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WORLD-CHIP Autodial FSK Modem
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DISTINCTIVE CHARACTERISTICS

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

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

m Autodial support

—Dual-Tone Multi-Frequency (DTMF) Tone
Generation

—Call-Progress Tone Detection
—Answer-Tone Detection

m Single-chip digital signal processor
m Integral 4- fo 2-wire hybrid

m Public Switched Telephone Network (PSTN)
response times

m Serial RS-232C/CCITT V.24-type handshake
interface and protocol

GENERAL DESCRIPTION

The Am79101 WORLD-CHIP® is a single-chip asyn-
chronous Frequency Shift Keying (FSK) modem that is
compatible with the applicable Bell and CCITT-recom-
mended standards for 103/113/108, 202, V.21 and
V.23-type modems. All modulation, demodulation, fitter-
ing, analog-to-digital and digital-to-analog functions are
provided on-chip.

Using the features described here, an intelligent Auto-
dial, 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 per-
formed within the Am73101 include:

m Autodial support with DTMF generation and Call
Progress Tone Detection

m Answer Tone Detection (Bell and CCITT)

m Autoanswer support

8 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 /O signals are TTL-
compatible, except the external clock and RESET sig-
nals, and the circuit operates from+5 V.
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CONNECTION DIAGRAMS
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ORDERING INFORMATION
Standard Products

AMD standard products are available in several packages and operating ranges. The order number
{Valid Combination) is formed by a combination of:  a. Device Number

b. Speed Option (If applicable)

c. Package Type

d. Temperature Range

e. Optional Processing

AM79101 D C B

—[— e. OPTIONAL PROCESSING

Blank = Standard processing
B = Bum-in

d. TEMPERATURE RANGE
C = Commercial {0 to +70°C)
I = Industrial (—40 to +85°C)
E = Extended Com (~55 to +125°C)

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

b. SPEED OPTION
Not applicable

a. DEVICE NUMBER/DESCRIPTION
Am79101
WORLD-CHIP Autodial FSK Modem

Valld Combinations

Valid Combinations Valid Combinations list configurations planned to be
supported in volume for this device. Consult the local

DC, DCB, DI, AMD sales office to confirm availability of specific valid

AM79101 DIB, PC, DE, combinations, to check on newly released valid
DEB, JC combinations, and to obtain additional data on AMD's

standard military grade products.
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PIN DESCRIPTION
All digital inputs and outputs are TTL-compatible unless
otherwise noted.

Setup Controls

DA/CA

Data/Call (Input) _

This input selects the Data Mode (DA/CA = High) or
the Call Mode (DA/CA = Low). In the Data Mode, the
Am79101 operates as a modem, using other setup and
handshake inputs. Data Mode is the initial condition
by defautt.

To enter the Call Mode, DA/CA is brought to a Low while
DTR s High and MC pins are set to a valid mode, that is,
not a 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
call progress tones or answer tones. To re-enter the
Data Mode, DA/CA is retumed to 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 outputs so
that a Low level enables these signals as well as the
internal control logic. A High disables all TTL I/O pins
and the internal logic.

When DTR is High, the modem handshake state ma-
chine is reset to initial conditions. This is the only way 1o
reset the state machine, and must be done after power-
up. The state machine does not automatically power up
to a known state. If DTR is permanently enabled (Low),
the state machine will simply run from wherever it pow-
ers up. This can result in abnormal behavior such as an
unusually short RTS-CTS delay due to lack of DTR
initialization.

To change the modem mode when powered-up, use the
following sequence (see Figure 16):

m Set DTR High

m Change MC inputs to desired configuration
m  Wait at least 100 ps

m SetDTR Low

The MC inputs perform some hardware functions and
are also sampled periodically by the state machine. I
the MG 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 when going from one DTMF digit to
another.

MC,~-MC,

Mode Controls {Inputs)

In the Data Mode, the MC inputs specify one of the 25
available modem configurations as listed in Table 1a.
Included are Bell 103/202, CCITT V.21/V.23 with vari-
ous options such as equalizer, 150-bps back-channel,
soft turn-off and loopback.

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

In the Call Mode, 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 shouid be used.

Transmitter /O

BCTS

Back Clear To Send (Output)

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

BRTS

Back Request To Send (Input)

Since the 1200-bps 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 mean-
ingful only when a 202 or V.23 mode is selected by
MC,-MC,. In all other modes, it is ignored.

For the V.23 modes and the 202 150-bps (or 75-bps)
back-channel mode, the frequency appearing at TC is
determined by a Mark or Space at BTD. For the 202
5-bps back-channel mode, a frequency of 387 Hz ap-
pears at TC when BRTS is Low and BTD is High. No
energy (0.0 V) appears at TC when BRTS is High. BTD
should be held High in this mode. BRTS then, is equiva-
lent to the transmitted data. BRTS is the Secondary
Request-to-Send for 202 S/T modems, or the Supervi-
sory Transmitted Data for 202 C/D modems.
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BTD

Back Transmitted Data (Input)

This line is equivalent to TD for the main channel,
except that it applies cnly to the back-channel. BTD is
meaningful only when a 202 or V.23 mode is selected
by MC,-MC,. For 202 5-bps back-channel transmission
of On/Off keying, BTD should be set High.

CTS

Clear To Send (Output)

This output goes Low at the end of a delay (t,.,)
initiated when RTS goes Low. Actual data to be trans-
mitted should not be presented to TD until a Low is
indicated on CT3. This gives the receiving modem (on
the other end of the phone line) enough time to recog-
nize a valid carrier signal before data is transmitted.
Normally the user should force TD High whenever

is High so a Mark will be sent during the t, time.
goes High at the end of a delay initiated when RTS goes
High (toeo)- CT3 will never be Low when DTR is High.

RTS

Request To Send {Input)

A Low on this input instructs the modem to enter trans-
mit mode. This input must remain Low for the duration
of data transmission. This signal has no effect if DTR is
High (disabled). A High level on this input turns off the
transmitter.

In the Call Mode, RTS also controls the transmitter.
When RTS is Low, the tone specified by the MC pins will
be transmitted. A High level will tum off the tone. During
Answer Tone Detection and Call Progress Tone
Detection, RTS should be High.

TC

Transmitted Carrier (Output, Non-TTL-Compatibile)
This analog output is the modulated carrier to be sent
over the phone line. Its 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 logical “1” and Low
(Space) corresponds to logical “0.” This input deter-
mines which frequency is to appear at any instant at TC
(see Table 2). No signal appears at TC unless DTR is
Low and RTS is Low.

Receiver I/O

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 when a 202 or V.23 mode is selected
by MC,-MC,. For the V.23 or 202 150-bps {or 75-bps)
back-channel modes, BCD changes to Low when either
the Mark or Space frequency appears with sufficient
level at RC.

For the 202 5-bps back-channel mode, BCD changes to
Low in response to a 387-Hz tone of sufficient level at
RC. In this case, BCD is equivalent to the signal, Secon-
dary Received Line Signal Detecior for 202 S/T
modems, or Supervisory Received Data for 202 C/D
modems.

BRD

Back Recelved Data (Output)

This line is 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:

V.21/103 modes

BCD High

DTR High

BRTS Low and RS High in V.23 or 202 150-bps
modes only

m During Autoanswer sequence

CD

Carrier 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 t,,. A High on this output signifies that
no valid carrier is being received and has not been
received for at least the time ., In the Data Mode,
Carrier Detect looks for energy in the receive band-
width. A carrier is considered valid when the signal level
at RC is above a threshold limit V..., and absent when
the level is below Ve

In the Call Mode, a CD Low output indicates that a valid
answer tone or call progress tone has been detected
above the limit V.. A CD High output indicates there
is no energy above the V poqer

6 Am79101



RC

Recelved Carrler (Input, Non-TTL-Compatible)

This input is the analog signal received from the phone
line. The modem extracts the information contained in
this modulated carrier and converts it into a serial data
stream at RD or BRD.

RD

Recelved Data (Output)

Data bits demodulated from RC are available serially at
this output; High (Mark) indicates logic “1” and Low
(Space) indicates logic “0.” Under the following condi-
tions, this output is clamped High because the data may
be invalid:

m When CD is High
m During the internal squeich delay at half-duplex line
turn-around (202 and V.23 modes only)

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

® When DTR s High

m When RTSis Low and BRTS is High in 202 and V.23
modes only

® During Autoanswer sequence

Miscellaneous

AGND

Analog Ground

CAP, CAP, (Non-TTL-Compatible)

These two pins are connection points 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=910Q+10%

DGND

Digital Ground

RESET

(Non-TTL-Compatible)

This input signal is for a reset circuit which operates in
either of two modes (refer to Figures 15a and 15b). The
Am79101 should be reset upon initial application of
power.

Vgs -5V Power Supply

V. +5V Power Supply

XTAL,, XTAL, (Non-TTL-Compatible)

Master timing of the modem is provided by either a
crystal connected to these two pins or an external clock
inserted into XTAL,. The value of the crystal or the
external clock frequency must be 2.4576 MHz £.01%.




Table 1a. Mode Controls In the Data Mode (DA/CA = High)

MC, MC, MC, MC, MC,

Modem Modes

Q 0 0
0 0 0
0 o] 0
0 0 0
0 0 1
] 0 1
0 0 1
0 0 1
0 1 0
0 1 0
0 1 0
0 1 0
0 1 1
0 1 1
0 1 1
0 1 1
1 0 0
1 0 0
1 0 0
1 (o] 0
1 0 1
1 0 1
1 0 1
1 0 1
1 1 0
1 1 0
1 1 0
1 1 0
1 1 1
1 1 1
1 1 1
1 1 1

0

- 0 O = o o = o O = o o - O ©O - 0 O =

—

o ©

0

Bell 103 Originate 30C-bps full-duplex

Bell 103 Answer 300-bps full-duplex

Bell 202 1200-bps half-duplex with 5-bps back-channel

Beli 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*
Bell 103 Originate loopback

Bell 103 Answer loopback

Bell 202 main loopback

Bell 202 with amplitude equalizer loopback

CCITT V.21 Originate loopback

CCITT V.21 Answer loopback

CCITT V.23 Mode 2 main loopback

CCITT V.23 Mode 2 with amplitude equalizer loopback

CCITT V.23 Mode 1 main loopback

CCITT V.23 back loopback*

Bell 202 150-bps back loopback

Reserved

* Up to 150-bps back channel is available.

Note: Reserved modes should not be entered.
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Table 1b. Mode Controls in the Call Mode (DA/CA = Low)

MC, MC, MC, MC, MC,

Autodial/Autoanswer Function

o 0O 0o o o o o o

o © 0 © 0O © O O O 0O O o O o o o
-

x

0
0
0
0

c o = o O =

pry

o O

0

DTMF 0 or Answer Tone Detection
DTMF 1

DTMF 2

DTMF 3

DTMF 4

DTMF 5

DTMF 6

DTMF 7

DTMF 8

DTMF 9

DTMF *

DTMF #

Bell 103 Answer Tone

Bell 202 Answer Tone

V.21 or V.23 Answer Tone
Call Progress Tone Detection
Reserved

Note: Reserved modes should not be entered.
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Figure 1. Loopback Configurations
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Figure 2. Transmitter Block Diagram

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) modutation. 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) output. A logic “0" applied to TD causes a
sine wave of a different frequency to appear at TC. As
the data at TD switches between logic “1” and “0,” TC
switches between the two frequencies. Inthe Am79101,
this switching between frequencies is phase continu-
ous. The frequencies themselves are digitally synthe-
sized sine functions. The frequencies for each modem
configuration available in the Am79101 are listed in
Table 2.

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 frequency band B
Hz wide, where B is the bit rate or maximum rate of

Table 2. Frequency Parameters

Transmit Receive
Frequency Frequency
Baud
Rate Space Mark Space Mark
Modem Mode (bps) Duplex (H2) (Hz) (H2) (Hz)

Bell 103 Originate 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 600 Half 1700 1300 1700 1300
CCITT V.23 Mode 2 1200 Half 2100 1300 2100 1300
CCITT V.23 Mode 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 751150 - 450 390 450 390
Bell 202 5 bps Back 5 - * ‘ b bl
Bell 202 150 bps Back 150 - 487 387 487 387

All Bell 202 modes and V.23

Soft Turn-off modes Soft Tumn-off Tone = 900 Hz

* (BRTS Low) and (BTD High): 387 Hz at TC.

* (BRTS High) or (BTD Low): 0 V at TC.

** 387 Hz at RC: BCD Low.

** No 387 Hz at RC: BCD High.
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Figure 3. Recelver Biock Diagram

change of the digital data at TD. This band is centered
about a frequency, f.,

where f_ = (f, + )72,

f, = lower of two FSK frequencies,
and

{, = higher of two FSK frequencies.

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

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

m If two independent information channels are present
simultaneously on the line, for example, 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 re-
dundant and undesirable components are attenu-
ated by digital bandpass filters.

Foliowing 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 DTMF tone
combinations.

Receiver (Demodulator)

A simplified block diagram of the Am79101 FSK re-
ceiver is shown in Figure 3. Data transmitted from a
remote-site modem over the phone line is a FSK-modu-
lated analog carrier. This carrier is applied to the 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 bandpass filters to improve
the signal-to-noise ratio and reject other independent
channel frequencies associated with the phone line in
the case of full-duplex cenfiguration. In the Data Mode,
the bandpass-filtered output is digitally demodulated to
recover the binary data to appear at the RD pin. ACD is
also 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 progress
tones at RC. Presence of a valid tone will be indicated

by CD.

The on-chip hybrid provides the analog interface that
communicates TC and RC directly over two wires to and
from the telephone line via a DAA.

Am79101 L



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 con-
trolling transmission and reception, and mode-control-
decode 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

MC,-MC,

DATA TERMINAL READY
REQUEST TO SEND (Main and Back)
CLEAR TO SEND (Main and Back)
CARRIER DETECT (Main and Back)
RESET

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 nonfunctional.

Figures 8a through 9 depict the sequencing of the two
state machines. State Machine 1 impiements main or
back-channel transmission. State Machine 2 imple-
ments reception on main or back-channel. Table 5 lists
the timing parameters, and Figures 10 through 13 show
the handshake timing diagrams for the various modem
modes.

The state machine powers-on to the state labeted INI-
TIAL CONDITIONS. Handshake signals 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 retum to the initial condi-
tions within 25 ps. After DTR is set Low, the Am79101
becomes operational as a modem and the state ma-
chines proceed as depicted in the flow charts.

The definitions of the terms full-duplex and half-duplex
used in these flow charts 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 si-
multaneously at 300 bps. Two independent 300-Hz
channels are frequency multiplexed into the 3000-Hz
bandwidth of the phone line. The Am79101 configura-
tions for the Bell 103/113 and CCITT V.21 can be
operated full-duplex.

Half-Duplex—In half-duplex with back-channel, the
Am79101 may transmit at 1200/600 bps and receive at
5/75/150 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 3. Initial Conditions

cemT V.21
ttvdt,
980 | 1180 1650 ! 1850
1080 1750
fe fc

FREQUENCY (Hz)

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 Request-to-Send (BRTS) High
Back-channel Clear-to-Send (BCTS) High
Back-channe!l Transmitted Data (BTD) Ignored
Carrier Detect (CD) High
Recsived Data (RD) High
Back-channel Carrier Detect (BCD) High
Back-channel Received Data (BRD) High
BELL 103113
INAZZAN
1070l 1270 2025 | 2225
1170 2125
fc fc
FREQUENCY (Hz) 09833-6A

Figure 4. Full-Duplex Channel Assignments
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ccnrv.as

1200 bps

FREQUENCY (Hz)

BELL 202 (5 bps BACK)

at |t

387 1200 1700 2200

FREQUENCY (Hz)

na

|
I
420

1300 | 1700
1500
fc fc
FREQUENCY (Hz)
BELL 202 (150 bps BACK)
bttt ¢
387 | a87 1200 | 2200
437 1700
FREQUENCY (Hz)
00833-7A

Figure 5. Half-Duplex Channel Assignments

CALL ESTABLISHMENT
The Am79101 supports Autodial and Autoanswer with
the following features:

m Call-Progress Tone Detection (CPTD)

m Dual-Tone Multi-Frequency (DTMF) Tone
Generation

m Answer-Tone Detection (ATD)

m Answer-Tone Generation (ATG)

First, the Mode Control (MC,~MC,) pins are used {0 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 Auto-
answer sequence. RTS remains High except when
tones are required to be transmitted. Now the MC pins
can be used to select the 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 is then input to the MC pins and the
transmitter generates the corresponding DTMF tones at
the TC pin. After the last digit is sent, CPTD is used
again to detect the ringback signal. Following the detec-
tion of ringback, the ATD feature can be used to detect
the answer tone from the called modem. Following de-
tection of the correct answer tone, data transfer can
now begin. Figures 6a and 6b show the Autodial flow-
chart and timings.

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

Am79101 13
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Figure 6a. Autodial Flowchart
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ENTER CALL MODE

[SET ATS HIGH FOR BILLING DELAY |

[SET TS LOW FOR ANSWER TONE DURATION |

[SET RTS HIGH FOR SECOND SILENCE DURATION |

[BEGIN DATA TRANSFER |

¢

To Fig. Baor9

09833-10A

Figure 7a. Autoanswer Flowchart
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09833-11A

Figure 7b. Autoanswer Timings
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Call Progress Tone Detection (CPTD)

The CPTD filter passes call progress tones from all
the major Post Telephone and Telegraphs (PTTs). The
cadences (temporal 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 speci-
fications, 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
DTMF digit to the next is 100 ms. It is common practice
to extend the DTMF digit duration to insure detection by
the central office.

Table 4. DTMF Tone Combinations

High-Group
Frequencles (Hz)
1209 1336 1477

697 1 2 3

Low-Group 770 4 5 6
Frequencies

(Hz) 852 7 8 9

941 * 0 #

Once in the Call Mode, RTS controls the duration of the
DTMF tone. With DTR = Low and the desired digit ap-
plied to the MC pins, setting RTS = Low will generate the
DTMF tone at TC until 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 = Low
indicates the presence of a valid answer tone. RD dis-
tinguishes between the three answer tones as shown
below. This feature allows mode matching with the re-
mote modem. In the CCITT V.21/V.23 modes, X at RD
indicates toggling between High and Low.

Answer Tone

Modem Mode Frequency (Hz) CO RD
Bell 103 2225 Low High
Bell 202 2025 Low lLow
CCITT V.21N.23 2100 Low X

The Carrier Detect Call thresholds (V pcons Veocors) 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 to
prevent noise from being decoded 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 con-
trols the silence intervals. Silence interval before the
answer tone is required by various governmental agen-
cies for billing delay purposes.

DATA TRANSMISSION*

Fuli-Duplex

Following call establishment, full-duplex data transmis-
sion can be started by either the called or calling mo-
dem. If the connection has been established and the
modem is looping through point A in Figure Ba, it no
longer matters which is the called and which is the
calling modem. Data transmission is initiated by setting
BTS Low. At this time the TD input will be released and a
modulated carrier can appear at the TC output. Follow-
ing a delay, to,, CTS changes to Low. At this time,
data may be transmitted through TD. It is common
protocol for the user to always present a Mark at TD
before RTS is asserted and during the 1., delay.

Data transmission continues until RT3 is set High. Fol-
lowing a_short delay, toc.., CTS changes to High. As
soon as RTS goes High, TD is ignored and TC is set to
0.0 V (silence). After CTS changes to High, the state
machine returns to point A in Figure 8a.

Half-Duplex

When a half-duplex mode is selected (202 or V.23),
data transmission can be either on the main channet at
1200/600 bps or on the back-channel at 5/75/150 bps.
In normal half-duplex operation, a single modem is ei-
ther transmitting on the main and receiving on the back-
channel or vice-versa. In the Am79101, control of the
fransmitter and receiver filters to the proper channel is
performed by RTS. When RTS is asserted, the transmit-
ter filters and synthesizer are set to transmit on the main
channel; the receiver filters are set fo 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
fitters are set to the main channel. If RTS and BRTS are

*All timing delays are listed in Table 5.
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asserted simultaneously, RTS will take precedence.
However, it BRTS is asserted before RTS and the back-
channel data transmission sequence has been entered
{Figure 8b), RTS will be ignored until BRTS is set High.

The state machine sequences for main and back-chan-
nel transmission differ slightly and are depicted in Fig-
ures 8a and 8b. Assume the state machine is idling
through point A in Figure 8a.

Main Channel

This transmission sequence is entered if a 202 or V.23
mode is selected and RTS is asserted. Since the re-
ceiver is now forced to the back-channel, the RD signal
is clamped to a Mark and the CD signal is clamped
High. The TD input is released and a carrier appears at
the TC output which follows the Mark/Space applied to
TD. RTS going Low initiates a delay, t...,, at the end of
which the CTS output goes Low. When CTS goes Low,
data may be transmitted through TD. Data transmission
continues until RTS is set High. At this time several
events are initiated. First a delay, 1., is 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-oft
mode is selected, a soft turn-off tone appears at TC fora
time, ty,,,, foliowed by silence (0.0 V). For both 202 and
V.23 modes, a squelch period, t,, is initiated when RTS
goes High. During this period the CD output 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 t..... and t.,. 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 tum-off are as follows:

Soft turn-off: When RTS goes High at the end of a
message, transients occur that may cause spurious
Space signals to be received at the remote modem.
During seft turn-off, the modem transmits a soft carrier
frequency for a period, g, after RTS goes High. This
results in a steady Mark on the RD line of the remote
modem.

Squelch: The local receiver must be turned off after
RTS is High, until the start of carrier detect, so that line
transients are not demodulated. The process of dis-
abling 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 BCD output is forced High
and the BRD output is clamped to a Mark. The 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, typ, at the end of which
the BCTS output goes Low. When BCTS goes Low, data

may be transmitted through BTD. Data transmission
continues until BATS is set High. BTD is immediately
ignored and TC is silenced (set to 0.0 V). Following a
short delay, tyrcorr» BCTS goes High. The signals BECD
and BRD are released and the state machine retums to
idle at point A of Figure 8a. In 202 5-bps back-channel
mode, BTD should be tied High. Then BRTS controls
the O/Oft keying modulation. When BRTS is Low, a
387-Hz tone appears at TC; when BRTS is High, 0.0 V
appear at TC.

DATA RECEPTION*

Data reception is controlled by State Machine 2 and de-
picted in Figure 9. At power-on, the machine enters
initial conditions and remains there until DTR is set Low.
it then loops until either CD = Low or BCD = Low occurs.

Full-Duplex

In full-duplex data reception, carrier may appear at any
time after the phone connection has been established.
Reception is independent of transmission. When the
receiver detects a valid carrier for at least the time, t.,,,
the output CD 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, t.o... At this time CD goes
High and RD is clamped to a Mark. The state machine
returns to the idle loop at point E.

Half-Duplex

As discussed in the Data Transmission section, when a
half-duplex mode has 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 dis-
cussed above for full-duplex reception. As long as RTS
remains High, BCD will never be activated. If RTS is
Low, then CD will never be activated. Instead, the re-
ceiver will look for a valid carrier in the back-channel
frequency band. If a valid carrier exists for at least the
time, tyepon, BCD changes to Low, 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 time, ty .- At this time, BCD goes High. BRD is
clamped to a Mark if V.23 mode or 202 150-bps back-
channel mode is selected. For 202 5-bps back-channel
mode, BCD represents the received data. BRD can be
ignored. The state machine returns to the idle loop at
point E.

LOOPBACK

Eleven modes exist to allow both analog and digital
loopback for each modem specification met by the
Am79101. These loopback modes allow character-
echo testing, but are not intended for 4-wire full-duplex
applications. When a loopback mode is selected, the

*All timing delays are listed in Table 5.
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Figure 8a. Transmit Main Channei State Diagram
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BRD = MARK
SET BCD HIGH

RESET SILENCE
BTD RELEASED

SET SILENCE

SET BCTS LOW

RETURN
TOA

BACK DATA
TRANSMISSION

BTD IGNORED
SET SILENCE

SETBCTS HIGH
BCD RELEASED

RETURN
TOA

09833-13A

Figure 8b. Transmit Back-Channel State Diagram

signal processing (filters, etc.) for both the transmitter
and receiver is set to process the same channel or
frequency band. This allows the analog output, TC, and
the analog input, RC, to be connected externally for
local analog loopback. Alternately, the digital data sig-
nals, TD and RD or BTD and BRD, can be connected
externally, allowing a remote modem to test the local

modem with its digital data signals looped back.

When a loopback mode is selected, the state machine
sequences 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 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 CaTT Call
Symbol Description 103 v.21 Mode Unit
tacon (1) Request-to-Send to ms
Clear-to-Send ON Delay 208.3 400 10.3%
tocorr (2 Request-to-Send to ms
Clear-to-Send OFF Delay 0.4 0.4 +40%
tepon (3) Carrigr Detect ON Delay 92-106 295-310 ms
teoore (4) Carrier Datect OFF Delay 21-40 21-50 ms
tepcon 8) Carrier Detect Call ON Delay - 7.5-125 ms
tepcorr (6) Carrier Detect Call OFF Delay - 7-30 ms
Bell 202
150 bps
Backand  Bell 202
CCITT Bell CCITTV.23 5bps
Symbol Description v.as 202 Back Back Unit
tacon (1) Request-to-Send ms
to Clear-to-Send ON Delay 208.3 183.3 - - +0.3%
tacorr (2) Request-to-Send ms
to Clear-to-Send OFF Delay 04 0.4 - - 140%
tancon (7) Back-channel Request-to-Send to ms
Clear-to Send ON Delay - - 82.3 - +0.64%
tercors (8) Back-channel Request-to-Send ms
OFF Delay - - 0.4 - 140%
teoon (3) Carrier Detect ON Delay 11.4-15.4 17-24 - - ms
teporr (4) Carrier Detect OFF Delay 54-13.3 124-234 - - ms
tecoon (9) Back-channel
Carrier Detect ON Delay - - 17-20 17-20 ms
tcporr (10) Back-channel
Carrier Detect OFF Delay - - 28-45 28-45 ms
tso (11) Receiver Squelch ms
Duration 156.3 156.3 - - +3.3%
tero (12) Transmitter Soft Turn-Off ms
Duration 24" 24 - - 12.3%
*For V.23 Soft Turn-off modes only.
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Figure 10. Bell 202 Handshake Timing with 5-bps Back-Channel**

*t, is an external delay provided by the user; t, > 0.

**This timing diagram is not to scale. See Table 5 for values.
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*t, is an external delay provided by the user; 1, > 5 ms.
**This timing diagram is not to scale. See Table 5 for values.
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Figure 11. CCITT V.23 Handshake Timing**
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*t, is an external delay provided by the users; t, > 0.
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09833-17A

Figure 12. V.23 STO and Beli 202, 150-bps Handshake Timing**

**This timing diagram is not to scale. Ses Table 5 for values.
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cb
RD RECEIVED DATA
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09833-18A

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

*This timing diagram is not to scale. See Table 5 for values.

CLOCK GENERATION

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

Crystal

When a crystal is used it should be connected as shown
in Figure 14a. The crystal shouid be a parallel reso-
nance type, and its value must be 2.4576 MHz +.01%.
A list of crystal suppliers is shown below.

External Clock

This clock signal could be derived from one of several
crystal-driven baud rate generators. It should be con-
nected to XTAL,, and XTAL, must be left floating. The
timing parameters required of this clock are shown in
Figure 14b and the values are listed in Table 6.

Crystal Information (f = 2.4576 MHz)

Manufacturer PN C C,

1 2
M-Tron MP-2 10 pF 20 pF
Monitor Products MM-33 10 pF 20 pF

Note: Rise time of V.. must be greater than 5 ms to insure
proper crystal oscillator start-up.
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XTAL CLOCK Y——————— XTAL,"
J_ _L 1 1

- XTAL, N.C. >——————— XTAL,

= I I
| |
*Capacitor values vary with different crystal manufacturers.
**The input impedance of this pin appears as 5 to 10 pF to ground in parallel with at least 1 M<Q.

Figure 14a. Clock Generation

< toy
¢— lCH—»)
- m WV r y
tcL—
fcR er 09833-19A
Figure 14b. External Clock
Table 6. Ciock Parameters
Symbol Parameters Min Typ Max Unit
tey Clock Period 406.86 406.9 406.94 ns
ton Clock High Time 165 ns
teL Clock Low Time 165 ns
ter Clock Rise Time 20 ns
ter Clock Fall Time 20 ns
Am79101 27



RESET MODES

Automatic Power-On Reset—Figure 15a suggests a
circuit to initiate the intemnal reset sequence automati-
cally whenever V. is applied. V.. rise time should
be faster than one half the RC time constant. The
Am79101 contains a diode to discharge the capacitor
whenV, . =0V.

RESET Input—The Am79101 can be forced into the
internal reset sequence by setting RESET Low for at
least one clock period.

Note that V must be at least +3.5 V for proper reset
operation. Between repetitive reset pulses, RESET must
be High for at least 1 us, as shown in Figure 15b.

Vee
Am79101 R < 1M (+20%)

RESET

C = 047 uF (+20%)

DGND J

Figure 15a. Automatic Reset

09833-20A

4 Vee
35V | — ——

v

j¢——>407 ng—»

ViHR —\

VILR i -

09833-21A

Figure 15b. Reset Timing Diagrams

Upon device initialization or mode change, DTR must be
brought High for a time t,,, >100 us, as shown in
Figure 16.

POWER SUPPLY

For maximum performance, power supply bypassing
should be used. V. should be decoupled to DGND and
Vgs o AGND as shown in Figure 17. The 0.01 pF
ceramic disc capacitors should be mounted as physi-
cally close to the pins as possible.

%gi%iW

DESIRED MODE

' msu

08833-22A

Figure 16. Mode Setup

+5 Vdc

Vec

0.01 uF

1 Joano

GND »—p—4 Am79101

T AGND

-5Vdc

0.01 pF

08833-31A

Figure 17. Power Supply Connections
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature —65 to +125°C
Ambient Temperature with Power Applied
Commercial (C) Devices 0to +70°C
Industrial (1) Devices —40 to +85°C
Extended (E) Devices -5510 +125°C
V. with Respect to DGND +#6V/-04V
V,q With Respect to DGND -6V /+0.4V
All Signal Voltages with Respect to DGND +5V

Stresses above those listed under ABSOLUTE MAXIMUM
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 (V) +4.75t0+5.25V
Negative Supply Voltage (Vg,) —4.75t0-5.25 V
AGND, DGND Offset —5010 +50 mV
Commercial (C) Devices 0to +70°C
Industrial () Devices —40 1o +85°C
Extended (E) Devices -5510 +125°C

Operating ranges define those limits over which the function-
ality of the device is guaranteed.
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TEST

POINT Vee
D
ouFTﬁ’%“#’ ! i ?350 0Q11%

UNDER © 1 N

TEST l Dz

Cy Ry Dy
48Kk +1%

Standard Load Circuit
Notes: 1. C, =50 pF including stray and wiring capacitance

2. All diodes are 1N3064 or equivalent

3. Allresistors are 1/8 W
4. V. =5Vi5%
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DC CHARACTERISTICS (over aperating ranges unless otherwise specified)
Digital Inputs: DA/CA, MC-MC,, DTR, RTS, BRTS, TD, BTD, RESET
Digital Outputs: CT5, BCTS, CD, BCD, RD, BRD

Parameters Des:l::tlon Conditions Min Typ Max Unit
Vou Output High loy = =400 pA
Voltage C,p=50pF 2.4 v
Voo Output Low lo, =2 mA
Voltage C.p=50pF
C, 1 Devices 0.4 Vv
E Devices 0.6 A
Viu Input High Voltage 2.0 Vee v
Vi Input Low Voltage -0.5 0.8 v
Vine External Clock Input High (XTAL,) 3.8 Vee )
Vi External Clock Input Low (XTAL,) -05 0.8 v
Vis External Reset Input High (RESET) 3.8 Voo v
Vin External Reset Input Low (RESET) -0.5 0.8 v
b Digital Input Leakage Current 0.0 <V <V -10 10 pA
bhen Reset Input Leakage Current 0.0 <V, <V
C, | Devices -0.75 0.75 HA
E Devices -1.0 1.0
e V. Supply Current C Devices 85 140 mA
| Devices 160 mA
E Devices 170 mA
laa Vg, Supply Current C Devices 11 15 mA
| Devices 20 mA
E Devices 25 mA
Cour Output Capacitance f=1.0 MHz 5 15 pF
C, Input Capacitance f=1.0MHz 5 15 pF
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AC SWITCHING CHARACTERISTICS

DTMF and
ATG Output Description Min Typ Max Unit
Vir Output Voltage 0.548 0.615 0.731 Vams
Low Group -3.0 -2.0 -0.5 dBm
Vir QOutput Voltage 0.690 0.788 0.921 Vaus
High Group -1.0 0.15 -1.5 dBm
Voo Output Voltage 0.460 0.517 0.580 Vs
Answer Tone —45 -35 -25 dBm
Viwst DTMF Twist 15 20 3.6 dB
Modulated
Transmit
Output Description Min Typ Max Unit
Vie TC Output 0.488 0.548 0.615 Vaus
Voltage —4.0 -3.0 -2.0 dBm
Vicos TCDC
Offset -100 20 100 mV
Viarm 2nd Harmonic from
Fundamental —45 -38 dB
Delay from TD
DEL to TC Change 8.3 us
Frequency
face Accuracy 0.4 0.4 Hz
(Except 202)
Frequency
face Accuracy -1.0 1.0 Hz
202 Mark
Qut-of-Band energy: See Figure 19
Receiver
Input Description Min Typ Max Unit
Vie RC Input
Voltage -1.6 1.6 \
R, Input
Resistance 50 kQ
FroL Frequency
Deviation -16 16 Hz
Tolerance
Veoon Carrier Detect
On Level —45* dBm
Veoore Carrier Detect
Off Level -49* dBm
Veocon Carrier Detect
Call On Level -34 dBm
Veocorr Carrier Detect
Call Off Level -39 dBm
Vivs Carrier Detect
Hysteresis 3.0 4.8 dB

Note: All TC levels are measured using a 1200 Q load. All dBm measurements are referenced to 600 Q.

*Nominal Spread = +1dB
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PERFORMANCE

Figure 18 shows a graph of nominal bit error rates for the various modem types. A flat-line condition, back-to-back
wire connection is used to allow easy correlation by users.

Bit Error Rate

Tg
8 -
7 .
6 - K
5 -| Receaive Level = ~30dBm
4 .| Gaussian Noise
3 | Fiat Line
Room Temperature
D e B} ESRAMCEMTTRREEEN ERERRRRLLLLLLALS
] 10°¢
......... 7y 8 10 12 14 16 18
Figure 18. Am79101 Nominal Bit Error Rate
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FREQUENCY (kHz)

3234 16.0
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—40 | “Thisis the Ouput Level Relative to the Transmitted Signal
**This Chart Applies to All Frequencies Other than the Oscillator \

—45|] ____ Fundamental and its Harmonics
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\ >

0.01 a1 0.2
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08833-23A

Figure 19. Out-of-Band Transmitter Energy**

APPLICATIONS

An intelligent Autodial, Autoanswer FSK modem can be
easily built with the Am79101. Figures 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 solu-
tion. The Am79101’s RS-232C signals and setup con-
trols are connected to the Am8051 as shown in Figure
20. MC, conveniently controls the on-hook relay in the
DAA circuit. MC, = 0 activates off-hook and MC, = 1
keeps on-hook during analog loopback for local testing.
If DTMF dialing is not permitted on a particular tele-
phone 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 Am8051, which then places the relay

off-hook and the Am79101 in the Call Mode to generate
the answer tone. After the call is established or an-
swered, the Am8051 has complete control to start data
transter.

For the half-duplex 202/V.23 modes, two different baud
rates (1200 bps and 75/150 bps) are used for the main
and back-channels. A dual-UART system is required.
Figure 21 shows an implementation with the AmB051
and the dual-channel Serial Communication Controller
AmZ8530. The AmZ8530 can also be used with other
CPUs, such as the Z80, 8080, 6800 and 68000.

The internal hybrid 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 1988 Modem
Technical Manual (PID# 09560A).
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Figure 21. 1200-bps Half-Duplex Modem with 75/150-bps Back-channel
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Figure 22. Data Access Arrangement
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