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functions except the adaptive
equalizer. Itis used in conjunction
with an external controller such as
the Sierra SC11021 series ROMless
controllers for customized firm-
ware, to implement a 2400 bps full
duplex modem, compatible with
the CCITT V.22 bis recommenda-
tion. The controller performs all
modem control and handshaking

compatible with the SC11006 MAP.

The SC11026 operates in 2400 bps
QPSK/QAM and 1200 bps PSK as
well as 0 to 300 baud FSK modes
compatible with Bell 103 and 212A,
as well as CCITT V.21, V.22, V.23
and V.22 bis standards. The
5C11026 also operates in V.23 an-
swer and originate modes with a
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buffered DTE interface that allows
the DTE to operate at 1200 bps in
both directions while the modem
operates at 1200/75 bps. When
used with the SC11021 controllers,
the SC11026 becomes an intelligent
modem controlled by the industry
standard “AT” command set.
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SC11026

FUNCTIONAL DESCRIPTION OF THE $C11024 MODEM

The SC11026 includes:

{J Full transmitter consisting of
- Async to Sync converter
- Scrambler
- Data encoder
—75% square root of raised
cosine pulse shaper

— Quadrature modulator

- FSK (Bell 103 and CCITT V.21)
modulator

- Hybrid
O High band and low band filters
(J High band and low band com-
promise equalizers
0O V.22 notch filter (selectable at 550
or 1800 Hz)
O Transmit smoothing filter
O Programmable attenuator for
transmit level adjust
0O DTMF, 550 Hz, 1300 Hz, 1800 Hz,
and 2100 Hz tone generator
O Transmit clock circuit for syn-
chronous operation (slave,
external, and internal modes)
O Pattern generator for generating
fixed digital patterns in hand-
shaking mode
O Receive section consisting of
- 64-step programmable gain
controller (PGC)

- Energy detector at the output
of the PGC

— Hilbert transformer

- Quadrature demodulator (free
running carrier) with low pass
filters

- Baud timing recovery circuit
(sampling clock of 600 Hz)

- FSK demodulator

— Tone detector

- Sync to Async converter

{0 8-bit analog to digital converter
(ADC)

[ Control and Status registers

O 8-bit microprocessor interface
with interrupt and multiplexed
address/data lines

[J Audio output with level adjust

Transmitter

Since data terminals and comput-
ers may not have the timing
accuracy required for 2400/1200
bps transmission (0.01%), timing
correction on the incoming data
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stream must be made. The async/
sync converter accepts asynchro-
nous serial data clocked at a rate
between 2400/1200 Hz +2.3%,
-2.5%. It outputs serial data at a
fixed rate of 2400/1200 Hz +0.01%
derived from the master clock oscil-
lator. To compensate for the input
and output rate differences, a stop
bit is either deleted or inserted
when necessary. If the input data
rate is slower than the output data
rate, a stop bit is inserted. If the
input data rate is faster than the
output data rate, a stop bit is
deleted. The output of the async/
sync converter is applied to the
scrambler.

The scrambler is a 17-bit shift regis-
ter clocked at 2400/1200 Hz. Out-
puts from the 14th and 17th stages
are exclusive OR’d and further
exclusive OR’d with the input data.
The resultant data is applied to the
D input of the shift register.
Outputs from the first four/two
stages of the shift register form the
quad/dibit that is applied to the
QAM/QPSK modulator. The pur-
pose of the scrambler is to random-
ize data so that the energy of the
modulated carrier is spread over
the band of interest——either the
high band, centered at 2400 Hz, or
the low band, centered at 1200 Hz.
In the 2400 bps mode, the modem
actually sends four bits at a time,
called a quadbit. The actual rate of
transmission for a quadbit is 600
baud. This is the optimum rate of
transmission over the general
switched telephone network for a
full duplex FDM (frequency divi-
sion multiplexing) modem because
band limit filters in the central
office cut off at about 3000 Hz.

In the 2400 bps data rate, the data to
be transmitted is divided into
groups of four consecutive bits
(quadbits). The first two bits of the
quadbit are encoded as a phase
quadrant change relative to the
quadrant occupied by the preced-
ingsignal element. Thelast twobits

define one of the four signaling
elements associated with the new
quadrant.

In the 1200 bps data rate, the data
stream is divided into groups of
two consecutive bits (dibits). The
dibits are used to determine the
phase quadrant change relative to
the quadrant occupied by the pre-
ceding signal element. The result-
ing signaling elements from the
inphase (I) and quadrature (Q)
channels are passed through base-
band filters with a square root of
raised cosine shape. The filtered
signals subsequently modulate
sine and cosine carriers, and add to
form the QAM/QPSK signal. The
wave-shaped signal is then passed
through either the low-band or
high-band filter, depending upon
originate oranswer mode selection.

For low speed operation, the FSK
modulator is used. It produces one
of four precision frequencies, de-
pending upon originate or answer
mode selection and the 1 (mark) or
0 (space) level of the transmit data.
Different frequencies are used for
V.21, V.23 and Bell 103 modes. The
frequencies are produced from the
master clock oscillator using pro-
grammable dividers. The dividers
respond quickly to data changes,
introducing negligible bit jitter
while maintaining phase coher-
ence. The output of the FSK
modulator is applied to the appro-
priate filter when the low speed
mode of the operation is selected.

The filter section consists of low-
band (1200 Hz) and high-band
(2400 Hz) filters, half-channel com-
promise amplitude and group
delay equalizers for both bands,
smoothing filters for both bands,
and multiplexers for routing of the
transmit and receive signals
through the appropriate band
filters. For CCITT V.22 bis applica-
tions, a notch filter is included that
can be programmed for either 550
Hz or 1800 Hz. In the call progress




monitor mode, the low-band filter
is scaled down by a factor of 2.5 to
center it over a frequency range of
300 to 660 Hz. Thus, during call
establishment in the originate
mode, call progress tones 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 filter
with a center frequency of 1200 Hz.
In 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
mode, this filter, together with the
low-band delay equalizer, is in the
test loop.

The low-band delay equalizer is a
10th 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, producing
a flat delay response within the
pass-band.

The high-band filter is a 10th order
switched-capacitor band-pass filter
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-
mise line characteristics, producing
a flat delay response within the
pass-band. The transmit smooth-
ing filter is a second-order low-pass
switched-capacitor filter that adds
the modem transmit signal to the
V.22 guard tones. Italso provides a

1 dB per step programmable gain
function to set the output level.

Receiver

The receiver section consists of an
energy detector, programmable
gain control (PGC), part of the
QAM/QPSK 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 provides detection
within 17 to 24 msec. Itissetto 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 turn
on and turn off levels. In call prog-
ress mode, the energy detector is
connected to the output of the PGC
toallow detection level adjustment.

Theoutputof thereceive filteris ap-
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 dB/step.
The PGC gain is controlled by the
external processor. Italso provides
auto-zeroing to minimize the out-
put DC offset voltage.

The QAM/QPSK demodulator
usesa coherent demodulation tech-
nique. Output of the program-
mable gain control (PGC)isapplied
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
(Inphase and Quadrature) channel
outputs. The I and Q channel out-
puts are both filtered by 300 Hz
band-pass filters. Then theyarerec-
tified, summed and passed through
a band-pass filter giving a 600 Hz

signal. This signal is applied to a
digital phase lock loop (DPLL) to
produce a baud rate clock. Using
therecovered clock signal, theland
Q channels are sampled and digit-
ized into 8-bit samples by the ADC.
Each channel (I and Q) is sampled
twice during a baud period, once at
the middle and once at the end of
the baud period, allowing T/2or
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 descrambling. One quad/
dibit is transferred from the
$C11026 during each baud period.

In the asynchronous mode, data
received from the processor is ap-
plied to the sync/async converter
to reconstruct the originally trans-
mitted asynchronous data. For
data which had stop bits deleted at
the transmitter (overspeed data),
these stop bits are re-inserted.
Underspeed data is passed essen-
tially unchanged. The sync/async
converter has two modes of opera-
tion. In 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 12.5%. In the
extended-signaling range, the
buffer can accept one missing stop
bit in four characters and the stop
bits will be reduced by 25% toallow
for overspeed in the transmitting
terminal. Outputofthesync/async
converter, along with the output of
the FSK demodulator, is applied to
a multiplexer. The multiplexer
selects the appropriate output, de-
pending on the operating speed
and output data received on the
RXD pin.

For low-speed operation, the FSK
demodulatoris used. The output of
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the PGC amplifier is passed
through a zero crossing detector
and applied toa counter thatis reset
on zero crossings. The counter is
designed to cycle at a rate 4 times
faster than the carrier signal. The
counter output is low-pass filtered
and hard limited to generate
FSK data.

A tone detector is included to
help the handshaking sequence
by detecting the following
frequencies: 2225 Hz Bell 103
Mark (Answer), 1650 Hz V.21 Mark
(Answer) , 1300 Hz V.23 Forward
Channel Mark, 390 Hz V.23
Reverse Channel Mark and 2100
Hz Answer Tone.

To improve the performance of the
receiver at low signal levels, while
maintaining a wide amplitude
range, a 1-bit AGC circuit is placed
prior to the band-pass filter. The
decision thresholds of this AGC are
controlled by the AGCVT bit.
When AGCVT = 1, the thresholds
willbe 6 dB furtherapart than when
AGCVT =0, so that the probability
of gain change will be reduced. The
status of the AGC gain is available
through the AGCO bit. AGC will
have 8 dB more gain when AGCO =
1. Status of AGCO should be moni-
tored at every baud timing and
when it makes a transition (causing
a gain-hit) the PGC’s gain should
be modified accordingly to prevent
divergence of the adaptive
equalizer.

Hybrid

The signal on the phone line is the
sum of the transmit and receive
signals. The hybrid subtracts the
transmitted signal from the signal
on the line to form the received
signal. Itis important to match the
hybrid impedance as closely 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 external resis-
tor connected between the TXA and
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RXA pinson theSC11026. 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 simplify the phone line
interface. The internal hybrid can
compensate for the loss in the line
coupling transformer used in the
DAA. By tying the GS pin to
AGND, V.. or V.. compensation
levels of 0, +2, +3 dB, respectively,
are provided.

With a higher loss transformer,
some degradationin performance
at lower signal levels will occur.
Specifically, the biterror rate, when
operating at receive signal levels
below —40 dBm in the presence of
noise, will be higher. The energy
detect on/off levels measured at
the line will also be different from
those specified at the chip. An ex-
ternal hybrid circuit, shown in Fig-
ure2, canbeused to overcome these
losses and achieve maximum per-
formance. In this case, the internal
hybrid must be turned off by set-
ting bit 6 of the TXCR register to 0.

Theexternal hybrid circuit uses two
operational amplifiers, one in the
transmit path and the other in the
receive path. The SC11026 internal
transmit stage provides a gain of 6
dB over the transmit signal level
desired at the line. Under ideal
conditions, with no loss in the
transformer and perfectline match-
ing, the signal level at the line will
then be the desired value. In prac-
tice, however, there is impedance
mismatch and alossin the coupling
transformer. Therefore, it may be
desired to provide a gain in the
transmit and receive paths to over-
come the loss. The receive gain (Gp)
and transmit gain (G,) are set by the
ratios of resistors R2, R1 and R6, R5
respectively (Figure 2).

The circuit can be analyzed as
follows:

_g(vm)»f(ﬂ )(R3+R4 y

-_ Ré
V= - Y%

If R6/R5 is chosen to equal the loss
in the transformer, it can be as-
sumed thatV istwiceashighas V.
(transmit portion of the total line
signal). Since V., =V, +V_, and
V, =2V,

Vg= - —(vwaRx) (n—)(“m)zv
R2 2R
R VRx "[(“ﬁ)(ksnu 'ﬁ] he

To eliminate any transmit signal
from appearing at the received sig-
nal input, the second term in the
above equation must be set to zero,

giving:
%) (E%)-%

Solving for R3/R4:

R3_,, 2RI

R4 R2

Additionally,

R2 _Rs
Cg= gj ™4Gr=f5 N

These equations can be solved to
select component values that meet
the desired requirements. For ex-
ample, if the transmit and receive
loss in the coupling transformer is
2.5 dB, then:

--—[NVL (RdB INVLog( ) 1333

Similarly, Rg 1.333 and g—i’ =25

Some typical values are:

R1=20KQ, R2=27KQ, R3=13KQ,
R4=5.1KQ, R5=20KQ, and R6=27KQ

It should be noted that the transmit
amplifier is only needed to over-
come thelossinline coupling. Itcan
be eliminated since the transmit
signal level specification is typi-
cally stated as a maximum. Ampli-
fier B, resistors R5 and R6, and
capacitor C1 can be eliminated, and
point X can be connected to point Y
in the circuit of Figure 2 to achieve
a more cost effective external
hybrid arrangement.




The SC11026 with the internal
hybrid may alsobe used ona4-wire
system where the transmit and
receivessignals are kept separate. In
this mode, the “Hybrid” code must
be turned off. The transmit signal is
connected to a 600 Q line trans-
former through a 600 Q resistor.

Tone Generator

The tone generator section consists
of a DTMF generator, V.22 guard-
tone, and 1300 and 2100 Hz tone
generators. The DTMF generator
produces all of the tones corre-
sponding to digits 0 through 9 and
A,B,C,D,* and #keys. The V.22
guard-tone generator produces ei-
ther 550 Hz or 1800 Hz. Selection of
either the 550 Hz or 1800 Hz tone

C1470pF
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will cascade the corresponding
notch filter with the low-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. Facilityisalso provided to
generate single tones correspond-
ing to 1300 and 2100 Hz and the
individual rows or columns of the
DTMF signal.

Audio Output Stage

A programmable attenuator that
can drive a load impedance of 50
kQ is provided to allow monitor-
ing of the received line signal
through an external speaker. The
attenuator is connected to the out-
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SC11026
RXA
DGND
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3ove

put of the hybrid. Four levels of
attenuation—no attenuation, 6 dB
attenuation, 12 dB attenuation, and
squelch are provided through the
ALC1 and ALCOaudio output level
control codes. Qutput of theattenu-
atorisavailable on theaudio output
pin where an external audio ampli-
fier (LM386 type) can be connected
to drive a low impedance speaker.
Theoutput can directly drivea high
impedance transducer, but the
volume level will be low.

Clock Input

CLKIN (Pin 22) of the SC11026
should be connected to a 9.8304
MHz clock source with an accuracy
of 10.01%.
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Figure 2. Using an External Hybrid with the SC11026
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The SC11021 modem controller,
implemented in Sierra’s CMOS
process, was designed specifically
to handle all of the modem control
functions, as well as the interface to
a system bus. Besides including a
16-bit microprocessor and 128 by 8
bytes of RAM, it also contains the
functionality of an 16C450 UART,
greatly simplifying the interface to
a parallel system bus, such as the
one used in IBM’s PC. In fact, a
complete, Hayes compatible
modem for the PC consists of the
SC11021 controller, the SC11026
modem and the DAA. All of the
popular communications software
written for the PC will work with
the 5C11026/5C11021 set.

The SC11021 may also be config-
ured for RS-232 applications by
means of a configuration bit in the
controller firmware. The difference
is that the UART is turned around
so that the serial data from the RS-
232 port is converted to parallel
data handled by the internal proc-
essor. Pins are provided for con-
necting the familiar switches and
indicator lamps found on most
stand-alone modems, although the
switches and lamps are not needed
for operation—all of the switch set-
tings can be done through software.

The controller receives an 8-bit sig-
nal sample from the 5C11026 and
performs adaptive equalization,
carrier phase recovery, data de-
code, and descrambling. The con-
trolleris designed by using a 16-bit
2900 processor to perform the digi-
tal signal processing and the con-
trol functions. Itsinstruction setisa
subset of the Intel 8096 instruction
set, but operates faster than the
8096.

The 5C11021 provides a standard
5V logic level interface—RS-232
drivers are required to interface to
the port. Firmware is available
from Sierra in modular source code
form for easy user modification.
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FUNCTIONAL DESCRIPTION OF THE SC11021 CONTROLLER

When used with the SC11021 and
SC11026, the firmware emulates a
Hayes-type stand-alone or IBM PC
plug-in card modem with the addi-
tion of V.23 capability.

A 16K internal ROM version of the
$C11021 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 since the control-
ler is ROM programmable, any
command set, not just the Hayes
“AT" set, can be implemented.

The custom ROM model can be
supplied in three pinout options.
They are 68 pin PLCC, 48 pin DIP,
and 44 pin PLCC.

TheSC11021isavailableina 68pin
PLCC and operates with up to 32k
external ROM.

In V.23 mode, the firmware uses
internal ROM to buffer the 75 bps
channel to 1200 bps so that two-way
1200 bps communication to the ter-
minal can be employed, thus allow-
ing the use of standard communica-
tion programs. Flow control is re-
quired to prevent overflow of the
RAM.

Please refer to the SC11021 series
data sheet for complete details on
controller features and perform-
ance characteristics.

The controllers require +5 V power
supply. Besides theinterface for the
SC11026 modem, the SC11021
controller hasan eight-bit data port,
three address lines, a chip select
input, an interrupt line, and the
DOST and DIST control lines found
in the 16C450 UART. It also has
control lines for ring indication, the
off-hook relay, and a data/voice
relay; these lines connect to the
DAA.

In the RS-232 mode, the eight-bit
port becomes the switch input
lines, and the address, chip select,
INTO, DIST and DOST lines be-
come the lines for the RS-232 inter-
face, and modem status. These
lines are also used to drive the
LEDs. Internally, all of these lines
are treated as programmable 1/0
ports under software control.

The interface to the SC11026 is via
an 8-bit address/data bus and the
control lines forread and write. The
same interface can be used for ac-
cess to an electrically erasable ran-
dom access memory (SC22201) or
toaccess another modem ICsuchas
a fax modem. There are six clock
multiplexed address/data bus
cycles. A ready signal is provided
for the interface to a high speed PC-
AT type bus cycle. For the 68 pin
packages, thereare 15extraaddress
lines and chip selects for external
ROM and external RAM interfaces.
AnEA pinisalsoavailable for selec-
tion of internal ROM or external
ROM.

The 5C11021 series are truly ASIC
controllers—they are designed to
control a modem or other periph-
eral that operates at a moderately
slow data rate up to 2400 bits per
second. What's unique about the
5C11021, for example, is that it al-
lows a slow peripheral to interface
toa high speed bus without making
the main processor add unneces-
sary wait states

This is done through the UART
interface and the on-chip registers
which look somewhat like dual
port registers. The main processor
can write to and read from them at
will, while the on-chip controller
candothesame. The controller was
designed this way because most
communications software has to
have unrestrained access to the
UART registers. To make the
5C11021 compatible with this soft-
ware, the registers were included.




Theinternal processor monitors the
registers to determine the mode of
operation—command mode or
data mode; at power-up, it is auto-
matically put in the command
mode and it looks for instructions.
Once carrier is detected, it goes into
the data mode, and stays there until
an escape sequence is entered, just

like a Hayes-type modem. The
escape sequence is three + signs—
+++ ~—in the default mode, but it
can be changed in the software.

The actual processor contains a 16-
bit data path and can execute 54
instructions with three different
addressing modes: direct, indirect,

and immediate. There is 16k by 8
of ROM on the chip for program
storage.

To the system bus, the SC11021
looks and acts like a 16C450 UART.
Communications software written
for this UART will work with the
SC11021. The Sierra chip setis truly
aHayes-type modem intwo chips.

THE $C11026/SC11021 SYSTEM

The only external components re-
quired by the SC11026 are a 600 Q
line matching resistor and a 1.0 uF
capacitor from the EDC pin to
ground. That'sall! Ifitis desired to
drive a speaker to monitor the line,
an amplifier like the LM386 can be
added, but the output provided on
the SC11026 can directly drive a
high impedance (50 kQ) earphone-
type transducer.

Ifthe modem is required to operate
in V.23 answer and originate
modes, a simple multiplexer
switchisneeded todivertthe 75bps
signal through the special I/O port
on the SC11021 controller. This
MUX s not needed if the modem is
to be used for V.23 originate only.

The 5C11026 modem’s CLKIN pin
line is driven by the SC11021

CKOUT line at 9.8304 MHz. The
5C11021 may be interfaced directly
to an IBM PC bus, but use of a
7415245 buffer is suggested. The
only external parts may be an 8
input NAND gate for COM1
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 speed
computers (AT, XT TURBO, etc.)

For tone dialing, the controller
sends a code to the modem chip
whichin turn puts out the called 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 with the built-in call
progress algorithm so they won't
start dialing until a dial tone is
detected.

V.22 and V.22 bis also call for guard
tones to be sentalong 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 active, that takes the
separate transmit and receive sig-
nals and combines them to go over
the phone line. In the 5C11026, this
is done with op amps. The hybrid
can be disabled so an external hy-
brid can be used, if desired.

V.23 CONFIGURATIONS

When converting from the SC11006
modem to the SC11026, the only
changes to the board are shown
here. If both originate and answer
modes are needed, the multiplex
switch must be inserted. But if

originate is the only V.23 mode
required, then the only change 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 correct

signal source for all operating
modes. Note that this connection
also works for the SC11006 so the
circuit board can be layed out to
accept either modem.

1.231
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CONFIGURATIONS
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Figure 1a. Parallel Mode
MAC MAP
1200175
RS-232 SIN TDOUT XD
TS 101 |_ANS/ORIG +5V
1 1
201 wux
souT 2 I RXD
—CI{ 100 o5
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PIN DESCRIPTIONS

PIN NUMBER
PIN NAME | DIP, PLCC QFP DESCRIPTION
ADI-AD4 12,13,17,18| 14,15, Multiplexed address/data bus (8-bits); Input/Output; TTL; A /D4-A /D1 (4-bits)
21,26 | are used for multiplexed addressing of internal registers. CMOS.

AGND 2 42 Analog Ground.

ALE 24 32 Address Latch Enable; Input; TTL; The address on A/D4~A /Dl is latched into the
S5C11026 Address decoder at the falling edge of this normally low pulse.

AUDIO 5 3 Audio output; The hybrid output is passed through a programmable attenuator
and fed to this analog pin. Four different levels can be attained by controlling bit
0and bit 1 of the AUDIO register as specified under AUDIO register description.

CLKIN 22 30 Clock input; 9.8304 MHz or 12.288 MHz clock input from the controller.

Cs 8 9 Chip Select; Input; TTL; Active low.

D0, D5-D7 11, 19-21 12,27-29 | D2-D7 data I/O CMOS; Bits 0, 5, 6 and 7 are don’t cares as far as address is
concerned.

DGND Digital ground

EDC Capacitor for energy detect; A 1.0 uF capacitor should be connected between this
pinand AGND.

GS 23 31 Gain Select to compensate for loss in line coupling transformer. When left open
ortied to V,, the compensation is 0 dB; connected to ground, +2 dB compensation
is provided; and when tied to V., the compensation is +3 dB.

INT 25 35 Interrupt; Output; TTL; Normally low; A short (13 us typical) positive pulse is
generated after all A to D conversions are completed.

RD 10 1 Read; Input; TTL; Normally high; Data on AD7-ADOis to be read by the processor
at the rising edge of this pulse.

RXA 15 18 Receive analog; Input

RXD 26 36 Received Data; Output; TTL

SCR 1 40 Synchronous Clock Receive (Data set source); Output; TTL; Used only in bit
synchronous mode; Recovered by the Receiver Phase Locked Loop from the far
end modem. Data on RXD is valid at the rising edge of this clock.

SCT 3 44 Synchronous Clock Transmit (Data set source); Output; TTL; Used only in bit
synchronous mode; Generated internally by the SC11026 Clock Generator;
Rate = 1200 Hz +0.01% or 2400 Hz £0.01%.

SCTE 4 1 Synchronous Clock Transmit External (DTE source); Input; TTL; Used only in bit
synchronous mode; Data on TXD line is latched by the SC11026 at the rising edge
of this clock. Clock rate = 1200 Hz +0.01% or 2400 Hz +0.01%.

TXA 16 19 Transmit analog; Output

XD 27 37 Transmit Data; Input; TTL

WR 9 10 Write; Input; TTL; Normally high; Data on AD7-ADO is written into the SC11026
registers at the rising edge of this pulse.

Ve 28 38 +5 V supply

v, 14 16 | ~5V Supply
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REGISTERS n
Q
Therearetwelve8-bitregistersinterfac-  the remaining seven can be written  processor. Table 1 shows the address | '3
ing to the microprocessor bus. Fiveof  into by the processor (called  and bitassignments for these registers. | I
these registers can only be read by the CONTROL registers). Bit 1 of "TONE" o
processor (called READ registers) and  register can be read and written by the A chip select pin is provided for multi-
peripheraladdressing by the processor.
Table 1. READ Registers
ADDRESS BITS NAME MSB BIT NUMBER LSB
A4 A3 A2 A1 7 6 5 4 3 2 1 0
0 0 0 0 Q1 Q17 Q16 Q15 Q14 Q13 Qi2 Q1 Q10
0 0 0 1 nn nz Ié 115 114 13 n2 m 110
0 0 1 0 Q2 Q27 Q26 Q25 Q24 Q23 Q22 Q21 Q20
0 0 1 1 2 127 126 125 124 123 122 121 120
0 1 0 0 Status T390 T2225 T2100 AGCO T1300 T1650 FSKD ED
0 1 X 1 Unused Unused
0 1 1 X Unused Unused
STATUS Register: Address (A4-A1) = 0100
BIT NUMBER BIT NAME DESCRIPTION
Bits 7-5* T390,T2225  Outputs of the tone detector. When any of these bits is set, the corresponding frequency has
T2100 been detected.
Bit4 AGCO Status of internal 1-bit AGC. When this bit is set, RXA signal is amplified by 8 dB before
entering the bandpass filters.
Bit 3 T1300
Bit 2 T1650 N
Bit1 FSKD Received FSK data. FSKD =1 when mark is received.
Bit0 ED Energy detect circuit output. ED = 1 when energy detected.

Note 1: To detect any of the tones ENTD bit (MCRB) must be set.
Note 2: When reading unused bits, the corresponding bus lines will not be driven by the SC11026 and will be floating.

Table 1a. READ Registers

Q1 Register: Stores midbaud inphase sample output of ADC.
I1 Register: Stores midbaud quadrature sample output of ADC.
Q2 Register: Stores endbaud inphase sample output of ADC.
12 Register: Stores endbaud quadrature sample output of ADC.

Note: All samples are represented in two’s complement form.

Table 2. CONTROL Registers

ADDRESS BITS | NAME BIT NUMBER

A4 A3 A2 Al 7 6 5 4 3 2 1 0
1 0 0 0 TXCR V23 HYBRID  TXSEL2 TXSEL1 TXSELO  SQT BR1 BRO
1 06 0 1 MCRA | GDFLAT LCK/INT RNGX SYNC WLS1  WLS0 A/O0 RXMRK
1 0 1 0 MCRB | ANS/ANS ENTD TL3 CPM ALB TL2 TL1 TLO
1 0 1 1 TONE X HNDSHK TONEON DTMF D3 D2 D1 Do
1 1 0 0 PGCR X AGCVT G5 G4 G3 G2 G1 GO
1 1 0 1 DATA X PLLJAM  PLLFRZ  PLLFAST RD3 RD2 RD1 RDO
1T 1 1 0 AUDIO X DISS PGCZ TST2 TST1 TSTO ALC1  ALCO
1 1 1 1 UNUSED
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CONTROL REGISTERS
Transmit Control Register (TXCR): Address (A4-A1) = 1000
(Note: When writing into these registers, the bus lines corresponding to the unused bits are ignored by the 5C11026.)
BIT NUMBER BIT NAME DESCRIPTION
Bit7 V23 When set, the chip is configured in V.23 mode. This bit overrides BRO and BR1.
Bit 6 HYBRID When set, the transmitter output (TXA) is connected to the inverting input of the receive buffer
to allow the use of the on-chip hybrid circuit for 2 to 4 wire conversion.
Bit5 TXSEL2 Transmit Select bits. These 3 bits determine the data transmitted by the transmitter according
and to the following table:
Bit4 TXSEL1
and
Bit3 TXSELO TXSEL2 | TXSEL1 | TXSELO TRANSMITTED DATA
0 0 0 External data sent by DTE.
0 0 1 Unscrambled S1 (Note 1).
0 1 0 Unscrambled Space.
0 1 1 Unscrambled Mark.
1 0 0 Scrambled RX. Digital loop back mode (Note 2).
1 0 1 Scrambled Reversals (Notes 3 and 4).
1 1 0 Scrambled Space (Note 4).
1 1 1 Scrambled Mark (Note 4).

Note 1: Sl is a pattern of 0011 transmitted at 1200 bps rate regardless of BR1. If in
FSK mode (BRO = 1), then reversals are sent. This pattern cannot be sent at
2400 bps rate.

Note 2: In this mode, the received data, after being descrambled, is sent back to the
scrambler. The modem will automatically go to the Synchronous mode with
Slave timing.

Note 3: Reversals are continuous streams of 01.

Note 4: When in FSK mode (BRO = 1), TXSEL2 is ignored since scrambling is not

applicable.
Bit 2 SQT When this bit is set, the transmitter is squelched by connecting the output of MUX1
(see the block diagram) to analog ground.
Bit1 BR1 Bit Rate Selection bits based on the following table:
and
Bit 0 BRO BR1 | BRO BIT RATE
0 0 2400 bps V.22 bis
1 0 1200 bps V.22/212A
0 1 0~300 bps Bell 103
1 1 0-300 bps CCITT V.21
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CONTROL REGISTERS (Cont.) %
Mode Control Register A (MCRA): Address (A4-A1) = 1001 E
BITNUMBER BIT NAME DESCRIPTION g

Bit 7 GDFLAT When set, the group delay of the transmit Band Split Filters will be flat. When clear, the Filter
group delay response is Compromise Delay.

Bit6 LCK/INTB  Determines the clock source for the transmitter. When this bit is set, the clock source is
externally provided on SCTE (pin 4), and when cleared, it is internally generated (SCT).

This bit can select the clock source independent of Sync/ Async mode selection (see below).
When in Digital Loop-Back mode, the clock source will be forced to the Slave mode (SCR).

Bit 5 RNGX Range extender for the receiver Sync/Async converter. When set, the receiver Sync/Async
can insert up to one stop bit per four (8, 9, 10 or 11-bit) characters to compensate for a far end
DTEbeingupto2.3% overspeed. Thetransmitter Async/Syncalways handles this overspeed
condition regardless of this bit’s condition.

Bit4 SYNC When set, operate in bit synchronous mode; when clear, operate in character asynchronous
mode. When in Digital Loop-Back mode, the 5C11026 will be forced to the Synchronous
mode.

Bit3 WLS1 Word length select bits in asynchronous mode, according to the following table:

and

Bit 2 WLS0 WLS1 | WLS0 | NUMBER OF BITS PER CHARACTER
1 0 8
1 1 9
0 0 10
0 1 1

Bit1 A/ When set, operate in answer mode; when clear, operate in originate mode.

Bit 0 RXMARK When set, the RXD pin is clamped to the high logical level. N

Mode Control Register B (MCRB): Address (A4-A1) = 1010

BIT NUMBER BIT NAME DESCRIPTION
Bit7 ANS/ANS  Switching this bit from 0 to 1 or 1 to 0 will reverse the phase of the 2100 Hz Answer Tone.
Bit6 ENTD* This bit must be set to enable the tone detector.
Bit5 TL3 When set, the transmit level is further attenuated by 1 dB. (See TLO-TL2)
Bit4 CPM Call progress monitor mode. When set, the receive path can be connected to the high band

filter to detect answer tone (ALB=0) or to the low band filter scaled down 2.5 times (ALB=1)
to listen for the call progress tones during auto dialing.

Bit3 ALB Analog Loop Back. When set, the transmitter output (TXA) is connected to the receive path,
bypassing the receive filter.
Bit 2 TL2 Transmit level adjust bits based on the following table:
and
Bit 1 TL1 TL2 TL1 § TLO TRANSMIT LEVEL AT TXA PIN
and
Bit 0 TLO 0 0 0 0dBm
0 0 1 -2dBm
0 1 0 -4 dBm
0 1 1 -6 dBm
1 0 0 -8 dBm
1 0 1 -10dBm
1 1 0 ~12dBm
1 1 1 -14 dBm

* It is up to the user to make sure that the expected tone falls within the passband of the filter. If the receive filter
is set to forward channel V.23 mode, all tones except 390 Hz can be detected. The 390 Hz tone can be detected
when modem is in V.23 reverse channel mode. 1.237




SC11026

o EEEE—————,—,——

CONTROL REGISTERS (Cont.)
TONE Register: Address (A4-A1) = 1011
BIT NUMBER BIT NAME DESCRIPTION
Bit7 Unused
Bit6 HNDSHK  This bit is set only during handshaking sequence. When set, both FSK and PSK/QAM
demodulators are enabled. When cleared, FSK demodulator is disabled when in high speed
mode.
Bit5 TONEON When set, the output of the tone generator appears at TXA. When cleared, the output of the
tone generator is squelched.
Bit 4 DTMF* When set, the DTMF generator is turned on. When cleared, the DTMF generator is turned off,
but other tones can be generated.
Bits 3-0 D3-Do Specify the desired tone (see the following table):
DTMF D3 D2 D1 Do DIGIT DIALED TONE OUTPUT FREQUENCIES (HZ)
1 0 0 0 0 0 941 1336
1 0 0 0 1 1 697 1209
1 0 0 1 0 2 697 1336
1 0 0 1 1 3 697 1477
1 0 1 0 0 4 770 1209
1 0 1 0 1 5 770 1336
1 0 1 1 0 6 770 1477
1 0 1 1 1 7 852 1209
1 1 0 0 0 8 852 1336
1 1 0 0 1 9 852 1477 )
1 1 0 1 0 * 941 1209 N
1 1 0 1 1 (A) 697 1633
1 1 1 0 0 (B} 770 1633
1 1 1 0 1 © 852 1633
1 1 1 1 0 # 941 1477
1 1 1 1 1 (D) 941 1633
0 0 0 0 0 No tone; tone generator turned off
0 0 0 0 1 550
0 0 0 1 0 1800
0 0 0 1 1 2100
0 0 1 0 0 1300
0 0 1 0 1 No tone; tone generator turned off
0 0 1 1 X No tone; tone generator turned off
0 1 X X X No tone; tone generator turned off
Note: TONEON must also be set to generate DTMF signals.
Programmable Gain Controller Register (PGCR): Address (A4-A1) = 1100
BITNUMBER BIT NAME DESCRIPTION
Bit7 Unused
Bité AGCVT When set, prevents gain hit due to AGC’s gain step. This bit must be set during the
handshaking after detecting the four point constellation and before switching to 16-way
decision making.
Bits 5-0 G5-G0 Control the gain of the PGC within a range from -10 to +37.5 dB in 0.75 dB steps. (See the
following table):
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Q
@
(1)
IS
Q
W
(2}
N
2]
-
[9)
=)

PGC GAIN (dB)

-10.0
-9.25
-85
-7.0
—4.0
+2.0
+14.0
+37.25
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Note: Signal level is adjusted (before entering the filter) by an
internal AGC with +12 dB or 0 dB gain, plus a fixed gain of 5 dB.

DATA Register: Address (Ad4-A1) = 1101
BIT NUMBER BIT NAME DESCRIPTION

Bit7 Unused

Bit6 PLLJAM When this bit is set, the DPLL will be reset by the next rising edge of the received baud clock.
This bit must remain high for at least one baud period. It should be cleared by the processor
to end the jamming mode. PLLFRZ (see below) overrides PLLJAM when both are enabled.

Bit5 PLLFRZ Phase locked loop freeze. When this bit is set, the DPLL begins to run freely regardless of the
received baud clock. To re-enable the DPLL locking, the bit must be cleared by the processor.
PLLFRZ overrides PLLJAM when both are enabled.

Bit 4 PLLFAST When set, the DPLL operates in “fast” locking mode. In this mode, the DPLL is updated on
every baud period by 13 ps steps. When this bit is cleared (default mode), the DPLL operates
in “normal” locking mode and is updated once every 8 baud periods by 6.5 us steps.

Bit3-0 RD3-RDO Four-bit Received Data. Used only in high speed (1200 or 2400 bps) mode, they are \
descrambled by the processor and shifted out by the SC11026. Sync to Async is also done by
the $5C11026, when in the asynchronous mode. RD0 is the first bit appearing on the RXD pin,
followed by RD1, RD2 and RD3. In the 1200 bps mode, only RDO and RD1 are shifted out dur-
ing one baud period.

AUDIO Register: Address (A4-A1) = 1110

BIT NUMBER BIT NAME DESCRIPTION

Bit7 Unused

Bit 6 DISS When this bit is set, the scrambler is disabled, when cleared, it is enabled. Transmit select bits
(TXSEL0-2) override this bit when in “transmit internal mode”.

Bit5 PGCZ When set, the output of the PGC is grounded. DC offset of the demodulator can be stored and
canceled by the controller.

Bit4-2 TEST Test bits used for factory testing. For normal chip operation, these bits must be cleared.

Bit 1 ALC1 Audio level control bit 1.

Bit0 ALCO Audio level control bit 0. These two bits are used to control the audio level at AUDIO pin

according to the following table:

ALC1 | ALCO AUDIO ATTENUATION (dB)

0 0 Audio off

0 1 12

1 0 6

1 1 0 (no attenuation)

Note: The audio signal may be amplified by 12 dB by the line
receiver AGC before being fed to the audio attenuator. 1.239
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SYNCHRONOUS OPERATION

Transmitter Timing

Case 1—SC11026 Provides the
Timing to the Data Terminal Equip-
ment (DTE). See Figure 3.

If the DTE can lock to an external
clock, then all that needs to be done
isto put the SC11026 in the synchro-
nous mode. This provides a 2400/
1200 Hz clock on the SCT pin that
can be used as a clock source for the
DTE. The Transmit Phase-Locked-
Loop (TX PLL) of the SC11026 will
be in free-running mode.

Case 2—SC11026 Should Lock Its
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 5C11026 will then
synchronize itself to the clock pro-
vided on its “SCTE"” pin.

Case 3—Slave mode. The Transmit
Timing is slaved to the receiver
recovered clock. Select synchro-
nous mode and connect SCTE to
SCR.

In any case, the 5C11026 will
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
clock. Data is valid on the rising
edge of the clock.

SYNCHRONOUS MODE CHART
Transmitter Timing
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SPECIFICATIONS w
Q
Absolute Maximum Ratings {Notes 1-3) "3
N
Supply Voltage, V- 6V | &
Supply Voltage, V¢, -6V
DC Input Voltage (Analog Signals) Vg 06to V. +0.6V
DC Input Voltage (Digital Signals) Vg 06toV . +06V
Storage Temperature Range —65 to 150°C
Power Dissipation (Note 3) 500 mW
Lead Temperature (Soldering 10 Sec.) 300°C
Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating—Plastic package: -12 mW/C from 65°C to 85°C.
Operating Conditions
PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX UNITS
T, Ambient Temperature 0 70 °C
Vee Positive Supply Voltage 4.5 5.0 5.5
Vs Negative Supply Voltage -4.5 -5.0 -5.5
GND Ground 0 A%
Fo Clock Frequency 9.8295 9.8304 9.8313 MHz
T T Input Rise or Fall Time All digital inputs 500 ns N
except CLKIN
TR, TF Input Rise or Fall Time CLKIN 20 ns

DC Electrical Characteristics (T, =0 TO 70°C, Vo = +5 V£ 10%, Vgg =5V 110%)

PARAMETER DESCRIPTION CONDITIONS MIN TYP MAX UNITS
ICC Quiescent Current Normal 18 35 mA
ISs Quiescent Current 18 35 mA
Vi H.ig.h Le\fel Input Voltage; 24 v

Digital pins
\" TTL| Low Level Input Voltage; 08 v
CMOS| Digital pins 0.3x Ve
Vouy TTL| High Level Output (I, =0.5 mA) 24 v
CMOS 0.7x Ve
Vo  TTL| Low Level Output (I, =1.6 mA) 0.6 v
CMOS 0.3x V.
VXTA Maximum Peak Output Level Vee=+5V 13 \%
on TXA pin Vgg=—5V

Notes: 1. Absolute maximum ratings are those values beyond which damage to the device may occur.
2. Unless otherwise specified, all voltages are referenced to ground.
3. Power dissipation temperature derating—Plastic package: -12 mW /C from 65°C to 85°C.
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SC11006 SPECIFICATIONS (Cont.)
PROCESSOR BUS TIMING

A/D[7:0] (READ)

AD([7:0] (WRITE) ——(

5

7

p—o T

ADDRESS IN

X

DATAIN }-—

Figure 4. Processor Bus Timing

AC Electrical Charactoristics

SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX |UNITR]
1 TAVEL Address Valid to ALE low 30 ns
2 THAD Hold address after ALE low 40 ns
3 TALRD Delay from ALE low to RD low 45 ns
4 TDVRL Data valid after RD low 180 ns
5 TRD Read pulse width 200 ns
6 | TDHRD Data hold after RD high 0 ns
7 TWR Write pulse width 150 ns
8 | TDVWR Data setup before WR high 70 ns
9 | TDHWR Data hold after WR high 15 ns
10 TRHLH End of read to next ALE 55 ns
11 | TWHLH End of write to next ALE 120 ns
12 | TDVRH Data valid set-up to RD high 15 ns
13 | TMCAL MCS low to ALE high 10 ns
14 TALE ALE Pulse width 40 ns
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SPECIFICATIONS (Cont.) n
g
Modem Transmit Signals—Hz (Assume 9.8304 Crystal) S
PARAMETER CONDITIONS NOM. ALLOWABLE UNITS o
ERROR
FSK Mod/Demod Frequencies
Bell 103
Answer Mark 2225 +6Hz Hz
Answer Space 2025 +6Hz Hz
Originate Mark 1270 +6Hz Hz
Originate Space 1070 +6Hz Hz
CCITT V.21
Answer Mark 1650 +6Hz Hz
Answer Space 1850 +6Hz Hz
Originate Mark 980 +6Hz Hz
Originate Space 1180 +6Hz Hz
CCITT V.23
Answer Mark 1300 +6Hz Hz
Answer Space 2100 +6Hz Hz
Originate Mark 390 +6Hz Hz
Originate Space 450 +6Hz Hz
Call progress monitor mode: MIN TYP MAX
Center frequency ALB=1 480 Hz
Detect level (ED high) measured at RXA 43 dBm N
Reject level (ED low) measured at RXA —48 dBm
Hysterisis measured at RXA 2 dB
Delay time (ED low to high) EDC=1.0pF 10 15 24 ms
Hold time (ED high to low) EDC=10pF 10 15 24 ms
DTMF Generator (Note 1)
PARAMETER NOMINAL FREQUENCY ALLOWABLE ERROR* ACTUAL ERROR
Row 1 697 Hz 1% -0.23%
Row 2 770 Hz +1% -0.01%
Row 3 852 Hz 1% -0.12%
Row 4 941 Hz 1% -0.39%
Column 1 1209 Hz 1% -0.35%
Column 2 1336 Hz 1% -0.93%
Column 3 1477 Hz 1% -0.48%
Column 4 1633 Hz 1% —091%
550 Hz +20 Hz —2Hz
Guard Tones 1800 Hz 20 Hz 2 Hz
Calling Tone 1300 Hz -6 Hz
Answer Tone 2100 Hz +3 Hz
*CCITT Specifications
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SPECIFICATIONS (Cont.)
DTMF Generator (Cont.)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Second Harmonic Distortion —40 dB
Row Output Level VCC=4+45V 0 dBm
VSsS=-5V
Column Ouput Level 2 dBm
550 Hz Guard Tone TL3=TL2=TL1=TL0O=0 ~3 dB (Note 2)
1800 Hz Guard Tone Measured at TXA Pin -6 dB (Note 2)
1300 Hz Calling Tone 0 dB
2100 Hz Answer Tone 1] dB
Transmit level measured Load = 1200 Ohms
at TXA TL3=TL2=TL1=TLO=0 0 dBm
Squelched ~50 dBm

Notes: 1: This assumes a clock of exactly 9.8304 MHz.

2: These levels are referenced to the TX signal level. When guard tones are added, the TXA level is
adjusted to maintain a constant level on the line. For 1800 Hz, the adjustment is -0.97 dB; for 550 Hz,
the adjustment is -1.76 dB, per the CCITT specification.

PARAMETER CONDITIONS MIN TYP MAX UNITS
EDC = 1.0 uF; N
Data Mode measured at RXA
PGC=0
Energy detect level (ED low to high) -43 dBm
Loss of energy detect level (ED low to high) 48 dBm
Hysterisis at RXA pin 2 3 dB

Programmable Gain Controller (PGC)

Gain step size 0.75 dB
Dynamic range 47.25 dB
Response time (from change in PGC register 1.0 ms

to output of A to D converter)

Filter Characteristics

Crosstalk rejection 70 dB
Power supply rejection 0 dB
DPLL Response times JAM or FRZ 20 Us

Fast 200 us
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APPLICATIONS INFORMATION
Applications

The SC11026 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 SC11026
with a telephone line interface.
Sierra’s $C22101, 128 byte E? mem-
ory is used to store default parame-
tersand often used phone numbers.
The SC11021 controller also sup-
ports a serial E2memory as an alter-
native. Figures 6 and 7 show the
stand-alone and PC bus integral
modems implemented with
Sierra’s SC11021 controllers.
Figure 8 shows the connections for
an internal ROM special purpose
controller. Figure 9 shows an
RS-232C serial interface for imple-
menting a stand-alone modem.
Figure 10 showsa 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 same internal modem when
used with the controller shown in
Figure 12. Figure 11 shows a power
supply schematic for a stand-alone
modem application.

Various modem configurations can
be realized by combining schemat-
ics shown in Figures 5 thru 13.

A Hayes compatible stand-alone
smart modem (Fig. 5) can be imple-
mented by combining Figures7,8,9
and 11

The internal version for an IBM
PC/XT/AT compatible (Fig. 6) can
be implemented using Figures 7, 8
and 10.

An Alternative to the controller of
Figure 8 is shown in Figures 12 and
13.

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
conditions and signal to noise
ratios.

Crystal Oscillator

The controller requires a parallel
resonant 19.6608 MHz crystal de-
signed with CL = 18 pF and toler-
ance of 10.01% (such as Saronix
NYP196-18). With this crystal, use
27 pF to ground from XTAL1 (Pin
10) and XTAL2 (Pin 11). Clock fre-
quency measured at CKOUT (Pin?7)
must be within 0.005% of 9.8304
MHz.

Power Supply Decoupling and
Circuit Layout Consideration

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

ratios, it is important to use the
recommended power supply
decoupling circuit as shown in
Figure 7.

Small inductors in series with the
supplies help suppress RFI as well
as improve the power supply noise
rejection capability of the SC11026.
A109,1/4Wresistorin place of, 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 UF ca-
pacitors should have good high
frequency rejection characteris-
tics—monolithic ceramic types are
recommended. It is important to
locate the decoupling capacitors as
close to the actual power supply
pins of the SC11026 as possible. Itis
also recommended that the analog
ground and digital ground busesbe
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 £5 V input to
the circuit board should also be
considered, both from a modem
performance standpoint, as well as
an aid in reducing RF radiation
from the phone lines.
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RS-232C SC11021CV
Iinterface MAC
Connector \
DB-25 Y
Female \
A j488 L] oH
HS s v DAA O LINE
) 5] = O TELSET
RXD RXD sout
MUX 101 INTY [
ALE
INT
rts a0 5V % | ADO-AD7 Rxa !
DTR ars T 6000
i) OTR  cxout CKIN ™A
SCTE SIN RD RD
n SR =
BsR [ cs
— Toout
8C11026
XTOL1  XTDL2 MAP
[Tm) e
O S o S
RXD
™0 GS }—-0 45V
SCTE EDC —1
SCR_| 1488 SCR T
Set scT =
CTS N
DSR

Figure 6a. V22 bis Standalone Intelligent Modem with External ROM. (Not Shown)
(With V.23 Answer and Originate Modes)

SC11021CV
MA\C
Computer \
Parallel Bus OH
KDV
74L.S245 —
_Do-D7 DO-D7 Al
| Buffer =" N
DIR EN — SIN
A0 101
Al INT1
A2 100
ECHRDY RDY TOOUT
Pi DIST
oW BouT ALE
AEN INT1
EE—
IRQ3 Address cs CKOUT
\RQ4 Decoder INTO
AB-A9 .} (Ses Fig.10)
—] XTDL1  XTDL2

HOH
T I

o une
DAA |——————0 TELSET
MUX +5V
RXA
o |
f 6000
™0 SC11026
MAP  TxA
ADO-AD7
ALE Eoc 1
INT T
D CLN N
9.830 MHz AMP SPEAKER
RO, SPK
WR
GSH—O+5V
19.6608
MHz
EXCI—

Y

Figure 6b. Internal Smart Modem for PC Bus Applications with External ROM. (Not Shown)
(With V.23 Answer and Originate Modes)
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SCTE
SCR 92 N gy
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" prd o b I i g R e VM
+5V vee 1k AD1 [2 e[| AD1 , b IFSTA
0.1 E2PROM  AD2 P— o] AD2 DGND ——Fﬁ _ (TANTALUM)
WET SC22201 AD3 ;—o——:%« AD3 =
GND AD4 |2— e — ] AD4 AGND T erot00 4 045V
= Note 2 ADS ENEa AD5 SC11026 B (TanTaLum) Note 1 10uF
a06 o291 D5  MAP  ygg i
Ap7 f2—{e}-21 AD7 5V
sPK 57" 100 8saw
14 3 0.2W
[} ALE ot 243 ALE 22uF s 230»F SPEAKER
05— o OE [ RO eoc |#
WE WA , .
A &
INT1 = Iy = 100 =
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MUXIN RXD «
10012W 1
CLKIN axa je ’ 7 Moo o
39vz A o)
cKouT 2t o ‘ ! Erzco UNE
’ 39V; 1 DK2414
ALE i 0 W o
AD 1
R 0aRW h o
Ko O +5V
K1, K2: FBR244D0505 RELAY 1 250V o= 1 reuser
= pammmm --|---
1, Q2-2N4401 TYPE ! 13
Q1, Q2-2N440 2Ka 50 +5Y "
KoV [+] —° °
Y “
10 uF
Pyet = MODULAR
(A 56K Q12 W JACKS
5y iNs254 A
1K 27v
- 51KQ 5 z R'3
1
4N25
sy IN914 2
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Note 1: Connect analog ground directly to common of the power supply filter capacitor.
Note 2: A serial E2 PROM may be substituted when using the SC11021 Modem Advanced

Controller.

Note 3: For external clocking of the transmitter, install J1 and set bit 6 of the MCRA; omit J2.
For slave clocking of the transmitter, install J2 and set bit 6 of the MCRA; omit J1.
For normal operation, omit J1 and J2, and clear bit € of the MCRA.

Figure 7. Common Portion of 2400 bps Modem.

CONFIGURATIONS FOR SC11021CV AND SC11022CV CONTROLLERS

Serial EEPROM
A NMC9346N
103 cs
SC11021CV 102 K
sCitoz2Cv 101 DIN
CONTROLLER 100 Do
2 5kQ
MUX
SIN o1 . XD
& +5V
MAP
Figure 7b.

The I/O pins may be used to drive
a serial EZ2PROM in addition to
controlling the V.23 mux switch as
shown. When reading from the
E?PROM, the RXD output should
be set high since the DOUT pin of
the E2PROM has greater pull-down
capability than pull-up. The 5 k2
resistor must be added to isolate
RXD since it is not tristatable.

In the majority of applications
where answer mode is not re-
quired, there is no conflict and the
I/O pins can be dedicated to the
serial EZPROM function and RXD
connected as shown in Figure 1,

page 8.
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Iﬁ883§5§§§|8|5333zg3 —o~"0—1—4
l g =n 100K
= ==n
< (1l NEL o014
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41513 SWITCH
Swich Inputs shoukd
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¥ not usad)

5C11021 is ROMless and can address 32k external ROM.
SC11022 has 16k internal ROM and can address 24k external ROM.
Consult controller data sheet for programming information.

Figure 8. Special Purpose Control Processor for Stand-Alone or Parallel Applications.
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Figure 9. RS-232C Interface for Stand-Alone Modem Application.
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A =
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A07 3 Do Do 17
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Figure 10. IBM PC/XT/AT Compatible Computer Bus Interface for SC11039 Controller of Figure 7.
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= __]___ =
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780 ING002 5 | rowen
+5V +—@ out ° IN *—9 q \? switcH
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1 — 11 & =
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1 GND 4 330 yF/IEV 1 WALL PLUG IN
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-|[—{

1 ) )

~10V

Figure 11. A'Typical Power Supply for Stand-Alone Modem Application.
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*IF THE SC11039, SC11021 FAMILY IS USED, CONNECT CSRAM, IF AN 8096 IS USED, CONNECT MA13.

Figure 14. Test Circuit to Generate “Eye Pattern”.




