1:F:7 or0:5:4 equals
zero, )aRAIvl is selected.

When the host proessor reads or
writes register 0, the modem daa
available bitO:Etr or l:Ef (MDAI)
is reset to zeto. When the FDSP
reads or writes register 0, MDAI is
s€t to a one. When s€t to a one by
the host, bit 0:E:2 or 1:E:2 081)
enables the MDA1 bit to cause an
RQinternrpt when set. While the
IRQ line is driven to a TTL low level
by the modem, bit 0:E:7 or l:E:7
(l.Al) goes to a one.

RAM Access Cocler

The RAM access crcdes defined in
the following table allow the host
processor to read diagnostic infor-
mation within the modem. This
informarion is scaled as shown in
the Dagnostic Data Scaling table.

RAll Acceg Coder

NODE zuNCTION ACCESS RJ{'E BLOCK
READ

REG. NO.

I Received Signal Samples 40 X 0 2 , 3

2 DenbduhtorOutput NAV

3 low Pass FrlterOutput 54 X 0 0 , 1 , 2 , 3

4 Average Power 5C X 0 2 , 3

5 AGCG.in 3C X 0 2 . 3

6 Tone 1 Frequenrry 71 I 0 0, I

7 Tone 1 Lerrel 72 0 0, 1

8 Tone2 Frequency 7l o 0 0, I

9 Tone2 kvel 72 0 0 0 , r

l0 Output Level 4C 0 0 0, I

l l Egralizerlnprt 40 NA 0 ,  1 ,2 ,  3

72 Eqlsllzeiflp
C-oefffdens

01-20 N.A. 1 o ,  1 ,2 ,  3

r3 Unrotated Equaltz€r
OutFrt

6l NA. I o ,  r , 2 ,  :

l4 Rot ted Equalizer Ortput
(Received Point-Eye
Pattern)

2. N.A 1 o ,  1 , 2 ,  3

15 Decision Points (Ideal) 62 N.A. 0 ,  1 . 2 .  3

1 5 Error Vector 63 N.A. 1 o ,  r , 2 ,  3

77 Rotation Angle 00 N.A. 0. I

t 6 Frequency Correction A6 N.A. 2 . 3

l 9 Eye Qualiry Monitor
(EQM)

AB N.A. 2 . 3

RAE = X is don't care since this location should only be read from, and not
written to, by the host. N.A. is not applicable sine RAE is not used
in bank one.

NAV = Not Available

ln Group 2 receive nrode the modem does the training internally. It does not
require the extensive interaction from the external pro<€ssor.

1 2
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DIACXOSTIC DATA SCALING

NODE PARAMETER/SCALING

I Received Signrl Semplcs = A./D Senplc Word (signed 15 bit6, twc <ourplorcnt)

Vx
(A/D Sarnple Word) t. 3

1 - \r19ft5
2564o re

^ ^ . ,  AGC Gain (dB)
Vexr = VNr / LOG,; -f6-

1 a 3 l G I

J,

l l , 1 3 ,
14, 15

All Bescbend Signel Nodes €2 bitt, courpler, twc complcrncnt)

POTNT

CONFIGURATION

v.29l96m
L Y

v.En26
X,Y

v.29/4gn &,v27nm
L Y

v.zilw
)cY

1
2
J

4

6
7
6
9
10
1 l
12
13
t 4
t 5
1 6

m,28m
28@,m
0m, D8m
D8m,m
m,r&p
18@, 18@
r8@,@
1E@, E&p
m,E8@
E8@,E8@
Eg@,@
E8m, r8m
@m,o8m
08m, F8m
F8@, F800
F8m,08m

m,2{m
2@,m
m,Dc@
D@,m
0@,0@
0@, F4m
F4S,F.t{x)
F{m,0@

m,rm
lm ,@
0m, El@
Elm,00@

m,lFm
16m,1600
rsu),m
16@,EAm
m,Elm
EAM,EA@
Er@,@
EA@, r6m

4 Average Power (16 biG, unsigned)

Typical value:68915 (corresponding to 0 dBm)

Post-AGC Average Power in dBm =

Pre-ACC Power in dBm = Post-AGC

(Average Power Word) re
t t t  I  n d" 

999,.

Avg. Power in dBm - ACC gain in dB

1 3
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Diagnortic Data Scaling (contnued)

Nodc Penmcter/Sceling

5 AGC Gein (16 bitr, unsigned)

Range
OFCD.. bo FFF* 6or LRIH = 0 (-43 dBmThreshold)
081O* to FFF,. 6or LRTH = 1 (-47 dBm Threshold)

ACCGain indB= 5O-
(ACC Gain Word) re x 0.09f

4Qr

6 , 8 Tone 1 end 2 Frequcrrcy (16 bis, unsigned)

N = 6.8267(Frcquency in FIz)
C-onvert N to hexedecimal then store ln RAM

7,9 Tonc 1 end Tonc 2 Lcvel

Calc-ulate the power of each tone independently by using the eguation 6or Outprt Number given at node 10
with M=l5Il7. C.onvert these numbers to hex.decimal then sbre in RAly{- Total power bansmitted ln tone
configuration is the result of both tone 1 power and tone 2 power.

l0 Output Lsvcl (16 bits, unsigpcd)

Output Nusrber= M [f0fr8'l
Po = outFrt power ln dBm with series @ ohm reslstor lnto @ ohm
load-
Crnv€rt Otltput Number to hexadecimal and store in RAM.
M varies dependilg on confiSuratior
The output level can only be changed after RTS is adive.

C.onfiguntion

v.alw
va/7m
v27/M
v27/2M
F5(Group I
Group 2

77(}8
26880
rffi
tffi
16337
wl6

I L Equelizer Tepc (32 bits, complcx, twc complcmcnt)

Node 12 is not a single point but is aortally a set of RAM locations containing adaptive equalizer tap
cefficients. ln V.29 configuration, access codes 0l through 20 hex.adecirnal represent 32 complex center
taps. [n V27 configuntion, acc€ss codes 01 through 20 he:.:decinul represent all 32 complex taps, since the
equalizer tor Y.27 is not as long as the egualizer for V.29.

The equalizer tap access codes can be useful for r€.toring modem operation after loss of equalization
without requesting a trainhg sequence from the transmitter. Since the equalizer tap coefficients are
complex numbers they require two write operations per tap, one 6or the real part and one fior the imaginary
part. When writinS the real part, the access codes 0l through 20 must be changed to El through A0. 14/hen
writing the i-ruginary part, or when reading the complex number, the access codes 01 through 20 are
corTect.

Registen 1:1and l:0 hold the rnost and least significant bytes, r€sp€ctively, of the l5 bits during a write
op€ration.

The equalizer has € taps in V.29 mode and is T/2 spaced only. The 32 center taps can be read out fror
diagnostic purpo6€s. l^V.27 nrode the equalizere has 32 taps and all taF can be read out.

1 4
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Di€nottic Deb Sceling (continued)

Nodc P:nmetcr/Scding

l 5 Enor vcctot (32 bits, complcr, two6 courplcurcntl
Representc the difference between the receirrcd point (P2) and the nearcst ideal point Gt).

-€r!r{o^K1
?2

Er"or V.cto. lbrlmurn Vdu..

tL P . = \ * i y ,
P r = n + i y ,
P r -P ,= ( l - l ) + i ( y r - y r )
= REALERROR + IMAGINARYERROR

Conflgs?.tlon

8lt R.t
(Bfvsl

Rrgtl.r3 3 rnd 2

Rd Ensr

R.gl3t-! I .nd O

lttue.E ror

t.gnmrd.

{EFF
v8
v29
v2
v2l
v27

9€00

.a&(t
48(x'

7m

2m

@r.
<24(Xlr.
<1@Ot.
<t@or.
<1Cq)i.

@r.
<240(Jrr
<t c(xrr.
<lc(xtr.
<1C@r.

<oE66t.
<1AD4r.
<1COt.
<tcmr.
<1C(Xlr.

t 7 Robtion Anglc (16 bits, twoc complcurcnt)
RepresenB instantaneous conection for'phase and frcqueacy errors

Rotation Angle in degrees =
(Rot. Angle Word) rr, , ,O

l60Qr

l 8 Frcqucncy Corrrction (15 bits, twos complemcnt)
Represents componemt of rotation angle caused by frequency error.

Range: FC00,. to O4@,. r€presenting x37.5I12

Frequency corr€ction in Flz = (FrE' correction word) rc x Baud Rate
l0@Oc

tn tlz

l 9 Eye Qudity Monitor, EQM (16 bits, unsigncd)
Equals the filtered squared magnitude of the error vector. Proportionally to bit error rate is determined by
particular application. Stabilizes in approxinately 7@ baud tirnes from RI.SD going active.

37
32

u 2 0
"E 2s
H_; 3
6;  ; ;* 6  r r

r o r
O'
05

o

EOM VS. SNR
uN@a.rorTroNED 3002 UNE
T EOUAUZER
-2O OAM SGNAL LE1/EL
3 KHZ FTATWEGHNNG

to t5 20 25 I 5.O .5 SO 55 aO c5 tO
sNR (4) 5@3 12

Eye-Ouslity Verlu! Signal-toNoise
Ratio for V.29/96mRelationship of EOM to Eye Pattern

Typical
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Intqface llemory Bsnk O (e$t

Bit

Register
7 6 5 3 2 I 0

F PDM RAMACCESSS

t LAO SETUP IEO MDAO

D

c
I

A

9 DL' RDL' AL' ERDC' ORG' sT' TTI' SYNCT

8 DTR' D6R' RXMARK' DATA/FAX GTS' GTE'

7 DISS' LT wg. wso. RSD' SSD' SPI' sPo.
6
5 RTS TDIS RAMWS RAE EFT sQE(T LRTH

4 CONFIGURATION

J RAM DATA XSl"t FREQM

2 RAM DATA )GIJ FREQL

I RAMDATAYSM

0 RAM DATA YSIj TRANSCER/ER DATA

ry
,/ Bit

6 5 { 5 2 0

- = Reserved (modem use only) ' 11088 only



(h

o
o
{
\
cn
o
o
@
!

U)
o
e
@
@
q
o

\o
@

Interface M€mory Bank I (eSiJ

x
Register

6 5 4 3 2 I 0

F RAMACCESSB

E I.A1 EXE/TX TXI TXO TEI AL'DIO MDAl

D OHRC' ArcI' AITO' FRT RAMWB

c RXo SETUP2 FDEN TIJ Tt2 TLI TLO

B FR3 FR2 FRT

A cou cou cot2 coLl ROW{ ROW3 ROW2 ROWI

9

I
7 Fffitr FT.AG RI}IGIN CDET

6

5 ffi PD',

4 MUEN- RDREN" EDET CTSP
3 zu\MDATAXBM
2 RAMDATAXBL
I RAMDATAYBM

0 RAI.{DATAEL

Register

Bit

6 5 4 J 2 I 0

- = Reserved (modem use only) '11088 only "11087 /77 only = Reserved

Interlace Memory Oelinitions

Mnemonic Nemc
Memory
Locetion Descriition

None Transceiver Data 0:OG7 ln receiver parallel mode, the modem pres€nts eight bits of channel
data in register0:0 for ruding by the host microprccessor. After the
eightbits have been accrrmulated in register0C, they are transferred
to 0:0 and bit 0:E:0 Eo6 to a one. When the host reads 0:0, bit OE:O
res€ts to a zero. The first bitof receiveddata is not n€<€ssarily located
in bit 0:O:0. Th€ host must frame the received data by searching for
m€ssage sync characters. Bit OE:0 s€ts at on€ eighth the bit rate in
parallel data nrode rather than at the sample rate (9600 l-lz) as it does
when reading RAM locations.

In tnnsmit paralleldata nrodeth€ hoststores dataat location O0.This
action causes bit OE:0 to reset to a 0. When the nrodem transfers the
data from O0 to O2 bit 0:EO s€ts to a 1. The data is serially rransmit-
ted from registero2 least significant bit first. Received data is shifted

. into register OC fror l'tSB toward [5B.

None RAM DATA 0:OG7 l€ast significant byte of l6bit word y used in reading or writing
RAM location in Chip0 (sample ntedevice). Shared by parallel data
rnode for presentinf channel data to the host microprocessorbus. See
Transceiver Data and DAO.

None RAM DATA 0:l:G7 Most significant byte of l6bit word y used in reading or wfiring
RAM location in Chip 0 (sample rate device).

1 7
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Int€rf ace Memory Defi nitions (continued)

Mnemonic N:mc
Memory
Loqtion D€scription

None RAMDATA Q w 7 l.east significant bJfte of l6bit wond x used in reding RAM location
in Chip 0 (sample nte device).

None RAMDATA A3:G7 Moetsigrificantbyteof 1&,byteword x used tn reading RAM loction
in Chip 0 (sample rate device).

(None) FREQL/FREQM A2.U7,
0:3:G7

The host processor conveys tone Seneration data to the transmitter
by writing a l6bit data word to the FREQL and FREQM registers
ln the lnterface mesbry space, as shown below.

FREQM R4gbtlr(o3)

FREQL R4gista(d.2)

The freqr,rency nunber (N) daermircs the freguency (D as
follows:

F = (0.1,16{86) (M Hz t 0.01%.

Hexadedrnel tequency number: (FREQM, FREQL) for comrnonly
generated tones ere glven below:

Frcquency GIz)

$2
l lm
1650
1850
2 lm

FREQM FRIQL

r c s 2
lD  55
2C 00
31 55
3 8 m

Bit 7 6 5 4 J 2 I 0

Date WoriL: 215 2r1 213 2 r t 2rr 2ro 2e 28

8it: 6 5 4 3 2 I 0

Data Word 27 25 f 21 f 22 21 20

None Configuration Q:4:U7 The host processor configures the modem by writing a control code
into the configuration register in the interface metrory space. (See

SETUP.)

Control codes fror the 19 available configurations (12 for facsrmrle
applications and 7 frcr h:Il duplex data transmjssion) are:

CONFIGURATION

A. Frcsimilc Applicrtions
l. v.29 (9600)

2. V.?9[V2m�)
3. V.27(4{m)
4. V.Ut(24cn)
5. V.21FAX
5. Group 2
7. Group 1 ( l)
8. Group I (2)
9. Group 1 (3)

10. Tone mode
11. DTMFmode
12. Voice Mode

CONFIGURATION
CODE (HEX)

l 4
! t

OA
09
20
40

42
43
80
6 l
82

1 A
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Intrrfrcr lknory Dcllnttlonr (condnued)

Mnenonic Nemc
Mcrnory
Locetion Dcrcription

CONFIGT''RATION

8. Dete Applicetioru

CONFIGURATION
CODE(HDO

l .
2.
3.
L
5.
6.
7.

V22bis e{m)
v21€@)
v.2,(J?s.')
v3(um)
CMP
Be[ l(B
Bell212

20
27
n
23
24
E
26

CONFIGITRATION DEFINffiONS (cont'd )

.t. Fecd.nllc Appllctlour

l. V.8. WhenrVS tlon her been cehded, the
ln CCITT R€comsren&tion V29.uodecr opente ru cpecifled

3.

V27. rttl:rlr.tt V27onfiguntlon hrs ben sehce4 the
mod€m oFr.E es epedltcd ln C€lTTRomsan&ttn V27
tetr
FSK The spdesr op€rrte! er e CCITT T3() ompeHble 3(X)
btt/r FSK modeur hivtrg Arenderlcdc of the CCITT V21
chrnnel 2 modubdon tyluL

Groq 2. The uodeur opereE! lr . CCITT T3 compatible AIv{
uod€st thb conffgundon perrr$r tnnrmlsrbn to erd
reoepdoa homGroup 2 holmlle rpprntur. A carriet
freqirency of 2l(X) Ht b u!€d A Hi& dgrul lr tnnsmttted as
no carier. The phre of the ctrler reprcs€nting white is
rcversed after eech tnrultlon thtough bLclc
When ln the recelrrc sbE, the nrcdeur recorlerl the cartier of
the renrote tnnsmlttlng uodem to pedorn r coherent
denndulatlon of the tncomtng rtgnrt ThIs technique ellows a
baseband of 34C0 FIz to be recovered. The recovered baseband
signal is available on the mlctoprocercr bus.

The baseberd signal is converted to black or white by compar-
ing the received signal level with a preset threshold number.
This nunber rnay bechanged by the user.

Receiver daa ls preencd b the R)(D oqtPut.t a rete of 1@58
sampks per seond- Tlre user should strobe ttre data on the
rislng edge of the data clock (DCLK). A logical I tevel (high
voltage) nepr€s€nts white. A l%ical 0 level (low voltage)
reprcsents black

Group 7. The nrodem op€ratc as e CCITT T2 compatible FSK
npdern This c tiguntton Frrnltl Eansmission to.nd
receptlon from droup I facdnlle rpPar.tus. Modulation
ncthod ls PSK The freguerder uer

Blaclc 2{t() tlz
whitq 15mHz

The lnprt data is clocled in at e rate of 5184 rlz To reduce
bandwkCth the black pixels ere extended by n trailing pixels,
where n ls selected anong 1,2 or 3. The corresponding configu-
ntion <odes ere {1, ,12 or,[3.

Torc M&- In this configundon, ectlnating stgnal RTS causes
the modem to tnnsmit e tone.t. ttngle freqrency specified
by the user. Two reglsters ln the hort lntedace mespry sPac€
contain the freqr.rency code The rroot dgnlficant Uts are
specifkrt in the FREQM rcgirter (O3). The least signifkant
bits are specified ln the FREQL regtster (O2). The least
significant blt represents 0.1{6486 blz f 0.01%. The freguency
generated is:
f = 0.1{6185 (2:i6'FREQM + FREQU Hz t 0.01%.

L
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Intsfaca Memory Defi nitions (continued)

Mnemonic Nernc
Memory
Loqtion Description

7. DTMF Mod.. [n this confguntion, adivattng RTS causes
the modem to transmit two ton€s at freguencies and outPut
levels specified by the user. By using the RAM Data Acress
routines, the user can proSnm the tones and levels. When
RTS ls deactivated, the ton€ transmitter is halted and the
circuit enters the tone detection sode- The detected results are
output to RO, Rl, C0 and Cl. VTD will go high when a vaLid
tone ls de'tected and will stay hlgh as long as the ton€ is valid.

8. Voiu lvld.- When the Voice Mode ConJiguration is selected,
the A/D and the D/A converteni are arrallable for voice
reception arid transmission-

B. Detr Modcrn Appliqtions

1. V.22bis. This mode provides full duplex information rransmis-
sion over the GfSN. Its operation corrplies to CCITT recom-
rnendation V.22bis (rpdulation rhemq 16 QAM).

2. V21. When selected, this rode provides 3@ bit/s full duplex
tnnsmission over the GTSN (trDdufatlon scherrle: FSK).

3. V22. Thls mode provides T?ffbf.t/s CCITT recom.scn&tion
V22 comprtible full duplex transmlssion over the GTSN
(rrndulation schese: QPSrc.

1. V.Z)- This mode provtdes full duplex asymrctrical data
transmission over the GTSN. Its opention complies to CCITT
V23 (spdulation rhemer PSIQ.

5. CPM This rrpde det€cts the pres€nce of busy tone, reorder
tone and ring tone.

6. Bdl I03. The operation of this nrode is very simi-lar to the
CCITT V.21 standard, exc€pt that its carrier frequencies (both

high and low band) are different hom V.21 (modulation
scherne: FSK).

7. 8e11212. This mode is similar to the CCITT V.22 but with
diff erent ca rrier freguencies ( nrodulatio n schern€: Q[SK).

DL Digrtal I-oopback u'.t'./ When configuration bit DL is a one, the nrodem is rnanually
placed in digital loopback DL should be set during the data mode.
DSR and CTS wiU b€ at zero. The local rrrodem can then be tested
from the far+nd by *ing the terminal equiprnent at the Far<nd to
fransmit a test pattern and examine the loped &ta. At the far
end moderry aU interface circuits behave normally as in the data
mode. At the condusion of the test, DL must be reset to zero. The
local modem will then r€turn to the nonrul data mode with
control reverting the DTEs, DTR (V22bis, V.22)

20



Intrtec. llglrcry D,qfi nitlonr (continued)

Mncuronic Nuc
Mcurory
Loc:tion Dcsctiplion

RDL R€cEEDigltal
L@pb.ck

G96 When configrrration bit RDL is a one, it aluns the modem to
initbte r Eqgest for the recpte modem to go into digital
loopbrck (V22bls, V22)

AL Analog Loopback 0:9:5 When configuntion bit AL is a one, the rpdem is placed in (V.54

I-oop 3) locel enalog lopback tn this bop, the transmittet's
analog output is coupled to the receivert analog input at a point
nearthe modegr'r telephone line lnterfae An.ttenuetor is
lntrodued lnto the loop 6uch th:t the stgrul level oupled tnto the
reetve peth ls ettentraEd U+/-fdB. NjflbL,V22, V21, 1@)

ERDL Enrbl€ Respond to
Resote Ddt"l
Lopbrck

o.94 When conffguntion blt ERDL ts e one, lt enables the modem to
respond to rnother modesr'r reurote.{l$t l loopback reguest, thus
golng lnto loopback When 0 no elponse will be generated-

ORG dginete/Answer cc3 When configuntion blt ORG is r one, it prts the modem in
originate rrode and when a zero answer mode. (Y 22birs, Y.22,
v.23, V.21, 1@)

ST SeU test 0|92 Wtren configuration bitST ls a one, self test ls activated ST must
be at z€ro to end the test. It ts- pcstble to perforur test with or
without DTE connecred Durtng eny self test do not test asynchro-
nous to rsynchrotrour converter drcuits ln either the transmltter
or receirrcr.

Errordetectlon ls accompllsh"d by ronltorlng the seU test error
counter ln the RAI'{. If the ounter lnoescnts during the seU test,
an ertor wa3 made. Tlre counter contents are erraibbb in the
diagnostk reglster when the RAM access code O ts loaded in the
diagnostk control register (0:D.

SeUTest End to End

Upon activation of seU-test an internally generated data pattern of
alternate binary ones and zeros (reversals) at the selected bit rate
are applied to the scrambler. An error detector, capable of
identifying errors h a stream of reversals are conn€cted to the
output of the descrambler.

SeU Test with l-oop 3

l-oop 3 is applied to the rnodem as defined in recommendation
V.54. SeU-test is activated and DCE operation is as in the end to
end test. In this test DTR is ignored.

Self Test with L,oop 2

The modem is conditioned to instigate a lop 2 at th€ r€mote
npdem as specified in recomrrcndation V.5{. Self-test is activated
and DCE operation is es in the end to €nd test. (Y .22bis, Y.22,
v . 2 t , l 6 )

TM Tet Mode G9:1 When status bit TM is a one, it indicates that th€ rnodem has
completed the handshake and is in one of the frcllowing test
modes: AL, RDL, or DL ff22bis, V.22, V.21, 103)
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Int€rf 8ca t/l€mory Defi nitionr (conunued)

Mnemonic Nemc
Memory
Lo<:tion Dcscription

SYNC Synchrunous Mode c90 When confgtrntion bit SYNC is a one, the modem ls operated in
synduonous mode, when 0 in async mode. This bit is not used in
the far mode.

DTR Data Terrninal
Ready

Q:8:7 Controt bit DTR must bc a one, before the modem will enter the
data state, eitlrer manually or eutomatically. DTR must also be at a
one in order f'or the modem to automatically answer an incoming
call 022bis,V,2" V 21, 1(}, V23)

D5R Data Set Ready G8:6 The on condltlon of the status of the status blt DSR tndicates that
the nrodem ts ln the &te tnnsbr stete. The off ondldon of DSR ls
an indlcation that the DTE ls to disreged ell clgnals eppearing on
the interchange cincuitr- except Rl ER will rwitch to the off srate
when lndtcate the foUowtng

The modem is not ln the talk state, Le- an associated telephone
handset is not tn contrcl of the line

The modem is not ln tlre Proc€ss of eutonratkally etablishing a
call rria pulse or DTMF di.lio&

The modem has genented en answer tone or detected answer
tone.

After ring tndlc.te 80es on, DSR welts et least two seconds before
turnlng on to rllow the telephone company equipucnt to be
enpged.

DSR will go off 50 msec efter DTR goes off or 5O msec plus a
rnaximum of ,t sec when the SSD bt is enabled

RXMARX Receive Mark 0:8:5 When R)(MARX bit is e one ln receive npde, the receive data is
chmped to rnark (V.Zzbis,V 22, V21, 16, V23)

DATA/FAX Data Mode,/
Fax Mode

0:8:4 When the configrrration bit DATA/FAX is a one, the rnodem is
operated in data mode, when zero it s€lects the FAX rnode.

CTS Guard Tone Select 0 :8 : l When configuration bit GRS is a zero, it s€lects the 180 Hz tone
and when a one it selects the 550 ttz tone. (V22bis, V.22)

U I E Cuard Tone Enable O8:0 When configuration bit GTE is a one, it caus6 the specified guard
tone to be transmitted ( CCITT ConfiSurations only).

DtSS Disable Scrambler O'.7:7 When configuration bit DISS is a one, the rramblir in the D5P
processor is disabled.

LL l.ease Line O:7:6 When configuration bit LL is a one, it places the rrpdem in leased
line operation When LL is set the nrodem immediately goes OFF-
HOOK and into data mode.

wsl - wso Word l.ength Select A754 These character length bits select either 8,9, 10, 1 1 bit characten
(includes data, stop, and start bits) as showrr below:

Configuration WSl WSO

8bits 0 0
9b i ts  0  1
10 bits l  0
11  b i ts  1  I

(v 22bis,V.22, V.21, 103, v23)

RSD Receive Space
Disconnect

0:7:3 When configuration bit RSD is a one, it caus€f, the modem to go
on-hook after receiving approximately 1.6 seconds of continuous
spaces. (V.22bis,Y.22, V.21, t@)

22
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Intdece ilsnory tlefinitions (continued)

Mnemonic Nenc
Mcmory
Lootion Description

ssD Send Space
Disconnect

e72 Wtren configr.uation bit SSD ls a on€, it caus€s the modem to send
approxirnately 1.6 seconds of <ondnuous space be6ore golng on-
hook (V22bls, V.2,, V 21, 10i3.,

SPEED Speed Indicate Bits O:7:14 When status bits are active they reflect the speed at which the
rrndem is operating The SPEED bit r€prcs€ntations are showrr.

C0 = 0 to 3fi) bit,/s l0 = 12fr) bit/s
01 =l2o].l75blt/s 11 =2,(Dbit./s
(v 22bb, v.2., v21, 103, V23)

RTS Request to Send 0r5:,7 The one state of RfS begi$ . transmit 6equ€nce. The modem will
continue to tr.nsmit undl RIS is turned off, and the hrrn<ff
seqnence has been comphted. RTS panllels the operadon of the
hardware,/RTS control inpuL These tnFrts arc 'ORed- by the
rodent

TDIS Training Disable O5:6 If TDIS is a one in the reeive state, the spdem ls prevented from
enEringthe trainlng phase- If TDIS ts a brie priorto RFgoingon,
the generadon of a training sequence ls prevented at the start of
transmissiorL

RAT{W5 RAMWrite
Chip 0

Gs5 RAlv{WS ts set to a one by the hct processor wherr performing
diagnosticwrite o the sampleratedevice(chip0). RAMWSis s€t bo
a zero by the host when reading RAM dbgnctic&ta fromChip0.

RAE RAMAddress
Extension

05:4 This bit is an extension of RAM Access 5 when RAlv{\AlS is r one.
D,ring a RAM write to Chip 0 when RAE ts a 1 th€ XIIAM is selected
and when RAE ts a 0 the YRAM us sclected.

EPT Echo Protect
Tone

O5:3 U EPT is a one, an unrnodulated cartbr is transmitted 6o1 185 ms
followed by 20 ms of no tnnsmitted energy at the begfnning of the
training s€quence. This option is availabte in both the V.27 and V.29
configurations, although it is not specified in the CCITT V.29
recomlr€ndation.

SQDff Squelch Extended 0:5:2 The one state of SQEXT inhibits reception of signals for 130 ms after
the turnoff s€quence.

LRTH Lower Receive O5:0 The one state of LRTH lowers the receiver turn on threshold from
-43 dBm to -{7 dBrn (Sc'e SETUP)

IAO Interrupt Active
(7Zzto)

O:87 [A0 is a one when chip 0 is driving IRQ to zero volt.

SETUP Setup eE3 The one state of SETUP c:used the nrodem to reconfigure to the
control word in the configuration register, and to assume the options
specified 6orequalizer(O5: I ), threshold (O5:0)and (l:E:3-{) the black
pixel extendingoption in Croup l. SETUP rcnrrns to zero when acted
on by the modent The tinc required br the SETUP bit to cause a
chan8e depends on the current state of ttre rrrodern The following
table lists worst cas€ delays.

C"r""* Hrgh Sp."d
State V.21 C2 Rec€iver High Spe€d Transmitter

DELAY 14ms 4O0us 33BAUD 2BAUD+TURNOFF
Sequence + Training (if
applicable) + SQUELCH
(if applicable)

IEO htemrpt
Enable (Zero)

OE:2 The one state of IEo causes the K outptrt to be low when the DAO
bit is a one.
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Int€r|rc. Memory Defrnitionr (continued)

Mnemonic Nemc
Mcmory
Locetion Description

MDAO ModemData
Anilabb@ero)

oE{ MDA0 goes to one when the nodem reads or writes register O0.
MDA0 goes to zero when the host processor reads or wribs register
OO. MDA0 is used fbrparallel mode as well as for diagnosdc data
rctrlenL

PDM Parallel Data Mode OF:7 The one state of PDM places the modem in the parallel rnode and
inhibits the readingof Chip 0 diagnostic data.

None RAM Access S oFo{ Contains the RAM access code used ln reading or writing RAM
locetlons in Chlp 0 (sempte rate devie).

None RAM Access B 1:FS7 Gontalns the RAM acess code used in reading or writing RAM
locations ln Chlp 1.

I.AI Internrpt l :87 lAl is a one when Chip 1 is driving R-Q to zero volt

EYE/TX EyelNormal Mode l :E5 When EYE|TX is e one, the transmlt DAC operates in the eye pattern
npnitor mode- When EYEITX is zero, it oFrates tn the norrul
rpde. (See SETUP2). To display the eye Fttern, conned the X, Y
inputs of an oscill,oscope to the TPl an TP2 on the nodule.

TXGTXI Transmit Section
Control

l:83-{ TXI endTX0control thetrancmit cignal path output acordlng to the
following tebh. (S€e SETUP2)

TXI TXO PAT}I

0 0 Normal mode- Modem hansmit stgrul ls
connected IoTXOUTpin. Auxiliary input signal
is ignored

0 I Auxilary mode- The signal on the AUXTX pin is
rcuted to theTXOUT ptrr.

1 0 Auxiliary & Modemfi mode. The signal on the
ALIXTX pin is summed with the modem
transmit signal and routd to the TXOUT prn.

I I Squelch mode. The transmit signal is sguelched
and fiOUT pin is connected to zero volt.

Atthe powerup the rnodem is configured at Auxiliary & ModemTX
nrode.

TE.I [nterrupt Enable
(one)

1:E2 The one state of [El causes the IRQ output to be low when the DAt
bit is a one.

AUDIO Audio out l : E :  I When AUDIO is one the receiver input signal is routed to the AUDIO
OUT ph. When AUDIO is zero, the AUDIOOUT pir u disabled.
When the AUDIO OUT pin is enabled, it is advisable to disable the
receiver input by setting RXO to one. (See SETUP)

MDAl Modem Data
Available (one)

l :E:0 MDAI goes to one when the modem writes register l:0. MDA I goes
to zero when the host processor reads register l:0.

FRT Freeze Taps l : D l When FRT is a one, adaptive equalization taps are prevented hom
changing.

RAlvflVB RAMWrite
(Chip 1)

1 :D0 RAlvfWB is s€t to a one by the host processor when performing
diagnostic writes to th€ baud rate device (Chip 1). RAtvflVB is set to
zero by the host when reading RAM diagnostic data from Ctup I

RXO Receive Section
Input Control

t : L :  / When RXOis one,theanaloginput of the receive section is connectd
to ground. When RXO is zero, the input is taken from the lrne. (See
SETUTz)
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lnterlace Memory Defi nitiom (continued)

Mnemonic Name

Memory
Loc:tion Description

SETUP2 Serup2 l:C:6 Theone state of SETUI2 causes the modemto reconfigure the analog
s€ction to lhe control word in the interface register, and to assume
the options specified 6or eye pattern control (1:E:6), receive section
input control (l€:7). Audio+ut control (l:E:l), Transmit section
output contrrol (l:E34), and Transmit level control (l:C:1-{).
SETUI2 returns to zero when acted on bv the moderrt

FDEN Flag Detector
Enable

l:C:5 While the modem is receiving data according to V.29 or V -27ter
mode, it is also performing HDLC FIag detection according to the
V.21 channel2 node-The flagdetection canalso be performed in the
V.2l FSK mode. If FDEN is one the flag detector is enabled. If it is
zero, the flag detector is disabled. The detected result is output to the
FL-AG bit (l:7:5) in the interface rcgister.

Tt -Tt3 Transmit l.evel 1 :C: l '4 TLGTIJ control a 15 step 1dB,/step programmable attenuator; the
range is 0 - l5dB. The attenuation control is according to the follow-
ing table. Se€ SgtUtZ)

TIJ TUI TLl TIj LOSS (dB'

0 0 0 0
0 0 0 1
0 0 1 0
0 1 0 0
r 0 0 0

0
I
2
4
8

FRI-FR3 Frequency 1,2,3 1'.8:5-7 The one state of FRl, FR2 or FR3 indicates reception of the respective
tonal frequency when the modem is configured for FSK and tone
receive or Group 2 transmit nrode. The defuult hequencies for FRl,
FR2 and FR3 are:

Bit Frequency (F{z)

FRI 2 lm
FR2 llm
FR3 462

[n Croup 2 transmit mode, only FR2 and FR3 detectors are enabled,
and their default frequencies arc the same as above

coLl{oLt
ROWI-ROw{

DTMF Detect l :A :0-7 lndicate the DTMF detection result in Tone mode.

1 2 3 A ROW] 697H2
4 5 6 B R O W 2 n } H z
7 8 9 C R O w 3 8 5 2 I 1 z
' 0 f D ROW4 941 tlz

coll col2 col3 col4
1209 1335 1477 163
llz t1z tlz tlz CO[-4 not ruorcned m scl t 0&/
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lnt€rface Memory Defi nitions (continued)

Mnemonic Nene
Memory
Lo<:tion Description

PNDM Period tl'
Detector

l :7:6 Thezerostateof FFiDEf indicates a PNsequence has beendetected.
PFID=E| sets to a one at the end of the PN *g,r.n".

Fl-CG HDLC Flag l:7:5 When theHDLC Flagdetectoris enabled by settingthe FDEN 0:C:5)
toa one, theone stateof the FLAG bit indicate the vaUd detection of
an HDLC Flag.

RINGIN Rioglog
lnput

l:7:4 The state of the RINGIN bit represents the state of the signal
a pplied to the RINGIN pirr aft er pass ing t hrough a debounce circuit.

CTSP ClearTo
Send Parallel

1:4: I When s€t to a 1, status bit CTSP indicates to the DTE that the training
seguence has been comphted a nd any da ta pres€nt at TXD or DBUFF
( PDM=I) w ill be tra nsmitted CTSP pa ra llels the opera rio n o f the CTS
pirL

CDFI Carrier Detedor l:7:Q The zero state of eDEf indicates passband ener6y is behg detected,
and a training sequence Ls not pres€nl CDET goes to zerc at th€ start

9f t\gdata state, and r€hrrns to one at the end of the received signal.
eDET- activates up to I baud time be6ore R-ISD- and deactiyates
within 2 baud times after FED.

FED Fast Energl
Detector

1:5:6 The z€ro state of FED indkates eneqgy ls present above the receiver
threshold in the passband. FED is not used for Group 2 Facsimile.

P2-DET Period 2' L42 The zero state of EDEI indicates a P2 sequene has been detected-
EDEi sec to . one at the start of the PN ieouence.

None RAMDATA
XBL

120-7 L:a st s ignifica nt byte of 1 Gbit work x used in rad in g RAM loca rio ns
in Chip l .

None RAM DATA
XBM

1:3:G7 Most significant byteof lGbit workx used in readingRAM locarions
in  Ch ip  1 .

None RAM DATA
RAM YBL

1:00-7 [-east significant byte of l6bit word y used in reading or writing
RAM locations in Chip 1 (baud rate device). S€€ DAl.

None DATA
YBM

RAM
RAM

1:1 :0-7 Most significant byte of l6bit word y used in reading or wriring
RAM locations in Chip I (baud rate derrice).
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PERFORIIANCE

Whether functioning in V.27 ter or
V.29 configuration, the modem
provides the user with unexielled
high performance.

Typicel 8lt Errcr Retcr

The Bit Eror Rate (BER) perform-
ance of the modem is specified for a
test configuration conforming to
that specified in CCITT Recom-
mendation V.55. Bit error rates are
measured at a received line signal
level of -20 dBm as illustrated.

Typlcrl Phrro Jittcr

At 2400 bit,/s, the modem exhibits a
bit error rate of lOa or less with a
signal-to-noise ntion of 12-5 dB in
the presence of 15" peak-to-peak
phase jitGr at 150 Hz or with a sig-
nal-to-noise ratio of 15 dB in the
presence of 30o peak-tepeak phase
jitterat 120 Hz (scrambler inserted).

At 480 bit/s (V.27 ter), the modem
exhibie a bit error rate of 10{ or less
with a signal-to-noise tatio of 21 dB
in the presenc€ of 15" peak-to-peak
phase jitter at 3O0 Hz.

At 7m bit/s (v.29), the modem
exhibits a bit error rate of 10{or less
with a signal-to-noise ratio of 25 dB
in the presence of 12" peak-to-peak
phase jitter at 3O0 Hz.

At 9600 bitls, the modem exhibits a
bit error rate of 10{ or less with a
signal-tenoise ratio of 26 dB in the
presence of 10" peak-to-peak phase
jitterat60 Hz. Themodesr exhibits
a bit eror raie of 10-s or less with a
signal-to-noise ratio of 26 dB in the
presence of 20" peak-topeak phase
jitter at 3O Hz.

The BER curves shown were pre-
pared from data obtained using a
PTT communication test system.
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3 TERMINAL.5V
REGULATOR

U2 op amp. is not required for dialtp line applications, as
th€ SCl1196 can dive 6O0O lo odBm. For clialsp line
rerpve U2 artd dose JPl , JP2: then tl2V supply is not
req.rired. JP3 may be dosed to make us€ ol th€
AUOIOOUT, an extra inpul lor use when comtrining a fax
and data rpd€m. JP4 provides oplional use of the ring
inpLrt pin.

SK9698 configured as plugin replacement for R96MD module.
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PHYSICAL DIIIEXSTONS
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