Monolithic Modem Chip
Eases uP’s Phone Access

Integrated-circuit modems represent the final link in the
chain of devices that connect the digital world of the micro-
processor bus to the analog world of the telephone line. The
74VHC943 is such an IC; it's a single-chip and -supply Bell-
103 modem whose on-chip analog filtering, carrier-detect
circuitry and complete hybrid function spare you the com-
plexities of analog design. (The 74VHC942/943 devices
are direct pin, function, and spec replacements for the
MM74HC942/943 devices.)

Linked with such CMOS peripheral ICs as the NSC858
UART, the TP5088 DTMF dialer and some 74HC logic, the
IC allows the design of relatively inexpensive systems that
can profit from the intelligence and flexibility of microproces-
sor control. What's more, its silicon-gate CMOS process
suits the IC to applications in portable, battery-powered, re-
mote and harsh-environment systems. With little difficulty,
you can easily integrate the IC into an auto-originate, au-
toanswer modem in a uP-based system.

Figure 1 shows the basic functional blocks needed to con-
nect a microprocessor bus to a telephone line. The bus de-
coders are necessary to assign a unique set of addresses to
the UART (universal asynchronous receiver/transmitter)
and dialer circuit. The dialer circuit must be bus compatible;
i.e., it must be capable of accepting binary inputs from the
data bus. The dialer can create pulses, as with rotary-dial
phones, or it can send DTMF (dual-tone multifrequency) sig-
nals to the central office to establish a connection with an-
other phone.

When the modem operates with the dialer to call another
system, the calling modem is said to be in the originate

When mated with a handful of CMOS peripheral ICs, a single-chip
CMOS modem device allows you to configure simple, inexpensive
microprocessor-telephone interface systems with
autodial and autoanswer capabilities
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mode. When the microcomputer receives a call through the
modem interface, the ring-indicator circuit serves to inter-
rupt the microprocessor to answer the call automatically. In
this case, the modem goes to the answer mode. The block
denoted “hook-switch control” is a logic-controlled relay
that connects the system to or disconnects it from the
phone line.

Protective circuitry is needed to isolate the microcomputer
user from hazards (e.g., lightning) transmitted by the phone
line and also to protect the public phone system from any-
thing potentially damaging that may emanate from the us-
er’'s computer equipment. This circuit also provides a 2-sec
billing delay when an incoming call is answered. During this
period, data may not be sent or received. These protective-
circuitry functions are required (and must be approved) by
the FCC (a later section discusses them in detail). The de-
picted hybrid block performs 2-to-4 wire conversion, neces-
sary because both send and receive frequency bands use
the same pair of wires and it’s necessary to separate the
received signal from the transmitted one.

The next functional block is the modem itself. Modems have
only recently become available in integrated-circuit form;
two standards currently prevail in the U.S. The 103 standard
is for 300-baud, full-duplex communication; the 202 stan-
dard allows 1200-baud transmission while receiving at 5
baud, and vice versa. Another standard, the 212, specifies
full-duplex, 1200-baud operation.
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FIGURE 1. A basic microprocessor/telephone-line interface comprises the blocks shown
in this diagram. The modem assumes the task of generating and decoding the sine-wave
signals that represent marks and spaces in digital communications.
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In addition to the ICs that satisfy U.S. standards, there are
integrated-circuit solutions that conform to European
(CCITT) standards. These devices use bit rates that are sim-
ilar to those for the Bell standards, but they also use a
slightly altered set of frequency bands; moreover, they send
an extra tone to disable the European phone system’s echo
Suppressors.

Figure 1 also shows a block for an external receive filter that
may or may not be needed, depending on which manufac-
turer’s modem chip is used. The modem basically receives
a frequency-shift-keyed (FSK) mark (logical One) or a space
(logical Zero), and sends serial Ones and Zeros to the
UART. At the same time, the modem also receives serial
data and synthesizes a phase-continuous sine wave to send
to another modem at the other end of the phone line.

Finally, the UART takes parallel data from the microproces-
sor and feeds a serial data stream to the modem. It also
configures the modem’s serial output to form a parallel word
on the bus. The UART must add start, stop and parity bits to
the data word from the bus before transmission of the char-
acter and then strip off these same bits at the reception of a
character. UARTs have long been available in IC form; they
offer various degrees of programmability as well as such
features as on-chip baud-rate generation and advanced mo-
dem-interface capabilities.

Moving from a block diagram to a specific one, consider the
all-CMOS, intelligent-modem board shown in Figure 2. This
system interfaces with the NSC800 bus; however, you could
use any mutiplexed-bus microprocessor. The two -HC688s
are bus comparators that are hard wired to generate chip-
select signals to the dialer and UART upon accessing the
proper memory location. The first -HC688 decodes the eight
MSBs from the bus to activate the TP5088 tone generator.
When a call is originated, the digits of the phone number are
retrieved one at a time from system RAM.

With the modem chip’s transmitter squelched, the TP5088
uses the DSI (drive-summing input) pin to the -VHC943’s
line driver for tone transmission. In order to avoid clipping,
you must be sure that the TP5088’s output signal level does
not exceed the transmit level selected by the TLA resistor.
Writing the data on bus lines ADg through AD3 to the tone-
generator address causes the TP5088’s tone-enable input
to switch high through the NOR gate. A low-going WR from
the bus latches the four bits into the DTMF generator.

When the -HC688’s output enables tone generation, it
simultaneously fires one of the -HC123 dual one-shots onto
the NSCB800 bus’s Wait line for 80 msec. Thus, one of 16
possible tone combinations feeds through to the central of-
fice for 80 ms. Before the generation of the next tone, a
software wait loop serves to turn the generator off for 80
ms, i.e., until transmission of the next DTMF tone pair. This
action allows for an 80-ms-On, 80-ms-Off make-break ratio,
one that works with almost any central-office receiving
equipment. You can change this make-break ratio to suit
any requirement by altering the software timing and the one-
shot’s external-component values.

The same bus comparator pulls in the relay to take the
phone off-hook. A read to the address of the first -HC688
does not affect the TP5088; instead, it clocks flip flop 1 of
the -HC74 dual D flip flop. This action controls the on-/off-
hook relay for answering or hanging up the phone connec-

tion. Clocking the -HC74 flips the relay into its opposite
state; resetting the NSC800 on power-up causes Reset-Out
on the bus to become active. This signal, fed into the Clear
input of the -HC74’s flip flop 1, keeps the connection on-
hook when power is first applied to the system. For micro-
processors lacking this Reset-Out signal, a power-on reset
circuit could provide this function.

Directly connected to the phone line, the ring-indicator cir-
cuit tells the microprocessor that the line is ringing locally.
When this happens, the optocoupler’s transistor toggles on
and off, resulting in a long positive pulse from the normally
low Schmitt-trigger NAND output. This signal routes to the
RC network and Schmitt-trigger NAND gate, which form a
simple one-shot. The resistor and capacitor values are such
as to convert the ring signal from a series of low-going
spikes into a constantly low logic level.

The first pulse sets off the one-shot, which in turn drives the
UART’s input. The UART can then interrupt the processor
as detailed in a later section. The 600Q 1:1 transformer
isolates the line from hazards. The transformer and ring-in-
dicator circuit connect directly to the phone line; therefore,
their designs must follow the isolation guidelines in FCC
Rules, part 68.

The NSC858 UART (Figure 3), a member of the NSC800™™
family, features an on-chip baud-rate generator, a power-
down mode and extensive interrupt capabilities. It also has
two modem-control outputs (DTR and RTS) and three mo-
dem-control inputs, (DCD, DSR] and CTS). The absence of
an RS-232C connection in this application removes the
need for most of these protocols. As a result, except for
DCD, these controls serve as general-purpose 1/0 controls
for the modem’s SQT and O/A pins and as interrupt inputs.

The NSCB858 has internal registers that monitor the status of
these inputs; if enabled, the registers cause the UART to
interrupt the processor if a data set change occurs (i.e., if a
logic level changes on one of the modem-control inputs).
This is how the ring-indicator circuit in Figure 2 is able to
generate an interrupt. The UART’s DCD input is connected
to the -VHC943’s carrier-detect (CD) output to generate an
interrupt upon the loss of carrier to the modem. To see
which status change is responsible for the interrupt, soft-
ware can check the UART’s modem-status register.

In this application, the RTS output pin serves to control the
O/A pin on the -VHC943. The DTR output enters the billing-
delay circuit shown in Figure 4; its function is to activate or
deactivate the squelching function for the -VHC943’s modu-
lator. Software squelches the modem only by asserting a
logical Zero on DTR whenever its intent is to open the 3-
state output of the modem’s sine-wave synthesizer (Figure
7) and to allow the tone generator to use the line driver for
externally generated tones.

When PD goes Low, the -VHC943 and -HC858 power down.
The TP5088 is in its low-power mode whenever it is not
producing tones. PD on the NSC800 bus is actually an input
to power down the NSCB800; therefore, it's assumed that
another power-saving control device powers down the
whole system. One example of such a device is a real-time
clock (for example, the MM58167A) with an alarm-compare
interrupt output that can interrupt the processor once during
a selected time period.
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FIGURE 3. Interface between the modem and the P bus, the UART (Universal Asynchronous Receiver/Transmitter)
interrupts the processor upon logic-level changes in the modem-control lines. The UART’s modem-status register,
upon a software query, reveals which change caused the interrupt. The IC has an on-chip baud-rate generator and

features a power-down mode for low power consumption during inactive periods.




The modem, UART and DTMF dialer chip can use a
3.579545 MHz TV color-burst crystal. Figure 2 shows the
UART’s crystal oscillator driving the other two devices.
Schmitt triggers serve to square up the signals to the other
devices. The added input capacitance from the Schmitt trig-
gers slightly alters the oscillator frequency, but not appreci-
ably (less than 0.1%). Note that it's important to balance
any added capacitance on both sides of the crystal.

FCC-REGISTERED PROTECTION

Be warned that before you can legally connect any modem
to the phone lines, you must obtain FCC approval of the
protective circuitry (once known as the data-access ar-
rangement). Figure 2’s subsystem is registered as a “data-
terminal device”; it must be able to withstand the high volt-
ages specified in part 68 of the FCC’s Rules and Regula-
tions. Hybrid modules to perform the protective functions
are available from various manufacturers; some come with
FCC approval.

Some of the available modules perform the ring-indicator,
billing-delay, filtering, and hybrid functions (as well as other
functions). Note, however, that these devices are too ex-
pensive for high-volume modem systems. In many cases,
moreover, the devices include unneeded or redundant func-
tions. The configuration in Figure 2 uses a custom protec-
tive circuit that includes only the necessary functions, but be
aware that the circuit has not undergone the FCC approval
process, so it carries no guarantees. For any protective-cir-
cuit design, you’d be well advised to obtain the assistance
of a qualified consultant in procuring FCC approval.
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The billing-delay circuitry is shown in Figure 4. It uses an
-HC00 quad NAND package, half of an -HC123 dual one-
shot and half of an -HC74 dual D flip flop. This circuit keeps
the -VHC943 squelched for 2 sec after the connection goes
off-hook in the answer mode. There is no transmission de-
lay in the originate mode. The 2-sec interval allows the
phone company to send supervisory billing tones before the
transmission of any data.

The UART’s DTR output pin is low when the modem is to be
squelched; this logic level keeps the flip flop’s Q output
cleared. This low logic level also masks the one-shot’s out-
put, so the signal from the NAND gates to the -VHC943’s
SQT pin remains high, thereby keeping the modem
squelched. When the UART brings DTR high, the flip flop’s
Q output stays low while the one-shot is fired. The -HC123’s
normally high Q output is now pulsed low for 2 sec; this
action keeps the modem squelched during this time if the
answer mode was previously selected.

After the delay, the one-shot’s output provides a rising edge
to the flip flop’s clock to transfer the high-logic-level input
from DTR to the Q output. The NAND gates now transfer a
low level to the modem’s SQT pin; as a result, the modem
sends a 2025 Hz answer-mode mark. Note that if the sys-
tem receives a power-down signal from PD, the modem is
not allowed to transmit.

If the microprocessor and firmware were included on the
same board for submission to the FCC, separate billing-de-
lay circuitry would not be necessary. A 2-sec software wait
loop could instead provide the delay; it would act as the
billing-delay circuitry.
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FIGURE 4. The billing-delay circuit initiates or removes the squelch function, providing a 2-sec delay
to allow the phone company to send supervisory billing tones before any data transmission.




DON’T FORGET SOFTWARE

The hardware configuration discussed in the preceding sec-
tion is, of course, useless without proper software routines
to control it. This software comprises three phases: initiali-
zation, call establishment and information transfer. Upon
system power-up, the initialization procedure must reset the
UART and prevent the modem from coming up in an arbi-
trary mode and thereby transmitting a tone.

The call-establishment phase can commence once the user
makes his decision to call another modem or enables the
system to accept an incoming call. The main program is for
full-duplex character transfer once the phone connection is
established and the two modems are talking. If the connec-
tion is lost for one reason or another, the call-establishment
phase is reentered.

The initialization routine of Figure 5 serves to set up all the
UART’s registers immediately after power-up. It starts with a
hardware reset from the microprocessor (Reset Out for the
NSC800), thereby clearing most of the UART’s internal reg-
isters and disabling the modem-control pins and their asso-
ciated interrupts. This register-clearing action also tempo-
rarily disables transmission and reception through the
UART; it’s reenabled only after all the registers are correctly
set up and the two modems are receiving each other’s carri-
ers.

In the initialization of the transmit-mode register, the CTS
(Clear To Send) pin is normally enabled—however, it’s not
used in this design, so it’s left disabled. In both the transmit-
and receive-mode registers, the same parity, data-size and
internal-clock bits are written in the initialization word. One
difference is that CTS is disabled in the TX mode register’s
bit 6, but in the RX mode register, bit 6 serves to enable
DCD (data-carrier detect).

The other difference is that the TX mode register accesses
the transmit-abort end condition (TAEC), which decides
whether the last character to be sent out of the UART
(when transmission is disabled) is from the TX holding regis-
ter or the TX shift register. The holding register is the first
UART buffer to receive the data before it is sent to the shift
register and clocked out to the modem (as shown in Figure
3). TAEC selection depends on the perceived urgency of
data reception, which is given higher priority than transmis-
sion.

The global mode register selects the clock factor (< 16) for
the on-chip baud-rate generator. This selection determines
at what multiple of the baud rate data clocks into the trans-
mit shift register and clocks out of the receive shift register.
The global mode register also selects the number of trans-
mit stop bits.

The next step is to initialize the receive-transmit status mask
register; this is used in conjunction with the receive-transmit
status register, which is read to determine what caused the
UART to interrupt the microprocessor. The status signals
used to generate interrupts in this design include

® Receiver data ready

® Receiver overrun error (meaning data has overwritten an
unread received character)

® Receiver framing error (no valid stop bit detected)
® Receiver parity error
® Data set change

The reason for writing to the transmit-receive status mask is
to select those status signals that will be allowed to gener-
ate interrupts. A data set change refers to a logic-level
change on one of the modem’s status input pins. The

HARDWARE RESET: DISABLES RECEIVING,
TRANSMITTING AND CTS PIN

{

INITIALIZE TX MODE REGISTER: SELECT
TAEC, PARITY, DATA SIZE AND INTERNAL TX
CLOCK. LEAVE CTS DISABLED.

{

INITIALIZE RX MODE REGISTER: SELECT
PARITY, DATA SIZE AND INTERNAL RX CLOCK.
ENABLE DCD.

!

INITIALIZE GLOBAL MODE REGISTER: SELECT
CLOCK FACTOR (16 x) AND STOP BITS.

!

INITIALIZE RECEIVE—TRANSMIT STATUS MASK
REGISTER: SELECT INTERRUPTS FOR: RX READY,
DATA SET CHANGE, ERRORS (RX OVERRUN, FRAMING,
PARITY)

l

INITIALIZE MODEM STATUS MASK REGISTER: ADCD
(CARRIER LOSS DETECTION), ADSR (USED FOR RING
INDICATOR), ABRK (RECEIVER BREAK DETECTION)

1

SET BAUD-RATE GENERATOR DIVISOR LATCH: WRITE
745,9 TO GET 300 BAUD WITH 16 x CLOCK FACTOR

AUTO-
ORIGINATE
ROUTINE

TL/F/12129-5

AUTOANSWER
ROUTINE

FIGURE 5. The initialization routine sets up the UART’s
registers just after power-up. A reset from the uP starts
the sequence; it also disables transmission and
reception through the UART until the modems receive
each other’s carriers. Additionally, it sets the clock
factor and the baud-rate generator for the desired data
rate. Finally, the initialization sequence selects
autoanswer or auto-originate mode.




UART’s modem status mask register masks these signals
to determine which ones will be allowed to create a data-
set-change interrupt.

The final area of initialization sets the baud rate for sending
data out of the UART’s transmit shift register and for clock-
ing data out of the receive shift register. Writing a value of
7454 into the baud-rate divisor latch gives 300-baud opera-
tion with a 3.579545 MHz crystal, using the previously se-
lected X 16 clock factor.

AUTO-ORIGINATE ROUTINE

The auto originate routine in Figure 6 begins by disabling
interrupts to prevent an incoming call or anything else from
taking over the processor and damaging the critical dialing
timing. A read to the address occupied by the tone decoder
causes the system to go off-hook. It's necessary to wait a
suitable amount of time, depending on the phone system’s
response time, for a dial tone. Dial-tone reception is not

DISABLE SYSTEM
INTERRUPTS

AUTO-ORIGINATE
ROUTINE

acknowledged in this application, so it’s best that the wait
loop be as long as possible.

Next, the first binary phone-number digit is retrieved from
memory and is written onto the ADg through AD3 line from
the microprocessor bus. This action automatically puts the
wP in wait state for 80 ms (in hardware) while the tone is
sent. After this wait, a software wait loop gives 80 ms of
silence between tones. The next phone-number digit is then
retrieved from memory; the process continues until the
number is completely dialed.

At this point, selection of the originate mode occurs by writ-
ing a Zero to bit 6 (RTS) in the command register. This
action sets the RTS pin (which directly feeds O/A in the
-VHC943) High in the UART. Next, a wait loop occurs con-
currently with the polling of bit 5 of the modem status regis-
ter. If, after 30 sec of waiting, no carrier is received (bit 5 =
0), the connection has not been established. A carrier is
typically detected in about 10 sec; 30 sec is the maximum.

WAIT:
3 SEC FOR

GO OFF-HOOK BY
READING FROM TONE
ENCODER’S ADDRESS

DIAL TONE, WHILE
RETRIEVING FIRST
BINARY PHONE
NUMBER DIGIT
FROM SYSTEM

SPACE

MEMORY.

PUT BINARY DATA ONTO ADy—AD,
BY WRITING TO TP5088’S ADDRESS

RETRIEVE NEXT
PHONE DIGIT

F' N

FROM MEMORY

RE-ENABLE RING
INDICATOR
:

TRY CALL AGAIN

A4

SPACE: 80-mSEC WAIT STATE OCCURS
AS TONE IS SENT

WAIT
80 mSEC
(SILENCE)

SELECT ORIGINATE MODE:
SET UART RTS =1 (THUS,
MODEM 0/A =1

WAIT
WHILE
POLLING BIT 5 OF
UART’S MODEM

STATUS REGISTER
FOR 30 SEC MAX
FOR CARRIER.

REMOVE SQUELCH FROM TRANSMITTER (UART’S
DTR =1). THUS MODEM'S SQT=0. THIS SENDS
ORIGINATE MODE MARK AT 1270 Hz.

ENABLE RX & TX IN UART'S COMMAND REGISTER
BEGIN FULL-DUPLEX COMMUNICATION

TO MAIN
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FIGURE 6. The auto-originate routine disables any interrupts during dialing. It provides 80-ms wait-state
commands to the microprocessor while tones are sent, and 80 ms of silence between tones. If the call is not
established within 30 sec, the sequence enables the ring indicator or tries the call again.




If no carrier is received, you can hang up the connection
and call the number again, enter the autoanswer mode, or
abandon the call. If the connection is established, and an
answer-mode carrier is received, then writing a One to bit 7
(DTR) of the command register removes the squelch previ-
ously imposed upon the originate modem’s carrier. This ac-
tion causes the UART’s DTR pin to switch Low; as a result,
SQT = 0 in the modem. Now the UART’s command regis-
ter enables the receiver and transmitter, and full-duplex
communication can begin through the main program.

The autoanswer routine of Figure 7 must begin with an inter-
rupt that indicates that the phone line has a ring signal on
the answer modem’s side of the telephone line. Before this
can occur, it’s necessary to enable interrupts. The hook-
switch control circuit is still on-hook as it was after power-
up. Writing a One to bit 7 of the UART’s command register
ensures squelching of the modem’s transmitter. Writing a
One to DSR in the modem mask register and Zeros to all
other bits in this register prevents any other type of data-
set-change interrupt from occurring.

AUTOANSWER PROCESSOR IS PERFORMING OTHER SYSTEM
MODE TASKS RING INDICATOR CIRCUIT IS ON HOOK.
MODEM’S TRANSMITTER 1S SQUELCHED.

INTERRUPTS ARE ENABLED. ALL DATA SET
CHANGE INTERRUPTS ARE MASKED OUT

EXCEPT DSR

READ RECEIVE-TRANSMIT
STATUS REGISTER BIT 7
(DATA SET CHANGED)

INTERRUPT,

READ RECEIVE-TRANSMIT STATUS
REGISTER, BIT 7 (DATA SET CHANGE)

DATA
SET CHANGE
INDICATED?

WAIT
FOR A DETERMINED
NUMBER OF
RINGS.

DSR=1

LOCAL RINGING
?

EXIT:
SERVICE
INTERRUPT

v

GO OFF-HOOK
BY READING FROM TP5088's —
ADDRESS SPACE.

SET UART RTS=0
(MODEM 0/A=0)

SELECT ANSWER MODE:
(| 2-SEC FCC BILLING DELAY IN

ENABLE RX & TX IN UART
COMMAND REGISTER
BEGIN FULL DUPLEX

COMMUNICATION.

CARRIER RECEIVED

o wan)

REMOVE SQUELCH FROM
TRANSMITTER
(SET UART’S DTR =1) CAUSING

HARDWARE, THEN MODEM'S
SAT GOES LOW TO SEND AN
ANSWER MODE MARK (2025 Hz)

POLL & WAIT
5 SEC MAX
FOR OCD BIT CHANGE
IN UART

TIME 0UT?

GO ON-HOOK: READ FROM
TONE ENCODER'S ADDRESS
SPACE

v

SQUELCH TRANSMITTER: SET UART’S
EXIT DTR=1, THUS MODEM’S SQT=0)
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FIGURE 7. This autoanswer routine begins with an interrupt indicating the phone line has aring signal at the
answer modem. The routine causes the answer modem to listen for the originate modem’s carrier; if the carrier is
not received within 5 sec, the answer modem'’s carrier is suppressed and the originate side can attempt a recall.




The system can continue to do other tasks in anticipation of
a calling interrupt, providing the preceding conditions do not
change. When an interrupt does occur, checking bit 7 of the
receive-transmit status register reveals whether a data set
change has occurred. If one hasn’t occurred, then some
other peripheral has interrupted the microprocessor. Upon
verification of a data set change, it's necessary to check bit
6 of the modem status register to see whether the DSR pin
has gone high.

Because all other bits in the modem status mask were
masked out, it’s unlikely that any other modem status pin
has caused the interrupt. Once bit 6 is verified to be high,
system interrupts are disabled and the processor’s stack
popped to prevent an interrupt return. Meanwhile, the phone
line still sees a ringing signal, so a wait loop can be inserted
for a programmed number of rings before the call is an-
swered. The connection then goes off-hook as a result of
reading the tone dialer’s address space.

Writing a One to bit 6 (RTS) of the command register se-
lects the -VHC943’s answer mode. This action brings the
modem’s O/A pin Low. A 2 sec wait now occurs in hard-
ware, as previously discussed. The originate modem is now
waiting in silence. Writing a One to bit 7 (DTR) of the com-
mand register now removes the squelch imposed upon the
answer modem’s transmitter. This operation forces the -
VHC943’s squelch (SQT) pin Low and causes transmission
of a 2025 Hz answer-mode mark.

The answer modem is now anticipating the originate mo-
dem’s 1270 Hz carrier. During a 5 sec max wait, bit 5 (DCD)

of the UART’s modem-status register is polled for a logical
One. If DCD does not go high in this time, the connection
goes on-hook and the answer modem’s carrier is sup-
pressed by the squelch circuit. The originate modem can
now attempt a recall. If the modem receives a carrier within
the 5 sec limit, bits 0 and 1 in the command register both go
High, enabling both transmission and reception. Full-duplex
communication can now begin, and access to the main pro-
gram for this operation now occurs.

THE MAIN RX/TX PROGRAM

After establishing the phone connection between the two
modems, the main program of Figure 8 controls the recep-
tion and transmission of data. The routine begins with the
enabling of system interrupts. Transmission uses a well-
known polling technique that checks the receive-transmit
status register whenever a character is ready for transmis-
sion. If the TXBE (transmit buffer empty) bit is Zero, polling
of the bit continues until it reads logical One. A character is
then written into the transmit holding register and the pro-
cess continues. The character is also transferred to and
clocked out of the transmit shift register and sent to the
-VHC943; this final process is transparent to the software.

Data reception receives a higher priority than does trans-
mission, in most cases, because a character will be over-
written in the UART if it is not read promptly enough. Thus,
reception is interrupt-driven. Other UART-oriented functions
are interrupt-driven in the main program, but reception of a
data word receives top priority.
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FIGURE 8. After the establishment of a phone connection, this communications program takes over the management
of the modem-to-modem conversation. Because reception is accorded a higher priority than is transmission, it’s
interrupt driven; i.e., receiving a data word gets top priority. The routine checks for errors and allows for
retransmission when an error is detected. In the case of loss of carrier, the sequence arranges for both modems to
revert to their autoanswer and auto-originate modes.
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A read of the receive-transmit status register serves to poll
six of its important bits. Bit 0 (Receiver Data Ready) is
polled first; if it’s a logical One, a read of the RX holding
register takes place. This action is followed by an interrupt
return that transfers control back to the transmission mode.
If bit 0 yields no information, bits 3, 4 and 5 are read in
order. If one of these bits reads logical One, this means a
receiver-overrun, framing or parity error has occurred; the
incoming data is defective and must be retransmitted.

A suitable means of requesting a retransmission of the last
block of characters is to transmit a break, which is a contin-
uous string of logical Zeros. Variable break lengths are pro-
grammable on the NSCB858. If the three bits yield no error
information, then a check of bit 3 (BRK) reveals whether the
remote modem has received an error and is requesting a
block resend. The two modems must agree upon both
break length and block size in order to honor retransmission
requests.

Finally, if none of these bits yields any information on the
cause of the interrupt, the only remaining possibility is loss
of carrier. This loss is verifiable by looking for a logical Zero
on bit 5 of the modem status mask. If carrier loss occurs,
communication must be reestablished. Both modems are
put back in their originate or answer modes, as applicable.

Note in Figure 8 that a full RX buffer or an RX error does not
require a stack pop, because the transmission of data can
continue undisturbed. If, instead, a break is received (imply-
ing loss of carrier), then the stack must be popped because
data transmission is in error or has been broken off—so
there’s no sense in returning to the transmit mode.

HOW MUCH POWER?

Hardware and software requirements satisfied, it's impor-
tant to consider the worldly question of power consumption.
It's easy to calculate the consumption of Figure 2’s system.
The -HC688s, the -HC123 and the -HC74 switch at a very
slow rate, so you can use their quiescent-lgc specs. At
25°C, the worst-case Igc for these devices is 8 uA. The
other logic chips (i.e., the quad NOR and Schmitt NAND)
are also 74HC devices; they consume only 2 nA per pack-
age at 25°C.

TL/F/12129-9
FIGURE 9. This simple power-down circuit
puts the crystal oscillator to sleep, reducing the
modem’s quiescent current by 245 uA.

The consumption of the -HC devices is insignificant in com-
parison with that of the larger circuits in Figure 2. The
NSC858 uses 5 mA when operating at 300 baud, and it
uses, at most, approximately 200 A in power-down mode.
The -VHC943 consumes 9 mA max when transmitting at
—9 dBm; Igc drops to 250 pA in power-down mode. The
resistor divider for the -VHC943’s analog-ground connection
consumes approximately 1 mA. This current is not required
by the -VHC942; moreover, using an op-amp-generated ref-
erence instead of a divider can eliminate it for the -VHC943.

Because the TP5088 never operates at the same time as
the modem, and because the modem consumes more pow-
er, only the DTMF generator’s idle-mode (no tones sent)
current of 100 nA is needed. The hook-switch relay typically
consumes about 5 mA, but this figure is strongly dependent
on the type of relay used. The ring-indicator circuit is line
powered; therefore, you need not include its consumption in
these calculations.

The total worst-case current at 25°C is 20 mA when the
modem is transmitting, 1.5 mA when the system is in the
power-down state. This power-down current is roughly
equivalent to the current consumed by a single low-power
Schottky-logic gate. Figure 9 shows a method of powering
down the crystal oscillator, reducing the power-down cur-
rent for the -VHC943 and the system in Figure 2 by 245 uA.
Note that the microprocessor’'s power calculations, and
those of the system memory or other peripherals, are not
included in these computations.

APPLICATIONS AREAS

Where can you apply the modem system described in this
article? The most obvious application area is perhaps the
area of personal computers. But this design is suitable for
many other microprocessor-controlled systems. For exam-
ple, Figure 10 shows a pP-based electronic-funds-transfer
(EFT) terminal (using public telephone lines) at a gasoline
station. The system comprises a magnetic-card reader
linked to a display, and several gasoline pumps, each with
its own display.

The pumps are connected to the system controller, which is
a nP-based system with memory, data-encryption firmware,
pump-control electronics and a modem board. Because
transactions are executed upon the request of the debit-
card holder (and not on the request of the bank), the mo-
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FIGURE 10. An electronic-funds-transfer system
allows for gasoline purchases in this example. The gas
pumps connect to a system controller that protects
data by using an encryption technique. The system
uses public phone lines instead of expensive leased
lines. The preferred data rate for such proposed
systems is 300 baud.
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dem circuit of Figure 2 would be configured as an originate-
only system. The answer-routine software and the ring-indi-
cator circuit are not needed.

For central-office receiving equipment that operates on
pulses rather than on DTMF tones, the tone-dialing circuitry
(TP5088, -HC688 and -HC123) is also unneeded. The mi-
croprocessor could toggle the logic-controlled relay to send
the dialing pulses while software wait loops control the
pulse duration.

For a large number of EFT terminals linked to one system, a
subset of the terminals could interface with a network con-
troller that would communicate with the central computer at
a much higher data rate than that of any one terminal. The
network controller would multiplex the data from the termi-
nals in its local cluster. This configuration would reduce the
number of leased lines used from one per terminal to one
per controller, substantially reducing system cost.

Most of the risk of opening the public phone system to elec-
tronic-funds transfer could be eliminated by using data en-
cryption, with a key that’s easily changed electronically (and
it should be changed as often as possible). Data encryption
handled in hardware would offer the speediest operation.
Such networks are common today, except that usually only
leased lines are used for EFT. Standards for EFT over the
public phone system are currently in development.

In using public phone lines for EFT, the data-transfer rate
would necessarily be 300 baud for reliable operation over all
the lines in the system. The 212A standard could also apply
(it would be as reliable as the 103 standard because it has a
300-baud FSK backup mode), but a single-chip 212A IC
could easily attain ten times the cost of the 300-baud
-VHC943 because of the IC’s much greater die size. A
smaller number of applications would derive much benefit
from the more expensive 212A IC; applications in which
very short blocks of data are transferred would glean the
least benefit of all.

For example, if the total number of characters (bytes of
data) to be transferred is 60, then the transmission time is 2
sec at 300 baud. Using the 212A standard (1200 baud; full
duplex), this time would be reduced to 0.5 sec, for a 1.5-sec
savings. This time savings is minimal in terms of billing time.
And when you consider the total calling time, this 1.5-sec
decreased delay does not make the EFT terminal or credit-
verification system appreciably more convenient.
Long-distance dialing with a conventional pulse or rotary
system can take as long as 10 sec, while DTMF dialing
takes 1 sec. The interoffice switching time from dialing com-
pletion to remote ring can be as long as 12 sec. Finally, for
every data transmission over the phone system, the FCC
requires a 2-sec billing delay before data can be sent. So,
the total transmission time can be as long as 18sec with
DTMF dialing; 26 sec with pulses. It's now evident why the
savings of 1.5 out of 18 or 26 sec does not justify the much
greater cost of a 212A system in applications using short
blocks of data. For a properly engineered EFT system, a 60-
character block of data per transaction in both directions is
not unreasonably restrictive.

Finally, there are many other applications that could use the
public phone lines to transmit data and that could benefit
from the advantages of 1-chip modems. These areas in-
clude credit-verification terminals, security systems, acous-
tic modems, cellular telephones, vending machines, elec-
tronic-mail terminals and remote utility-metering devices.

ANATOMY OF A 1-CHIP MODEM

The Bell 103 standard specifies the frequency bands for
FSK marks and spaces. If the modem originates the call, it
transmits a space as a 1070 Hz; sine wave; a mark is at
1270 Hz. It receives a mark as 2225 Hz and a space as
2025 Hz. Consequently, the answer modem receives marks
at 1270 Hz and spaces at 1070 Hz; it transmits them at
2225 and 2025 Hz, respectively. Originate and answer
modes are selectable on the -VHC943’s O/A pin (Figure A).

The transmission level is set by a resistor to the TLA (trans-
mit-level adjust) pin. The resistor values and attendant
transmit levels follow the Universal Service Order Code, as
shown in the -VHC943’s data sheet. Raising the SQT pin
produces a squelch, causing the modem’s sine-wave syn-
thesizer to assume open 3-state outputs. A squelch action is
needed when the modem’s line driver is being used to send
externally generated dial tones, voice transmission or other
signals.

The modem IC also has an analog loopback (ALB) pin that,
when taken high, allows input data on pin TXD to come out
on the RXD pin after a short delay. Analog loopback is use-
ful as a diagnostic tool. When both SQT and ALB are taken
high, the -VHC943 goes into its power-down mode—Icc
drops to 250 nA and the line-driver’s 3-state output as-
sumes the open state.

The -VHC943 has an on-chip carrier-detect circuit that sig-
nals the reception of an adequate carrier (signal from the
modem at the other end of the line). When no carrier is
present, the modem’s CD output assumes a logical One.
When a carrier at or above —44 dBm is received, CD goes
low after a time delay that’s controllable by the CDT input.

The carrier-detect trip point then drops 3 dB, providing hys-
teresis to stabilize the CD output. Varying the capacitor on
the CDT pin changes the carrier-detect turn-on time delay.
This capacitor similarly affects carrier-detect turn-off time.
The carrier-detect off-to-on times are set to be longer than
the on-to-off times. This means the carrier must be present
and stable to be acknowledged; and that if the carrier
changes from a stable level to a marginal one, it will be
quickly rejected.

The -VHC943 offers several advantages over other ap-
proaches to modem design. One beneficial feature is the
fact that the receive filter, carrier-detect circuit and hybrid
function are included on the chip (Figure A). This inclusion
lowers parts count, saves board space and makes the part
easy to design in and use.

The IC is also very economical with power, using only 8 mA
when transmitting at —9 dBm. It also includes a power-
down mode that reduces Igc to 250 nA. The device oper-
ates from one 5V supply; this span gives the modem a typi-
cal output transmit range of —9 to —12 dBm. A variation,
the -VHC942, has an output transmit range of 0 to —12
dBm typ when operating from £5V supplies.

The -VHC943 performs well in the presence of noise. In
tests using the industry-standard C-message-weighted
noise injected over a resistive phone-line simulator and with
the modem’s transmitter sending pseudorandom data, the
IC received a 511-bit pseudorandom pattern with a bit-error
rate of 10—5, or one error in 105 bits sent. These tests were
conducted with 4.5-dB signal-to-noise ratio. Further bit-er-
ror-rate tests are under way; the results will be published
soon.
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FIGURE A. A 1-chip CMOS modem IC handles 300-baud communications. It generates and receives (and filters)

analog loopback, on-chip carrier-detect circuitry, line-interface circuits, and, of course, modulation and

demodaulation sections. The IC consumes 8 mA in active mode; 250 A when powered down.
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