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STERRA SEMICONDUCTOR
sc11026

2400 Bit Per Second Modem Analog Peripheral

FEATURES

! Complete 2400 bps modem
conforming to V a' bis

O Compatible with CCITT
Vl2 bis, V23,V 22, V.21 and
Bell 212,{ and 103 standards

tr Analog, digital, and remote
digital loopback

I Pin c.ompatible with SCl1006

GEXERAL DESCRIPTIOX

The SCl 1026 is a complae 2400 bps
modem IC containing all modem
func t i ons  excep t  t hc  adap t i ve
eqtralizer. It is used in conjunction
with an external controller such as
the Sierra SC1l021 series ROMless
controllers for customized firm-
ware, to implement a 2400 bps full
duplex modem,.ompat ib le wi th
the CCITT V.22 bis recommenda-
tion. The controller performs all

3 lntegrated DTMF/Cuard Tone
Ccnerators, call progress
monitor

E Contains an on-chip hybrid
E Programmable audio output
D CMOS tc'chnology
D DIP or PLCC packages

modem control and handshaking
funct ions as wcl l  as the adapt ive
cqual izat ion.  The SCl1026 is p in
compat ib lc wi th theSC11006 MAP.

The SC11026 operates in 2400 bps

QPSK/QAM and 1200 bps [5K as
well as 0 to 300 baud FSK modes
compat ib lc wi th Bel l  103 and 212,A.
as well as CCITT V.21, V.22, V.23
and  V .22  b i s  s t anda rds .  The
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S,Cl l026 also opcrates in V.23 an-
swcr and originatc modcs rvith a
buffcrcd DTE intcrface that allorr's
thc DTE to operate at 1200 bps in
both di rc 'c t ions whi le thc modcm
operatcs at  1200/75 bps.  lVhcn
uscd wi th thc SCl1021 contro l lcrs,
thc SCI 1026 bccomes an intc l l igcnt
modcm contro l led by thc industn
standard "AT" command sct .
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FUNCTIOXAL DESCRIPTION OF THE SCl'IO24 IIODEII

The SC11025 i4cludes:

D Full transmitter consisting of
- Async to SYnc converter
- Scrambler
- Data encoder
-  757o sQuare root  of  ra ised

cosine pulse shaper
- Quadrature modulator
- FSK (Bell 103 and CCITT V.21)

modulator
- Hybrid

tr High band and low band filters

D High band and low band com-

promise equalizers
ll V.22notch filter(selectableat 550

or 1800 Hz)
D Transmit  smoothing f i l ter

I  Programmable at tenuator for
transmit level adjust

a DTMF, 550 Hz, 1300 Hz, i800 Hz.
and 2100 Hz tone generator

n Transmit clock circuit for sYn-
c h r o n o u s  o p e r a t i o n  ( s l a v e ,

external, and internal modes)
! Pattern generator for generating

f ixed dig i ta l  pat terns in hand-
shaking modc

i j Reccive section consisting of
-  54-step programmable gain

contro l ler  (PCC)
- Energ'y detector  at  thc outPut

of the PCC
- Hi lbert  t ransformer
-  Quad raturedcnrod ulator  ( f  ree

running carr icr)  wi th low pass
filters
Baud t inr ing rccovery c i rcui t
(sampl ing c lock of  600 Hz)

-  FSK dcmodulator
- Tone detector
-  Sync to Async convcrter
8-bi t  analog to drgi ta l  converter
(ADC)

r : Control and Status registers
,  .  8-bi t  micropr()cessor inter face

with interrupt  and mul t ip lexed
address/data l ines

i ;  Aud io  ou tpu t  w i t h  l eve l  ad jus t

Tranrmitler

Since data termrnals and comput-
c r s  m a y  n o t  h a v e  t h e  t i m i n g
accuracy rcquired for 24ffi/1200
bps  t r ansm iss i on  (0 .01%) ,  t im ing
corrcct ion on the incoming data

2t2A

strcam must bc made. Thc asYnc/
sync converler accepts asynchro-
nous serial data clocked at a rate
between 2400/1200 Hz +2.39",
-2.59o. lt outputs serial data at a
fixed rate of 24A0/12C01f2fi.01q"
derived from the masterclockoril-
lator. To compensate for the inPut
and output rate differences, a stoP

bit is either deleted or inserted
when necessary. lf the input data
ratc is  s lower than thc outPut data
rate, a stop bit is ins€rted. lf the
input  data rate is  faster  than the
ou tpu t  da ta  r a t c ,  a  s t oP  b i t  i s

delcted.  The output  of  the async/
sync converter  is  appl ied to the
scramblcr .

The scrambler is a l7-bit shift rcgis-
tcr clcrcked at 240o / 1200 Hz. Out-
puts f rom the l4th.and lTth stages
arc exclusive OR'd and fur thcr
exclusive OR'd wi th the input  data.

The resultant data is applied to the
D  i n p u t  o f  t h e  s h i f t  r c g i s t e r .
Outputs f rom the f i rs t  four l two
stages of  the shi f t  rcgistcr  form the
quad/dib i t  that  is  appl ied to the

QAM/QtsK modulator .  The pur-
pose of  the rrambler is  to random-
ize data so that  the cnergy of  the
modulateri canicr is spread over
the band of  intercst-- - -c i ther the
high band, ccntercd at 24AJ Hz, or
the low band. cent€rcd at  1200 Hz.
ln the 2400 bps mode, thc modem
actual ly  sends four b i ts  at  a t ime,

cal led a quadbi t .  Theactual  rate of
t ransmission for  a quadbi t  is  600
baud .  Th i s  i s  t he  op t imum ra te  o f
t r ansm iss i on  ovc r  t he  genc ra l
swi tchcd te lephonc nctwork for  a
fu l l  duplcx FDM (f rcqucncy div i -
s ion mul t ip lexing) modem because
band  l im i t  f i l t c r s  i n  t hc  cen t ra l
officc cut oif at about 3tXlX) Hz.

ln the 2400 bps data ratc, the data to
be  t r ansm i t t ed  r s  d i v i ded  i n t o
groups of  four consecut ive bi ts
(quadbi ts) .  Thc f i rs t  two bi ts  of  the
quadbit are encoded as a phase
quad ran t  change  r c l a t i ve  t o  t he

quadrant  occupicd by thc preccd-
ing s ignalelcment.  Thc last  t  wo bi ts

definc onc of thc four signaling

elements associatcd with the new

quadrant .

In the 1200 bps data rate, the data

streanr is dividcd into grouPs of

two consecut ivc b i ts  (d ib i ts) ,  The

dibits are uscd to detcrmine the

phase quadrant changc relative to

the quadrant occuPicd bY the Pre
ceding signal clemcnt. Thc result-

ing s ignal ing c lcments f rom the

inphasc  ( l )  and  quad ra tu re  (Q )

channels arc passed through base

band filters with a square root of

raised cosine shape. The filtered

s igna l s  subsequcn t lY  modu la te

sine and cosinc carriers, and add to

form the QAM/QPSK signal. The
wave-shapcd signal is then passed

through c i thcr  thc lorv-band or
high-band f i l tcr ,  dcpcnding uPon

originalc or ansrr'cr mode selrtion.

For low specd operation, the FSK
modulator  is  uscd.  l t  produces one
of four prccision frcquencies, de-

pending upxrn or ig inate or  answer
modc sclcct ion and the I  (mark)  or

0 (spacc) levcl  of  thc t ransmit  data '

Differcnt frcquencics are used for

V.21.  V.23 and tsc l l  103 modes.  The

frequencies are produced from the

mastcr clot'k oscillator using pro-

grammable div iders.  The div iders
respond quickly to data changes,
i n t r oduc ing  ncg l i g i b l e  b i t  t i t t e r
wh i l c  ma rn ta i n rng  phase  cohe r -

c n c e .  T h e  o u t p u t  o f  t h e  F S K

modulator  is  appl icd to thc aPPro-

priate filter n'hen thc lorv sPeeo

modc oi  thc ( )pcrat ion rs sc lccted'

The f i l tcr  st 'c t ion consists of  low-

band  (1200  Hz )  and  h i gh -band

Q400Hd f i l tcrs.  hal f<hannel  com-

p rom ise  amp l i t udc  and  g rouP

delay equalizers for both bands'

smoothing filters for both bands,

and mul t ip lexers for  rout ing of  the

t ransm i t  and  rece i ve  s i gna l s
t h rough  t he  app rop r i a te  band

filters. For CCITT V,22 bis applica-
t ions,  a notch f i l tcr  is  inc luded that

can be programnrcd for cither 5S

Hz or 1800 Hz.  ln the cal l  Progrds



monitor mode, the low-band filter 1 dB per step programmable gain signal. This signal is aPPlied to a

is scaled down by a factor of 25 to function to set the output level.
c€nter it over a frequency range of

300 to 5,60 Hz. Thus, during call
establ ishment in the or ig inate

mode, call progness tone.s can be

monitored through the scaled low-
band filter and the modem answer

tone or voice can be monitored

through the unscaled high-band

filter.

The low-band filter is a 10th order

switched-capacitor band -pass f ilter
with a center frequency of 1200 Hz.
ln the originate mode, this filter is
used in the transmit direction; in
the answer mode, it is used in the
receive direction. When analog
loopback is used in the originate
modg this filter, together with the

low-band delay equalizer, is in the
test loop.

The low-band delay equalizer is a
l0th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the low-
band filter and half of the compro-
mise line characteristics, prod ucing
a flat delay response within the
pass-band.

The high-band filter is a 1Oth order
switched-<apacitor band-pass f ilter
with a center frequency of 2400 Hz.
In the answer mode, this filter is
used in the transmit direction; in
the originate mode, it is used in the
receive direction. When analog
loopback is  used in the answer
mode. this filter, together with the
high-band delay delay equalizer,
will be in the test loop.

The high-band delay equalizer is a
10th order switched-capacitor all-
pass filter that compensates for the
group delay variation of the high-
band filter and half of the compro-
rnise line cha ractcristics, prod ucing
a ttat delav resDons€ within the
Pass-band. The transmit smooth-
ing filter is a second-order low-pass
switched-capacitor fi lter that adds

$e mdem transmit sisnal to the
V22guard tones. lt als;rovides a

Racalv.t

The receiver section consists of an
energy detector, programmable
gain control (PCC), part of the

QAM/QI'SK demodulator, FSK
demodulator,8-bit ADC and sync/
async converter.

The received signal is routed
through the appropriate band-pass
filter and applied to the energy
detector and PGC circuit. The
energy detector pmvides detection
within 17 to24 msec. lt is set to turn
on when the signal exceeds -43

dBm and turn off when the signal
falls below -48 dBm measured at
the chip. A 2 dB minimum hyster-
esis is provided between the tum
on and tum off levels. In call prog-
ress mode, the energy detector is
connected to the output of the I,GC
to allow detection level adjustment.

Theoutput of the receive filterisap-
plied to the programmable gain
control (PGC). This circuit has a
wide overall range of 47.25 dB and
provides 64 steps of 0.75 dBlstep.
The PGC gain is controlled by the
extemal processor. It also provides
auto-zeroing to minimize the out-
put DC offset voltage.

The QAM/QPSK demodulator
uses a coherent demodulation tech-
nique. Output of the program-
mablegain control (t€C) is applied
to a Hilbert transformer that pro-
duces an in-phase and 90" out of
phase component. These compo-
nents are then demodulated to
baseband in a mixer stage where
individual components are multi-
plied by a free-running carrier. The
baseband components are low-
pass filtered to produce I and Q
(lnphase and Quadrature) channel
outputs. The I and Q channel out-
puts are both filtered by 300 Hz
band-pass filters. Then they are rec-
tified, summed and passed through
a band-pass filter giving a 600 Hz

digital phase lock loop (DPLL) to
produce a baud rate clock. Using
the recovered clock signal, the I and

Q channels are sampled and digiF
ized into 8-bit samples by the ADC.
Each channel (l and Q) is sampled
twice during a baud period, once at
the middle and once at the end of
the baud period, allowin6 T/2 or
T sampling operation. The external
processor is interrupted once every
baud period (1.667 msec). The
processor should read the I and Q
samples (within 100 ps from the
time interrupt is issued), and per-
form adaptive equalization, carrier
phase tracking, data decoding, and
data descrambl ing.  One quad/
d i b i t  i s  t r ans fe r red  f r om the
SC11026 during each baud period.

ln the asynctrronous mode, data
received from the processor is ap-
plied to the sync/async converter
to reconstruct the originally trans-
mit ted asynchronous data.  For
data which had stop bits dcleted at
the transmitter (overspeed data),
these stop bi ts  are re- inserted.
Underspeed data is passed essen-
t ia l ly  unchanged. The sync/async
convcrter has two modes of opera-
tion. [n the basic signaling mode,
the buffer can accept an overspeed
which corresponds to one missing
stop bit in eight characters. The
length of the start and data ele-
ments will be the same, and the stop
bit will be reduced by 12.57o. In the
ex t cnded -s i gna l i ng  range ,  t he
buffer can accept one missing stop
bit in four characters and the stop
bits will be reduced by 257o to allorv
for overspeed in the transmitting
terminal .  Output  of  the sync/async
converter, along with the output of
the FSK demodulator ,  is  appl ied to
a mul t ip lexer.  The mul t ip lexer
selects the appropriate output, de
pending on the operat ing speed
and output data received on the
RXD pin.

For low-speed operation, the FSK
demodulator  is  used.  Theoutout  of
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the PGC ampl i f ier  is  passed
thmugh a zero crossing detector
and applied toa counter that is reset
on zero crossings. The counter is
designed to cytle at a rate 4 times
faster than the carrier signal. The
counter output is low-pass filtered
and hard l imi ted to generate
FSK data.

A tone detector is included to
help the handshaking sequence
by detect ing the fo l lowing
frequencies: 2225 Hz Bell 103
Mark (Answer), 1550 Hz V.21 Mark
(Answer) , 13O0 Hz V.23 Forward
Channel  Mark,  390 Hz Y.Z3
Reverse Channel Mark and 2100
Hz Answer Tone.

To improve the performance of the
receiver at low signal levels, while
ma in ta i n i ng  a  w ide  amp l i t ude
range, a 1-bit ACC circuit is placed
prior to the band-pass filter. The
decision thresholdsof this AGC are
contro l led by the AGCVT bi t .
When AGCVT = 1, the thresholds
willbe5dB furtherapart than when
ACCVT = 0, so that the probability
of gain change will be reduced. The
status of  the ACC gain is  avai lable
through the AGCO bit. ACC will
have I dB more gain when AGCO =
l .  Status of  ACCO should be moni-
tored at every baud timing and
when i t  makes a t ransi t ion (causing
a gain-hit) the PCC's gain should
be modified accordingly to prevent
d i ve rgence  o f  t he  adap t i ve
equalizer.

Hybrid

The s ignal  on the phone l ine is  the
sum of  the t ransmit  and receivc
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. It is important to match thc
hybr id impedance as c losely as
possible to the telephone line to
produce only the received signal.
When the internal hybrid is used,
by turning the "Hybrid" 

code on
through the interface, this match-
ing is provided by an cxternal resis-
torconnerted betwcpn thcTXA and

RXA pins on theSC l f @.6. The filter
section provides sufficient attenu-
ation of the out-of-band signals to
eliminate leftover transmit signals
from the received signal. The
hybrid also acts as a first order
low-pass antialiasing filter. The
hybrid can be deactivated by the
controller-

The SC11026 internal hybrid is in-
tended to simplifo the phone line
interface. The intemal hybrid can
compensate for the loss in the line
coupling transformer urd in the
DAA. By ty ing the CS pin to
ACND, V.,, or V.. compensation
Ievels of 0, +2, +3 dB, respcctively,
are provided.

With a h igher loss t ransformcr,
some degradat ion in pcr forrhancc
at lower signal levels w,ill occur.
Specifically, thc bit crror rate, whcn
operating at rc.ceive signal lcvcls
below -40 dBm in thc presencc of
noise, will bc higher. The cnergy
dete'ct on/off levels measured at
thc I inc rv i l l  a lso bc di f ferent  f rom
those spc<i f ied at  the chip.  An ex-
tcrnal  hybr id c i rcui t ,  shon'n rn Fig-
ure 2, can be u scd to ovcrcome thcsc
losses and achievc maximurn pcr-
formance. In th is case,  the internal
hybr id must bc tumed ot f  by sct-
t ing bi t  5 of  thc TXCR rcgisrcr  to 0.

The cxternal  hybr id c i rcu i t  uses two
operat ional  ampl i f iers,  one in the
transmit  path and the othcr in the
rerc ive path.  The 5Cl1026 internal
t ransmit  stagc providcs a gain of  6
dB over the t ransmit  s ignal  level
desired at  the l ine.  Undcr ideal
cond i t i ons ,  w i t h  no  l oss  i n  t he
t  ra n sformer a nd perfect  I inc match-
i ng ,  t he  s i gna i  l evc l  a t  t hc  I i nc  w i l l
then be the desired value.  In prac-
t iec,  howevcr,  thcre rs , -p. i rn."
mismatch and a loss in the cou pl ing
transformer. Thcrcfore, it may be
desircd to provide a gain in the
transmit  and receive paths to over-
come the loss. The receive gain (C*)
and transmit gain (Cr) are set by the
ratios of resistors [U, Rl and R6, R5
rcspcct ivc l l '  (F igure 2) .

The c i rcui t  can be analyzed as
follows:

"-= ff('*)'(''ffX#r)',
v  = -  & v
v  R 5 '

If R6/R5 is chosen to equal the loss
in the transformer, it can be as-
sumed that  V,  is  twiceas high as V_
(transmit  poi t ion of  thc tota l  l ine

: :g" i l l ,  
Since V* = Vr,  + V* and

"-' *i("*'"*)' ( ' ' i i)("-o,).-
' - ft i  u*"'K' ' i i)(dk) i i l"*

To el iminate any t ransmit  s ignal
from appearing at the received sig-
nal input, the second term in the
above equation must be set to zero,
grv lnS:

('-tr)(*-il)=tr
Solv ing for  R3/R4:

R3 2R]
R4 R2

Addi t ional ly ,

c*= f f  ,^acr.  f f
Thcse equations can be solved to
select component values that meet
the desired requirements.  For ex-
amplc,  i f  the t ransmit  and receive
loss in the coupl ing t ransformer is
2.5 dB, then:

n l  z  C  p r o rI r  =  r w L o 6  ( # ) = r ) r v L " r ( ? )  = ' *

SimrJarly. f f i=,:: :"na ff i  -z;

Sonre typical  values are:

R l=20Ka ,  R2=27KA,  R3= l3KQ,
R4= 5.1Ka, Rr=291191. md it6=27KQ

It  should be noted that  the t ransmit
amplifier is only needed to over-
comethe loss in l inecoupl ing.  I t  can
bc c l iminated s incc thc t ransmit
s ignal  level  speci f icat ion is  typi -
cal ly  stated asa maximum. Ampl i -
fier B, resistors R5 and R6, and
capacitor C l can be eliminated, and
point X can be connected to point Y
in the circuit of Figure 2 to achieve
a  more  cos t  e f f ec t i v c  cx t c rna l
hybr id arrangement.

2io
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The SCI 1025 wi th the internal
hybrid may also be used on a 4-wire
system where the transmit and
receive si8nals are kept sepa.rate. In
this mode, the "Hybrid" code must
beturned off. Thetransmit signal is
connected to a 600 O line trans-
former through a 600 O resistor.

Tono G.n ?.lo?

The tone generator section consists
of a DTMF generator, V.22 guard-
tone, and 1300 and 2100 I-Iz tone

tenenrtors. The DTMF generator
produces all of the tones corre-
sponding to digits 0 through 9 and
A, B. C, D, *, and f keys. The V.22
guard-tone generator produces er-
ther 550 Hz or 1800 Hz. Selection of
either the 550 Hz or 1800 Hz tone

wi l l  cascade the corresponding
notch filter with the Iow-band filter.
The tones are selected by applying
appropriate codes through the tone
control register. Before a tone can
be generated, tone mode must be
selected. Facility isalso provided to
generate single tones correspond-
ing to 1300 and 2100 Hz and the
individual rows or columns of the
DTMFsignal.

Audio Output Stego

A programmable attenuator that
can drive a load impedance of 50
kQ is provided to allow monitor-
ing of  the received l ine s ignal
through an external speaker. The
attenuator is connected to the out-

put of the hybrid. Four levels of
attenuation-no attenuation, 5 dB
attenuation, 12 dB attenuation, and
squelch are provided through the
ALC1 and ALCIaudiooutput level
control codes. Output of theattenu-
ator is available on theaudio output
pin where an external audio ampli-
fier (LM385 type) can be connected
to drive a low impedance speaker.
Theoutput can directly drivea high
impedance t ransducer,  but  the
volume level will be low.

Clock Inpuf

CLKIN (Pin 22) of the SC1l026
should be connected to a 9.8304
MHzclock source with an accuracy
of  10.01%.

TNABSFORMERS

1 4 3

INTERNAL HYBRIO MUST 8E OISCONNECTED 8Y RESETTING TH€ HYERID 8IT (BIT 6 tN TXCR REGISTER)
WITH INTERNAL RoM scl  Io39 CoNTRoLLER. THIS Is AcHIEvEo BY A PULL-odwN 3 kf i  on IoI

Figure 2.  Using an External  Hybr id wlrh the SC11026
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FUNCTTO}IAL DESCRIPTTOII OF THE SCITO2l COIITROLLER

The SC11021 modem controller'

implemented in Sierra's CMOS

o.&o., was designed sPecifically

io handle all of the modem control

functions, as well as the interface to

a wstem brls. Besides including a

16jbit microProc€ssor and 128 bY 8

bvtes of RAM, it also contains the

functionalitY of an 16C450 UART,

greatly simPlifying the interface to

I parallel sYstem bus, such as the

..i" .rs"d in tSV's PC. In fact, a

complete,  HaYes comPat ib le

.ttod.m for the PC consists of the

SC11021 controller, the SC11025

modem and the DAA' All of the

Dopular communications soft ware

ir.itt.n fot the It will work with

the SCl1025/SCl 1021 set'

The SC11021 may also be config-

ured for RS-232 aPPlications bY

means of a configuration bit in the

controller f irmware. The dif ference

is that the UART is tumed around

so that the serial data from the R9

232 port is converted to Parallel
data handled bY the intemal Proc-
essor. Pins are Provided for con-

necting the familiar switches and

indicalor lamPs found on most

stand-alone modems, although the

switches and lamPs are not needed

for operation-all of the switch set-

t ines can bedonethrough sof tware

The controller receives an 8-bit sig-

nal sample from the SC11025 and

performs adaPt ive equal izat ion,

carrier phase recovery, data de-

code, and descrambling. The con-

troller is designed by using a 16-bit

2900 processor to perform the digi-

tal signal Processing and the con-

trol functions. Its instruction set is a

subset of the Intel 8096 instruction

set, but oPerates faster than the

8096.

The SC11021 Provides a standard

5V logic level interface-Rs-232

drivers are required to interface to

the port. Firmware is available

f rom Sierra in modular source codc

form for casY user modification'

When used with the SC11021 and

SC11026, the firmware emulates a

Haves-Wpe stand-alone or IBM PC

ptug-incand modem with theaddi-

iion of V.23 caPabilitY.

A 16K internal ROM version of the

SC11021 is available for custom

code masks. For examPle, onlY

about 15 kbYtes of the ROM is used

for  the handshaking and smart

modem code, leaving 1 kbYtes for

additional features that a customer

may specify. And sincethecontrol-

ler  is  ROM Programmable,  anY

command set, not just the HaYcs
"AT" set ,  can bc imPlcmentcd'

The custom ROM modcl  ean bc

suppl ied in three Pinout  oPt ions

They are 68 Pin PLCC,48 Pin DtP'

and 44 Pin PLCC.

TheSCl1021 isavai lable ina 68Pin

PLCC and oPerates with uP to 32k

external ROM-

ln V.23 mode, the firmwarc uscs

internal ROM to buffer thc 75 bPs

channel to.l200 bps so that tx'o-rr'ay

1200 bps communicat ion t ( )  thc tcr-

minal  can beemployed, thus al lor ' ' -

ing thc useof standard communica-

t io=n programs. Florv contro l  r*  rc '

ouircd tJ prcvcnt  ovcrf lor" ' f  tht '

RAM.

Please refer to the SCli021 scrics

data sheet for  comPlcte detai ls  on

control ler  featurcs and Pcrform'
ance characteristics'

The controllers requirc +5 V pose r

supply.  Besides the intcr facc [or  t  hc

S C l  1 0 2 6  m o d c m ,  t h c  S C l l 0 2 1

control ler  has an eiSht-b i t  data Port  '

thrcc address l ines,  a chip sclmt

input ,  an interruPt l inc,  and thc

DbSTand DlsTcontml l incs i0und

in the 16C450 UART I t  a lso has

control  l ines for  r ing indicat ion '  thc

of f -hook re lay,  and a 61312/t 'o icc

relaY; thcse l ines conncct  to thc

DAA.

ln the R9232 nrodc, thc eight-bit

port  becomcs thc srv i tch inPut

ii.... und thc address, chiP sclcrt,

INTO, DIST and DOST lines bc'

come the lincs for thc R9232 intcr-

face, and modcm status' Thcse

l incs arc a lso used to dr ive the

LEDs. lnternally, all of these lines

are treated as Programmablc I/O

o<rr ts undcr sof twarc cont l r r l

Thc interfacc to the SCI1026 is via

an 8-bi t  address/data bus and the

control lines for read and write The

same interface can be used for ac-

ccss to an c lcctr ical l l 'erasable ran-

donr access nlemorv (5C2220i)or

to acccss anothcr modem lC such as

a t'ax modcnr. Thcre arc six clock

m u l t i p l e x e d  a d d r c s s / d a t a  b u s

cvclcs. A rcadY signal rs Provided
f i r r  thc intcr facc to a h igh speed K-

AT typc bus cYcle For the 58 Pin

packagcs, thcrc are I I cxtra address

i,n"t Jna chiP selccts for external

ROM and cxternalRAlv l  inter faces;

4n E[  p in is  a lso avai lable for  selec]

tion of intcrna I IIO\1 or cxternal

ROM I

Thc SC. l102l  scr ics are t ru lY ASIQ

control lcrs- thcY are designed to

control a modcm or other PeriPhj
cral  that  oPcratcs at  a moderatelY

slow data ratc uP to 2400 bi ts  Per
<6;eni .  What 's  unlque about the

SC l  l 02 l ,  f o r  c ramP le ,  i s  t ha t  i t  a l i

lor. s a slor*' pcrrphcral to intertaci

to a high sPccd bus rr:thout makin[i

thc nuin l ) ro(e\sr  add unneces-

sary \vat t  s tatcs

This is  donc through the UART

rntcr lacc a nJ tht '  on-chip registers

r .h ich l t tok 5()mc\\ 'hat  l ikc dual
r v h l c n  l ( x ) K  5 u r r r s r i  r r a r  ! . . - -  . . i .

lx)rt rcgisters. The ma-tn Processglj

.un , .  r i t .  to and rcad f rom themat

r v i l l .  r v h i l c  t h c  o n < h i P

ca n do thc sanrc. The controllerntr

dcsrqnt 'd  th is  wa)  bccause m

communtca t ion '  so f t rvarc  hd9

havc  unrcs t ra incd  access  . to
UART reg is tc rs  T"  

. t i | :
SCl l 02 l  c l n rPa t i b l c  w i t h  t h i s

232
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The internal processor monitors t he

rcgisters to dctcrminc the mode of

operat ion---(ommand mode or

data mode; at power-up, it is auto-

mat ical ly  put  in the command

mode and it looks for instructions.

Once carrier is detected, it goes into

thedata mode, and stays there until

an escaPe sequence is entered, just

like a Hayes-type modem. The
csapc scqucncc is thrc.c + signs-
+++ - in the defaul t  mode, but  i t
can be changed in the software.

The actual processor contains a 16-
bit data path and can execute g

instructions with three different
addressing mode6: direct, indirect,

and immcdiate. There is l6k by 8
of ROM on thc chip for program
sroraSe.

To the system bus, the SC11021

looks and acts like a 16C450 UART.
Communications soft wane written
for this UART will work with the
SC 11m1. TheSierra chip set is truly
a Hayes-type modem in two chips.

THE SCr rO26rSCl t02l' SYSTEII

The only external componearts re-

quired by the SCl1026 are a 500 ()

line matching resistor and a 1.0 PF
capaci tor  f rom the EDC Pin to

ground. That'sall! If it isdesired to

drive a speaker to monitor the line,

an amplifier like the LM386 can be

added, but the output provided on

the SCI1026 can directly drive a

hi6h impedance (50 kQ) earphone-
type transduccr.

If the modem is required to operate

i n  V .23  answer  and  o r i g i na te
modes .  a  s imp le  mu l t i p l exe r
switch is needed tod ivert the75 bps

signal through the special I,/O port
on the SCl1021 contro l ler .  This
MUX is not needed if the modem is
to be used for V.23 originate only.

The SCll026 modem's CLKIN pin
l i ne  i s  d r i ven  by  t he  SC11021

CKOUT line at 9.83O4 MHz. The
SC l1m1 may be interfaced directly
to an IBM PC bus. but use of a
74L5245 buffer is suggestd. The
only external parts may be an 8
input NAND gate for COMI
and COM2 decoding inside the PC.
A ready signal is provided to con-
trol the IOCHRDY pin on the bus to
allow operation with higher speeC
computers (AT, XTTURBO, etc.)

For tone dia l ing,  the contro l ler
sends a code to the modem chip
which in turn putsout thecalled for
DTMF tone on the line via the on-
chip DTMF generator. For pulse
dialing, the controller pulses the
OH (off-hook) relay. Both dialing
modes work wi th the bui l t - in cal l
progress algorithm so they rvon't
s t a r t  d i a l i ng  un t i l  a  d i a l  t onc  r s
detected.

Y .22andY .22bis also call for guard
tones to be sent along with the data.
In most of Europe the tone is 1800
Hz except in Sweden where 550 Hz
is used. The SC11026 modem has
the 550 Hz and 1800 Hz tone
generators built in as well as the
550 and 1800 Hz notch filter to
remove the guard tone in the re'
ceiver.

All modems require a Hybrid; a
term used to describe a circuit,
passive or  act ive,  that  takes the

separate transmit ind receive sig-
nals and combines them to go over
the phone line. ln the SCl102'6, this
is done wi th op amps. The hybr id
can be disabled so an external hy-
brid can be used. if desired.

v.23 CONFTGURATTONS

When converting from theSCl1006
modem to the SC11025, the only
changes to the board are shown
here. lf both originate and answer
modes are needed, the multiplex
switch must be inserted.  But  i f

or ig inate is  the only V.23 mode

required,  thcn the only changc is  to
connect the Modem TXD input to
the TDOUT pin on the controller
instead of SIN or SOUT. The inter-
nal multiplexer selects the corre.ct

s i gna l  sou rcc  f o r  a l l  ope ra t i ng
modes. Note that this connection
also works for the SCi1006 so the
circuit board can be layed out to
accept either modem.



\o
(\l

t-{
r<
U(t)

CONFIGURATIOI{S

Figure la. Parallel Mode

Figure 1d. Parallel Mode-V.23 Originate Only

i,tAc

TOOUT

tol

SIN

too

litAP

TXD

ANgoRG +sV

t/Ac

SIN TOOUT

cTs |ol

SOUT
too

ANS,6FiG +5 V

Figure'lb. Serial Mode

r,|Ac

StN TDOUT

cTs lol

souT
t@

Figure 1c. Serial Mode-'V.23 Originate Only

TDOLII

stN

MAP

TXD

R X D

Figure 1e. TOOUT Funclion
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CONIIECTION DIACRAH FOR THE IIODEII COilTROLLER
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P|lt DESCRlPTlolls

PIN NO. PIN NAME DESCRIPTION

scR

AGND

SCT

SCTE

AUDIO

6

6

9

1 0

12,13,17;t8

l 4

l )

l 5

11,19-21

27

73

24

t>

76

27

28

EDC

DCND

L>

WR

RD

ADl.ADI

RXA

TXA

DO, D5_D7

CLKIN

CS

ALE

INT

RXD

TXD

Vac

Synchronous Ctock Receive (Data set sourc€); OutPut; TTL; Uscd only ln ou 
I

;J;;;;;"; n*ou"'"a iilt'e Receiver Phase !Tfd.b:P 
from the far 

I
:il;;; ;;t"-* ixo it ""tia at the rising edge of this clock i

Analog Ground.

Sync-hronotrs Clo& Transmit (Data set source); Output; TTL; Used only in bit

;fi;;;;; -oa"; ctn"'"tJ internauy bv the SC1l026 Clak cenerator;

ILte = 1200 F{z lo.0l% or 2rls Hz to'01%'

Synchronous Oock Transmit External (DTE source); lnp-ut; fiL; Used only in bit

#:;;;;;J", Data on fiD line is latched by the SCI 10-25 at the rising edge

"i,r,it a-J. cr"* rate = 1200 Hz to'01% or 24s Hz to 0l7'.

Audio outPuu The hybrid outPut is Passed through a programmable attenuator

l#;;',# ;"i"i pirr' rotl ai rrt"en t t"'els cair be a t ta h cd by co n t rol I i n g bit

0 and bit 1 of the AUDIO register as sPecified uder AUDIO register description'

Capacitor for energy detec| A 1'0 pF capacltor should bc connected beth'€n this

pin and AGND.

Digital grornd

Chip Select; InPut; fiL; Active low'

Write; lnput; fiL; Normally high; Data on AD7-AD0 is \lritten into the SCl1026

registers at the rising edge of this pulse'

Read; lnput; TTL; Normally high; Dara on AD7-AD0 is to be read bv the Processor

at the rising edte of this Pulse

Multiplexed address/data bus (8'bits); Input /Outpur' TTL--A / D4-A / Dl (4-bits)

;;;;il;;iliiftexea aaaressing o{ internal regrsters CMos

-5 V SuPPlY

Receiveanalog lnPut

Trmsmit analog OutPut

D2-D7 data l/O CN4G; Bits 0, 5' 5 and 7 ae don't cares as far as address is con-

cerned.

Clock input; 9.E3O4 MHz or 12 288 MHz clmk inPut from the controller'

Gain Select to comP€nsate for loss in line coupling transformer' When left oPen

or tied to v-., the comPensalion is 0 dB; conncted to gromd' +2 d B comP€nsahon

,t pt-J.ff-a when tled to Va.' the compengtion is +3 dB

Address btch Enable; lnPut; TTL; The address on A / D4-A / Dl is latched into the

SCl106Addrasdecoderarthela l l ingedgeofth isnolmal ly lor . ,Pulse.

lnterupt; Output; TTL Normally low; A short ( 13 Fs t)?ical) Positive Puls€ is

guno"i"d "It"i "ll A to D conversions ae completed

Received Data; Ouqut; TTL

Trilsmit Data; lnPut; fiL

+5 V suPPlY

{
.l

i

J



REGISTERS

Thereare twelve8-bit
ing to the microPrat
thes€ registers can or
processor (called RE

Table 1. READ Rcgl

CN
o
H
F
o
h)
c

ADDRESS BTTS NAME MSB BIT NUMBER I,.sB

A{ A3 A2 A1 02J57 6 { 1

0 0 0 0
0 0 0 1
0 0 1 0
0 0 1 1
0 1 0 0
0 l x l
0 1 l x

Ql
I I
Q2
t2
Siatus
Unusd
Unused

Ql7
117
Q27

T390

Qr5  Q l5  Q l4  Q l3  Q12  Q l l  Q lo
116 I l5 I l4 I13 112 I11 l l0

Q25 Q2s Q24 Q23 Q22 Q2l Q2o
126 125 124 123 122 I21 120

T2225 T21M ACCO TT3M N55O FSKD ED

Unusd
Unused

Brr

CISTERS

rearetwelve8-bitregistersinterfac- the remaininS even can be Mitten Pr6sor' Table I shows the ad&ess

tothemicroprcessorbus. Fiveof into by the processor (called andbitassignmentsfortheseregisters'

;e registers can only be read by the CONTROL registers). Bit I of 'TONE'

cessJr (called REAb registersi and register can be-read and witten by the A chip select pin is provided for multi-
peripheral addrcsingby the processor'

ile 1. READ Rcgl.t6.3

;TATUS R.ga3t.n Addror (44-All = Of (X,

rTT NUMBER BTT NAME DESCRIPTION

Bits 7-5. T3}O,T2225 outputs of the tone detKtor. when any of lhes€ bits is et, the corr6Ponding frequency has

T2100 been detected-

Bil 4 ACCO Status of inremal l-bii AGC. When this bit is set, RXA signal is amplified by 8 dB before

entering the bandPass filters

Bir 3 n300

8it 2 T1650

Bit 1 FSKD Received FSK data. FSKD = I when mtrk is rffeived.

Bit 0 ED EnerSy detect circuit outPut ED = I when enetgy det<ted'

Note 1: To detect any of the tones ENTD bit MCRB) must be st.

Note 2: When reading mused bits, the corresPonding bus ljnes will not be driven by the sCl 1026 and will be floating

Table 1a. READ Reglsters

; Ql Register: Stores midbaud inphase sample outPut of ADC 
- |

I lt Regitt"t, Stora midbaud quadratue sample output of ADC 
I

I Q2 Regrster: Stors endbaud inphase smple outPut of ADC ^ |
I IZ R"6.r.t, Stores endbaud quadrature smple outPut of ADC 

I

Note: All samples are represented in two's comPlement form

Table 2. COi{TROL Registers

ADDRESS BITS NAME BIT NUMBER

A4 A3 A2 A1 7 6 5 4 3 2 1 0

0 0 0
0 0 1
0 r 0
0 r l
1 0 0
1 0 1
l l 0
l l l

TXCR
MCRA
MCRB
TONE
PCCR
DATA
AUDIO

V23 HYBRID TXsEL2 TXSELI TXSELO SQT

GDFLAT LCK/INT RNGX SYNC WLSI WLs0

ANS/AI{S ENTD TL3 CPM ALB TL2

X HNDSHK TONEON DTMF D3 D2

X ACCVT C5 G4 G3 C2

X PLLJAM PLLFRZ PLLFAST RD3 RD2

X DISS PCO TST2 TST] TSTO
UNUSED

BRI BRO
A/O RXMRK
TLI TLO
DI DO
U I  U U

RDI RDO
ALCI ALCO

237
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Note
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COXTROT REGISTERS

rren3mit controt Resirtcr (TxcRl:. ajayr l||!lfl"T:
I$,:ffi:ffilf; ,:f,i":i:;l;:.:t;.1ffT; ffiLi"r-,i-"" *"* bits are ignored bv thc sclr 026 )

-r .^D rmf nNDESCRIPTION
BIT NUMBER BIT NAME

ffiin 
V.23 mode. This bit overridc BRO and BRl

Bir 7

Bit 5

Bit 5

Bi t  4

Bi t  3

v23

TXSET2
and

fiSEL1
and

TXSELO

SQT

BRl
and
BRO

HvBRTD when *t, the tran:T'u:1":J,P-T.ff '::TiffliT$:::lffl':t^:t or the raeive buf rer

;ffiililt;;iii" ""'ttip ttyurid circuit for 2 to 4 wire converston'

Trmsmit Slect bits' These 3 bits determine the data trmsmitted by the transmitter acordrnS

to the following table:

B i t  2

Bit I

B i t  0

Note l: Sl is a Pattern of mll transmitted at 1200 bps-rate regardless of BRI lf tn

FSK mode (BRO = I )' til;';t=tls are sent This pattern cannot be sent at

*"," r, 

'r.trlT*t"l',rt" 
'*ttta data' after b€ing descra'mbled' is scnt back to the

rrambler' Th" t"d;;;; i to-utituil ig" 
to the Synchronous mode hlth

Slave timln8

Note 3: Reversals aie continuous streams of 01 '

Note 4: When in FSK mode tSR0 = f l '  TXSEU is ignorcd sincc scambling ts not

aPPlicable'

when this bit is set, the transmitter is squelched by connecting' the output of MUXI

(* the block diagratn) to analog Sroucl

Brt Rate Selmtion bits based on the following table

BRl BRO BIT RATE

0
I
0
i

0
I
I

21100 bps V.22 bis

12ffibPsY.22/2r2A
0-300 bPe Bell 103

0-300 bPs CClfi V 2l

TRANSMITTED DATA

External data sent bY DTE.

Unssambled 51 (Note 1)

Uns<rambled SPace
Unscambled Mark'

il*iiJ nx Digital loop back mode (Note 2)'

Scambled Reversals (Notc 3 and 4)'

Scambled SPae (Note 4)'

Scambled Mark (Note 4)

0
I
0
I
0
1
0

0
n
I
.l

0

I
1

0
0
0
0
,I

I
1
I

t

^
. 1

J
7

{
234



COI{TROL RECISTERS (Cont.l (n
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todo Cootrol R.gl.t.t A lllCRAl: Addre.. (AzLAll = lOol

BTTNUMBER BITNAME DESCRIFTION

BirT

Bit 5

GDFLAT

LCK,/INTB

RNGX

SYNC

wlsl
and

wtso

Whenset,thegroupdelayofthetransmitBmdSplitFilterswillbeflat.Whenclear,the Filter
group delay response is Compromise Delay.

Determines the dock source for the transmitter. When this bit is set- the clock suce is
externally provided on SCTE (pin 4), md when cleaed, it is internally generated (SCT)

This bit cm *lat the clock souce independent of Sync/Async mode selcction (w below).
When in Dgital LoopBrk mode, the clak souce will be forced to the Slave mode (SCR).

Range extender for the receiver Sync/As1mc converter. When st, the receiver Sync/Async
can ins€rt up to one stop bit per fou (E,9, l0 or I I -bit) characters to compensate for a far end
DTEbeing up to 23% over speed. The transmitter Async/Sync always handles this overspced
condition regadlss of this bil's condition-

l,ly'hen st, op€rate in bit synchronous mode; when cler, operate in character asvnchronous
mode. When in Digital loopBack mode, thc SC11026 will be forced ro rhe Synchronous
mode.

Word length select bits in asynchronous mode, according to the following table:

wLsr wLso NUMBER Of  E ITS PER CHARACTER

I
I
0
0

U

I
0
I

6

9
r 0
l l

Bit 5

8ir 4

8ir 3

Bit 2

Bir 1

Bir o

A/O When set, op€rate in answer mode; when dear, opcrate rn originate mode

RXMARK When set, the RXD pin is clamped to the high logical lcvel.

fodo Gontrcl Roglrtor B (llCRAl: Addr.esr (A4-All = lOlO

ETTNUMBER BIT NAME DESCRTT'TION

Bit 7

Bir 5

Bir 5

Bir 4

Bir 3

Bil2

Bil I

Bit 0

Switching this bit from 0 to I or I to 0 wil l rcvcrse the phasc of the 2100 [ Iz Ansrver Tonc

Th is  b i t  must  bc  sc t  to  enab le  the  tone dc tmror

When set, the Uilsmrt level is fwthcr attenuated bv I dB. (Sce TLO-TL2)

Call progress monitor mode. When set, the rcervc path can be connctcd to tht hrgh band
filter to detect answer tone (ALB=0) or to the low band f i l ter scalcd dorvn 2 5 times (AL B= I )
to l isten for the call progrss tones during auto dialing.

Analog Loop Back. When set. the transmittcr outpur (TXA) is conn(ted to the receive path,
bypassing the recive fi l ter.

Trasmit level adjust bits based on the folloung table

TL2 TL1 TLO TRANSMIT LEVEL AT TXA PIN

0
0
0
0
I

I
I

1

0
0
I
I
0
0
I
I

0
I
0
I
0
I
0
t

0 d l lnr
-2 dBm
-4 dBm
-6 dBm
-8 dBm
-10  dBm
-12  c iBm
-14  dBm

It is up to the user to make sue that thc cxpected tone iulls within the passband of the fi l ter. If the recerve fi l tcr
is set to forward channel V.23 mode, aU tons excDl 390 Hz on bc deteded The 390 t lz tone can br' detected

ANS/ANS

ENTD'

TL3

CPM

ALB

TLz
and
TLI
and
TLO

when modem is in V.23 reverse channel mode
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CONTROL REGISTERS (Cont.l

TOHE Rcairtcr: Addror. (A+'All = l0l1

BTT NUMBER BIT NAME DESCRIPTION

Bit 7 Unused

' 
HNDSI{K This bit is set only during hmdshaking s€quence .Ul"n T':.b:tl 

FSK and PSK/QAM

demodutators re lnabledlWhen.leur;, FSk d"-odulator is disbled when in high speed

mode.

Bit 5

B i t 5 T o N E o N W h e n s e t , t h e o u t P u t o f t h e t o n e g e n e r a t o r a P p e u s a t T X A . W h e n c l e a r e d , t h e o u t p u t o f t h e
tone generator is squelched.

B i t 4 D T M F w h e n s e t , t h e D T M F s e n e r a t o r i s t u m e d o n . W h e n d e a r e d , t h e D T M F g e n e r a t o r i s t u n e d o f f '
but other tones can be generated.

Bits 3-O D3-D0 SPeofy the d6ired tone (see the following table):

DTMT D3 D2

0
0
0
0

D1

0
t
I
0
0
t
1
0
0
I
I
0
0
I
I

DO

0
1
0
I
0
I
0
I
0
I
0
1
0
I
0
t

DIGITDIALED TONE OUTPUT FREQUENCIES (HZ)

0
0
0
0
0
0
0
0
I
I
I
I
I
-I

l

I

0
0
0
0

0
1
2
3
4
5
6
7
8

2
(A)
(B)
(c)

(D)

941
697
697
697
no
no
770
852
852
852
941
697
n0
852
94r
941

336
209
336

209
336
4n
2W
336
4n
2W

r533
1533
l 533
1477
1 533

0
0
0
0
0
0
0
0

0
0
0
n

0
0
0
I

0
0
0
U
I
I
I

0
0
,l

I

0
0
1

0
1
0
I
0
1

No tone; tone generator turned off
550
r 800
2100
1300

No tone; tone Senerator tuned of f

No tone; tone Senerator tuned of f

No tone; tone Senerator tuned off

Noter TONEON must also be set to Senerate DTMF signals

Progrertrnable Gain Controller Regisler IPGCRI: Addrecr (A4-All = tlOO

DESCRIPTIONBIT NUMBER BIT NAME

Bit 7 Unuscd

B t t 6 A G C V ' I W h c n * t , P l e v e n t s g a i n h i t d u e t o A G C ' S s a i n s t e P . T h i s b i t m u s t b e * t d u r i n g t h e
handshakirg after detectmg the fou Point constellation md before switching to l6wal

decision making.

B i t s 5 - o C 5 _ C 0 C o n t r o l t h e g a i n o f t h e P G C w i t h i n a r a n g e f r o m _ l 0 t o + 3 7 5 d I ] i n 0 7 l d B s t e p s ' ( S . . . h " : , "i:

s

d?AO

following table)



COI{TROL REGISTERS (Cont.)

Note: Signal level is adiuted (before eniering the fi l ter) by an

intemal AGC with +12 dB or 0 dB gain, plus a fixed gain of 5 dB.

c5 C3 C 2 C1 C O P G C  C A I N  ( d B )

0
0

0
0,I

I

0
0
0
0
U
I
0
I

0
0
0
0
1
0
0
I

0
0
0
1
0
0
0
I

U
0
I
0
0
0
0
1

0
I
0
0
0
0
0
I

10.0
-9.25
-4.5

-4.0
+2.0
+14.0

+5/.2)

U'
o
fJ
IJ

i.J

DATA Rcaietcn Addrclg {A{-A'll = 11Ol

BIT NUMBER BIT NAME DESCRIPTION

Bit 7 Unused

Bit 5 PLLJAM When this bit is set, the DPLL wil l be resct by the next risi ng edge of the rcived baud dock.

This bit must remain high for at least one baud period. It should be cleared by the ProGer
to end the ;mming mode- PLLFRZ (se belou') override PLL.IAM when both are enabled.

Bit 5 PLLFRZ Phase lmked lmp freeze. When this brt is *t, the DPLL begins to run freely regardlss of the

r re ivedbauddmk.  Tore-enab le theDPLL lock ing , theb i tmustbedearedby thePrmessor '
PLLFRZ overrides PLLIAM when both arc enabled.

Bit 4 PLLFAST When st, the DPLL operates in 
"fast" lockrng modc. ln this mode, the DPLL is uPdated on

everybaudper iodby l3Fss teps .  Whcnth isb i t i sc lcared(defau l tmode) , theDPLLopera tes

in "normal" locking mode and is updated onc every 8 baud periods by 6.5 ps steps

BitH RD3-RDO Fou-bit Rreived Data. Used only in high spccd (1200 or 2zlo0 bps) mode, they are

descmbled by the prmcrr and shifted out by the SCI1026. Sync to Async is alr done by

the SCI 1026, when in the asynchronous mode. RDO is the first bit aPPeiling on the RXD pin,

followed by RDI , RD2 and RD3. In the t 200 bps mode. on ly RDO and RDI are shrf ted out dur-

ing one baud period.

AUDIO Reglr ten Address lA4-A1l  = 111O

BIT NUMBER BIT NAME DESCRITTION

Bit 7 Unused

Bit 5 DISS When this bit is set, the scrambler is disbled, whcn clcared, it is enabled. Transmtt select btts

(TXSEL0-2) override this bit when in 
"transmit internal mode".

Bit 5 PCCZ When pt. the output of the PCC is groundcd f)C offrt of the demodulator ca be stored md

canceled by the ontroller.

Bit 4-2 TEST Test blrs uscd for factorv testrng. For normal chip operation, thcc bits must be deared

Bi t  I  ALCI  Audrc  levc l  con t ro l  b i t  I

B i t 0  A L C O  A u d i o l e v e l  c o n t r o l  b i t 0 .  T h e s e t w o b r t s r r c u s c d l o o n t r o l  t h e a u d i o l c v e l a l  A U D | O p r n

acc<>rdrng to thc followS table;

A L C T ALCO AUDIO ATTENUATION (dB)

0
0
I
I

0
1
0
I

Audio off
t 2
6

0 (no  a t tenuat ion)

e :  The aud io  s igna l  mav be  ampl i f i cd  bv  l2  dB by

recciver ACC beforc bcinq fcd to the audio attenuator
t h c  l i n c

1
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SYNCHROIIOUS OPERATION

Trenrmittcr Timing

Case l -SCl1026 Provides the

Timing to the Data Terminal EquiP-

ment (DTE). See Figure 3.

lf the DTE can lock to an external

clock, then all that needs to be done

istoput theSC11026 inthe synchro-

nous mode. This Provides a 2400/

1200 Hz clock on the SCT Pin that

can be used as a clocksource for the

DTE. The Transmit Phase-Locked-

Loop (TX PLL) of the SC11(D5 will

be in hee-running mode-

Case 2-SC-11026 Should Lock lts

Transmit  Timing to the Clock

Source Provided bY the DTE.

In this case, after selecting synchro-

nous mode, also select "Locked"

mode.

The TX PLL of SC11026 will then

synchronize itself to the clock pro-

vided on its "SCTE" pin.

Case 3-Slave mode. The Transmit

Timing is  s laved to thc rrcc ivcr

recovered clock. Select sYnchro-

nous mode and conncrt SCTE to

SCR.

In  any  casc ,  t he  SC l1025  w i l l

sample the data on the rising edge

of the clock.

Receiver Timing

In synchronous mode, the recov-

ered clock will be Provided on the

SCR pin and the transitions of RXD

will be on the falling edges of this

c lock.  Data is  val id on the r is ing

edge of the clock.

SYNCHROITIOUS ITODE CHART

Transmltter Timing
TRANSMITTER

-  
r -  r -

RECEIVER

_ t  - l -
_ X ^

STCE
INPUT TX CLOCK

TXD INPUT
O A T A

scr
T X P L L  O U T P U I

CLOCK

SCR

R X D

Figure  3 .  SC11026 Synchronous Mode T iming  D iagrams '

-
. , t  . '

i
' :
t
4
:t
.;lrd
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SPECIFICATIOI{S

Abroluto llerhnrnr R.tlng|3 (Not.. t-3l

Supply Voltage Vo. 5 V

Supply Voltage, Vo -6V

DC Input Voltage (Analog Signals) vss-O.6 to vcc +0.6 v

DC Input Voltage (Digital Sigrals) Vrr-{.6 to Vaa +0.6 V

Storage Temperahrre Range -65 to l;0'C

Power Dssipation (Note 3) 5ffimW

L,ead Temperature (Soldering l0 Sec.) 300.c

Notes: l. Absolute maximurn ratings are those values beyond which damage to the device may ocu
2. Unless otherwise specified, all voltages are referenced to groud.
3. Power dissipation temp€rature derating-Plastic package: -12 mW/C from 55'C to 85"C.

Opereling Condation.

Notes: l. Absolute maximum ratings are thos valu6 beyond which damaSe to the dcvicc may Gcu
2. Unless otherwise specified, all voltagc are referenced to groud.
3. Porver dissipation temp€rature derating-Plastic package: -12 mW,/C from 65'C to 85'C

43

PARAMETER DESCRIPTION CONDITIONS M I N TYP MAX UNITS

T^ Ambient Temperature 0 70 'C

Vaa Positive Supply Voltage 4 .5 5.0 ).)

Vr. Negative Supply Voltage 4.3 ; .0 f . )

CND Ground 0

' c Clock Frequency 9.829') 9.830{ 9 .8313 ivl t lz

T* 'To Input Rise or Fall Time All digiial inputs
except CLKIN

5m NS

T*'To Input Rise or Fall Timc CLKIN 20 n 5

DC Elcctricel Cherecterirtlc. (TA = 0 TO 70"C. V.a = +5 V t 10%, Vss = -5 V I 10%)

PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX UNITS

Iaa Quiescent Current Nomal l 8 35 mA

I,, Quiescent Current l 8 35 ml\

I H
High Level lnput Voltage;

Digital pins
2 .4

V,,- TTL
CMOS

Low Level lnput Voltage;
Dgital pins

0.8
0.3 x Va.

Von TTL
CMOS

High Level Output (lo, = 0.5 mA) 2.4
0 . 7 x V

Vo. TTL
CMOS

Low Level Output (lol = 1.5 mA) 0.6
0.3 x V..

VXTA Maximm Peak Output Level
on TXA pin

V a a = + 5 V
v ^ - = - 5 v

!3
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sct tooo 3PGClFlcATlot|S (cont'l

mocE3SOR Blrs Tllllllc

ALE

^/oPsl (READ)

AOPOI(wRlrE)

Flgure 4. Processor Bus Tlmlng

AC Eloctrlcrl Ghlrrctodrtlcr

Address Valid to ALE low

Hold address after ALE low

Delav from ALE low to RD low

Data valid after FD low

Data hold alter RD high

Write Pulse width

Data s€tuP b€fore WR ttigtt

Data hold after WR high

End of read to next ALE

End of write to next ALE

Data valid set-uP to RD nigit

MGlow to ALEhigh

2A
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APPLICATIONS IHFORIIATIOII

Applicrtlonr

The SCl1025 with an external con-
trol microprocessor, a telephone
line interface and a suitable com-
puter interface, can implement a
complete 2400 bps modem for
many applications with a mini-
mum of components and cost. Fig-
ure 7 shows the common portion of
such a modem using the SCl1026
with a telephone line interface.
Sierra's SC22101, 128 byte E2 mem-
ory is used to store default panme.
ters and often used phone numbers.
The SCl1021 controller also sup
ports a serial F mernory as an alter-
native. Figures 6 and 7 show the
stand-alone and [lC bus integral
modems implemented wi th
Sierra 's SC11021 contro l lers.
Figure 8 shows the connections for
an internal ROM special purpose
control ler .  F igure 9 shows an
R9232C serial interface for imple-
menting a stand-alone modem.
Figure l0showsa parallel bus inter-
face for implementing an internal
modem for  an IBM PC/XT/AT
compatible computer as shown in
Figure 6, while Figure 13 shows the
interface required for implement-
ing the sarne internal modem when
used with the controller shown rn
Figure 12. Figure 11 shows a power
supply schematic for a stand-alone
modem application.

Various modem confiqurations can
be realized by combinlng rhemat-
ics shown in Figures 5 thru 13.

A Hayes compatible stand-alone
smart modem (Fig.5) can be imple-.
mented bycombining Figures 7,8,9
and  11 .

The internal version for an IBM
t'ClXT/AT compatible (Fig. 5) can
be implemented using Figures 7,8
and 10.

An Alternative to the controller of
Figure 8 is shown in Figures 12 and
l J .

For performance evaluation, the
circuit shown in Figure 14 can be
used to obtain the receiver constel-
lation. Quality of the signal proc-
essing performed by the modem
can thus be visualized by observing
the constellation for various line
cond i t i ons  and  s i gna l  t o  no i se
ratios.

Grystal Oscllletor

The controller requires a parallel
resonant 79.ffi8 MHz crystal de.
signed with CL = 18 pF and toler-
ance of 10.017o (such as Saronix
NYP196-18). With this crystal, use
27 pF to ground from XTAL1 (Pin
10) and XTAL2 (Pin 1l). Clock fre
quency measured at CKOUT (Pin 7)
must be within 10.0057o of 9.8304
MHz.

Powcr Supply Dccoupllng end
Clrcult Leyout Gontidcretion

For optimum performance at low
received signal levels with lorv s/n

ratios, it is important to use the
recommended power supply
decoupl ing c i rcui t  as shown in
Figure 7.

Small inductors in series with the
supplies help suppress RFI as well
as improve the power supply noise
reiection capability of the SC11026.
A 10O,1/4 W resistorin placeof,or
in series with, the inductor in the
SC11026 power leads has been
found to be helpful in computer
based products where the power
supplies are particularly noisy.

The 10 pF capacitors should be a
tantalum type while the 0,1 pF ca-
pacitors should have good high
frequency re iect ion character is-
tics-monolithic ceramic types are
recommended. It is imDortant to
locate the decoupling capacitors as
close to the actual power supply
pins of the SC1 1026 as possible. It is
also recommended that the analog
ground and digitalground buses be
routed separately and connected at
the common ground point of the
power supply. Avoid routing digi-
tal traces through the analog area.

Ferrite beads on the t5 V input to
the c i rcui t  board should also be
considered, both from a modem
performance standpoint, as well as
an aid in reducing RF radiat ion
from the phone l ines.
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APPLICATIOIIS lXFORl| ATlOll lCont'l

RS-232C
lnledae

Conn€ctol
' D&25

Fsnale

ComPUle{
Parallel Bus

sc1 1021cv
MAC

LINE

T€ LSET

Fioure 6a. V22 bis Siandalone Intelligenl Modem. wirh External ROM' (Nol Shown)

(With V'23 Answer and Originale Modes)

sc1  1021cv
MAC

LINE

TELSE I

!9C
RTS
oTR c(ouT
SN RO

: f f i

o6-n rc
TDOUT

nDLI XTDL2

rNT RxA

cKlN nA
RD

WR

cs

sc1 1026
MAP

SPK

R X O

rxD

SCR

scr

f  
- -T -  1966N

+ = M H Z

DO-D7
s l N

lol
AO
4 1  l N T l

a2 too

RDY TDOUI

DtST

oouT
I N T l

cs cKouT
IN TO

XTDLl XTOL2

i N T

sc1 1026
MAP TxA

EDC
ALE

> CLXIN

Fioure 6b.  Internar smarr  Modem for  pc Bus Appr icar ions wi th Exrernar RoM. (Not shown)
'  'v- ' -  - - '  

(wirh V'23 Answer and Or ig inate Modes)
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APPLIGATIONS lraFORUATlOt{ (Gont'l

t o o 1 2 w

o H -
K1, X2 FSR2"OO5'6 R€LAY

or. o2-2w0i wP€ 2( O

Note 1: conMt ana|og ground direct|y to common o| the power supp|y ||| lg capacilol

Notg 2: A stial E2 PROM may be substituted when using lhe SC 1 1021 Modem Advanced

Conttollet.

NoG 3: Fo. endml clockrhg ol the t€nsmine'. installJl and *l bit 6 ol the MCRA: omit J2

Fot slave clocking ol lhe transmitler, installJ2 and *t bit 6 ol the MCRA: omit J1'

For nomal ooeralon. omrl J 1 and J2. md cleat bit 6 ol trle MCRA'

Figure 7. Common Portion ol 24fl) bps Modem'

5 6 K O 1 2 W

tN58
? t v .

scl scR sctE
GS

A0O \fCC
aol
AM DGNO
AO3
AD. AGNO

^o5 sc1 1026
A06 MAP vss
ao7

SPX
ALE
m €oc
WR

n(A
INT

d5
TXD
RXO

CLKIN RXA

c*2
aoo

\rcc 1k ADl
E?PRoM ^o2
*2z|o1 aD3

GNO AD.
Note 2 AD5

at - t@4
caruq Note I

g o
M 5

CONFIGURATIOXS FOR SC1 IO2ICV AND SCI IO22CV GONTROLLERS

The l/O pins maY be used to drive

a ser ia l  E ' �PROM in addi t ion to

controlling the V-23 mux su'itch as

shown. When reading f rom the

E'�PROM, the RXD outPut should

be set high since the DOUT Pin of

the E'�PROM has greater Pulldown
capability than Pull-uP. The 5 kf)

resistor must be added to isolate

RXD since it is not tristatablc.

l n  t he  ma io r i t v  o f  aPP l i ca t i ons

where answer mode is not  re-

quircd,  there is  no conf l ic t  and the

t7O pi"s can be dedicated to the

seriai E2PROM function and RXD

connected as shorvn in Figure 1,

pagc 8.

Figure 7b.

Ss.r €EPROM
NUc93.6N

21lg
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APPLICATIOI{S INFORIIATION lCont. I

2' pF

(g tu ldBt  S  p . .d ld
..@r-r -6 CL-rA pF)

R

6ia

so6
srN
wl
rc
m
osa
M

|Jry

G
cor c-i36'

|c

,;, I
; . )
: : l

r 9 . @ M r u

.. pd6d bt qFtJ

swlTck

6. td drenY b -5v

5 C l  l 0 2 l  r s  R O M l e s  a n d  o n  a d d r c s  l ? k  c r t c r n a l  R ( ) V

S C l l 0 2 2  h a s  l 5 k  m l c r n a l  R O M  a d  o n  r d c i r c s s  2 . l k  c x t c r n r l  l l O V

Consul l  control lcr  data shet lor aogramnrrng lniorf i ratron

cm vcc

AO

A I

A?

& a 3

01 A.

O? 27255 a5

03 (-1 50) a6
EPROT a]

Os 46
t a 9

I  a r o

A r  ?

A r  l

_ frAQ

-  AO5
-vccP

d3F6M

-  ^Ol

+GNOP
. ( M

-  MCS

t t  r c

sc1 r 021

scr  1  022

qrl  -

Also -

M -

,€_
GNDp, - '?

s o -

5 r  -

s 2 -
rc
F € s E r  t  .  _

I ' i
L--T

t
1 6 < o  f

ai'TiiTTiiiliiT"'

Figure  8 .  Spec ia l  Purpose Cont ro l  Processor  fo r  S tand-A lcne or  Para l le l  App l ica l ions
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APPLICATIOI{S lNFORllATlOll (Cont.l

____ scrE

DB25P FEMALE RS 232C (v24)
CONNECTOR

Figure 9. RS-232C Inler lace lor Stand-Alone Modem Appl icat ion

HS

CD

OH

RD

SO

MR

(AA) PG

(BA)  TD

{88)  RD

(cA) Rrs

lCB) CrS

(cc) DSR

(AB} SG

(cF)DCD

(cr) RATE

{08) TXCK

(co) RXCK

(co) oTR

( c E ) R l

(ct) RArE

{DA) TXCKE

SIN

RXDM

SOUT

RTS

:

D-SFI

C D

HS

scFl

DTR

R I

8

MC145406

Voo vcc

2 h\^ ls

r 6

3 -/J t1
\

a N 1 3

s ./l 12

r-lt">"r
7 ^l l  10"\

Vss cND
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APPLICATIOI|S lNFORllATlOll (6nr.l

DOST

l o
I  ^ J r  I

t-"-----1 a2

l t zB  
o '

nese r
L-:::_r

-  R D Y

Flgure 10. IBM PC/XT/AT Compatibl€ Comput6r Bus Intedace for SCI1039 Contrctler of Figure 7'

oo
D 1

o2
D3
D4

D5
D6

D 7

7415245
OF EN
m D 0
01 D1
02 02
D3 03
D4 04

oe D6
D7 07
GND
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APPLIGAI IOXS ltlFORllATlOll (Conr.f

r =
-I

BASE
PLATE

POWER
swlTcH

i r i '
t l -

I L

VR4

|l zno yrnsv
a-
= v

. tNa002
I ro-r 20 vAc

60 H2
. 7 O

I * "

' t  
r '

I i. 
a:i*rasv WALL PLUG IN

TRANSFORME R

Figure 11.  A Typical  Power Supply lor  Stand-Alone Modem Appl icat ion.
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APPLICATIOLS lXFORllATlOtr (Cont'l

o0
o r
02
D3

3i ziSs
D6

D 7

vcc
OO oo
Dl 01
0 2 @
D3 ct3

Pi Hcr fl"oi szr ;
07 

07

o< oxo G
AO

tQ Hcr
E1 138

e2

E3
GNO DO

D 1
o 2
o 3
o a
D 5  ,  J J !

D6

o l

CK
o o @
O l  O l
02 o?
D 3  , , ^ -  0 3

3: ?;; s
O G s
07 

07

vcc cno 5E

-- |_l
a v

M8J'ATO,
u r 2 - M 1 3

20

r 5 V

. I F T H E S C I l O 3 g . S C I I 0 2 I F A M I L Y I S U S E D ' C O N N E C T d S F I I ' I ' I T A N A 0 9 6  
I S U S E D ' C O N N ; C T M A 1 3

Figure 14. Tesr Circuit lo Generate 
"Eye Patlern"


