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Am78101

FSK AUTODIAL MODEM
WORLD-CHIPTHM

DISTINCTIVE CHARACTERISTICS

c Bell 103, 113, 108 and CCITT V.21 compatible at 300 bps
full-duplex

) Bell 202 and CCITT V.22 compatible at 1200 bps half-duplex
with up to 150 bps back channel (CCITT V.23 modes with
optional soft carrier turn-off feature)

o Single-chip digital signal processor

o Autodial support
=-Dual Tone Multi-Frequency (DTMF) Tone Generation
~Call Progress Tone Detection
-Answer Tone Detection

o Integral 4-to-2 wire hybrid

© Public Switched Telephone Network (PSTN) rasponse times

<] Serial RS-232C/CCITT V.24-type handshake interface and
protocol
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GENERAL DESCRIPTION

The Am79101 World-Chip is a single-chip asynchronous Frequency
shift Keying (FSK) modem that is compatible with the applicable
Bell and CCITT-recommended standards for 103/113/108, 202, V.21
and V.23-type modems. All modulation, demodulation, filtering,
analog-to-digital and digital-to-analog functions are provided
on-chip.

Using the features described here, an intelligent Autodial,
Autoanswer FSK modem may be implemented with only an Am79101
single-chip under the control of a host microprocessor and a
Data Access Arrangement (DAA) circuit.

The modem operates in a serial asynchronous mode:; the serial
interface supports the RS-232C/CCITT V.24-type handshake
signals at TTL levels.

The modem analog interface provides an internal hybrid for the
4-to-2 wire conversion. Auxiliary functions performed within
the Am79101 include:

- Autodial support with DTMF generation and Call Progress
Tone Detection.

- Answer Tone Detection (Bell and CCITT).

- Autoanswer support.

- Analog loopback support.

The Am79101 is housed in a 28-pin plastic leaded chip carrier
as well as 28-pin plastic and ceramic dual-in-line packages.

Connection to the telephone network may be via a DAA or an
acoustic coupler. All digital I/0 signals are TTL-compatible
(except the external clock and RESET signals) and the circuit
operates from +5 Volts.
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CONNECTION DIAGRAMS
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ORDERING INFORMATION
Standard Products

AMD products are available in several packages and operating
ranges. The order number (valid combination) is formed by a
combination of the following:

a. Device number

b. Speed option (if applicable)

c. Package type

d. Tewperature range

¢. Optional processing

Am79101 D c B

L__ e. Optional Processing
Blank = Standard processing
B = Burn-in

d. Temperature Range
C = Commercial (0°9C to +70°C)
T = Industrial (-40°9C to +85°C)
E = Extended (~559C to +1259C)

c. Package Type
D = 28=Pin Ceramic DIP (CD 028)
P = 28-Pin Plastic DIP (PD 028)
J = 28-Pin PLCC (PL 028)

a. AMD Device Type b. Speed Option
FSK Moden Nct Applicable

Valid Combinations

Am73101 | DC, DCB, DI,
DIB, PC, DE,
DEB, JC

valid combinations

valid combinations list configurations planned to be supported
in volume for this device. Consult the local AMD sales office
to confirm availability of specific valid combinations, to
check on newly released valid combinations, and to obtain
additional data on AMD's standard military grade products.
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PIN DESCRIPTION

A1l digital inputs and outputs are TTL-compatikle unless other-
wise noted.

SETUP CONTROIS
DA/CA Data/Call (Input)

This input selects the Data Mode (DA/CA=HIGH ) or the Call
Mode {DA/CE=LOW). In the Data Mode, the Am79%101 operates
as a modem, using other setup and handshake inputs. Data
Mode is the initial condition by default.

Tc_enter the Call node, DA/CA is brought to a LOW while
BDTR is HIGH and MC pins are set to a valid mode (i.e., not
reserved mode). Once in the Call Mode, DTR is set LoW.

MC inputs and RTS will determine the generation of either
DTMF or answer tones, and the detection of c¢all progress
tones or answer tones. To re-enter the Data Mode, DA/CA
is returned tc a HIGH during a valid modem mode.

DTR Data Terminal Ready (Input)
A LOW level on this input indicates the data terminal is
ready to send and/or receive data via the modem. This
signal is gated with all other TTL inputs and ocutputs so
that a LOW level enables these signals as well as the
internal contrecl legic. A HIGH disables all TTL I/0 pins
and the internal logic. '

When DTR is HIGH, the modem handshake state machine is
reget to initial conditions. This is the only way to
reset the state machine, and must be done after power-up.
The state wachine dces not automatically power up to a
known state. If DTR is permanently enabled (LOW), the
state machine will simply run from wherever it powers-up.
This can result in abnormal bhehavior such as an unusually
short RTS-CTS delay due to lack of DTE initializatien.
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To change the modem mode when powered-up, use the
following sequence: (See Figure 16)

1. Set DTR HIGH
2. Change MC inputs to desired configuration
3. Wait at least 100 microseconds

4. Set DTR LOW

The MC inputs perform some hardware functions and are also
sampled periodically by the state machine. If the MC
inputs are changed without re-initialization using DTR,
the state machine will not completely change to the new
mode. In the Call Mode, DTR does not have to be changed

whenh going from one DTMF digit to another.
MCh-MC4 Mode Controls (Inputs)

In the Data Mode, the MC inputs specify one of the 25
available modem configurations as listed in Table la.
Included are Bell 103/202, CCITT V.21/V.23 with various
options like equalizer, 150 bpe back channel, soft turn-
off and loopback.

The loopback modes set the signal processing fregquency
band of the receiver to that of the transmitter. The user
must connect TC to RC for analog loopback, and RD to TD
for digital loopback as shown in Figure 1.

In the Call Mcde, the MC inputs select generation of DTMF
or answer tones, or detection of call progress tones or
answer tones, as listed in Table 1b.

None of the reserved modes should be used.

TRANSMITTER I/0Q

BCTS Back Clear To Send (Output)

This line is equivalent to CTS for the main channel,
except that it applies only to the back channel. BCTS is
meaningful only when a V.23 mode or 202 150bps (or 75bps)
back channel mode is selected by MCyp~MC,;. This signal is
not used in the 202 5bps back channel mode.

10
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BRTS Back Reguest To Send (Input)

BTD

RTS

Since the 1200bps modem configurations, Bell 202 and CCITT
V.23, permit only half-duplex operation over 2-wire lines,
a low baud rate back channel is provided_for simultaneous
transmission in the reverse direction. BRTS is directly
equivalent to main channel RTS, except that it applies
only to the back channel. Note that since the modem
contains a single transmitter, RTS and BRTS should not be
asserted simultaneously. BRTS is meaningful only when a
202 or V.23 mode is selected by MCo-MC4. In all other
modes, it is ignored.

For the V.23 modes and the 202 150bps (or 75bps) back
channel mode, the frequency appearing at TC is deternined
by a Mark or Space at BTD. For the 202 5bps back channel
node, a frequency of 387 Hz appears at TC when BRTS is LOW
and BTD is HIGH. No energy (0.0 Volts) appears at TC when
BRTS is HIGH. BTD should be held HIGH in this mede. BRTS
then, is equivalent to the transmitted data. BRTS is the
Secondary Request-to-Sand for 202 $/T modems, or the
Supervisory Transmitted Data for 202 C/D modens.

Back Transmitted Data (Input)

This line is equivalent to TD for the main channel, except
that it applies only to the back channel. BTD is
meaningful only when a 202 or V.23 mode is selected by
MCg-MC4. For 202 Sbps back channel transmission of On/Off
keying, BTD should be set HIGH.

Clear To Send (Output)

This output goes LOW at the end of a delay (trcon)
initiated when RTS goes LOW. Actual data to be
transmitted should not be presented to TD until a LOW is
indicated on CTS. This gives the receiving modem (on the
other end of the phone line} enough time to reccognize a
valid carrier signal before data is transmitted. Normally
the user should force TD HIGH whenver CTS is HIGH so a
Mark will be sent during the tpcony_time. TS5 goes HIGH at
the end of a delay initiated when RTS goes HIGH (trcorr)-
CTS will never he LOW when DTR is HIGH.

Request To Send (Input)

A IOW on this input instructs the modem to entexr transmit
mode. This input must remain LOW for the duration of data
transmission. This signal has no effect if DTR ls HIGH
(8lsabled). A HIGH level on this input turns off the
transmitter.

11
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In the Call Mode, RTS also controls the transmitter. When
RTS is LOW, the tone specified by the MC pins will be
transmitted. A KIGH level will turn off the tene., During
Answer Tone Detection and Call Progress Tone Detection,
RTS should be HIGH.

TC Transmitted Carrier {Dutput, Non-TTL-Compatible)

This analog output is the modulated carrier to be sent
over the phone line. 1Its frequency changes according to
the data at TD or BTD.

TD Transmitted Data (Input)

Data bits to be transmitted are presented to this input
serially; HIGH (Mark) corresponds to logic 1 and LOW
(Space) corresponds to logic 0., This input determines
which frequency to appear at any instant at TC (See_Table
3). No signal appears at TC unless DTR is LOW and RTS is
LOW.

RECEIVER 1/0

BCD Back Carrier Detect (Output)

This line is equivalent to CD for the main channel, except that
it applies only to the back channel. BCD is meaningful only
vhen a 202 or V.23 mode is selected by MCp-MCs. For the V.23
or 202 150bps (or 75bps) back channel modes, BCD changes to LOW
when either the Mark or Space frequency appears with sufficlent

level at RC.

For the 202 Sbps back channel mode, BCD changes to ILOW in
response to a 387 Hz tone of sufficient level at RC. In this
case BCD is equivalent to the signal, Secondary Received Line
Signal Detector, for 202 5/T modems, or Supervisory Received
Data for 202 C/D modems.

BRD Back Received Data (Output)

This line iz equivalent to RD for the main channel, except
that it applies only to the back channel. BRD is
meaningful only for the V.23 or the 202 back channel
modes. Under the following conditions this output is
clamped HIGH:

1, V.21/103 modes
2. BCD HIGH
3. DTR HIGH
4. BRTS LOW and RTS HIGH in V.23 or 202 150 bps modes
only
§. During Autocanswer sequence.
12
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CD Ccarrier Detect (Output)

A LOW on this output indicates that a valid carrier signal
is present at the receiver and has been present for at
least the time topoy- A HIGH on this output signifies
that no valid carrier is being received and has not been
received for at least the time tppgpp. In the Data Mode,
carrier Detect locks for energy in the receive bandwidth.
A carrier is considered valid when the signal level at RC
is above a thresheld limit Vopoyn, and absent when the
lavel 1s below VeporF-

In the Call Mode, a CD LOW output indicates a valid answar
tone or call progress tone has been detected above the
limit Vepcon. A CD HIGH output indicates there is no
anargy above the VoncorF-

RC Received Carrier (Imput, Non-TTI~Compatible)

This input i=s the analog signal received from the phone
line. The moden extracts the information contained in
this modulated carrier and convertse it into a serial data
stream at RD or BRD.

BRD Received Data {Output)

Data bits demodulated from RC are available serially at
this output; HIGH (Mark) indicates legic 1 and LOW (Space)
indicates logic 0. Under the following conditions, this
output is clamped HIGH because the data may be invalid:

1. When CD is HIGH

2. During the internal sguelch delay at half-duplex line
turn-around (202 and V.23 nodes only)

3. During soft carrier turn-off at half-duplex line turn-
around (202 and V.23 soft turn-off modes only)

4, When DIR is HIGH

5. When RIS is I.OW and BRTS is HIGH in 202 and V.23 modes
only

6. During Autcanswer sequence.

MISCELLANEQUS

AGND Analog Ground

13
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CAP1, CAF2 (Non-TTL-Compatible)

These two pins are connection peints for the external
series capacitor-resistor required for proper operation of
the on-chip analog-to-digital converter.

Recommended values are: C = 2000 pF +10%
R = 910 ohnm +10%

DGRD Digital Ground

RESET (Non-TTL-Compatible)
This input signal is for a reset circuit which operates in
either of two modes (refer to Figures l15a and 15k). The
An75101 should ke reset upon initial application of
power.

VBB =5 Volt Power Supply

VCCc +3 Volt Power Supply

XTALj, XTALy {Non-TTI-Compatible}
Master timing of the modem is provided by either a crystal
connected to these two pins or an external clock inserted

into XTALj;. The value of the crystal or the external
clock frequency must be 2.4576 MHZ +.01%.

14
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Table la. Mode Controls in the Data Mode (DA/CA=HIGH)

Modem Modes

MC4 MCy MCy; MC; MCq
0 0 t] o 0
¢ 0 0 0 1l
o 0 0 1 0
o o o 1 1
0 0 1 0 0
0 0 1 o i
0 o 1 1l )
0 0 1 _i 1
0 1 0 0 0
0 1 0 0 1
0 1 v 1 0
0 1 0 1 1
0 1 1 0 0
0 1 1 o 1
0 1 1 1l 0
0 1l 1 1 1

Bell 103 Originate 300 bps full-duplex

Bell 103 Answer 300 bps full-duplex

‘|Bell 202 1200 bps half-duplex

with 5 bps back channel

Bell 202 1200 bps with amplitude
equalizer and 5 bps back channel
CCITT V.21 Originate 300 bps full-
duplex

CCITT V.21 Answer 300 bps full-duplex

CCITT V.23 Mode 2 1200 bps half-duplex#*

CCITT V.23 Mode 2 with amplitude
equalizer 1200 bps half-duplex#*
CCITT V.23 Mode 1 600 bps half-duplex*

Reserved

Bell 202 1200 bps with 150 bps back
channel

Bell 202 1200 bps with amplitude
equalizer and 150 bps back channel
CCITT V.23 Mode 1 600 bps with soft
turn-off*

Reserved

CCITT V.23 Mode 2 1200 bps with soft
turn-off*

CCITT V.23 Mode 2 1200 bps with
amplitude equalizer and soft turn-off#*

*Up to 150 bps back channel is available.
Note: Reserved modes should not be entered.

15
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Table la. Mode Controlse in the Data Mode (DA/CA = HIGH)

(Continued)
MC4 MC3 MCp; MC) MCp Modem Modes
1 i) 0 0 [i] Bell 102 Criginate loopback
0 0 +] 1 Bell 103 Answer loopback
1 0 o 1 0 Bell 202 main lcopback
1 0 0 1 1l Bell 202 with amplitude equalizer
loopback
1 0 1 ) 0 CCITT V.21 Originate loopback
1 0o 1 0 1 |ccITT v.21 Answer loopback
1 1] 1 1 o CCITT V.23 Mode 2 main loopback
1 0 1 1 1 CCITT V.23 Mode 2 with amplitude
equalizer loopback
1 1 0 0 0 CCITT V.23 Mode 1 main lcopback
1 1l 0 0 1 CCITT V.23 back loopback#*
1l 1 0 1 o Bell 202 150 bps back lecopback
1 1 0 1 1]
1 1 1 o 0
1 1 1 0 1 | |Reserved
1 1 1 1 0
1 1 1 1 1

* Up to 150 bps back channel is available.
Note: Reserved modes should not be entered.

1e
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Table 1b. Mode Controls in the Call Mode (DA/CA=LOW)

MC,; HC3 MC, MC); MCp |Autodial/autoanswer Function
a 0 0 o 0 DTMF 0 or Answer Tone Detection
0 0 0 0 1 DTMF 1

0 0 4] 1 4] DTMF 2

0 0 0 1 1 DTMF 3

0 0 1l 0 g DTMF 4

0 Q 1 0 1 DIMF 5

4] 0 1 1 0 DTMF 6

o 0 1 1 1 DTMF 7

0 1 5] o 0 DTMF 8

0 1 0 0 1 DTMF 9

G 1 0 1 o DTMF *

v 1 0 1 1 DTMF #

0 1 1 0 o Bell 103 Answer Tone

o 1 1l 0 1 Bell 202 Answer Tone

0 1 1 1 o V.21 or V.23 Answer Tone

o] 1 1 1 1 Call Progress Tone Detection
1l X X X X Reserved

Note: Reserved modes should not be entered.

17
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Figure 1. Loopback cConfiguraticns

FUNCTIONAL DESCRIPTION

The modem consists of three main sections shown in the
am79101 block diagram - Transmitter, Receiver, and Interface
Control.

Transmitter (Modulator)

In the Data Mode, the transmitter, shown in Figure 2, receives
binary digital data from a source such as a UART and converts
the data to an analog signal using Frequency Shift Keying (FSK)
modulation. This analog signal is applied to the phone line
through a DAA or an acoustic coupler. FSK is a modulation
technique which encodes one bit per baud. A logic 1 applied to
the TRANSMITTED DATA (TD)} input causes a sine wave at a given
frequency to appear at the analog TRANSMITTED CARRIER (TC)
cutput. A logic 0 applied to TD causes a sine wave of a
different freguency to appear at TC. As the data at TD
switches between logic 1 and 0, TC switches hetween the two
frequencies. In the Am79101 this switching between freguencies
is phase continuous. The frequencies themselves are digitally
synthesized sine functions.

The frequencies for each modem configuration available in the
Am79101 are listed in Takle 3,

The process of switching between two frequencies (as in FSK}
generates energy at many more frequencies than the two used in
the modulation. All the transmitted information can be
recovered from a freguency band B Hz wide, where B is the bit
rate or maximum rate of change of the digital data at TD. This
band is centered about a freguency, fgo,

where fo = (f; + £3)/2

(f1 = lower of two FSK frequencies)
{f; = higher of two FSK freguencies)

18
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In addition to this primary information band, there are side
bands containing redundant information. It is desirable to
attenuate these bands for two reasons:

1. The phone companies have specifications on the amount of
energy allowed in certain frequency bands on the line.

2. If two independent information channels are present
simultaneocusly on the line (e.g., 300 bps full-duplex or
1200 bps half-duplex with back channel), the redundant
transmitter components may fall in the frequency band of
the local receiver channel and interfere with detection.
In the Am79101 these redundant and undesirable
components are attenuated by digital bandpass filters.

Following the digital bandpass filters, the filtered FSK signal
is converted to an analog signal by an on-chip Digital-to-
Analog Converter (DAC) operating at a high sampling rate. This
analog FSK signal is made smooth by a simple on-chip analog
low-pass filter.

In the Call Mode, the sine synthesizer generates the DTMF or
answer tones as specified by the MC inputs. These tones are
then processed like the FSK signal and eventually appear at TC.
Table 4 shows the DIMF tone combinations.

Receiver (Demcdulator)

A simplified block diagram of the &m79101 FSK receiver is shown
in Figure 3. Data transmitted from a remote-site modem over
the phone line is a FSK-modulated analog carrier. This carrier
is applied to the RECEIVED CARRIER (RC) pin via a DAA or an
acoustic coupler. The first stage of the demodulator is a
simple on~chip analog low-pass anti-alias filter. The output
of this is converted into digital form and filtered by digital
bandpasg filters to improve the signal-to-necise ratio and
reject other independent channel frequencies asscciated with
the phone line in the case of full-duplex configuration. 1In
the Data Mode, the bandpass-filtered output is digitally
demodulated to recover the binary data to appear at the
RECEIVED DATA (RD) pin. A Carrier Detect signal (CD) is aleo
digitally extracted from the received line carrier to indicate
valid data.

In the Call Mode, the MC inputs select the proper digital
bandpass filters to detect answer tones or call preogress tones
at RC. Presence of a valid tone will be indicated by CD.

The on-chip hybrid provides the analog interface which

communicates TC and RC directly over two wires to and from the
telephone line via a DAA.

19
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MCg-MC,
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Figure 2. Transmitter Block Diagram

OIGITAL
ANALOG . DEGITAL
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TO UART
ACOUSTIC
COURLER

Figure 3. Receiver Block Diagram

Interface Control

This section controls the handshaking between the modem and the
local terminal. It consists primarily of delay-generation
counters, two state machines for controlling transmission and
reception, and mode-control-deccde logic. Proper transmit
frequencies and transmit/receive filters are selected according
to the specified modem type or function in the Data or Call
Mode. Inputs to and outputs from this section are as follows:

DATA/CALL

MCq-MCy

DATA TERMINAL READY

REQUEST TO SEND (Main and Back)
CLEAR TO SEND (Main and Back)
CARRIER DETECT {Main and Back)
RESET
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Internal logic clamps the handshake signals to different levels
under certain conditions (e.g., initial conditions).

When Bell 103/113 and V.21 modem configurations are selected,
the back channel signals are non-functional.

Figures 8a through 9 depict the seguencing of the twe state
machines. State machine 1 implements main or back channel
transmission. State machine 2 implementa reception on main or
back channel. Table 5 lists the timing parameters, and Figqures
10 through 13 show the handshake timing diagrams for the
various modem modes,

The state machine powers-on to the state labeled INITIAL
CONDITIONS. Handshake sighals are set to or assumed to be the
levels listed in _Table 2. The machine then waits for DATA
TERMINAL READY (DTR) to go LOW. Whenever DTR is changed from
LOW to HIGH, each state machine and external signals return to
the initial conditions within 25 microseconds. After DIR is
set LOW, the Am79101 becomes operational as a modem and the
state machines proceed as depicted in the flowcharts.

The definitions of the terms full-duplex and half-duplex used
in these flowcharts are depicted in Figures 4 and 5. Full-
duplex applies to all 103/113 and V.21 modes. Half-duplex
applies to 202 and V.23, both main and back channels.

Full-Duplex: Data can be transmitted and received
simultaneocusly at 300 bps. 'Two independent 300 Hz channels are
frequency multiplexed into the 3000 Hz bandwidth of the phone
line. The Am7910l1 configurations for the Bell 103/113 and
CCITT V.21 can be operated full-duplex.

Half-Duplex: In half-duplex with back channel, the An75101 may
transmit at 1200/600 bps and receive at 5/75/15C bps.
Alternately it may transmit at 5/75/150 bps and receive at
1200/600 bps. Examples are Bell 202 and CCITT V.23.

Table 2. Initial conditions

Data/Call (DA/CA) . HIGH (Data)
Data Terminal Ready (DTR) HIGH
Request-to-Send (RTS) HIGH
Clear-to-Send (CTS) HIGH
Transmitted Data (TD) Ignored
Back Channel Recquest-to-Send_(BRTS) HIGH
Back Channal Clear-to-Send (BCTS) HIGH
Back Channel Transmitted Data (BTD) Ignored
Carrier Detect (CD) HIGH
Received Data (RD) _ HIGH
Back Channel Carrier Detect (BCD) HIGH
Back Channel Received Data (BRD) HIGH
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conT YR BELL 1007113
w0 ¥ 1100 1650 ! 1m0 - o0l 12 w5 | 2zo
oM [ 1170 2125
[ L] Kk L3
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Figqure 4. Full-Duplex Channel Assignments

V// ) V/ 7
e e

Figure 5. Half-Duplex Channel Assignments
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Table 3. Frequency Parameters

Transmit Recelve
Frequency Frequency
Baud
Rate Space|Mark |Space|Mark
Modem Mode (bps) |Duplex [ (Hz) | (Hz) | (Hz) | (HZ)
Bell 103 Origilnate 300 Full 1070 |1270 (2025 |2225
Bell 103 Answer 300 Full 2025 |2225 (1070 [1270

CCITT V.21 Originate 300 Full 1180 980 (1850 |1650

CCITT V.21 Answer 300 Full 1850 [1650 (1180 980
CCITT V.23 Mode 1 €00 Half 1700 |[1300 (1700 1300
CCITT V.23 Mode 2 1200 Half 2100 1300 (2100 |1300
CCITT V.23 Mode 2

Equalized 1200 Half 2100 1300 |2100 [1300
Bell 202 1200 Half 2200 1200 2200 (1200

Bell 202 Equalized 1200 Half 2200 (1200 (2200 (1200

CCITT V.23 Back 75/150 - 450 390 450 390
Bell 202 5 bps Back 5 - * * *% *h
Bell 202 150bps Back 150 - 487 387 487 387

All Bell 202 medes and V.23
Soft Turn-coff modes Soft Turn~off Tone = 900 Hz

* (BRTS IOW) and (BTD RIGH): 387 Hz at TC.
* (BRTS HIGH) or_(BTD LOW): 0 Volts at TC.
*% 387 Hz at RC: BCD_LOW.

*#% No 387 Hz at RC: BCD HIGH.

Call Establishment

The Am79101 supports Autodial and Autoanswer with the following
features:

Call Progress Tone Detection (CPTD)

Dual Tone Multi-Frequency (DIMF) Tone Generation
Answer Tone Detection (ATD)

Answer Tone Generation (ATG)
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First, the Mode Control (MCy-MCs) pins are used to set up the
modem mode. Next, the Call Mode is entered by setting
DA/CA=LOW (see pin description). DTR is then set LOW once at
the beginning of the Autodial or Autcanswer sequence. RTS
remains HIGH except when tones are required to be tranemitted.
Now the MC pins can be used to select tha above
Autodial/Autoanswer features, as defined in Table 1b.

Autodial begins by using the CPTD function to detect the proper
dial tone from the central office. The DTMF digit to be dialed
iz then input to the MC pins and the transmitter generates the
corresponding DIMF tones at the TC pin. After the last digit
is sent, CPID is used again to detect the ringback signal.
Following the detection of ringback, the ATD feature can be
used to detect the answer tone from the called modem.

Following detection of the correct answer tone, data transfer
can now begin. Figures 6a and 6b show the Autodial flowchart
and timings.

As a called modem, the Am79101 will be placed in the Call Mode
by the external microprocessor which receives a ring indication
signal from the DAA. Autoanswer begins by using ATG. Figures
7a and 7b show the Autoanswer flowchart and timings.

Call Proqress Tone Detection (CPTD)

The CPTD filter passes call progress tonesa from all the major
Post Telephone and Telegraphs (PTTs). The cadences (tenporal
patterns) of CD will identify the following signals:

Primary Dial Tone
Secondary Dial Tone
Ringback Signal
Network Busy Signal
Busy Signal

Each country's PTT may have different requirements for the
cadences of these call progress tones.

Dual Tone Multi-Frequency (DTMF) Tone Generation

The Am79101 transmitter can generate the basic 3 x 4 matrix, as
shown in Table 4. According to the Bell specifications, the
minimum duration for the DTMF digit is 50 ms. The minimum
interdigit interval (silence) is 45 ms. The minimum time from
the beginning of one DIMF digit to the next is 100 ms. It is
common practice to extend the DTMF digit duration to insure
detection by the central office.

Once in the Call Mode, RTS controls the duration of the DIMF

tone. With DTR=LOW and the desired diqgit applied to the MC
pins, setting RTS=LOW will generate the DTMF tone at TC until
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RTS is set HIGH. The user has complete control of the DTMF
tone duration and the interdigit interval. Inputs to the MC
pins should be changed while RTS is HIGH and DTR is LOW.

Answer Tone Detection (ATD)

The Am79101 receiver can detect answer tones for the Bell 103,
202, and CCITT V.21/V.23 modes. CD=10OW indicates the presence
of a valid answer tone. RD distinguishes between the three
answer tones as shown below. This feature allows mode matching
with the remote modem. In the CCITT V.21/V.23 modes, X at RD
indicates toggling betwaen HIGH and LOW.

Modem Mode Answer Tone Frequency (Hz) CD RD
Bell 103 2225 Low HIGH
Bell 202 2025 LOW LOW
CCITT V.21/V.23 2100 IOW X

The Carrier Detect Call thresholds (Vepeon: Vepcorr) for valid
answer tone detection are internally set to be higher than
those in the Data Mode, This eliminates the need for an
external attenuator in the Call Mode toc prevent noise from
being deccded as an answer tone.

Answer Tone Generation (ATG)

Answer tones are generated according to the modem mode
selected, as listed in the ATD section. RTS=LOW controls the
answer tone duration and RTS=HIGH controls the silence
intervals. Silence interval before the answer tone is
required by various governmental agencies for billing delay
purposes.
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Pigure 6a. Autodial Flowchart
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[ SET RTS HIGH FOR BILLING DELAY |

{ SET RS LOW FOR ANSWER TONE DURATION |

| SET RT3 HIGH FOR SECOND SILENCE DURATION |

SELECT MODEM MODE
ENTER DATA MODE

| BEGIN DATA TRANSFER |

ToFig. 8aorg

DOB3EA10

Flgure 7a. Autoanswer Flowchart
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MODE ”:?.g% TG X MoDEM
DACA _-I
N
m et —
ATS

ANSWER

SILENCE #1 TONE SILENCE #2

TC
MCA/ON-HOOK _‘

Figure 7b. Autcanswer Timings

Table 4. DTMF Tone Combinations

High-Group
Frequencies (HEZ)

1209 1336 1477

697 1 2 3

Low—Group 770 4 5 6
Frequencies 852 7 8 2
(Hz) 541 | * 0 ¥
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DATA TRANSMISSICON*
Full-Duplex

Following call establishment, full-duplex data transmisesion can
be started by either the called or calling modem. If the
connection has been established and the modem is looping
through point 2 in Figure 8a, it no longer matters which is the
called and which is the calling modem._ Data transmission is
initiated by setting REQUEST TO SEND (RTS) LOW. At this time
the TRANSMITTED DATA (TD) input will be released and a
modulated carrier can appear at the TRANSMITTED CARRIER

(TC) output. Following a delay, tgrcony, CLEAR TO SEND (CTS)
changes to ILOW. At this time, data may be transmitted through
TD. It is common protocol for the user tc always present a
Mark at TD before RTS is asserted and during the tgrpoy delay.

Data transmission continues until RTS is set HIGH. Following a
short delay, tpeorp. CTS changes to HIGH. As soon as RTS goes
HIGH, TD is ignored and TC is set to 0.0 Volts (silencs).

After CTS changes to HIGH, the state machine returns to point A
in Figure B8a.

Half-Duplex

¥When a half-duplex meode is selected (202 or V.23), data
transmission can be either on the main channel at 1200/600 bps
or on the back channel at 5/75/150 bps. In normal half-duplex
operation a single modem is either transmitting on the main and
receiving on the back channel or vice-versa. In the Am79101,
control of the transmitter and receiver filters to the proper
channel is performed by RTS. When RIS is asserted, the
transmitter filters and synthesizer are set to transmit on the
main channel; the receiver filters are set to receive on the
back channel, Therefore, whenever RTS is LOW, BRTS should not
be asserted since the transmitter cannot be used for the back
channel. When RTS is HIGH and a half-duplex mode is selected,
the transmitter filters and synthesizer are set to the back
channel; the receiver filters are set to the main channel. If
RTS and BRTS are asserted simultanecusly, RTS will take
precedence. However, if BRTS is asserted before RTS and the
the back channel data transmission seguence has heen entered

{Figure B8b), RTS will be ignored until BRTS is set HIGH.

The state machine sequences for main and back channel
transmission differ slightly and are depicted in Figures Sa and
8b. Assume the state machine is idling through point A in
Figure Ba.

* All timing delays are listed in Table 5.
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Main Channel

This transmission sequence is entered if a 202 or V.23 mode is
selected and RTS is asserted. Since the receiver is now forced
to the back channel the RECEIVED DATA (RD) signal is clamped to
a Mark, and the CARRIER DETECT (CD) signal is clamped HIGH.

The TRANSMITTED DATA (TD) input is released and a carrier
appears at the TRANSMITTED CARRIER (TC) output which follows
the Mark/Space applied to TD. RTS going LOW initiates a delay,
trcoN: 3t the end of which the CLEAR TO SEND (CTS) output goes
1OW. WwWhen CTS goes LOW, data may be transmitted through TD.
Data transmission continues until RTS is set KIGH. At this
time several events are initiated. First a delay, tpcorr. i8
initiated at the end of which CTS goes HIGH. TD is ignored as
soon as RTS goes HIGH. If a 202 mode or V.23 soft turn-off
mode is selected, a soft turn-off tone appears at TC for a
time, tgrp. followed by silence (0.0 Volts). For both 202 and
v.23 modes, a squelch peried, £gg, is initiated when RTS goes
HIGH. During this peried the €D ocutput is clamped HIGH,
forcing the RD output to a Mark condition. The squelch period
begins as soon as RTS goes HIGH and thus overlaps both tgrcorr
and tgrg. At the end of the squelch period, the state machine
returns to the idle loop at point A in Figure 8a.

The reasons for squelch and soft turn-off are as follows:

Soft turn-off: When RTS goes HIGH at the end of a message,
transients occur which may cause spurilous Space signals to be
received at the remote modem. During soft turn-off the modem
transmits a soft carrier freguency for a peried, tgro, after
RTS goes HIGH. This results in a steady Mark on the RECEIVED
DATA (RD) line of the remote modem.

Sgquelch: The local recelver must be turned off after RTS is
HIGH, until the start of carrier detect, so that line
transients are not demodulated. The process of dimabling the
receiver after RTS goes HIGH is called squelching.

Back Channel

This transmission sequence, shown in Figure 8b,_is entered if a
202 or V.23 mode is selected, RTS is HIGH, and BRTS is
asserted. The BACK CARRIER DETECT (BCD) output is forced HIGH
and the BACK RECEIVED DATA (BRD) output is clamped to a Mark.
The BACK TRANSMITTED DATA (BTD) input is released and a carrier
appears at the TC_output which follows the Mark/Space applied
to BTD. Setting BRTS LOW initiates a delay, tgreon, at the end
of which the BACK CLEAR TO SEND (BCTS) output goes LOW. When
BCTS goes LOW data may be transmitted through BTD. Data
transmission continues until BRTZ is set HIGH. BTD is
immediately ignored and TC is silenced (set to 0.0 Volts}.
Following a short delay, tprcopr, BCTS goes HIGH. The signals
BCD and BRD are released and the state machine returns to idle
at point A of Figure 8a. 1In 202 5 bps back channel mecde, BTD
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should be tied HIGH., Then BRTS contrels the On/Off keying
modulation. When BRTS is ILOW, a 387 Hz tona appears at TC;
when BRTS is HIGH, 0.0 Volts appear at TC.

DATA RECEPTION*

Data reception is controlled by state machine 2 and depicted in
Figure 9. At power-on, the machine enters initial conditions
and repains there until DTR is set LOW. It then loops until
either CARRIER DETECT (CD) = LOW or BACK CARRIER DETECT (BCD)

= LOW occurs.

Full-Duplex

In full-duplex data reception, carrier may appear at any tinme
after the phone connection has been establighed. Reception is
independent of transmission. When the receiver detects a valid
carrier for at least the time, tepoy, the output €D goes LOW,
and valid data can be obtained at RD. Data is received until
the receiver detects loss of carrier for at least the time,
tepopp. At this time CD goes HIGH and RD is clamped to a Mark.
The state machine returns to the idle loocp at point E.

Half-Duplex

As discussed in the Data Transmission section, when a half-
duplex mode hag been selected, RTS controls whether the main
channel is transmitting or receiving. The back channel can
only do the opposite from the main channel. If RTS is HIGH,
CD may be activated and the data reception sequence is
identical to that discussed above for full-duplex reception.
A= long as RTS remaing HIGH, BCD will never be activated. If
RTS is LOW, then CD will never be activated. Instead, the
receiver will look for a valid carrier in the back channel
frequency band. If a valid carrier existe for at least the
time, tpepoyn, BCD changes to IOW, and valid data can be
obtained at BRD. Data is received until the receiver detects
loss of back channel received signal for at least the tinme,
teeporp. At this time, BCD goes HIGH. BRD iz clamped to a
Mark if V.23 mode or 202 150 bps back channel mode is selected.
For 202 5 bps back channel mods, BCD represents the received
data. BRD can be ignored, The state machine returns to the
idle locp at point E.

LOOPBACK
Eleven modes exist to allow both analog and digital loopback
for each modem specification met by the Am79101. When a

loopback mode is selected, the signal processing (filters,
etc.) for both the transmitter and receiver is get to process

* All timing delays are listed in Table 5.
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the same channel or frequency band. This allows the analog
output, TC, and the analog input, RC, to be connectad
externally for local analog loopback. Alternately the digital
data signals, TD and RD or BTD and BRD, can be connected
externally, allewing a remote modem to test the local moden
with its digital data signals looped back.

When a loopkack mode is selected, the state machine seguences
are altered slightly. If a half-duplex loopback mode is
selected (202 or V.23), the local CD/BCD is not forced HIGH
when RTS/BRTS is asserted.
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Figure g8a. Tranemit Main Channel State Diagram
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Figure 8b. Transmit Back Channel State Diagram
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Figure 9. Receiver Main/Back Channel State Diagram
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Table 5. Timing Parameters

(Refer to Figures 6b, 10, 11, 12, and 13 for Timing Diagrams}

Bell CCITT Call

Symbol Description 103 v.21 Mode Units
trRCON Request-to-5end to
(1} Clear-to-Send CN ns
Delay 208.3 400 - +0.3%

trCOFF Request-to-Send to
{2) Clear-to~Send OFF ms
Delay 0.4 0.4 - +40

teDoN Carrier Detect ON
(3) Delay 92-106 |[300-312 - ns

tepoFF | Carrier Detect OFF
(4) Delay 21-40 21-40 - ms

tepcon Carrier Detect Call
(5) ON Delay - - 92-106 ns

tepeorr| Carrier Detect Call
(6) OFF Delay - - 21-40 ns
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Table 5. Timing Parameters (Continued)
{Refer to Figures 6b, 10, 11, 12, and 13 for Timing Diagrams)

Bell 202
150 bps
CCITT| Bell|Back and Bell 202
Symbol bDescription V.23 202 |{CCITT V.23{5 bps
Back Back Onits
trcon |Request-to-Send
(1) to Clear-to- me
Send ON Delay 208,3)183.3 - - +0.3%
trcorF |Regquest-to-Send
(2) to Clear-to- mns
Send OFF Delay 0.4 0.4 - - +40%
tpreon | Back Channel
{7) Request-to-Send
to Clear-to ms
Send ON Delay - - 82.3 - +0.64
tBreOFF | Back Channel
8) Request-to-Send ns
OFF Delay - - 0.4 - +40%
tepon |Carrier Detect {11.4-| 18 -
{3) ON Delay 15.4 22 - - ns
tcoporFF |Carrier Datect | 5.4-]12.4-
(4) OFF Delay 13.3 {23.4 - - ns
tpcpon |Back Channel
(9) Carrier Detect
ON Delay - - i7 - 2% 17 - 25 me
teeoporF | Back Channel
10) Carrier Detect
CFF Delay - - 21 - 38 21 - 38 ns
tsg Receiver
(11} Squelch ne
Duration 156,3}156.3 - - +3.2%
tsTo Transmitter
{12) Soft Turn-0ff ms
Duration 24% 24 - - +2.3%
* For V.23 Soft Turn-off modes only.
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™ %ﬁ%};ﬂ ; MARK DATA

BTD

| MARK HOLD

(- JC— 810 ———-| BACK MARK ]—_-—_-

RC BACK MARK { MAR MARK E MAIN CATA ISTC

AD MARK i DATA I

o © I@%;.@. o

is
6]

Figure 10. Bell 202 Handshake Timing
with 5 bps Back Channel *#%

* tp, i an external delay provided by the user; tp > 0.
*% This timing diagram is not to scale. See Table 5 for

values.
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KUELCH

D - 7 7%
D200 i |
lﬂlq DATA
L2 |2 @| '@.@ @ 0] ol
Figure 11. CCITT V.23 Handshake Timing *%

* tp is an external delay provided by the user; tp > 5 ms.

**% This timing diagram is not to scale.

values.
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w

it
ATS
BATS
353
BeTS
™ \GNORED MARK DATA N
BTD WNORED MARK DATA INORED
™ - ! m‘:ﬁ MAIN DATA sTOl ek | mackoata
RC BACK MARKC ] BACK DATA =-----mml MAIN DATA sT10
co
BCO
RD ml DATA
- Wik | DATA %2
SOUELCH @
o, |® 2 [e.e ] 2 12

o AT

Figure 12. V.23 STO and Bell 202,
150 bps Handshake Timing##*

* tp is an external delay provided by the users; tp > 0.
** This timing diagram is not to scale. See Table 5 for
values.
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BTR |

ATS
T8

To \GNORED MAAK DATA IGNORED
TC MARK DATA

RC REGEIVED CARRER

&0
RD RECEVED DATA

of o o

Figure 13. Bell 103/V.21 Eandshake Timing*

* This timing diagram is not to secals.

values.
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CLOCK GENERATION

Master timing of the modem is provided by either a crystal
connected to the XTAL; and XTALz; pins or an external clock
applied to XTAL;.

Crystal

When a crystal is used it should be connected as shown in
Figure l4a. The crystal should be a parallel reseonance type,
and its value must be 2.4576 MHz +.0l%. A list of crystal
suppliers ie shown belcw.

External Clock

This clock signal could be derived from one of several crystal-
driven baud rate generators. It should be connected to XTALj
and XTAL; must be left floating. The tining parameters
reguired of this clock are shown in Figure 14b and the values
are listed in Table 6.

Crystal Information (f=2,4576 MHz)

Manufacturer P/N [ Ca
M-Tron HMP-2 10 pF 20 pF
Monitor Products MM-33 10 pF 20 pF

Note: Rise time of Vpr must be greater than 5 ms to
insure proper crystal oscillator start-up.

* Capacitor values vary with different crystal
nanufacturers.

*% The input impedance of this pin appears as 5 to 10 pF
to ground in parallel with at least 1 Megohm.

Figqure l1l4a. €Clock Generation
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—e— | —]
ton teF
CRaA-19
Figure 14bh. External Clock
Table 6. Clock Parameters

sSymbol | Parameters Min TYp Max Units
toy Clock Period 406.86 406.9 406.94 ns
tey | Clock High Time 165 ns
ter, | Clock Low Time 155 ns
tcrg |Clock Rise Time 20 ns
terp | Clock Fall Time 20 ns

RESET MODES

Automatic Power-0On Reset--Figure 15a suggests a circuit to
initiate the internal reset sequence automatically whenaver Vee
is appiied. Vppe rise time should be faster than one half the
RC time constant. The Am79101 contains a diode to discharge
the capacitor when Vog = 0 V.

VW s mr—C)

Am7oiad RE 1 MO 20

Figure 15a. Autcmatic Reset
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RESET Input--The Am79101 can be forced into the internal reset
sequence by setting RESET IOW for at least one clock peried.

Note that Voo must he at least +3.5 V for proper reset
operation. PBetwsen repetitive reset pulses, RESET must be HIGH
for at least 1 usg, as shown in Figure 15h.

Yoo

—240T N8

™

ViR

Figure 15b. Reset Timing Diagrams

Upon device initialization er mode change DTR must be brought
HIGH for a time tygy >100 microseconds, as shown in Figure 1l6.

WSMT7)  oesweouone

tusu

Figure 16. Mode Setup

POWER SUFPPLY

For maximum performance, power supply bypassing should be used.
VCC should be decoupled to DGND and VBB to AGND as shown in
Figure 17. The 0.0l uF ceramic disc capacitors should be
nounted as physically close to the pins as possible.
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+5 Vde

0.0t WF

DGND
GND 1 Am79101

0.01 yF

-5 Vde

Figure 17. Power-Supply Connections

ABSOLUTE MAXTMUM RATINGS

Storage Temperature -65 to +125°C
Ambient Temperature with Power Applied
Commercial (C) Devices 0 to + 70°C
Industrial (I) Devices -40 to + 85°C
Extended (E) Devices -55 to +125°cC
Vee with Respect to DGND +6V / - .4V
Vpg with Respect to DGND -6V /+ .4V

All sSignal Voltages with Respect to DGND

+ 5V

Stresses above those listed under ABSOIUTE MAXTMUM RATINGS may
cause permanent device failure. Functionality at or above
these limits is not implied. Exposure to absolutely maximum
ratings for extended periods may affect device reliability.

Operating Ranges

Positive Supply Voltage (Vee) +4.,75
Negative Supply Voltage (Vgp) -4.75
Commercial (C) Devices 0
Industrial (I) Devices -40
Extended (E) Devices =55

Operating ranges define those limits over which the
functionality of the device is quaranteed.
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DC CHARACTERISTICS (over operating ranges unless otherwise
specified)

Digital Inputs: DA/CA, MCg-MC4, DTR, RIS, BRTS, TD, BTD, RESET

Digital oOutputs:

CTH,

BCTS, CDh, BCD, RD, BRD

Para-
meters

Description

Test
Conditions

Min

Units

Vou

Qutput HIGH
Voltage

—300 uA
50 pF

Ioy =
Cip =

VoL

output LOW
Voltage

Z mA
50 pF

Ior =
C1p

C,I Davices

'E Devices

VIH

Input HIGH
Voltage

Vee

VIiL

Input LOW
Voltage

.8

Vinc

External Clock
Input HIGH
(XTAL;)

Vee

Vric

External Clock
Input LOW
(XTALy )

VIHR

Extarnal Reset
Input HIGH
(RESET}

VILR

External Reset
Input LOW
{RESET)

-0.5

I

Digital Input
Leakage
Current

0.0 <« Yy < Voo

=10

ITLR

Reset Input
leakage
Current

0.0 < Ve < Voo

C, I Devices

=-0.75

E Devices

=1.90
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DC CHARACTERISTICS (Continued)

Para- Test
meters| Description Cconditions Min |Typ|Max (Units
Ice Vee Supply C Devices 140
Current
I Devices 160 | ma
E Devices 170
Igg Vap Supply C Devices 15
Current
I Devices 20 | mA
E Devices 25
CouTt output
Capacitance f = 1.0 MH2z 5 15 | pF
Cry Tnput
Capacitance f = 1.0 Miz 5 15 pF
Power Test
Supply| Description Conditions Min [Typ|Max |Units
Voo Positive
Supply 4.75 5.25 v
Voltage
VBB Negative
sSupply -4.75 -5.25 v
Voltage
AGND, Ground
DGND Offeet -50 50 mv
Standard Load Circuit
ST ; .
POINT Voo Notes: 1. ¢€j = 50 pF including
stray and wiring
capacitance
FROM D4 Ra 2. All diodes are 1N3064
OUTPUT 1950 041% or equivalent
UNDER Dy 3. All resistors are
A . 1/8 watt
cl P 3 4. Veec = 5 Volts #5%
D4
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SWITCHING CHARACTERISTICS

DTMF and
ATG Output Description Min | Typical | Max | Units
v output Veoltage 0.652 VrMS
LOW group -1.5 dBn
output Voltage 0.820 VrMs
vyt HIGH Group 0.5 &Bm
output Veltage 0.518 VRMS
Var Answer Tone -3.5 dBm
Modulated
Transmit
output Description Min | Typical | Max | Units
TC Output 0.518 VrMS
Voo Voltage -3.5 dBm
TC DC
Vrcos offset ~100 100 mv
Harmonics from
VHARM Fundamental ~45 aBs
Delay from TD
TpEL to TC Change 8.3 us
Freguency
face Accuracy -0.4 0.4 Hz
(Except 202)
Frequency
face Accuracy =-1.0 1.0 Hez
202 Mark
Out-of-Band energy: See Figure 19
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SWITCHING CHARACTERISTICS (Continued)

Recelver
Input Description Min | Typical Max | Unita
RC Input
Vre Voltage -1.6 1.6 v
RIN Input
Resistance 50 Rohms
Fror Frequency
Deviation
Tolerance -16 16 Hz
Vepon Carrier Detect
Oon Level -45 dEBm
VepoFrF Carrier Detect
Qff Level -49 dEm
Vepoon Carrler Detect
Call On Level =37 dBm
VeDCOFF Carrler Detect
Call Off Level =41 dBm
Vyys Carrier Detect
Hystaresiz 4 dB

Note: All TC Levels are measured using a 1200 chm Load.
All dBm measurements are referenced to 600 ohm.

PERFORMANCE
Figure 18 shows a graph of nominal bit error rates for the

variocus modem types. A flat line condition, back-to-back wire
connection, iz used to allow easy correlation by users.
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FREQUENCY (kHz)
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Figure 19. Out-of-Band Transmittar Energy*#*
APPLICATIONS

An intelligent Autodial, Autoanswer FSK modem can be easily
built with the Am79101. TFigures 20 and 21 show implementations
of full-duplex and half-duplex modes.

For the full-duplex 103/V.21 modes, a single baud rate (300
bps) is used. With its on-chip UART, the single-chip
microcontroller Am8051 provides a simple solution. The
Am79101's RS-232C signals and setup controls are connected to
the Am8051 as shown in Figure 20. MC,; conveniently controls
the on-hook raelay in the DAA circuit. MC4=0 activates off-hook
and MC4~=1 keeps on-hock during analog loopback for local
testing. If DTMF dialing is not permitted on a particular
telephone network, the relay contact can be rapidly made and
broken for pulse dialing.

Automatic answering of incoming calls is serviced like an
interrupt routine by the Am8051. Upon ringing, the DAA
interrupts the AmB051, which then places the relay o¢ff-hook and
the Am79101 in the Call Mode to generate the answer tone.

After the call is established or answered, the Am8051 has
complete contreol to start data transfer.
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For the half-duplex 202/V.23 modes, two different baud rates
(1200 bps and 75/15C bps)} are used for the main and back
channels. A dual-UART systam is required. Figure 21 shows an
implementation with the Am8051 and the dual-channel Serial
Communication Controller AmZ8530. The AmZ8530 can alsc be used
in othar CPUs, such as Z80, B080, 6800 and 63000.

The internal hybkrid of the Am79101 performs the 4-to-2 wire
conversion to simplify the user interface to the switched
telephone network. The analog signals TC and RC are coupled
directly into the DAA circuit, as shown in Figure 22.

For additional information, refer to AMD's 1987 Modem Technical
Manual (PID# 09560A).

10pF 24576 MHz 20 pF

| L t

ON-HOOK XTAL XTALy
— TIP TC TC DACA [» P1.0 Ané:)'a_g"ss
" MGy e P11 BUS
DAA 4 P PORT 0 [l
1 RING AC +| RC MCy
MC, [+ P1.3
CAP
RING IND of I 1 Me, P14
o100 Am79101 MO [* P18
57R |e P16
sV CAPp TS [+ Pz
Ma AmB051 7
RESET RO P30
.04751F$
TD P31
= Pa4
¢o P35
|——C P32

ORANAA-25

* See Figure 22.

Figure 20. 300 bps Full-Duplex Modem
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ck Channel

1200 bps Half-Duplex Modem

with 75/150 bps Ba
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Figure 22. Data Access Arrangement
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