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Rockwell Semiconductor Products Division is headquartered in Newport Beach, California with
Field Sales Offices located throughout the United States, Canada, Europe and the Far East. Their
listings, plus those of domestic and international representatives and distributors, appear in Ap-
pendix A.

Definition of Document Types

Document Type Product Status Definition
Product Preview Formative or The document type contains the general features
Development and/or specifications for a product in definition or

development. The features and/or specifications
may change in any manner without notice.

Product Summary Development or This document type contains the general features
Production and/or specifications of a product in development or
in production. Additional information is usually
available in a separate document, not contained in
this book, such as a Designer’s Guide.

Data Sheet Sampling or This document type contains preliminary or

(Preliminary) Pre-Production design-to-characteristic data for a product in
pre-production. Additional and/or refined
characteristic data will be released in subsequent
revisions to the document.

Data Sheet Production This document type contains final specification
information resulting from measured
characteristics. This document type is subject to
revision if characteristics are further refined during
production.

Product Description Production This document type contains final specification
information resulting from measured characteristics
along with additional application aid information.
This document type is subject to revision if
characteristics are further defined during production.

Application Note Development or This document type contains application aids in the
Production use of the subject product. Schematics included in
an application note are intended to convey system
design concept only.
NOTICE

Information furnished by Rockwell International Corporation is believed to be accurate and reliable.
However, no responsibility is assumed by Rockwell International for its use, nor any infringement of
patents or other rights of third parties which may result from it use. No license is granted by implication or
otherwise under any patent or patent rights of Rockwell International other than for circuitry embodied in a
Rockwell product. Rockwell International reserves the right to change circuitry at any time without notice.
All documents in this book are subject to change without notice.
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DIAL-UP DATA MODEMS
EXPERIENCE MAKES A DIFFERENCE

Rockwell offers a complete line of 1200 to 9600 bits per second (bps) OEM modem products that can
easily be incorporated into your communications systems requiring high performance, quality and
reliability while maintaining a competitive cost advantage. Whether the modem application is for personal
computer communications or for installation into remote monitoring equipment, Rockwell has the product
with the features, form factor and cost advantage to meet your business objectives.

With the dial-up (PSTN) market advancing so quickly, time to market is critical. Rockwell offers a com-
plete family of products that address every segment of the dial-up market. For the low power applications
such as laptops (battery powered), Rockwell offers the RC224AT, a complete single device modem, and
the RC2324DP, Rockwell’s true quad function (V.21, V.22A/B, V.22 bis, and V.23) modem. Rockwell also
provides products that easily assist you in migrating to higher speeds. The R96QT is a value added

V.22 bis modem that communicates at 9600 bps, and the RC9696DP is a “turbo charged” R9696DP with
fall-forward capability to 12000 bps full duplex operation. With throughput increasingly more critical over
dial-up lines, data compression and error correction protocols are crucial features. For integrated applica-
tions, Rockwell offers the RC224AT, which provides the “AT” command set, error correction and data
compression protocols in addition to standard modem features.

System designers now have a product line that completely meets their needs including a smooth migra-
tion path from all of Rockwell’s current products to any future requirements.

Data Speed
Model (bps) Compliance
R212AT 1200, 0-300 Bell 212A, 103; “AT” Command Set
R212DP 1200, 0-300 Bell 212A, 103
R1212 1200, 600, 0-300 CCITT V.22 A/B; Bell 212A, 103
R2424 2400, 1200, 600, 0-300 CCITT V.22 bis, V.22 A/B; Bell 212A, 103
RC224AT 2400, 1200, 600, 0-300 CCITT V.22 bis, V.22 A/B, V.21; Bell 212A, 103;
“AT” Command Set
RC2324SME | 2400, 1200, 600, 0-300 CCITT V.22 bis, V.22 A/B, V.23, V.21, Bell 212A, 103;
V.25 bis Commands, “AT" Commands, MNP 3, 4, 5
RC2324DP 2400, 1200, 600, 0-300 CCITT V.22 bis, V.22 A/B V.21, V.23; Bell 212A, 103
R96QT 9600, 7200, 4800, 2400, 1200
600, 300 V.29 (HDX), V.22 bis, V.22 A/B; Bell 212A, 103
R9696DP 1200, 9600, 4800, 7200 V.32, V.22 bis, V.22, V.21 V.23; Bell 212A, 103
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R212DP/DS and R212DP/EB

’ ' Modem Device Set
Rockwell Bell 212A Compatible

R212DP

INTRODUCTION

The R212DP/DS Data Pump device set is a high performance
1200/300 bps modem. Using state-of-the-art VLSI technology,
the R212DP provides the entire modulation/demodulation
process, high and low band filtering, and complete auto dialing
function in only two devices.

The R212DP is ideal for data transmission over the 2-wire dial-up
network. Bell 212A and 103 compatible, the R212DP can handle
virtually all applications for full-duplex 1200 bps and 0 to 300 bps
asynchronous data transmission over the public switched
telephone network (PSTN).

The RS-232-C compatible interface integrates easily into a per-
sonal computer, box modem, terminal or any other communica-
tions product. The added feature of an integral asynchronous
serial auto dialer capable of dialing with DTMF tones or pulses
from its 40-byte character buffer offers the user added flexibility
in creating a 1200 bps modem customized for specific packaging
and functional requirements.

An R212DP/EB Evaluation Board Is also available to aid modem
system design and evaluation. Included on the printed circuit
board are the R212DP/DS modem device set, RS-232-C con-
nector, power connector, an RJ-11 phone jack, six LED indi-
cators, and four configuration switches. The evaluation board
comes with an in-depth R212DP Device Set Designer’s Guide
(Order No. 678) and a wall-mount power supply. All that is
required to use the R212DP/EB 1s an RS-232-C cable connected
to a terminal or computer, and a phone cord.

FEATURES

¢ 2 Device Implementation
— R8200 Modulator/Demodulator
— 10468 Integrated Analog

* Bell 212A and 103 Compatible (2-Wire Full-Duplex)

— Asynchronous

1200 bps DPSK (+ 1%, —2.5%)
0-300 bps FSK

Auto Fallback,
e DTE Interface

Answer Mode

— Functionally: RS-232-C Compatible
— Electrically: TTL

e Auto/Manual Answer

¢ Auto/Manual Dial

— DTMF or Pulses
—0-9#*, TP CR(ASCIl)
— 40-Byte Character Buffer

* 10-Bit Character Length

¢ Break Generation/Detection

¢ Send/Receive Space Disconnect
¢ Automatic Adaptive Equalizer

* Analog Loopback

— 0 to 300 bps, 1200 bps

* Packaging Options
— 40-pin Plastic DIP

— 44-pin PLCC

40-PIN DIP

44-PIN PLCC

R212DP/DS Modem Device Set

Document No. 29220N77 Product Summary
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R212DP ' Data Pump Modem Device Set

+5V +5V -5V
I | |
DTR ————
DCD w—
D ————p]
RxD <+——|
Rl <—— N  — } T0
CH —»
-H R8200-XX < 10468-XX LINE
Cl -+—j -/ le——— J INTERFACE
OH ——»
ORG/ANS ———> 1
AL —> 0
T
(I e i
MODULATOR/ = INTEGRATED -
DEMODULATOR ANALOG
DEVICE DEVICE
R212DP/DS Modem Device Set Interface Diagram
SPECIFICATIONS Environmental
Power Consumption Temperature: Operating 0°C to 70°C
+5 Vdc +£5% <300 mA Storage —55°C to +150°C
-5Vdc 5% <40 mA Relative Humidity: Up to 90% noncondensing, or a wet bulb
600 mW (typical) temperature up to 35°C, whichever is less.



R212AT/DS and R212AT/EB

N

Rockwell

R212AT Modem Device Set

‘AT Command Set

Bell 212A Compatible

INTRODUCTION

The R212AT/DS (**AT”’ Command Set Compatible) device set
is a high performance 1200/300 bps modem. Using state-of-the-
art VLSI technology, the R212AT provides the entire modulation/
demodulation process, high and low band filtering, and an
enhanced “AT” Command Set in only two devices.

The R212AT is ideal for data transmission over the 2-wire dial-up
network. Bell 212A and 103 compatible, the R212AT can handle
virtually all applications for full-duplex 1200 bps and 0 to 300 bps
asynchronous data transmission over the public switched
telephone network (PSTN).

The RS-232-C compatible interface integrates easily into a per-
sonal computer, box modem, terminal or any other communica-
tions product. The added features of the enhanced “AT”
Command Set offer the user added flexibility in creating a
1200 bps modem customized for specific packaging and func-
tional requirements. The R212AT can be readily used with
industry standard communication software packages.

An R212AT/EB Evaluation Board is also available to aid modem
system design and evaluation. Included on the printed circuit
board are the R212AT/DS modem device set, RS-232-C con-
nector, power connector, two RJ-11 phone jacks, 11 LED indi-
cators, four configuration switches, and a speaker with volume
control. The evaluation board comes with a detailed R212AT
Device Set Designer’s Guide (Order No. 686), and a wall-mount
power supply. All that is required to use the R212AT/EB is an
RS-232-C cable connected to a terminal or computer, and a
phone cord.

FEATURES

¢ 2 Device Implementation
— R8203 Modulator/Demodulator
— 10468 Integrated Analog

e Bell 212A and 103 Compatible (2-Wire Full-Duplex)
— 1200 bps DPSK (+ 1%, - 2.5%) asynchronous
— 0-300 bps FSK asynchronous
— Auto Fallback, Answer Mode

¢ Auto/Manual Answer

e Auto/Manual Dial

e “AT” Command Set (see reverse side)

¢ DTE Interface

— Functionally: RS-232-C Compatible
— Electrically: TTL

¢ Data Format

— 7 Data Bits; 1 or 2 Stop Bits; Even, Odd, or Fixed Parity

— 8 Data Bits; 1 or 2 Stop Bits; No Parity
¢ Automatic Adaptive Equalizer
¢ Packaging Options

— 40-pin Plastic DIP
— 44-pin PLCC

40-PIN DIP

44-PIN PLCC

R212AT/DS

Modem Device Set

Document No. 29220N83

Product Summary

Order No. 683

Rev. 2, February 1987
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R212AT “AT” Compatible Modem Device Set

R212AT “AT” Command Set

Command Function Command Function Command Function

AT Attention Code Sr=n Set Register H On/Off Hook

A/ Repeat Last Command Vv Verbal/Numeric | Returns Product Code
A Answer Result Code M Speaker On/Off

D Dial s Pause (¢] On Line

R Reverse Dial ; Return to Command Q Quiet On/Off

T Tone Dial State After Dialing z Reset

P Pulse Dial E Echo On/Off +++ Escape Code

Sr? Read Register

+5V +5V -5V
DSR «——
DTR ——|
DCD a—
™D ———p]
RxD ~<a— N — > | T
Rl €— R8203-XX < 10468-XX LINE
o - V] l«——— J INTERFACE
VR <— 1
AA <€—] O
SPEAKER ON <— T
gl 1
MODULATOR/ = INTEGRATED -
DEMODULATOR ANALOG
DEVICE DEVICE
R212AT/DS Modem Device Set Interface Diagram
SPECIFICATIONS Environmental
Power Consumption Temperature: Operating 0°C to 70°C
+5 Vdc 5% <300 mA Storage —55°C to +150°C
-5Vdc +5% <40 mA Relative Humidity: Up to 90% noncondensing, or a wet bulb
600 mW (typical) temperature up to 35°C, whichever is less.



RC224AT

N

Rockwell

RC224AT 2400 bps Single Device Modem
with "AT" Commands

INTRODUCTION

The RC224AT is an integrated 2400 bps full-duplex
modem supplied in either one or two CMOS VLSI
packages. The RC224AT complies with CCITT V.22 bis
and V.22 A/B recommendations, and meets Bell 212A and
103 standards. The RC224AT also implements a 2400
"AT" command set.

Two versions of the RC224AT are available. The
RC224AT/1 integrates digital signal processing (DSP) and
integrated analog (IA) functions into a single VLSI
package.

The RC224AT/2 2-device set performs the same functions
as the RC224AT/1 single device with the addition of a
memory expansion bus. The RC224AT/2 supplies DSP
and |A functions in separate packages.

The RC224AT may operate over a parallel or serial
interface to the host. A hardware input selects either
parallel or serial host interface upon power turn-on or
reset. The parallel host interface emulates a 16C450
UART and is compatible with IBM PC, PC/XT, PC/AT, or
PS/2 systems. The serial host interface is CCITT V.24
(EIA-232-D) logic compatible with TTL levels.

RC224AT based modem designs reduce the bill of
material due to the elimination of an external
microprocessor and parallel/serial (UART) devices. This
results in significant cost savings for OEM customers.

Implemented in low power CMOS, the RC224AT is also
designed especially for portable and/or battery powered
applications. Power requirements are further reduced
when sleep (power down) mode is enabled.

The RC224AT is based on a new generation CMOS
microcontroller, the MicroDSP. The MicroDSP combines
the best features of an 8-bit microcomputer with a digital
signal processor. The MicroDSP enables the RC224AT to
handle traditional microprocessor functions, such as the
AT command interpretation, without degrading
performance in core modulation and demodulation of
digital signal processing functions.

FE

Hayes s a

ATURES

No external microcomputer and PROM required

Built-in DTE interfaces supported:

— Parallel 16C450

— Serial CCITT V.24 (EIA-232-D)

Implements new Hayes commands

- &V, &Wn, &Yn, &Zn=x, and S=n as a dial
modifier

NVRAM interface allows storage of two user

configurations and four 36-digit dial strings

40-character command line

Automatic sleep mode and wake-up

Expansion PROM interface permitting user-

modification of AT commands

Compatibilities

— CCITT V.22 bis, V.22 A/B

— Bell212A and 103

— Hayes "AT" 2400B and 2400 command set

Low power requirements:

— 305 mW (typical) operating

— 37 mW (typical) sleep (power down) mode

Call progress and dialing features:

— Detect: busy, ringback and dial tone

— Wait for quiet answer

— Programmable speaker volume control

— DTMF and pulse dial

— Programmable pause interval

— Flash PBX support

— Wait for dial tone before dialing

— Originate call from answer-mode modem

Automatic adaptive and fixed compromise

equalization

A/A1 feature for multi-line key telephones

RC224AT/1 (1 device) packaging

— 64-pin plastic QUIP

— 68-pin PLCC

RC224AT/2 (2-device set) packaging

— DSP: 64-pin plastic QUIP or 68-pin PLCC

— |A: 40-pin plastic DIP or 44-pin PLCC

Products, Inc

of Hayes Mi

Document No. 29200N54

Data Sheet

(Preliminary)

Order No. MD54
Rev. 1, January 1989
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GENERAL DESCRIPTION

The major hardware signal interfaces of the single-device
RC224AT/1are illustrated in Figure 1-a. The major
hardware interface signals of the RC224AT/2 are shown in
Figure 1-b.

Additional design information is described in the RC224AT
Designer’s Guide (Order No. 845).

DEVICES
MicroDSP

The MicroDSP is a medium speed modem engine offering
high speed central processing at a 6 MHz (intemnal clock)
instruction execution rate. The MicroDSP performs the
modem digital signal processing, command set
interpreting, line control, and modem control processing.
Two pulse rate multipliers optimize performance by
generating precision timing for the analog filters.

Integrated Analog

The integrated analog function is divided into three
sections: transmitter, receiver, and telephone line
interface. The transmitter section contains a
digital-to-analog (D/A) converter, bandsplit and lowpass
filters, a guard tone generator, and a transmit level
attenuator. The receiver section implements variable gain
control, bandsplit filters, and an analog-to-digital (A/D)
converter. The telephone interface circuitry provides relay
drivers for off-hook, talk/data, and A/A1 relays.

SUPPORTED INTERFACES
*AT* Command Line

A 40-character command line is provided. The command
line starts with AT and may contain several commands. A
separator is not required between the commands. The AT
prefix and the terminating CR prefix are not counted in the
character total. Spaces are counted; as are left and right
parenthesis.

Parallel Host Interface

When the parallel PC bus interface is selected by a
hardware input signal (use of HWT), a 16C450 compatible
parallel interface is provided.

Indicator Interface (Serial Interface only)

When the serial interface is selected, four signals _are
output by the DSP to the indicator interface (DCDL,
MR/TEST, AAE, and OHRELAY). The 2-device
RC224AT/2 also outputs the DTRL indicator signal.

Serial Host Interface

When the serial interface is selected by a hardware input
signal (SEREN = GND), a V.24 (EIA-232-D) compatible
interface is provided.
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NVRAM Interface

A serial interface to an optional user-supplied 1024-bit
non-volatile RAM (NVRAM) is provided. The NVRAM can
store up to two user-selectable configurations which can
take precedence over the factory default setting, and can
store up to four 36-digit dial strings.

Speaker Interface

An interface to an externally supplied speaker circuit is
provided. The speaker can be used to monitor call
progress. The AT Ln command can be used to adjust the
volume in suitable steps.

Expansion ROM Interface (RC224AT/2 Only)

An expansion bus is provided to interface with an optional
user-supplied 8k-byte PROM, as a user option. This
PROM can be used to alter the AT command set.

SLEEP (POWER DOWN) MODE

To minimize the modem power consumption, the
RC224AT includes a sleep (power down) mode which may
be enabled or disabled. If enabled, the RC224AT enters
sleep mode whenever the modem has been inactive from
30 seconds to one minute. (Note that the modem never
enters power down mode while in data mode.) The modem
returns to full operation whenever a ring signal occurs, or
the host writes to the DSP (parallel interface) or the DTR
input is asserted (serial interface). In the serial interface,
the V.24 and indicator outputs are forced high in the sleep
mode to save power.

TECHNICAL SPECIFICATIONS

The selectable modem configurations, along with the
corresponding signaling (baud) rates and data rates, are
listed in Table 1.

TONE GENERATION

DTMF Tone: A DTMF tone pair can be generated with an
frequency accuracy of +1.5%. The dial digit tone pairs are:

Dial Digit Tone 1 Tone 2
4] 941 1336
1 697 1209
2 697 1336
3 697 1477
4 770 1209
5 770 1336
6 770 1477
7 852 1209
8 852 1336
9 852 1477
* 941 1209
# 941 1477
A 697 1633
B 770 1633
(o} 852 1633
D 941 1633
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RC224ATH DEVICE

DIGITAL 2
SIGNAL INTEGRATED + 1 ANTIALIASING >
PROCESSOR TELEPHONE
(AICHODSP) ANALOG FILTER LINE
(1A) COMPONENTS INTERFACE
< e o]  (0AA)
2 ANCILLARY
INDICATOR 3 / > CIRCUIT
INTERFACE  |<#F 2 < INTERFACE
:,‘I 3
Iaid SERIAL 3 SPEAKER
/
INTERFACE y. > INTERPACE
8 L
A 3
v.2e | NVRAM
EIA2320 INTERFACE
INTERFACE

a. Serial Host Interface

RC224AT/1 DEVICE

DIGITAL ,2
mggNEsAsLo A INTEGRATED 7 hall ANTIALIASING | TELEPHONE
i acnanti ANALOG FILTER LINE
() COMPONENTS INTERFACE
—_——_ > (DAA)
2 h ANCILLARY
L CIRCUIT
HOST = — INTERFACE
PARALLEL
BUS
16C450
INTERFACE 7 2 . IS:E:;(‘ECRE
43 (|
7 > NVRAM
- INTERFACE

b. Parallel Host Interface

Figure 1-a. RC224AT/1 General Interface
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RC224AT/2 DEVICE SET
DIGITAL
SIGNAL 2
MICRODER, INTEGRATED [ 7~ |  ANTIALIASING | TELEPHONE
@ AN FILTER LINE
INTERFACE
————— > (DAR)
2 ANCILLARY
INDICATOR . # > CIRCUIT
INTERFACE 4/2 INTERFACE
L
SERIAL 3 SPEAKER
INTERFACE + INTERFACE
. I’
v.24 4 . 3 - v
EIA-232-D ’
INTERFACE INTERFACE
EXPANSION
K BUS
INTERFACE
a. Serial Host Interface
RC224AT/2 DEVICE SET
DIGITAL
SIGNAL L2
PROCESSOR >
INTEGRATED [ ANTIALIASING *| ELEPHONE
(MICRODSP) <"::> ANALOG FILTER LINE
COMPONENTS INTERFACE
______ »| (02
2 o G
HOST a
PROCESSOR — INTERFACE
PARALLEL
BUS 16C450 >
3 - SPEAKER
INTERFACE — Pridowrst
43 ol
7 > NVRAM
INTERFACE
EXPANSION
K BuUs
INTERFACE

b. Parallel Host Interface

Figure 1-b. RC224AT/2 General Interface
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Guard Tone: A guard tone of 550 + 20 Hz or 1800 + 20 Hz
can be generated at 3 +1 dB or 6 +1 db below the transmit
level, respectively.

Answer Tone: A CCITT (2100 =15 Hz) or Bell (2225 =10
Hz) answer tone is generated depending on the selected
configuration.

DATA ENCODING

The data encoding conforms to CCITT Recommendations
V.22 bis or V.22, or to Bell 212A or 103, depending on the
selected configuration.

LINE EQUALIZATION

Transmitter and receiver digital filters compensate for
delay and amplitude distortion during operation on
nominal phone lines. In addition, automatic adaptive
equalization in the receiver minimizes the effects of
intersymbol interference.

TRANSMITTED DATA SPECTRUM

The transmitted spectrum is shaped by the square root of
a 75% raised cosine filter function.

TRANSMIT LEVEL
The transmitter level is —10 dBm =1 dB.
SCRAMBLER/DESCRAMBLER

The modem incorporates a self-synchronizing
scrambler/descrambler in accordance with the applicable
CCITT recommendation.

RECEIVE LEVEL

The receiver satisfies performance requirements for a
received line signal from —9 dBm to —43 dBm. The carrier
detect is ON at —43 dBm and OFF at —48 dBm with a
minimum of 2 dB hysterisis.

RECEIVER TIMING

The modem can track a frequency error up to +0.01% in
the associated transmit timing source.

CARRIER RECOVERY

The modem can track a frequency offset up to +7 Hz in the
received carrier with less than a 0.2 dB degradation in bit
error rate (BER).

TRANSMISSION SPEED

With the parallel interface, the transmission rate of the host
computer must be 110, 300, 1200, or 2400 bps. The
modem will connect at the selected speed or will fallback
to the speed set by the remote modem with the serial
interface, the DTE transmission speed is speed sensed.

When the modem answers a call, it determines the
transmission speed from the carrier signal of the
originating modem. V.22 bis ORG can also adapt so that
the setting of the modem is matched to the remote system.

AT COMMAND SET

The AT command set is Hayes 2400B compliant. The
commands are divided into three types; basic commands,
dial modifiers, and ampersand commands as listed in
Table 2. The supporting S registers are listed in Table 3.

AT COMMAND DATA RATE

With the parallel interface, AT commands to the modem in
the local command state must be asynchronous, ASCIl
coded, and transmitted at rates of 110, 300, 1200, or 2400
bps. With the serial interface, the rate is speed sensed for
parity and format.

Table 1. Configurations, Signaling Rates and Data Rates

Transmitter Carrier Data Rate
Frequency (H2) +0.01% (bps) Baud Bits Per Constellation
Configuration Modulation' Answer Originate +0.01% (Symbols/Sec.) Symbol Points
V.22 bis QAM 2400 1200 2400 600 4 16
V.22A/B DPSK 2400 1200 1200 600 2 4
Bell 212A DPSK 2400 1200 1200 600 2 4
Bell 103 FSK 2225 M 1270 M 300 . 300 1 1
2025 S 1070 S
Notes: 1. Modulation legend: QAM Quadi Amplitude Modulati
DPSK Differential Phase Shift Keying
FSK Frequency Shift Keying
2. Mindicates a mark condition, S indicates a space condition.
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Table 2. RC224AT "AT* Command Set Summary

Table 3. RC224AT S Register Summary

Basic :
Commands Function
AT Attention Code
A Answer Command
A/ Repeat Last Command
Bn Communications Standard Option
C1 Carrier Control Option
D Dial Command
En Off-line Character Echo Option
F1 On-line Character Echo Option
Hn Switch Hook Control Option:
In Identification/Checksum Option
Ln Speaker Volume Option
Mn Speaker Control Option
On On-line Command
P Pulse Dial
Qn Result Code Display Option
Sn Select an S Register
Sn= Write to an S Register
Sn? Read an S Register
T Touch Tone Dial
Vn Result Code Form Option
Xn Result Code Set/Call Progress Option
Yn Long Space Disconnect Option
Zn Recall Stored Profile Command
4 Escape Code Sequence
, Pause
Dial
Modifiers Function
P Pulse Dial
R Originate Call in Answer Mode
S=n Dial Stored Number (n=0:3)*
T Touch Tone Dial .
w Wait for Dial Tone
H Return to ldle State
@ Wait for Quiet Answer Command
| Flash Hook
, Pause
0-9 Dial Digits/Characters
AB,CD
#*
Ampersand
Commands Function
&Cn Data Carrier Detect Option
&Dn Data Terminal Ready Option
&F Load Factory Defaults
&Gn Guard Tone Option
&Jn Auxiliary Relay Control
&Mn Communications Mode Option
&Pn Make to Break Ratio Selection
&Qn Communications Mode Option
&Sn Data Set Ready Option
&Tn Test Command Selection
&v View Active Configuration and User
Profiles*
&Wn Store Active Profile*
&Xn Synchronous Transmit Clock Source
Option
:Yn Select Stored Profile on Powerup Option*
Zn=X

Store Telephone Number (n=0:3)*

* = New Commands

Register Function
So* Ring to Answer On
S1 Ring Count
S2 Escape Code Character
S3 Carriage Return Character
S4 Line Feed Character
S5 Back Space Character
S6 Wait For Dial Tone
S7 Wait Time for Data Carrier
S8 Pause Time for Comma
S9 Carrier Detect Response Time
S10 Lost Carrier to Hang-up Delay
St1 DTMF Dialing Speed
S12 Escape Code Guard Time
S14* Bit Mapped Options Register
S16 Modem Test Options
S18* Test Timer
S21* Bit Mapped Options Register
S22 Bit Mapped Options Register
S23* Bit Mapped Options Register
S25* Delay to DTR
S26* RTS to CTS Delay Interval
Sa7* Bit Mapped Options Register
Notes:
*This S-Register is stored in the modem NVRAM upon
receipt of the &W command so that the contents are
preserved when modem power is removed.

HARDWARE INTERFACE SIGNALS

The RC224AT/1 pin assignments are shown in Figure 2
and listed in Table 4. The RC224AT/1 hardware interface
signals are shown in Figure 3.

The RC224AT/2 pin assignments are shown in Figure 4
and listed in Table 5. The RC224AT/2 interface signals are
shown in Figure 5.

The RC224AT/1 and RC224AT/2 digital and analog
characteristics are described in Tables 6 and 7,
respectively.

The RC224AT hardware interface signals are described in
Table 8. The signal definitions apply to both RC224AT/1
and RC224AT/2 except as noted.

APPLICATION

Recommended modem circuits based on the RC224AT/1
are shown in Figures 6-a and 6-b for serial and parallel
interfaces, respectively.

Recommended modem circuits based on the RC224AT/2
are shown in Figures 7-a and 7-b for serial and parallel
interfaces, respectively.
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Figure 2. RC224AT/1 Pin Assignments
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Table 4-a. RC224AT/1 Pin Assignments-Serial Table 4-b. RC224AT/1 Pin Assignments-Parallel
68-Pin PLCC 64-Pin QUIP Signal 68-Pin PLCC 64-Pin QUIP Signal
Pin Number Pin Number Label /O Type Pin Number Pin Number Label /O Type
4 1 RTS 1A 4 1 HRD 1A
5 2 _SEREN 1A 5 2 HWT 1A
6 3 DTR/DLE 1A 6 3 HCS 1A
7 4 NVRCS OA 7 4 NVRCS OA
8 5 NVRDIO |A/OA 8 5 HA2 1A
9 - A/AL OA 9 - A/A1 OA
10 [ AAE OA 10 6 HA1 1A
11 7 TLKRELAY OA 1 7 HAO 1A
12 8 RDCLK OA 12 8 IDLEN |
13 9 _BXD OA 13 9 NVRSK OA
14 10 RESET 1B 14 10 RESET 1A
15 1 +5VDC 15 11 +5VDC 1A
16 12 NVRSK OA 16 12 HINT OA
17 13 XICLK 1A 17 13 HDIS OA
18 14 TDCLK OA 18 14 TLKRELAY OA
19 15 XD 1A 19 15 NVRDIO IA/JOA
20 16 SPKRH OA 20 16 OA
21 17 SPKRL OA 21 17 SPKRL OA
22 18 Mi6A TO Mi6B 22 18 MIBA TO Mi6B
23 19 MISA TO MISB 23 19 MISA TO MI5B
24 20 I 'TO MI3B 24 20 _MisA TO MI3B
54 21 OHRELAY oD 54 21 OHRELAY oD
30 22 -5VA 30 22 -5VA
31 23 Mi10 31 23 Mi10
32 24 Mi11 32 24 Mit1
33 25 AGND1 33 25 AGND1
34 26 Mi4B TO MI4A 34 26 Mi4B TO MI4A
35 27 DGND1 35 27 DGND1
36 28 TRAN OUT O (DD) 36 28 TRAN OUT O (DD)
37 29 MI3B TO MI3A 37 29 - MI3B “TO MI3A
38 30 mi2B TO Mi2A 38 30 Mi2B TO MI2A
39 31 +5VA 39 31 +5VA
40 32 Mi1B TOMItA 40 32 MiiB TO Mi1A
41 33 AGND2 41 33 AGND2
42 34 BIAS 42 34 BIAS
43 35 RECIN 1 (DB) 43 35 RECIN 1 (DB)
44 - N.C. 44 - N.C.
45 36 REC OUT O (DA) 45 36 REC OUT O (DA)
46 37 Mi1s 46 37 MI15
47 38 AGND3 47 38 AGND3
48 39 Mi16 48 39 Mi16
49 40 Mi14 49 40 Mi14
50 41 MieB TO MIGA 50 41 MieB TO MI6A
51 42 MisB TO MIBA 51 42 misB TO MISA
52 43 Mi78 TO MI7A 52 43 MI7B TO MI7A
53 44 MIsB TO MISA 53 44 mIsB TO MISA
25 45 MIBA TO MisB 25 45 MISA TO MisB
26 46 MI7A TO MI7B 26 46 MI7A TO MI7B
27 47 MI2A TO Mi2B 27 47 MI2A TO Mi2B
28 48 MI1A TOMIIB 28 48 MI1A TOMI1B
29 49 MI4A TO Mi4B 29 49 Mi4A TO MI4B
55 50 IAEN OA 55 50 IAEN OA
56 - OA 56 - OA
57 51 TEST 1A 57 51 TEST 1A
58 52 XTLI IE 58 52 XTLI IE
59 53 XTLO oB 59 53 XTLO oB
60 54 DGND2 60 54 DGND2
61 55 DGND3 61 55 DGND3
62 56 DSR OA 62 56 HDO IA/JOA
63 57 CcTs OA 63 57 HD1 IA/JOA
64 58 DCD OA 64 58 HD2 IA/OA
65 59 CIHS OA 65 59 IA/JOA
66 - NMI 1A 66 - NMI 1A
67 60 MR OA 67 60 HD4 IA/JOA
68 61 1] OA 68 61 HDS IA/JOA
1 62 DCDL OA 1 62 HDé IA/OA
2 63 IDLEN 1A 2 63 HD7 IA/JOA
3 64 RING 1A 3 64 RING 1A
Notes: Notes:
1. M = Modem Interconnection (e.g., MI7), see Figure 3. 1. MI = Modem Interconnection (e.g., M!7), see Figure 3.
2. N.C. = No Connection, leave pin disconnected (open). 2. N.C. = No Connection, leave pin disconnected (open).
3. 1/O types are described in Table 6 (digital signals) and in 3.. /O types are described in Table 6 (digital signals) and in
Table 7 (analog signals). Table 7 (analog signals).
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XTLI TRAN OUT ANTIALASING TR o
REC OUT FILTER RXA | TELEPHONE
CRYSTAL o '——F COMPONENTS e BXA LINE
INTERFACE
(DAA)
OHRELAY
o, "’
. OHRELAY I
DCDL
b MR/TEST O
AAE
INDICATOR [0 0O
INTERFACE  [O@——— TLKRELAY
jo———————»CO  ANCILLARY
O—— SUPPORT
Oe— IDLEN CIRCUITRY
p<— 1AEN
AAL >0
RING
. RC224ATH Oo*——
o RXD
- CI/HS SPKREN
e beD 9 SPKRH SPEAKER
DSR SPKRL
Oa— ; q
v i s NVRCS
EA232D [0 —q -
INTERFACE NVRSK
NVRDIO > NVRAM
s ™ |
0——-——“7"-;>q
+5V
i RESET
=

Figure 3-a. RC224AT/1 Interface Signals-Serial Interface
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Figure 3-b. RC224AT/1 Interface Signals-Parallel Interface
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Figure 4-a. RC224AT/2 Pin Assignments-DSP Device
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Table 5-a. RC224AT/2 DSP Pin Assignments-Serial Table 5-b. RC224AT/2 DSP Pin Assignments-Parallel
68-Pin PLCC 64-Pin QUIP Signal vo 68-Pin PLCC 64-Pin QUIP Signal o
Pin Number Pin Number Label Type Pin Number Pin Number Label Type
1 1 IAEN OA 1 ‘M |IAEN OA
2 2 MIS 2 2 MI5
3 3 IDLEN 1A 3 3 IDLEN 1A
4 4 RING 1A 4 4 RING 1A
5 5 Mi8 5 5 Mi8
6 6 _MI3 6 6 MI3
7 7 DCDL OA 7 7 HDIS OA
8 8 DTRL OA 8 8 HINT OA
9 - NC. 9 - NC._
10 9 EBWT OA 10 9 EBWT OA
1 10 EBRD OA 1 10 EBRD OA
12 11 EBALE OA 12 1 EBALE OA
13 12 XTU IE 13 12 XTU IE
14 13 XTLO OB 14 13 XTLO oB
15 14 +5VDC 15 14 +5VDC
16 15 DGND 16 15 DGND
17 16 DGND 17 16 DGND
18 17 DSB OA 18 17 HDO IA/OA
19 18 CcTS OA 19 18 HD1 IAJOA
20 19 D OA 20 19 HD2 IA/JOA
21 20 _Cl/HS OA 21 20 HD3 IA/JOA
22 21 MRIEST OA 22 21 HD4 IAJOA
23 22 Ri OA 23 22 HD5 IA/OA
24 23 SPKRL OA 24 23 HD6 IAJOA
25 24 SPKRH OA 25 24 HD7 IAJOA
26 - NC. 26 - N.C
27 25 AA1 OA 27 25 HAO 1A
28 26 OA 28 26 HA1 1A
29 27 NVRDI OA 29 27 HA2 1A
30 28 30 28 SPARE
31 29 1A 31 29 HCS 1A
32 30 SEREN 1A 32 30 HWT 1A
33 31 SPARE 1A 33 31 HRD 1A
34 32 NVRDO 1A 34 32 NVRDO 1A
35 33 NVRCS OA 35 33 NVRCS OA
36 34 NVRSK OA 36 34 NVRSK OA
37 35 TXD 1A 37 35 NVRDI OA
38 36 SPARE OA 38 36 A/A1 OA
39 37 SPARE 1A 39 37 Mi9
40 38 SPKREN OA 40 38 SPKRL OA
41 39 RXD OA 4 39 SPKRH OA
42 40 SPARE OA 42 40 SPKREN OA
43 - 43 -
44 41 OA 44 41 EBCS1 OA
45 4?2 EBCS2 OA 45 42 EBCS2 OA
46 43 M7 46 43 Mi7
47 44 47 44 MI2
48 45 RESET 1B 48 45 RESET 1B
49 46 +5VDC 49 46 +5VDC
50 47 +5VDC 50 47 +5VDC
51 48 DGND 51 48 DGND
52 49 DO/A4 IA/OA 52 49 DO/A4 IA/OA
53 50 D1/A5 IA/JOA 53 50 D1/AS IA/OA
54 51 D2/A6 IA/OA 54 51 D2/A6 IA/JOA
55 52 D3/A7 IA/OA 55 52 D3/A7 IA/JOA
56 53 D4/A8 1A/OA 56 53 D4/A8 IA/JOA
57 54 D5/A9 IAJOA 57 54 D5/A9 IA/JOA
58 55 D6/A10 IA/OA 58 55 D6/A10 IAJOA
59 56 D7/A11 IA/OA 59 56 D7/A11 IA/JOA
60 - C. 60 - .C.
61 57 A0 OA 61 57 A0 OA
62 58 At OA 62 58 Al OA
63 59 A2 OA 63 59 A2 OA
64 60 A3 OA 64 60 A3 OA
65 61 A2 OA 65 61 A12 OA
66 62 Mie 66 62 Mie
67 63 Mi4 67 63 Mi4
68 64 Mi1 68 64 M1
NOTES: NOTES:
1. Mi = Modem Interconnection (e g., MI7), see Figure 3. 1. Ml = Modem Interconnection (e.g., MI7), see Figure 3.
2. N.C. = No Connection, leave pin dusconnected (open). 2. N.C. = No Connection, leave pin disconnected (open).
3. /O types are described in Table 6 (dlgltal signals) and in 3. 1/Otypes are described in Table 6 (digital signals) and in
Table 7 (analog signals), respectively. Table 7 (analog signals), respectively.




RC224AT 2400 bps Single Device Modem with "AT" Commands

Table 5-c. RC224AT/2 IA Pin Assignments

44-Pin PLCC 40-Pin DIP Signal /o
Pin Number Pin Number Label Type
1 - N.C.
2 1 AGND4
3 2 Mi14
4 3 Mi6
5 4 Mis
6 - N.C.
7 5 M7
8 6 AGND6
9 7 DGND2
10 8 MIS
1 9
12 10 RESETTC 1A
13 1 POR IAJOA
14 12 Mi9
15 13 Mi18
16 14 oD
17 15 OHRELAY oD
18 16 Mi19
19 17 DGND3
20 18 -5VA
21 19 Mi10
22 Mi11
23 21 AGND1
24 22 Mi13
25 23 Mi4
26 24 AGNDS
27 25 DGND1
28 - N.C.
29 26 Mi17
30 27 TRAN OUT O (DD)
31 28 MI3
32 29 Mi2
33 30 +5VA
34 31 Mi1
35 32 AGND2
36 33 BIAS
37 34 REC IN 1 (DB)
38 35 REC OUT O (DA)
39 - N.C.
40 36 Mi12
41 37 Mi15
42 38 AGND3
43 39 +5VA
44 40 Mi1é
LEGEND:
1. Ml = Modem Interconnection (e.g., MI7), see Figure 3.
2. N.C. = No Connection, leave pin disconnected (open).
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Figure 5-a. RC224AT/2 Interface Signals-Serial Interface
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RC224AT/2 DEVICE SET
r = ~
MODEM
L
X INTERCONNECT TRAN OUT _| anTiALIASING |TXA .
CRYSTAL o iy LINES R:(é :::‘T qu;Ig::Nm RXA TELE;‘MEONE
mi2 [ INTERFACE
[T ©AR)
Mi4 L OHRELAY
>0
| w5 | reazeatz |©
MIS 1A
MI7
Mis
e TLKRELAY
JE— NCILLA
RESETTE g ANoaRY
CIRCUITRY
IDLEN
1AEN
AA1
D~ RING >
o O
SPKREN
SPKRH SPEAKER
SPKRL
NVRCS |
NVRSK
NVRD! NVRAM
NVRDO
Ro22aaT2 [
MICRODSP ez
HDIS L EOWT Aq
HCS DO/A4 —=0
HRD i DV/AS i
HWT D2/A6 Eve
HNT D3/A7 o  PaTTERN
HAQ D4/A8 _ GENERATOR
HAT D5/A9 >
HA2 = D6/AT0 -
HOST HDO - D7/AT1
COMPUTER HD1 > A0 )
PARALLEL | HD2
BUS _ HD3
- HD4
HDS g
[ HDe
l«—H07 o -
EXPANSION
ROM
1 INTERFACE
l—— 0
Al
RESET
£ O A2
RESET TC A3
A12
EBRD >
P- EBALE O

Figure 5-b. RC224AT/2 Interface Signals-Parallel Interface
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Table 6. Digital Interface Characteristics

P t Symbol Min. Typ. Max. Units Test Conditions’

Input High Voltage ViH Vde

Type A 2.0 - Vee

Type B 24 - Vce
Input Low Voltage Vi Vde

TypesA&B 0.3 - 0.8
Input Leakage Current Iin pAdc

Type A (Non-multiplexed) — - =10 Vin = 0to Vco
Output High Voltage VoH Vde

Type A 2.4 - - lLoap = - 100 pA

Type D - - Vee lLoap = 0 mA
Qutput Low Voltage Voo Vde

Type A - - 0.4 lloap= 1.6 MA

Type D - 0.75 - lLoap = 15 mA
Three-State (Off) s pAl

Type A Output - - =25 Vin=0.8V104.5V
Power Dissipation Pp

DSP Operating - 125 180 mwW

DSP Power Down - 22 30 mw

|A Operating - 180 350 mwW

1A Power Down - 15 20 mW
Note:
1. Test Conditions: Ta = 0°C to 70°C, Vcc = 5V = 5%, (unless otherwise stated).

Table 7. Analog Interface Characteristics

Name Type Characteristic

REC OUT DA 1458 type op amp output
RECIN DB 1458 type op amp input

TRAN OUT DD 1458 type op amp output

RXA DE Input impedance: 68.1 KQ = 1%
TXA DF 1458 type op amp output
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Table 8. RC224AT Hardware Signal Definitions

Label

170 Type

Signal Name/Description

POR

+ 5V

DGND
AGND

RESETTC

1A

OVERHEAD SIGNALS

Crystal/Clock In. The RC224AT DSP must be connected to an external crystal circuit consisting of
a 12.000393 MHz crystal and a suitable capacitance network. Alternatively, XTLI may be driven
with a buffered clock.

Crystal Out. Crystal return (crystal input on XTLI) or not connected (clock input on XTLI).

Reset. The active low RESET input resets the internal DSP and IA logic (RC224AT/1) or the DSP
logic (RC224AT/2). Upon a transition of RESET from high to low, the AT command set returns to
the original factory default values and "stored values" in NVRAM. During DSP power turn-on,
RESET must be held low for at least 2 milliseconds after Vcc operating voltage is attained for the
internal DSP clock oscillator to stabilize.

Serial Interface (RC224AT/1). The RESET input can be connected to an external RC network to
cause the DSP to reset upon power turn on.

Serial interface (RC224AT/2). The DSP RESET input may be connected to the IA POR output
whereby DSP power-on reset is initiated by the IA via a POR output pulse. With this connection,
the IA POR output will also initiate a DSP reset if the |A detects a low power condition.

Alternatively, DSP RESET may be connected to an external RC circuit to provide power turn-on
reset.

Parallel Interface. The RESET input should be connected to the host bus reset line.

IA Power-On-Reset (RC224AT/2 only). The |A POR output can be used to initiate an external
reset of the DSP when a low power condition is detected within the |A device. The IA device
power-on reset circuit monitors the IA +5V supply and outputs a 100 ms to 300 ms low pulse on
POR upon IA +5V turn-on. This pulse is generated regardless of the IA -5V supply level. A 10 ms
minimum low pulse on POR is also generated when the IA +5V supply drops below 3.5V.

When DSP RESET and IA POR are tied together, the |A devices pulses POR low upon |A power
turn-on to begin the POR sequence. The modem is ready to use 350 ms after the low-to-high
transition of POR. The POR sequence is reinitiated any time the +5V supply drops below +3.5V for
more than 30 ms. POR may also be "wired-or" to an external open collector/drain output.

NOTE: If the modem is used in applications where the supply voltage can drop below +4.75V but
not low enough to cause a POR sequence (i.e., <+3.5V), the host system should initiate a reset
signal upon supply voltage recovery to ensure proper modem initialization and operation.

Serial interface. The POR pin may be connected to the DSP RESET input to provide an output to
reset the DSP device.

Parallel Interface. The POR pin should be left open.
IA Reset Time Constant (RC224AT/2 only).

Serial Interface. The RESET TC input must be connected to an external RC circuit with a long
time constant if the POR pin is used to reset the DSP device. If POR is unconnected, RESET TC
may be connected to DSP RESET or pulled high with a resistor to +5V.

Parallel Interface. The RESET TC input should be connected to the host bus reset line.
+ 5V Supply. +5V +5% is required by both the DSP and the |A functions.

-5V Supply. -5V 5% is required by the |A function.

Digital Ground.

Analog Ground.
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Table 8. RC224AT Hardware Signal Definitions (Cont’d)

Label

1/0 Type

Signal Name/Description

IDLEN

IAEN

RING

AAT

1A

OA

1A

OA

DSP DEVICE/ANCILLIARY SUPPORT

Idle Enable. When IDLEN input is high, the modem enters the sleep (power down) mode after 30
to 60 seconds of inactivity. IDLEN low disables entry into the sleep mode.

IA Enable. IAEN output high indicates the DSP is operating in its normal mode. IAEN low indicates
that the DSP is in the sleep (power down) mode. This signal can be used to turn off the 72 pA bias
current to the IA in order to reduce analog power consumption during the sleep mode. IAEN can
also be used to control power to other devices (e.g., as a speaker enable when used with the
RC224ATN).

Ring Frequency. A low going edge on the RING input alerts the modem and removes it from the
sleep mode. Either a half-wave or a full-wave ring detector can be used with this input.

Key Telephone Hold Indicator. A/A1 output low indicates that the telephone line is in use when
used on multi-line key telephones. Although TTL compatible, this output can be used to sink up to
5 mA with VoL < 0.65 V, making it suitable for opto relay control without the need to provide
buffering.

TLKRELAY

OHRELAY

oD

oD

IA/LINE INTERFACE/ANCILLIARY SUPPORT

Talk/Data Relay Driver. RC224AT/1: TLKRELAY is a TTL compatible output (loL = 1.6 mA, VoL =
0.4V). This output can, however, sink up to 5 mA with VoL = 0.65 V, making it suitable for opto relay
control without the need to provide buffering.

RC224AT/2: TLKRELAY is an open drain type output that can control a normally closed relay with a
resistance of greater than 360 ohms. This output is suitable for both mechanical and optical/solid
state relays. Quenching diodes are built-in to the output, hence there is no need to apply them
externally when driving a mechanical relay. This output may be used to disconnect the handset
from the telephone line during a data connection.

Off-Hook Relay Driver. OHRELAY is an open drain type output that can control a normally open
relay with greater than 360 ohms resistance. This output also has built-in quenching diode
protection making it suitable for both mechanical and optical/solid state relays. This output is used
to connect the modem to the telephone line.

RECIN

REC OUT

TRAN OUT

1 (DB)

O(DA)

O (DD)

IA/EXTERNAL FILTER COMPONENTS

IA Receiver OP Amp Input. REC IN is the |A input from the RXA input filter circuit (see Figures 6
and 7).

IA Receiver OP Amp Output. REC OUT is the |A output to the RXA input filter circuit (see Figures
6and 7).

IA Transmitter OP Amp Output. TRAN OUT is the |A output to the TXA output filter circuit.

RXA

| (DE)

O (DF)

EXTERNAL FILTER COMPONENTS/LINE INTERFACE

Recelve Analog. RXA is an input to the external filter components from a data access
arrangement (see Figures 6 and 7). The input impedance at RXA is determined by R6. R6 is
selected such that the power at REC OUT is 0 dBm when the maximum signal is applied to RXA.

Transmit Analog. The TXA output can drive a data access arrangement (see Figures 6 and 7) for
connection to the public switched telephone network (PSTN). The transmitter output impedance is
that of a 1458 type operational amplifier output. The output level is determined by R8.

NVRCS
NVRSK
NVRDIO

OA
OA
IAJOA

NVRAM INTERFACE
NVRAM Chip Select. NVRCS output HIGH enables the NVRAM.
NVRAM Shift Clock. The NVRSK output is used to shift data to or from the NVRAM.

NVRAM Data In/NVRAM Data Out (RC224AT/1 only). NVRDIO carries both the serial input data
from the NVRAM and the serial output to the NVRAM. Depending on the specific NVRAM used, a
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Table 8. RC224AT Hardware Signal Definition (Cont’d)
Label /0O Type Signal Name/Description

NVRDI OA NVRAM Data In (RC224AT/2 only). The NVRDI output supplies serial data to the NVRAM DI serial
data input pin.

NVRDO 1A NVRAM Data Out (RC224AT/2 only). The NVRDO input accepts serial data from the NVRAM DO
serial data output pin.

SPEAKER INTERFACE

SPKREN OA Speaker Enable (RC224AT/2 Only). SPKREN output can be used to control power to a speaker
driver. SPKREN high turns the speaker on.

SPKRH/SPKRH OA Speaker High. Active low (RC224AT/1) or active high (RC224AT/2) output signal that can be
used with SPKRL/SPKRL to control the speaker volume.

SPKRL/SPKRL OA Speaker Low. Active low (RC224AT/1) or active high (RC224AT/2) output signal that can be used
with SPKRH/SPKRH to control the speaker volume. When the AT command set is used for volume
control, SPKRH/SPKRH and SPKRL/SPKRL react as follows:

RC224AT/H RC224AT/2
Volume AT Command SPKRH SPKRL SPKRH SPKRL
Off MO H H L L
Low Lo, L1 H L L H
Medium L2 L H H L
High L3 L L H H
ASYNCHRONOUS SERIAL HOST INTERFACE (SERIAL INTERFACE ONLY)

SEREN 1A Serial Interface Enable. When the SEREN input is connected to ground, the serial interface is
selected upon power turn-on. The serial interface signals can be connected to the V.24/RS-232-C
and indicator interfaces as shown in Figures 3-a and 5-a.

RXD OA Received Data. The modem presents received serial data to the host on the RXD output.

TXD 1A Transmitted Data. The modem obtains serial data to be transmitted from the host on the TXD
input.

DCD OA Data Carrier Detected. DCD is controlled by the AT&C command.

The data detect threshold is —43 dBm. The turn-off level is <—-48 dBm.

DSR OA Data Set Ready. DSR output is controlled by the AT&Sn command.

DSR OFF (high) indicates that the host is to disregard all signals appearing on the interchange
circuits except Ring Indicator (RI).

Rl OA Ring Indicator. R output ON (low) indicates the presence of an ON segment of a ring signal on
the telephone line. (The ring signal cycle is typically two seconds ON, four seconds OFF.) The OFF
(high) condition of the RI output is maintained during the OFF segment of the ring cycle (between
rings) and at all other times when ringing is not being received.

Rl will respond to a RING input signal with frequencies greater than 15.3 Hz, making the modem
device compatible with both have-wave and full-wave detectors.

CTS OA Clear To Send. In asynchronous mode, CTS output is controlled by the AT&Q0 command (always
ON).

In synchronous mode, CTS ON indicates that the modem will transmit any data present on TXD.

DTR OA Data Terminal Ready. DTR input on (low) indicates that the DTE is ready to operate. DTR input
OFF (high) indicates that the DTE is not ready to operate.

DTRL OA DTR Indicator. DTRL output is controlled by the AT&Dn command.

CiHS OA Calling Indicator/High Speed Indicator. CI/HS output low indicates modem connection at 2400

bps.
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Table 8. RC224AT Hardware Signal Definitions (Cont’d)

Label

1/O Type

Signal Name/Description

DCDL

OA

MR/TEST OA

DCD Indicator. DCDL output is controlled by the AT&Cn command.

Modem Ready/Test. MR/TEST output low indicates that the modem is ready, i.e., modem power is
on and a test mode is not selected. In a test mode, the MR/TEST output pulses to flash the
Modem Ready/Test indicator.

HAO-HA2 1A

HDO-HD7 IA/JOA

HINT

OA

OA

PARALLEL HOST INTERFACE (PARALLEL INTERFACE ONLY)

When the HWT input signal is connected to the host bus write line, the parallel interface is selected
upon power turn-on. The parallel interface emulates a 16C450 UART interface. The paraliel
interface is compatible with communications software designed to operate with a 16C450 interface
on an IBM PC. Table 9 identifies the paralle! interface registers.

Parallel interface operation is equivalent to 16C450 operation with CS0 and CS1 inputs high and
DISTR, DOSTR, and ADS inputs low. The corresponding RC224AT and 16C450 signals are shown
below. 16C450 signals not required for RC224AT host computer operation are not shown.

16C450 Signal RC224AT Signal
A0 - A2 HAO - HA2
DO -D7 HDO - HD7
MR RESET (Active low)
Cs2 HCS
DISTR HWT
DOSTR HRD
INTRPT HINT
DDIS HDIS
OuUT1 None (Implemented internally in RC224AT)
ouT2 None (Implemented internally in RC224AT)

Host Bus Address Lines 0-2. During a host read or write operation, HA0-HA2 select an internal
DSP 16C450-compatible register. The state of the divisor latch access bit (DLAB) affects the
selection of certain DSP registers. DLAB must be set high to access the baud generator divisor
latches.

Host Bus Data Lines 0-7. HDO-HD7 are comprised of eight tri-state input/output lines providing
bidirectional communication between the host and the DSP. Data, control words, and status
information are transferred through HDO-HD?7.

Host Bus Chip Select. HCS input low selects the host bus.

Host Bus Read. HRD is an active low, 8086-compatible read control input. When the DSP is
selected, HRD low allows the host to read status information or data from a selected DSP register.

Host Bus Write. HWT is an active low, 8086-compatible write control input. When the DSP is
selected, HWT low allows the host to write data or control words into a selected DSP register.

Host Bus Driver. HDIS output is low when the host is reading data from the DSP over the host
data bus (both HRD and HCS are low). HDIS is also used to disable the external transceiver
drivers whenever the host is not reading data from the DSP.

Host Bus Interrupt. HINT output is set high when the receiver error flag, received data available,
transmitter holding register empty, or modem status interrupt has an active high condition. HINT is
reset low upon the appropriate interrupt service or master reset operation.
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Table 8. RC224AT Hardware Signal Definition (Cont’d)

Label 1/O Type Signal Name/Description
EXPANSION BUS INTERFACE (RC224AT/2 only)

AAE OA Auto Answer Enable. AAE output low indicates that modem auto answer mode has been enabled
with the SO = command. AAE high indicates auto answer has been disabled.

A0-A3, A12 OA Address Lines 0-3 and 12. A0-A3 and A12 are the expansion bus dedicated address lines.

DO-D7/A4-A11  IA/OA Data Lines 0-7/Address Lines 4-11. D0-D7/A4-A11 are the expansion bus multiplexed
data/address lines.

EBALE OA Expansion Bus Address Latch Enable. A negative transition on EBALE output latches the
address on the multiplexed address/data bus.

EBCS1 OA Expansion Bus Chip Select 1. When EBCSH1 is low, an address in the $4000-$BFFF address
range (32k bytes) is selected.

EBCS2 OA Expansion Bus Chip Select 2. When EBCS2 is low, an address in the $2000-$3FFF address
range (8k bytes) is selected.

EBRD OA Expansion Bus Read Enable. When EBRD is low, data is transferred to the DSP from data lines
DO-D7.

EBWT OA Expansion Bus Write Enable. When EBWT is low, data is output from the DSP to data lines

DO0-D7.
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Table 9. RC224AT Parallel Interface Registers

Bit
Register Register
Number Name 7 6 5 4 3 2 1 0
7 Scratch
Register Scratch Register
(SCR)
6 Modem Data Ring Data Clear Delta Trailing Delta Delta
Status Carrier Indicator Set to Data Edge Ring] Data Clear
Register Detect (RI) Ready Send Carrier Indicator Set to Send
(MSR) (DCD) (DSR) (CTS) Dstect (TERI) Ready (DCTS)
(DDCD) (DDSR)
5 Line 0 Transmitter | Transmitter Break Framing Parity Overrun Data
Status Empty Holding Interrupt Error Error Error Ready
Register (TEMT) Register (Bl) (FE) (PE) (OE) (DR)
(LSR) (THRE)
4 Modem 0 0 0 Loop Out 2 Out 1 Request Data
Control to Send Terminal
Register (RTS) Ready
(MCR) (DTR)
3 Line Divisor Set Stick Even Parity Number off Word Word
Control Latch Break Parity Parity Enable Stop Bits | Length Length
Register Access Select (PEN) (STB) Select Select
(LCR) Bit (EPS) Bit 1 Bit 0
(DLAB) (WLS1) (WLS0)
2 Interrupt 0 0 0 0 0 Interrupt | Interrupt “0” if
Identify D D Interrupt
Register Bit (1) Bit (0) Pending
(IIR)
(Read Only)
1 Interrupt 0 0 [} 0 Enable Enable Enable Enable
DLAB=0 Enable MODEM | Receiver |Transmitter| Received
Register Status | Line Status| Holding Data
(IER) Interrupt | Interrupt | Register Available
(EDSSI) (ELSI) Empty Interrupt
Interrupt (ERBFI)
(ETBEI)
[ Transmitter )
DLAB=0 Holding Transmitter Holding Register (Write Only)
Register
(THR)
0 Receiver
DLAB=0 Buffer Receiver Buffer Register (Ready Only)
Register
(RBR)
1 Divisor
DLAB=1 | Latch (MSB) Divisor Latch (MS)
Register
(DLM)
0 Divisor
DLAB=1 Latch (LSB) Divisor Latch (LS)
Register
(DLL)
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Figure 6-a. Recommended RC224AT/1 Circuit - Serial
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Figure 6-b. Recommended RC224AT/1 Circuit - Parallel
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Figure 7-a. Recommended RC224AT/2 Circuit - Serial
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Figure 7-b. Recommended RC224AT/2 Circult - Parallel
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GENERAL SPECIFICATIONS

Modem Power Requirements

Current (Typical) Current (Maximum)
Voltage Tolerance @ 25°C @0°C
Operating
+5VDC +5% 44 mA 71 mA
-5VDC +5% 17 mA 35 mA
Sleep (Power Down)
+5VDC +5% 59 mA 8.0mA
~5VDC +5% 1.5mA 2.0mA

Note: Input voltage ripple < 0.1 volts peak-to-peak.

Modem Environmental Specifications

Parameter Specification
Temperature

Operating 0° Cto + 60° C (32° Fto 140° F)

Storage —40° Cto + 80° C (—40° F to 176° F) (Stored in heat sealed antistatic bag and shipping container).
Relative Humidity Up to 80% noncondensing, or a wet bulb temperature up to 35° C, whichever is less.
Altitude — 200 feet to + 10,000 feet

Typical Crystal Specifications

Parameter Value
Operating Temperature 0°C to 50°C
Storage Temperature -55°Cto 85°C
Nominal Frequency @ 25°C 12.000393 MHz
Frequency Tolerance @ 25°C +0.0020% (+20 PPM)
Temperature Stability @ Ta = 0°C to 50°C +0.0030% (+10 PPM)
Calibration Mode ‘ Parallel resonant
Shunt Capacitance 7 pF max.
Load Capacitance 32 +0.3 pF
Drive Level 2.5 mW max.
Aging, per Year Max. 0.0005% (+ 5 PPM)
Oscillation Mode Fundamental
Series Resistance 60 ohms max., tested at 20 nW
Max. Frequency Variation with 28.8 or 35.2 pF Load Capacitance +0.0020% (+20 PPM)
Third Lead and Sleeving Required
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PACKAGE DIMENSIONS
woex [+ o SEATING
CORNER r’ PLANE
02 —— )
80 a
l’ o}
WILLIMETERS INCHES
D D1 D2 DIM.[” MIN. MAX.| WIN. MAX
: A 414 439 0.163 0.173
b A1| 137 147 | 0054 0058
- B A2 | 231 246 | 0091 0097
SO b 0.457 TYP 0018 TYP
TOP VIEW SIDE VIEW D | 2502 2527 | 0985 0995
D1| 2400 2426 | 0945 0955
CHAM. J x 45 DEG. D2| 2019 2045 | 0795 0805
D3 2324 23.50 0915 0.925
. ) 1.278SC 0.050 BSC
:1 h | 0254 TYP 0010 TYP
03 J 15 TYP 0.045 TYP
R1 o 45 TYP 45 TYP
/NS R 0.89 TYP 0.035 TYP
N i A R1| 0254 TYP 0.010 TYP
§ A2
]
TYP. FOR EACH AXIS R
(EXCEPT FOR BEVELED EDGE)
R iﬂk"‘g oEG EJECTOR MARKS
4 PLCS BOTTOM -
3 PLCS ONLY (TYP) SEGTION A-A
BOTTOM VIEW
68-Pin PLCC
)
INDEX o SEATING
CORNER u
[ ity | t | PLANE —MILLIMETERS | INCHES
s = - DIM.|” MIN. MAX.| MIN. MAX.
T—E o A | 414 439 0163 0473
E A1| 137 147 | 0054 0058
D D102
E A2| 231 246 | 0091 0097
_l_g o b 0.457 TYP 0.018 TYP
. P D | 1745 17.60 | 0667 0693
D1| 16.46 1656 | 0648 0652
TOP VIEW SIDE VIEW D2| 1262 1278 | 0497 0503
D3| 15.75 REF 0.620 REF
CHAM. J x 45 DEG. | > 127BSC 0.050 BSC
0 h 0.254 TYP 0.010 TYP
D; J 1.15 TYP 0.045 TYP
b AL a 45" TYP 45 VP
R 0.89 TYP 0.035 TYP
——A*l—*— I R1|  0.258 TYP 0.010 TYP
A2
1
e CJECTOR NARKS TYP. FOR EACH AXIS R
. (EXCEPT FOR BEVELED EDGE)
h X 45 DEG 4 PLCS BOTTOM
3 PLCS ONLY (TYP.)

BOTTOM VIEW

SECTION A-A

44-Pin PLCC
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PACKAGE DIMENSIONS

MILLIMETERS INCHES
DIM.| MIN. MAX. MIN.  MAX.

0.18 033 0.007 0.013
292 3.18 0.115 0.125
483 534 0.190 0210

A 41.10 4161 1618 1.638
B 17.02 17.23 0.670 0.690
C 356 4.58 0.140 0.180
D 048 0.56 0.018 0.022
E1 19.05 BSC 0.750 BSC
E2 23.50 BSC 0.925 BSC
<] 1.27 BSC 0.050 BSC
J

K1

K2

64-Pin Plastic QUIP

NANAANANNANANNANNANNNAANAN
40 2

; L

|UUUUUUUUUUUUUVUUUUUU|

- A > h—L—»I

MILLIMETERS | INCHES |
DIM.| MIN. MAX. | MIN. MAX
51.82 52.32 | 2040 2.060
1346 1397 | 0530 0.550
356 508 | 0140 0.200
038 053 | 0015 0021
102 152 | 0040 0.060
2.54 BSC 0.100 BSC
165 216 | 0065 0.085
020 030 | 0008 0012
305 356 | 0120 0.140
15.24 BSC 0.600 BSC

7 10° 7 10
051 102 | 0020 0.040

ZIZIF|X|«|T|O|TO|O|m|>

40-Pin Plastic DIP
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RC224EB

N

Rockwell

RC224EB 2400 bps Modem Device Set

Evaluation Board

INTRODUCTION

The RC224EB Evaluation Module is a 2400 bps full-duplex
modem on a PC half-card. The RC224EB is compatible
with IBM PC, PC/XT, and PC/AT personal computers.

Incorporating the Rockwell RC224AT 2400 bps full-duplex
modem device set, the RC224EB complies with CCITT
V.22 bis and V.22 A/B, and meets Bell 212A and 103
interfaces. The RC224EB also implements a
Hayes-2400B-compatible "AT" command set.

The RC224EB contains circuitry that demonstrates the
complete performance and interface capability of the
RC224AT device set. In addition to the 2-device modem
set, the evaluation board contains a digital access
arrangement (DAA), speaker circuitry and attached
speaker, eye pattern generation circuitry, an 8k-byte
PROM socket, and a 1024-bit non-volatile RAM (NVRAM).

The full capabilities of the RC224AT device set are
described in the RC224AT Data Sheet (Order No. MD54).

FEATURES
¢ Modem Compatibilities
— CCITT V.22 bis and V.22 A/B
— Bell 212A and 103
¢ Modem Components
— 2-device RC224AT device set
— On-board DAA
— Speaker circuit and speaker
— 8k-byte PROM Socket
— 1024-bit NVRAM
— Eye Pattern Generator circuit
* PC Hardware Interface
— PC half-card size
— IBM PC bus interface
— 16C450 compatible
« Line/Telephone/Diagnostic Interface
— 6-pin line interface modular jack
— 6-pin telephone interface modular jack
— Eye pattern oscilloscope test points
*  Switches
— COM1/COM2 switch (SW1)
— Sleep Enable/Disable switch (SW2)
* Software Interface
IBM PC Async
Hayes Smartcom i, Version 2.1
Hayes 2400B and 2400 AT command set

1

RC224EB Modem Evaluation Board

Order No. MD55
January 1989

Data Sheet
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GENERAL DESCRIPTION

The RC224AT modem device set consists of the major
building blocks shown in Figure 1. A board layout of the
RC224EB module is shown in Figure 2. Tables 1 through
7 show the interface signals and switch positions.

The Data Access Arrangement (DAA) contained on this
evaluation board is considered suitable for use on U.S.
public switch telephone lines, although it has not yet been
certified by FCC.

SUPPORTED INTERFACES
Speaker Interface

Speaker driver circuitry and a speaker mounted on the
board is provided. The speaker can be used to monitor call
progress. The AT command set can be used to adjust the
speaker volume.

NVRAM Interface

A 1024-bit NVRAM is provided. The NVRAM can
accommodate a user-selectible AT command set
configuration which can take precedence over the factory
defauit setting.

Expansion ROM Interface

A socket for an 8k-byte PROM is included. The PROM can
be used to expand the AT command set. (Refer to
Application Note Order No:. 830 for detail usage
instructions.) .

Eye Pattern Generator Interface

Eye pattern generation circuitry is provided. The eye
pattern generator (EPG) circuit can be used for diagnostic
purposes.

Sleep (Power Down) Mode Circuit

The RC224EB includes power down circuitry which may
be used to enable or disable sleep mode. If enabled, the
RC224AT enters sleep mode whenever the modem has
been inactive for more than one minute. (Note that the
modem never enters sleep mode while it is in data mode.
During sleep mode, power is turned off to the Integrated
analog device, speaker and the MicroDsp™ (except the
crystal circuit). The modem returns to full operation
whenever a ring signal occurs or the host writes to the
modem.

SPKR |
CIRCUIT

RC224AT DEVICE SET

e ) e— L

1A DAA 7 -
TELEPHONE

(A1A2)

NVRAM

ﬁ EPG %

OSCILLOSCOPE

PROM

Figure 1. RC224EB General Interface Diagram
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Table 1. PC Connector P1 Pin Signals Table 4. Line Interface Connector J2 Signals .
Pin Signal Pin Signal Pin Signal
A2 HD7 A22 A9 1 N.C.
A3 HD6 A23 A8 2 At
A4 HD5 A24 A7 3 Tip (M
A5 HD4 A25 A6 4 Ring (R)
A6 HD3 A26 A5 5 A
A7 HD2 A27 A4 6 N.C.
A8 HD1 A28 A3
A9 HDO A29 HA2
A1 AEN A30 HA1 Table 5. Eye Pattern Test Point Signals
A3t HAo Point Signal
TP1 EYEY
Table 2. PC Connector P2 Signals P2 EYEY Return (GND)
TP3 EYEX
Pin Signal Pin Signal TPa EYEX Return (GND)
B1 GND B13 HWTP
B2 RESET B14 HRDP
B3 +5V B24 IRQ4
B BV B2s IRQ3 Table 6. Switch 1 (SW1) - COM1/COM2
B9 +12V B29 +5V
B10 | GND B3 | GND Polnt Signal
ON (Up) COM1
OFF (Down) com2

Table 3. Telephone Line Connector J1 Signals

Table 7. Switch 2 (SW2) - Sleep Enable/Disable

Pin Signal
3 Ring (R) Position Selection
4 Tip (T) ON (Toward Switch 1)| Sleep Enable
OFF (From Switch 1) Sleep Disable
O e QD | e
. » 1A
n [¢] o
[} o

g

LINE

r

MICRO DSP

TEST
POINTS —*|

SLEEP| p
OisaBLE £

i SWITCH 1

Figure 2. RC224EB Module Detail
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HARDWARE INSTALLATION PROCEDURE
1. Tum-off the computer system. ‘

2. Remove the computer cover in accordance with your
computer’s expansion card installation procedures.

3. Select either COM1 or COM2 using SW1 (Table 6).

Select either Sleep Enable or Sleep Disable using
SW2 (Table 7).

5. Select an available full- or half-card expansion slot to
install the modem module. Some computers assign
specific slots to specific functions. (Refer to the your
computer’s expansion card installation guidelines.)

6. Remove the blank card panel corresponding to the
selected expansion slot. Save the screw for
attaching the modem module.

7. Install the modem module into the selected expansion
slot and secure it with the screw.

8. Connect the cable from the wall telephone jack to the
LINE plug (upper connector) on the modem module
rear panel.

9. Connect the cable from the telephone to the PHONE
plug (lower connector) on the modem module rear

panel.
10. Replace the computer cover.

11. Restore power to the computer system.
SOFTWARE INSTALLATION PROCEDURE

Install the communications software (e. g., CROSSTALK
XVI or Smartcom Il) in accordance with the communication
software’s installation procedure.

OPERATION
AT COMMAND SET

The AT command set is Hayes 2400B compatible. The
commands are divided into three types; basic commands,
dial modifiers, and ampersand commands. These
commands are summarized in Table 8.

AUTOMATIC OPERATION

Operate the modem automatically using the
communication software’s high level instructions in
accordance with the communication software’s operating
procedure.

(Note: To use communication software that doesn't have
a 2400 bps setup configuration type the following
commands in manual terminal mode: ATZ, AT&F
[Optional], AT&C1, AT&D2, ATS25 = 0, ATVO, and AT&W).
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Table 8. RC224AP "AT* Command Set Summary

Basic
Commands Function
AT Attention Code
A Answer Command
AN Repeat Last Command .
Bn Communications Standard Option
C1 Carrier Control Option
D Dial Command
En Off-line Character Echo Option
F1 On-line Character Echo Option
Hn Switch Hook Control Option
In Identification/Checksum Option

Ln Speaker Volume Option

Mn Speaker Control Option
On On-line Command

P Pulse Dial
Qn Result Code Display Option
Sn Select an S Register
= Write to an S Register
Sn? Read an S Register
T Touch Tone Dial
Vn Result Code Form Option
Xn Result Code Set/Call Progress Option
Yn Long Space Disconnect Option
Zn Recall Stored Profile Command
+++ Escape Code Sequence
Pause
Dial
Modifiers Function
P Pulse Dial
R Originate Call in Answer Mode
S=n Dial Stored Number
T Touch Tone Dial
w Wait for Dial Tone
H Return to Idle State
@ Wait for Quiet Answer Command
! Flash Hook
, Pause
0-9 Dial Digits/Characters
ABCD
"
Ampersand
Commands Function
&Cn Data Carrier Detect Option
&Dn Data Terminal Ready Option
&F Load Factory Defaults
&Gn Guard Tone Option
&Jn Auxiliary Relay Control
&Mn Communications Mode Option
&Pn Make to Break Ratio Selection
&Qn Communications Mode Option
&Sn Data Set Ready Option
&Tn Test Command Selection
&v View Active Configuration and User
Profiles
&Wn Store Active Profile
&Xn Synch Ti it Clock St
Option
&Yn Select Stored Profile on Powerup Option
&Zn=x Store Telephone Number
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MANUAL OPERATION EYE PATTERN
Operate the modem manually by issuing "AT" commands DEFINITION

from the communication software direct access mode.

Enter an "AT" command by typing the command
characters. Use the backspace key to correct a typing
mistake.

Execute the command by pressing the ENTER (or
RETURN) key. Two commands, A/ and +++ , execute
immediately upon character entry, thus, do not require
pressing of the ENTER key.

Refer to the OPERATION section of the RC224AT Data
Sheet (Order No. MD54) for a detail description of the "AT"
commands.

NVRAM COMMANDS

The following "AT" commands can be used to store and to
recall a telephone number and a subset of the S registers
from the NVRAM:

Command Function

DS=n Dials a stored telephone number.

Zn Resets the modem and recalls a user profile
from the NVRAM.

&F Loads the factory default configuration.

&V Displays the active configuration and user
profiles.

&Wwn Saves storage parameters of active
configuration as a user profile into the
NVRAM.

&Zn Stores a telephone number into the NVRAM.

Example

AT&Z0=767-2676 <CR> Stores 767-2676 into the
NVRAM.

ATDS=1 Dials the telephone number
stored in the NVRAM.

SPEAKER COMMANDS

The following "AT" commands can be used to control the
speaker:

Command Function
Mn Controls the speaker operation.
Ln Adjusts the speaker volume.
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The eye pattern is an oscilloscope display of the received
baseband constellation. By monitoring this constellation,
an observer can often identify common line disturbances
as well as defects in the modulation/demodulation
process.

In quadrature amplitude modulation (QAM), two multilevel
amplitude modulated (AM) carriers are transmitted
simultaneously. Interference between these two
modulated carriers is minimized by using carriers of
identical frequency with a constant 90° relative phase
angle. After demodulation, the multilevel baseband signals
can be displayed on an oscilloscope with the set of levels
received on one carrier displayed on the X axis and the set
of levels received on the other carrier displayed on the Y
axis. Since these signals consist of discrete levels sent at
high data rates, the resulting oscilloscope pattern appears
to be a fixed set of points.

Figure 3 illustrates the RC224AT ideal eye patterns for
2400 bps and 1200 bps.

EXAMPLES

Figures 4a through 4d illustrate four examples of an eye
pattern for V.22A/B with and without impairments. Figure
4a shows the location of four ideal points. The X and Y
axes represent decision boundaries used by the receiver
in deciding which ideal point corresponds to the actual
received point. Although the transmitter sends ideal
points, line impairments cause the received points to be
misaligned.

Figure 4b shows the effect of random noise. The received
points cluster around the ideal location, but are randomly
offset from the ideal point by the noise causing undesired
signal modulation. The random offsets are a result of the
random nature of the noise. If the line impairment is not
random but periodic or is a function of the received signal
itself (e.g., harmonic distortion) then the distribution of
points around the ideal location is not random.

Figure 4c illustrates the tangential smearing resulting from
phase jitter and Figure 4d shows the effect of amplitude
distortion (either gain jitter or harmonic distortion). The
magnitude of the spreading is directly proportional to the
severity of the impairment, and represents the quality of
the signal or the likelihood of errors in the received data.

1l is a trademark of Hayes Mi Prod Inc.
Hayes is a reg d trademark of Hayes Mi p Products, inc.
CROSSTALK XVl is a regi d trademark of Digital C ications A
Inc.
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(®) DECISION POINTS - 2400 BPS
* (~) DECISION BOUNDARIES (includes x & y axis)

(®) DECISION POINTS ~ 1200 BPS
(--) DECISION BOUNDARIES

Figure 3. Ideal Eye Patterns
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a) IDEAL EYE PATTERN b) WHITE NOISE
y y
° °
x x
° hed
° B
® X AND Y AXIS REPRESENT © SMEARING AROUND EACH
DECISION BOUNDARIES IDEAL LOCATION
¢) PHASE JITTER d) HARMONIC DISTORTION
y y
.-q,;;%g
%
X b 4

© CONTINUOUSLY PERIODIC © NON-PERIODIC AMPLITUDE
PHASE SMEARING SMEARING

® LITTLE OR NO AMPLITUDE ® LITTLE PHASE EFFECT
SMEARING ® GAINWJITTER (AM) EFFECT IS

SIMILAR AND IS PERIODIC
*DEGREE OF THE SPREADING OF THE EYE PATTERN IS PROPORTIONAL TO THE SEVERITY OF THE LINE DISTURBANCE

Figure 4. Typical Eye Patterns Showing Noise
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1. Input voltage ripple <0.1 volts peak-to-peak.
2. Only used to power speaker; 0 mA when speaker

turned off.
Parameter Specification
Temperature
Operating 10°Cto + 40°C
Storage 0°Cto + 70°C
(Stored in heat sealed antistatic bag
and shipping container)

Relative Humidity | Up to 90% noncondensing, or a wet
bulb temperature up to 35°C,
whichever is less.

Altitude - 200 feet to + 10,000 feet
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RC224EB 2400 bps Modem Evaluation Board
GENERAL SPECFICATIONS
Parameter Specification
, |Current (Normal)| Current (Sleep mode) Board Structure |  Single PC board Half Card IBM
Voitage @25°C @25°C PC/XT and PC/AT compatible edge

+5VDC 5% 70 mA 9.1 mA connector.

+12VDC 25% 100 mA? 0A Dimensions

-5VDC 25% 20mA 1.8mA Width 4.201in. (106.7)

Note: Length 5.23in. (132.7 mm)
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N

Rockwell

1200 bps Full-Duplex Modem

R1212

INTRODUCTION

The Rockwell R1212 is a high performance full-duplex 1200 bps
modem. Using state-of-the-art VLSI and signal processing tech-
nology, the R1212 provides enhanced performance and reliabil-
ity. The modem is assembled as a small module with a DIN con-
nector (R1212M amd R1212DC).

Being CCITT V.22 A, B compatible, as well as Bell 212A and 103
compatible, the R1212 fits most applications for full-duplex
1200 bps (synchronous and asynchronous) and 0 to 300 bps
asynchronous data transmission over the general switched tele-
phone network, and over point-to-point leased lines.

The direct-connect, auto dial/answer features are specifically
designed for remote and central site computer applications. The
bus interface allows easy integration into a personal computer,
box modem, microcomputer, terminal or any other communi-
cations product that demands the utmost in reliability and
performance.

FEATURES

CCITT V.22 A, B Compatible

Bell 212A and 103 Compatible

Synchronous: 1200 bps, 600 bps +0.01%

Asynchronous: 1200 bps, 600 bps + 1%, —2.5%,

0-300 bps

— Character Length 8, 9, 10, or 11 bits

e DTE Interface
— Functional: CCITT V.24 (RS-232-C) (Data/Control) and

Microprocessor Bus (Data/Configuration/Control)

— Electrical: TTL Compatible

e 2-wire Full-Duplex Operation

¢ Adaptive and Fixed Compromise Equalization

¢ Test Configurations:

— Local Analog Loopback

— Remote Digital Loopback

— Self Test

Auto/Manual Answer

Auto/Manual Dial—DTMF Tone or Pulse Dial

Power Consumption: 2.3 Watts Typical

Power Requirements: +5 Vdc, £12 Vdc

Two Functional Configurations:

— R1212DC (Direct Connect): DIN connector module with
FCC approved DAA Part 68 Interface

— R1212M: DIN connector module without DAA

R1212M Modem

Document No. 29200N10 Data Sheet Order No. MD10
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TECHNICAL SPECIFICATIONS
TRANSMITTER CARRIER AND SIGNALING

FREQUENCIES

The transmitter and signaling frequencies supported in the
R1212 are listed in Table 1.

Table 1. Transmitter Carrier and Signaling
Frequencies Specifications

Frequency
Mode (Hz £0.01%)
V.22 low channel, Originate Mode 1200
V.22 high channel, Answer Mode 2400
Bell 212A high channel Answer Mode 2400
Bell 212A low channel Originate Mode 1200
Bell 103/113 Originating Mark 1270
Bell 103/113 Originating Space 1070
Bell 103/113 Answer Mark 2225
Bell 103/113 Answer Space 2025

TONE GENERATION
The specifications for tone generation are as follows:

1. Answer Tones: The R1212 generates echo disabling tones
for both the CCITT and Bell configurations, as follows:
a. CCITT: 2100 Hz £ 15 Hz.

b. Bell: 2225 Hz * 10 Hz.

2. Guard Tones: If GTS (see Interface Memory Definitions) is
low, an 1800 Hz guard tone frequency is selected; if GTS is
high, a 553.846 Hz tone is employed. In accordance with the
CCITT V.22 Recommendation, the level of transmitted power
for the 1800 Hz guard tone is 6 + 1 dB below the level of the
data power in the main channel. The total power transmitted
to the line is the same whether or not a guard tone is enabled.
If a 553.846 Hz guard is used, its transmitted power is
3 +1 dBbelow the level of the main channel power, and again
the overall power transmitted to the line will remain constant
whether or not a guard tone is enabled. The device accom-
plishes this by reducing the main channel transmit path gain
by .97 dB and 1.76 dB for the cases of the 1800 Hz and
553.846 Hz guard tones respectively.

3. DTMF Tones: The R1212 generates dual tone multi-

frequency tones. When the transmission of DTMF tones are
required, the CRQ and DTMF bits (see Interface Memory
Definitions)must be set to a 1. When in this mode, the specific
DTMF tones generated are decided by loading the dial digit
register with the appropriate digit as shown in Table 2.

Table 2. Dial Digits/Tone Pairs

Dial
Hex Digits Tone Pairs
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
oB Spare (B) 697 1633
oc Spare (C) 770 1633
oD Spare (D) 852 1633
OE # 941 1477
OF Spare (F) 941 1633
10 1300 Hz Calling Tone
TONE DETECTION

The R1212 detects tones in the 340 +5 Hzto 640 +5 Hz band.
Detection Level: -10 dBm to ~43 dBm
Response Time: 17 £2 ms

SIGNALING AND DATA RATES

The signaling and data rates for the R1212 are defined in
Table 3.

Table 3. Signaling and Data Rates

(Alternative B)

Operating Mode Signaling Rate (Baud) Data Rate
v.22:
(Alternative A)
Mode i 600 1200 bps +0.01% Synchronous
Mode iii 600 600 bps +0.01% Synchronous

Mode i 600 1200 bps +0.01% Synchronous
Mode iii 600 600 bps +0.01% Synchronous
Mode ii 1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Mode iv 600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Bell 212A; 600 1200 bps *0.01%, Synchronous/Asynchronous
0 to 300 0 to 300 bps Asynchronous
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DATA ENCODING
The specifications for data encoding are as follows:

1. 1200 bps (V.22 and Bell 212A). The transmitted data is
divided into groups of two consecutive bits (dibits) forming a
four-point signal structure.

2. 600 bps (V.22). Each bit is encoded as a phase change rela-
tive to the phase preceding signal elements.

EQUALIZERS

The R1212 provides equalization functions that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer—An automatic adaptive equal-
izer is provided in the receiver circuit for V.22 and Bell 212A con-
figurations.

Fixed Compromise Equalizer—A fixed compromise equalizer
is provided in the transmitter.

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified compromise
equalizer characteristic, the transmitted line signal has a fre-
quency spectrum shaped by the square root of a 75 percent
raised cosine filter. Similarly, the group delay of the transmitter
output is within * 150 microseconds over the frequency range
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan-
nel).

SCRAMBLER/DESCRAMBLER

The R1212 incorporates a self-synchronizing scrambler-
/descrambler. In accordance with the CCITT V.22 and the Bell
212A recommendations.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit of the R1212 can adapt to received frequency
errors of up to *7 Hz with less than a 0.2 dBm degradation in
BER performance.

RECEIVE LEVEL

The receiver circuit of the R1212 satisfies all specified perform-
ance requirements for the received line signals from — 10dBmto
—48 dBm. The received line signal is measured at the receiver
analog input RXA.

TRANSMIT LEVEL

The R1212M output control circuitry contains a variable gain
buffer which reduces the modem output level. The R1212M can
be strapped via the host interface memory to accomplish this.
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PERMISSIVE/PROGRAMMABLE CONFIGURATIONS

The R1212M transmit level is +6 dBm to allow a Data Access
Arrangement (DAA) to be used. The DAA then determines the
permissive or programmable configuration.

The R1212DC transmit level is strapped in the permissive mode
so that the maximum output level is — 10 dBm 1.0 dBm.

AUTOMATIC RECONFIGURATION

The R1212 is capable of automatically configuring itself to the
compatibility of a remote modem. The R1212 can be in either the
answer or originate mode for this to occur. The R1212 adaptation
compatibilities are limited to V.22 A/B (1200 bps), Bell 212, and
Bell 103. If the R1212 is to originate in a specific configuration,
the MODE bits (see Interface Memory Definitions) must be set.

MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a smali circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of 1/0 points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six
groups of modem operation: overhead signals, V.24 interface
signals, microprocessor interface signals, DAA signals, analog
signals, and ancillary signals. Table 4 lists these groups along
with their corresponding connector pin numbers. The column
titled “Type” refers to designations found in the Hardware Cir-
cuits Interface Characteristics (Tables 5 and 6). The six groups
of hardware circuits are described in the following paragraphs.
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POWER-ON RESET

Basic modem operation can be understood most easily by begin-
ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 10 ms after the low to high transi-
tion of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below
+ 3.5V for more than 30 ms, or an external device drives pin 13C
low for at least 3 us. When an external low input is applied to
pin 13C, the modem is ready for normal use approximately
10 ms after the low input is removed. Pin 13C is not driven low by
the modem when the POR sequence is initiated externally. In all
cases, the POR sequence requires 50 ms to 350 ms to com-

plete. The R1212 POR sequence leaves the modem configured
as follows:

1200 bps

Asynchronous

10-bit Character Length
Constant Carrier

Serial Mode

Answer Mode

Auto Answer Disabled
RAM Access Code = 00

This configuration is suitable for performing high speed data
transfer over the public switched telephone network using the
serial data port. Individual features are discussed in subsequent
paragraphs.

vas
INTERFACE

WRITE
DATA BUS (8)

< ADDRESS BUS (4™

CS (2)
O O
DECODER

+5

HOST
PROCESSOR
(DTE)

IRQ
POR

<———>OD

POWER
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Figure 1.
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Table 4. Hardware Circuits

DIN DIN
Name Type Pin No. Description Name Type Pin No. Description
A. OVERHEAD SIGNALS C. V.24 INTERFACE SIGNALS
Ground (A) | AGND 31C, 32C Analog Ground XTCLK 1B 22A External Transmit
Return Clock
Ground (D) | DGND 3C, 8C, Digital Ground TDCLK ocC 23A Transmit Data Clock
5A, 10A Return RDCLK oC 21A Receive Data Clock
+5 volts PWR 19C, 23C, +5 volt supply RTS 1B 25A Request-to-Send
26C, 30C CTS oC 25C Clear-to-Send
+12 volts PWR 15A +12 volt supply TXD B 24C Transmit Data
- 12 volts PWR 12A —12 volt supply RXD oC 22C Receive Data
POR /0B 13C Power-on-Reset RLSD oc 24A Received Line Signal
Detector
B. MICROPROCESSOR INTERFACE SIGNALS —
DTR B 21C Data Terminal Ready
b7 lIOA ic DSR oc 20A Data Set Ready
gg :;g: ;/é Ri oc 18A Ring Indicator
D4 VOA 2A D. ANALOG SIGNALS
o3 1/OA 3A Data Bus (8-Lines) RXA (M) B 32A Receive Analog Input
D2 1/0OA 4C TXA (M) oC 31A Transmit Analog
D1 I/OA 4A Output
Do I/OA 5C TIP/RING (DC) | AE RJ11 Jacks Phone Line Interface
RS3 1A 6C . LINE
RS2 IA 6A Z’eg'f;; Select MONITOR (DC) | AD 30A Analog Line Monitor
RS1 1A 7C
RSO A 7 E_.DAA INTERFACE SIGNALS :
Cso 1A 10C Chip Select RD (M) 1B 27A Ring Detect
Receiver (Baud RCCT (M) oC 28A Request Coupler Cut
o Rate Device) Through
Csi 1A 9C Chip Select CCT (M) 1B 29C Coupler Cut Through
Transmitter OH oC 29A Off-Hook Relay Status
(Sample Rate F. ANCILLARY INTERFACE SIGNALS
Device)
READ A 12¢ Read Enable TBCLK oc 27C — | Transmit Baud Clock
e N RBCLK oC 26A — Receive Baud Clock
WRITE 1A 1A Write Enable =
iRQ oB 11C Interrupt Request K ic 28C — | Tak (TLK = Data)
ORG B 16C — Originate (ORG =
Answer)
(M) R1212M Only, (DC) R1212DC Only, — = not applicable
Unused inputs tied to + 5V or ground require individual 10K © series
resistors
Table 5. Digital interface Characteristics
input/Ouput Type
Symbol P Units 1A 1B ic OA oB ocC /10 A /0B
Viy Input Voltage, High \ 2.0 min. 2.0 min. 2.0 min 2.0 min. |5.25 max.
2.0 min.
Vi Input Voltage, Low V | 0.8max. | 0.8 max. | 0.8 max. 0.8 max. |{0.8 max.
Vou Output Voltage, High v 2.4 min.! 24 min? |24 mmn3
Voo Output Voltage, Low \" 04 max? | 0.4 max.2 | 04 max.2 0.4 max 2|0.4 max.®
I Input Current, Leakage pA | £2.5 max. +2.5 max ¢
lon Output Current, High mA —0.1 max.
loL Output Current, Low mA 1.6 max. | 1.6 max. | 1.6 max.
I Output Current, Leakage | pA +10 max.
lpy Pull-up Current rA —240 max. | - 240 max. —240 max. —260 max.
(Short Circuit) —-10 min. | —-10 min. —10 min -100 min.
C. Capacitive Load pF 5 5 20 10 40
Co Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain| 3 State |Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Puli-up
Notes: 1.l1load = —100A 2.1load = 1.6 mA 3.1load = -40 A 4.V, = 0.4t02.4 Vdc, Voc = 526 Vdc 5.1load = 0.36 mA
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Table 6. Analog Interface Characteristics

Name Type Characteristics
TXA AA The transmitter output impedance is 604Q
’ +1% with an output level of +6 dBm.
To obtain a 0 dBm output, a 6002 load to
ground is needed.

RXA AB The receiver input impedance is 23.7 KQ
+1%. The receive level at RXA must be
no greater than —9 dBm (or —6 dBm
with the 3DB bit enabled).

LINE AD The line monitor output impedance is

MONITOR 15 KQ +5%.

TIP/RING AE The impedance of TIP with respect to

' RING is 600 Q.
V.24 INTERFACE

Eleven hardware circuits provide timing, data, and control sig-
nals for implementing a serial interface compatible with CCITT
Recommendation V.24. These signals interface directly with cir-
cuits using TTL logic levels (0V, +5V). These TTL levels are
suitable for driving the short wire lengths or printed circuitry nor-
mally found within stand-alone modem enclosures or equipment
cabinets. For driving longer cables, the voitage levels and con-
nector arrangement recommended by EIA standard RS-232-C
are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.
4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Data Terminal Ready (DTR)

DTR prepares the modem to be connected to the communica-
tions channel, and maintains the connection established by the
DTE (manual answering) or internal (automatic answering)
means. DTR OFF places the modem in the disconnect state.

Data Set Ready (DSR)

Data Set Ready (DSR) ON indicates that the modem is in the
data transfer state. DSR OFF is an indication that the DTE is to
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disregard all signals appearing on the interchange circuits—
except RI. DSR will switch to the OFF state when in test state.
The ON condition of DSR indicates the following:

1. The modem is not in the talk state, i.e., an associated tele-
phone handset is not in control of the line.

2. The modem is not in the process of automatically establishing
a call via pulse or DTMF dialing.

3. The modem has generated an answer tone or detected
answer tone.

4. After ring indicate (ﬁ) goes ON, DSR waits at least two sec-
onds before turning ON to allow the telephone company
equipment to be engaged. )

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a

maximum of 4 seconds when the SSD bit is enabled.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. In constant carrier mode, RTS can be wired to
DTR. In controlled carrier operation, independent operation of
RTS turns the carrier ON and OFF. The responses to RTS are
shown in Table 7 (assume the modem is in data mode).

Table 7. RTS Responses

Leased or Dial Line' RTS OFF RTS ON
Controlled Carrier CTS OFF Carrier ON
Carrier OFF 210 to 275 ms Scrambled
1 s Transmitted
CTS ON
Constant Carrier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1 s | Data Transmitted
Transmitted
Note:
1. After handshake i1s complete.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which are present on TXD. CTS response times
from an ON or OFF condition of RTS are shown in Table 8.

Table 8. CTS Response Times

CTS Transition

OFF to ON
ON to OFF

Note: *Programmable

Controlled Carrier

210 to 275 ms
<20 ms*

Constant Carrier

<2 ms
<20 ms*




R1212

1200 bps Full-Duplex Modem

Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected data rate of 1200 Hz or 600 Hz
(£0.01%).

2. Duty Cycle. 50 + 1%.

TDCLK is provided to the user in both asynchronous and syn-
chronous communications. TDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec-
essary for synchronous communication. In this case Transmit
Data (TXD) must be stable during the one us periods immedi-
ately preceding and following the rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 + 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. The timing recovery circuit is capable of tracking a +.035%
(relative) frequency error in the associated transmit timing
source.

RDCLK is provided to the user in both asynchronous and syn-
chronous communications. RDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec-
essary for synchronous communication.

Received Line Signal Detector (RLSD)
The RLSD thresholds for both high and low channels are:

RLSD ON = -43dBm
RLSD OFF < -48dBm
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RLSD will not respond to guard tones or answer tones.

When RLSD is active, it indicates to the terminal equipment that
valid data is available on RXD.

Transmitted Data (TXD)
The modem obtains serial data from the local DTE on this input.

Received Data (RXD)

The modem presents received data to the local DTE on this
output.

Ring Indicator (RI)

The modem provides a Ring Indicator (RI) output; its low state
indicates the presence of a ring signal on the line. The low condi-
tion appears approximately coincident with the ON segment of
the ring cycle (during rings) on the communication channel. (The
ring signal cycle is typically two seconds ON, four seconds OFF.)
The high condition of the RI output is maintained during the OFF
segment of the ring cycle (between rings) and at all other times
when ringing is not being received. The operation of Rl is not
disabled by an OFF condition on DTR.

RI will respond to ring signals in the frequency range of 15.3 Hz
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied
across TIP and RING), with the response times given in Table 13.

This OFF-to-ON (ON-to-OFF) response time is defined as the
time interval between the sudden connection (removal) of the
ring signal across TIP and RING and the subsequent ON (OFF)
transition of RI.

Table 9. RI Response Time

RI Transition Response Time
OFF-to-ON* 110 £50 ms (50% duty cycle)
ON-to-OFF 450 +50 ms

Note: *The OFF-to-ON time is duty cycle dependent:
890 ms (15%) = time = 50 ms (100%)
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MICROPROCESSOR INTERFACE

Seventeen hardware circuits provide address, data, control, and
interrupt signals for implementing a parallel interface compatible
with an 8080 microprocessor. With the addition of a few external
logic gates, the interface can be made compatible with a wide
variety of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface allows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0 and CS1) and
Register Selects (RS0-RS1)

The signal processor to be accessed is selected by grounding
one of two unique chip select lines, CS1 or CS0. The selected
chip decodes the four address lines, RS3 through RSO, to select
one of sixteen internal registers. The most significant address bit
(23) is RS3 while the least significant address bit (20) is RSO.
Once the address bits have been decoded, the selected register
can be read from or wriiten into via an 8-bit parallel data bus, D7
through DO. The most significant data bit (27) is D7 while the
least significant data bit (20) is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ line
high or the WRITE line low. During a read cycle, data from the
selected register is gated onto the data bus by means of three-
state drivers. These drivers force the data lines high for a one bit
or low for a zero bit. When not being read, the three-state drivers
assume their off, high-impedance, state. During a write cycle,
data from the data bus is copied into the selected register, with
high and low bus levels representing one bits and zero bits,
respectively. The timing required for correct read/write cycles is
illustrated in Figure 2. Logic necessary to convert the single R/IW
output from a 65XX series microprocessor to the separate READ
and WRITE signals required by the modem is shown in Figure 3.

Interrupt Request (IRQ)

The final_signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
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rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to + 5 volts is required at some
point on the IRQ line. The resistor value should be small enough
to pull the IRQ line high when all IRQ drivers are off (i.e., it must
overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms *20%, 0.25 watt, is
sufficient.

DAA INTERFACE

The R1212M provides a Data Access Arrangement (DAA) inter-
face that is directly hardware and software compatible with the
RDAA. Manual/automatic originate and answer are then con-
trolled via the appropriate R1212M hardware ancillary circuits or
software control bits. The modem provides the only interface with
the microprocessor (MPU) bus, i.e., no RDAA interface signals
must be directly controlled from the MPU bus.

Ring Detect (RD)

RD indicates to the modem by an ON (low) condition that a ring-
ing signal is present. The signal (a 4N35 optoisolator compatible
output) into the RD input should not respond to momentary
bursts of ringing less than 125 ms in duration, or to less than
40 Vrms, 15 to 68 Hz, appearing across TIP and RING with
respect to ground. The ring is then reflected on RI.

Request Coupler Cut Through (RCCT)

RCCT is used to request that a data transmission path through
the DAA be connected to the telephone line. When RCCT goes
OFF (low), the cut-through buffers are disabled and CCT should
go OFF (high). RCCT should be OFF during dialing but ON for
tone address signaling.

Coupler Cut Through (CCT)

An ON (low) signal to the CCT lead indicates to the modem that
the data transmission path through the DAA is connected. This
input can always be grounded if the two second billing delay
squelch is desired. If CCT is user controlled, the billing delay
squelch can only be 2 seconds or greater.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.
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CSi, RSi setup time prior
to Read or Write TCS 30 —_ ns
Data access time after Read TDA — 140 ns
Data hold time after Read TDH 10 50 ns
CSi, RSI hold time after
Read or Write TCH 10 — ns
Write data setup time TWDS 75 — ns
Write data hold time TWDH 10 — ns
Write strobe pulse width TWR 75 — ns

Figure 2. Microprocessor Interface Timing Diagram
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Figure 3. R/W to READ WRITE Conversion Logic
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ANALOG SIGNALS (R1212M)

Two connections are devoted to analog audio signals: TXA and
RXA.

Transmit Analog (TXA)

The TXA output is suitable for driving a data access arrangement
for connection to either leased lines or the public switched tele-
phone network. The transmitter output impedance is 604 ohms
+ 1% with an output level of +6 dBm *1 dBm. To obtain a
0 dBm output, a 600 ohm load to ground is needed.

Receive Analog (RXA)

RXA is an input to the receiver from a data access arrangement.
The inputimpedance is 23.7K ohms + 1%. The received level at
RXA must be no greater than — 9 dBm (or — 6 dBm with the 3DB
bit enabled).

ANALOG SIGNALS (R1212DC)

Three analog signals are output by the R1212DC: LINE MONI-
TOR, TIP and RING.

Analog Line Monitor (LINE MONITOR)

The LINE MONITOR output is suitable for a speaker interface. It
provides an output for all dialing signals, call progress signals,
and the carrier signals. The output impedance is 15K ohms
+ 1%. The signals which appear on LINE MONITOR are approx-
imately the same level as the signals would appear on the net-
work (assuming a 1 dB loss attributed to the audio transformer).

Phone Line Interface (TIP and RING)

TIP and RING are the DAA analog outputs to the public switched
telephone network. These outputs use two RJ11 jacks in parallel
as the interface to the network (see Table 10 and Figure 4). The
R1212DC, which contains the DAA TIP and RING interface, has
been FCC Part 68 approved. The user need not apply for further
Part 68 approval. The impedance of TIP with respect to RING is
600 ohms.

Table 10. R1212DC Network Interface

Connector Pin
Type Number Name Function
3 RING One Side of TELCO Line
RJ11 Jack 4 TIP | One Side of TELCO Line
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Figure 4. RJ11 Telephone Jack

ANCILLARY CIRCUITS

Transmit Baud Clock (TBCLK) and
Received Baud Clock (RBCLK)

TBCLK and RBCLK are provided to the user at the baud rate
(600 Hz).

Talk (TLK)

TLK s an input which manually places the modem on-hook (relay
open, TLK = 0)or off-hook (relay closed, TLK = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. TLK is used with ORG to manually
originate or answer a call. TLK should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.

Originate (ORG)

ORG is an input which manually places the modem in the origi-
nate mode (ORG = 0) or the answer mode (ORG = 1). To man-
ually originate a call, ORG = 0 and TLK = 0. Dial the number
using the telephone. When the other modem answers and sends
answer tone switch the TLK input from 0 to 1 placing the modem
off-hook.

To manually answer a call ORG = 1 and TLK = 0. When the
phone rings switch the TLK input from 0 to 1 placing the modem
off-hook.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.
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SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load-
/drive characteristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented in firmware running on two special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into two
areas. These areas are partitioned into receiver and transmitter
devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal 1/0 bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. It is possible to enable a bit in register E to cause an inter-
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rupt eachtime it sets. This interrupt can then be cleared by a read
or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 32 addressable registers in the modem
receiver (CS0) and transmitter (CS1) interface memory are
shown in Figures 5 and 6, respectively. These registers may be
read or written on any host read or write cycle, but all eight bits of
that register are affected. In order to read a single bit or a group of
bits in a register, the host processor must mask out unwanted
data. When writing a single bit or group of bits in a register the
host processor must perform a read-modify-write operation. That
is, the entire register is read, the necessary bits are set or reset in
the accumulator of the host, then the original unmodified bits and
the modified bits are written back into the register of the interface
memory.

Figures 7 and 8 show the registers according to the overall func-
tion they perform in the receiver and transmitter, respectively.
Figures 9 and 10 show the power-on configuration for the R1212
modem receiver and transmitter devices, respectively.

Table 11 defines the individual bits in the interface memory. In the
Table 11 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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Registe? sy 6 5 4 3 2 1 0 IRegists B 6 5 4 3 2 1 0
F RAM Access R F RAM Access T
E IRQ | ENSI [NEWS| — [NEWC| — | — | — E IRQ | ENSI [NEWS| — |NEWC|DDEI| — |DDRE
D BUs |[cRQ| — | — | — [LcD [RSD | — D BUS | CRQ |DATA| AAE [DTR| — | — | ssp
c - -] - CHAR - | -] - c DSRA| TXCLK CHAR — | — |bLsF!
B - |- =-]=-|=]=1]-1|A B TX LEVEL GTE | GTS | 3DB [DTMF| AL
A ERDL| RDL | DL | ST MODE A ERDL | RDL | DL | ST MODE
9 - | - SPEED - | -1 =1 - 9 NAT'| — (ORG| LL |RTS | cC | EF | NTS
8 TONE|ATD | — | — | — | — | TM |RLSD 8 DLO |[CTS |[DSR| Rl | — | — | — | —
7 - -] - -] -] =] -1~ 7 - -] == =] ===
6 - - === =1-=-1- 6 - === === -
5 RAM Data YRM (YRAMRM) 5 RAM Data YTM (YRAMTM)
4 RAM Data YRL (YRAMRL) 4 RAM Data YTL (YRAMTL)
3 RAM Data XRM (XRAMRM) 3 RAM Data XTM (XRAMTM)
2 RAM Data XRL (XRAMRL) 2 RAM Data XTL (XRAMTL)
I e e [ T-[-1-T1-
0 —_ - —_ — - — —_ —_ [} Dial Digit Register
Note 1. Not valid beforeN :::12-16
(=) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 5. Receiver (CS0) Interface Memory Map Figure 6. Transmitter (CS1) Interface Memory Map
Regiots B g 6 5 4 3 2 1 ° Regiow B 6 5 4 3 2 1 0
F DIAGNOSTIC CONTROL F DIAGNOSTIC CONTROL
E HANDSHAKE E HANDSHAKE
D CONFIGURATION D CONFIGURATION
c CONFIGURATION c CONFIGURATION
B CONFIGURATION B CONFIGURATION
A CONFIGURATION A CONFIGURATION
9 STATUS 9 CONFIGURATION
8 STATUS 8 STATUS
7 RESERVED 7 RESERVED
6 RESERVED 6 RESERVED
5 DIAGNOSTIC 5 DIAGNOSTIC
4 DIAGNOSTIC 4 DIAGNOSTIC
3 DIAGNOSTIC 3 DIAGNOSTIC
2 DIAGNOSTIC 2 DIAGNOSTIC
1 RESERVED 1 RESERVED
0 RESERVED 0 DIAL DIGIT REGISTER
(oot el 7|8 s[4 32|10 Registey” el Tl 8 s a3 2] 1|0
Figure 7. Receiver (CS0) Interface Memory Functions Figure 8. Transmitter (CS1) Interface Memory Functions
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D BUS | CRQ | _ —_ — | LCD | RSD | _ o BUS | CRQ |[DATA | AAE | DTR | _ — | ssp
[ [) 1 [ [] [ 0 0 0 0
c — | -1 = CHAR I R c DSRA| TX CLK CHAR _ _ | DLSF
1 0 0 0 0 1 [ 0
8 — | _ _ —_ | _ — | — A B TX LEVEL GTE | GTS | 3DB [DTMF | AL
0 [J 0 0 0 [ 0 0 [
A ERDL | ROL | DL | ST MODE A ERDL| ROL | DL | ST MODE
[] 0 0 [) 0 [] 1 1 [ 0 0 0 0 [ 1 1
° — | _ SPEED _ R ° NAT | _ |ORG| LL | RTS | CC | EF | NTS
[) ° () o | o (] [) ° 0
s TONE| ATD | _ | _ | _ — | ™M [RLSD s DLO | CTS | DSR | RI | _ — _ —
[ 0 0 0 0 0 [ 0
7 - | - - - - - | - - 7 - - -] -1 - - - -
6 - - - -1]- - | = | - 6 - - - | - | - - - -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
N I I I I I e I =TT -T-T-T-1-
[} - - - - - - - - [} Dial Digit Register (Write-Only Register)
Regi Regi:
el 7| 8| s e 2] 1|0 /an 7 |6 | s | a]as|l2]|1]o0
(—) K reserved for modem use only. (—) Indicates reserved for use only.

Figure 9. R1212 Receiver (CS0) Interface Memory
Power On Configuration

Figure 10. R1212 Transmitter (CS1) Interface Memory
Power On Configuration
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Table 11. Interface Memory Definitions

Memory
Mnemonic ) Name Location Description

AAE Auto Answer Enable 1:D:4 When configuration bit AAE is a 1, the modem will automatically answer
when a ringing signal is present on the line. When AAE is set to a 1, the
modem will answer after one ring and go into data mode.

The modem goes off-hook 1 second after the on-to-off transition of the ring.
The ORG pin or ORG bit need not to be set to the answer polarity. If it is
desired to answer after more than one ring, then the user rl\_u_sf use the alter-
native answer method described under the DATA bit. The DTR pin or

the DTR bit must also be set before the modem will auto answer. Writing a 0
into the AAE bit will cause the modem to go on-hook. This will occur only
when the modem auto answers using the AAE bit.

AL Analog Loopback (0,1):B:0 When configuration bits AL are a 1, the modem is in local analog loopback
(V.54 Loop 3). In this loop, the transmitter's analog output is coupled to the
receiver's analog input at a point near the modem'’s telephone line interface.
An attenuator is introduced into the loop such that the signal level coupled
into the receive path is attenuated 14 +1 dBm. The modem may be placed
into analog loopback in either the idle mode or the data mode. However, in
the data mode, setting the AL bits to a 1 will terminate the connection.
Analog loopback will only function in the high speed modes (1200, or 600
bps).

The DTE may be tested when the modem is in analog loopback. Also, all
parts of the modem except the line interface are checked. If no DTE is con-
nected, the modem integrity may be verified by use of the self test function.
When entering analog loopback, set AL in the receiver to a 1 before setting
AL in the transmitter to a 1.

When exiting analog loopback, reset AL in the transmitter to a 0 before reset-
ting AL in the receiver to a 0.

ATD Answer Tone Detected 0:8:6 When status bit ATD is a 1, it signifies that the modem receiver detected the
answer tone. The bit is 1 set 75 ms after the answer tone is first detected,
and is cleared to a 0 when the modem goes on-hook. The user may clear
ATD manually after CTS is active.

BUS Bus Select (0,1):D:7 When configuration bits BUS are a 1, the modem is in the parallel control
mode; and when 0, the modem is in the serial control mode. BUS can be in
either state to configure the modem.

Serial Control Mode

The serial mode uses standard V.24 (RS-232-C compatible) signals to
transfer channel data. The control signals used in serial control mode are
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected
both in the interface memory and the V.24 interface. Once the bus bits have
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are
ignored.

Parallel Control Mode

The modem has the capability of modem control via the microprocessor bus.
Data transfer is maintained over the serial V.24 channel. The control bits
used in parallel control are DTR, RTS, ORG, and DATA.

The modem automatically defaults to the serial mode at power-on.

If the parallel control mode is to be used, it is recommended that the TLK pin
be tied to ground. A floating TLK pin will assume a logic 1 which will
immediately put the modem into the data mode before the BUS bits are set.

In either mode, the modem is configured by the host processor via the
microprocessor bus.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

cC

CHAR

CRQ

CTS

DATA

DDE!

Controlled Carrier

Character Length Select

Call Request

Clear-to-Send

Talk/Data

Dial Digit Empty Interrupt

1:9:2

(0,1):C:(3,4)

(0,1):D:6

1:8:6

1:D:5

1:E:2

When configuration bit CC is a 1, the modem operates in controlled carrier;
when 0, the modem operates in constant carrier.

Controlled carrier allows the modem transmitter to be controlled by the RTS
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions.

These character length bits select either 8, 9, 10, or 11 bit characters
(includes data, stop, and start bits) as shown below:

Configuration Word Configuration
3
8 bits
9 bits
10 bits
11 bits

- 200 id
-0 =0 |

It is possible to change character length during the data mode. Errors in the
data will be expected b the chang and the resynchronization
(which occurs on the next start bit after the change is implemented).

When configuration bit CRQ in chip 1 (the transmitter) is a 1, it places the
transmitter in auto dial mode. The data then placed in the Dial Digit Register
is treated as digits to be dialed. The format for the data should be a hex
representation of the number to be dialed (if a 9 is to be dialed then an 09¢
should be loaded in DDR). CRQ in chip 1 should be a 1 for the duration of
the data mode. If CRQ in chip 1 is changed to a 0, the modem will go
on-hook. Also, see DDRE bit.

When configuration bit CRQ in chip 0 (the receiver) is a 1, the receiver goes
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz
bandwidth is reflected by the TONE bit. CRQ in chip 0 must be reset to a 0
(after the last digit was dialed and tone detection completed) before the
answer tone is sent by the answering modem (after ringback is detected).
CRQ in chip 0 need not be used during auto dialing, but may be used to pro-
vide call progress information as part of an intelligent auto dialing routine. An
example flowchart is given in Figure 11.

FF (hex) should be loaded into the Dial Digit Register after the last digit is
dialed and tone detection is completed. This action also puts the modem in
data mode and starts a 30 second abort timer. If the handshake has not
been completed in 30 seconds the modem will go on-hook.

When status bit CTS is a 1, it indicates to the terminal equipment that the
modem will transmit any data which are present at TXD.

CTS response times from an ON or OFF condition of RTS are shown below:

CTS Transition Constant Carrier Controlled Carrier
OFF to ON =2 ms 210 to 275 ms
ON to OFF <20 ms* =20 ms*
*Programmable

When control bit DATA is a 1, the modem is in the data state (off-hook); and
when 0, the modem is in the talk state (on-hook). This bit allows the modem
to go off-hook after a programmable number of rings by counting the required
number of Rl bit transitions and then setting the DATA bit (assuming ORG = 0).

When handshake bit DDEI is a 1, an interrupt will occur when the Dial Digit
Register (1:0) is empty (DDRE = 1). This is independent of the state of the
ENSI bit. The interrupt will set the IRQ bit and also assert the TRQ signal.
Loading the Dial Digit Register with a new digit will clear the interrupt
condition.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

DDR

DDRE

DL

DLO

DLSF

DSR

DSRA

Dial Digit Register

Dial Digit Register Empty

Digital Loopback (Manual)

Dial Line Occupied

Disable Low Speed Fallback

Data Set Ready

Data Set Ready in Analog
Loopback

1:0:(0-7)

1:E:0

(0,1):A:5

1:8:7

1:.C:7

DDR is used to load the digits to be dialed. Example: If a 4 is to be dialed,
an 04 (hex) should be loaded. This action also causes the interrupt to be
cleared. The modem automatically accounts for the interdigit delay. Note:
DDR is a write-only register.

When handshake bit DDRE is a 1, it indicates that the dial digit register is
empty and can be loaded with a new digit to be dialed. If the DDEI bit is set,
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be
generated.

After the DDR is loaded, DDRE goes to a 0 and the interrupts are
automatically cleared.

When configuration bits DL are set to a 1, the modem is manually placed in
digital loopback. DL should only be set during the data mode. The DSR and
CTS bits will be reset to a 0. The local modem can then be tested from the
remote modem end by looping a remotely generated test pattern. At the
remote modem, all interface circuits behave normally as in the data mode.

At the conclusion of the test, DL must be reset to a 0. The local modem will
then return to the normal data mode with control reverting to the DTEs, DTR.

DL does not function in 300 bps.

When status bit DLO is a 1, it indicates that the modem is in the auto dial
state, i.e., CRQ in the transmitter is a 1 and the modem is off-hook and
ready to dial.

When configuration bit DLSF is a 1, the modem will not automatically
fallback to the 300 bps operating mode if it is configured for another data
rate. This bit is valid in originate mode only.

The ON condition of the status bit DSR indicates that the modem is in the
data transfer state. The OFF condition of DSR Is an indication that the DTE
is to disregard all signals appearing on the interchange circuits — except RI.
DSR will switch to the OFF state when in test state. The ON condition of
DSR indicates the following:

The modem is not in the talk state, 1.e., an associated telephone handset is
not in control of the line.

The modem is not in the process of automatically establishing a call via
pulse or DTMF dialing.

The modem has generated an answer tone or detected answer tone.

After ring indicate goes ON, DSR waits at least two seconds before turning
ON to allow the telephone company equipment to be engaged.

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum
of 4 sec when the SSD bit is enabled.

" When configuration bit DSRA is a 1, it causes DSR to be ON during analog
loopback.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

DTMF

DTR

EF

ENSI

ERDL

GTE

Touch Tones/Pulse Dialing

Data Terminal Ready

Enable Filters

Enable New Status Interrupt

Enable Response to
Remote Digital Loopback

Guard Tone Enable

1:B:1

1:D:3

1:9:1

(0,1):E:6

(0,1):A:7

1:B:4

When configuration bit DTMF is a 1, it tells the modem to auto dial using
tones; and when 0, the modem will dial using pulses.

The timing for the pulses and tones are as follows (power-on timing):

Pulses — Relay open 64 ms
Relay closed 36 ms
Interdigit delay 750 ms

Tones — Tone duration 95 ms
Interdigit delay 70 ms

The DTMF bit can be changed during the dialing process to allow either tone
or pulse dialing of consecutive digits. The output power level of the DTMF
tones is as follows:

+15 dBm 11 measured at TXA for the R1212M
—1dBm %1 measured at TIP/RING for the R1212DC

Control bit DTR must be a 1 for the modem to enter the data state, either
manually or automatically. DTR must also be a 1 in order for the modem to
automatically answer an incoming call.

During the data mode, DTR must remain at a 1, otherwise the connection will
be terminated if DTR resets to a O for greater than 50 ms.

Setting CRQ in the transmitter to a 1 disables the high and low band filters
used in data mode so that call progress tone detection can be done. Setting
CRQ in the receiver to a 1 inserts a passband filter in the receive path which
passes energy in the 345 Hz to 635 Hz bandwidth. The high and low band
filters must be enabled and the passband filter disabled for the answer tone
and carrier to be detected. This occurs automatically during the auto dial pro-
cess when EF is set to a 0. In this case, the high and low band filters are
disabled when CRQ in the transmitter is set to a 1. If tone detection is re-
quired, CRQ in the receiver should be set to a 1. After dialing and call pro-
gress tone detection, CRQ in the receiver is set to a 0 and FF is loaded into
the dial digit register. (Loading FF enables the high and low band filters). At
this time, the answer tone can be detected. To re-enable the high and low
band filters disabled by setting CRQ in the transmitter, set EF to a 1. After
CRQ in the transmitter and receiver is set to a 1 and tone detection is com-
pleted, it may be necessary to detect the answer tone before loading FF into
the dial digit register (see the section on sending 1300 Hz calling tone). At
that point, EF can be set to a 1 and CRQ in the receiver set to a 0 so the
answer tone can be detected (using the ATD bit) and the 1300 Hz calling
tone can still be sent. Once the answer tone is detected, FF should be load-
ed into the dial digit register and the EF bit set to a 0.

When handshake bit ENSI is a 1, it causes an interrupt to occur when the
status bits in registers (0:[8,9]) and (1:8) are changed by the modem.
(NEWS =1). The IRQ bit will be set to a 1 and the IRQ signal will be
generated. The interrupt is cleared by writing a 0 into the NEWS bit.

When configuration bits ERDL are a 1, it enables the modem to respond to
another modem’s remote digital loopback request, thus going into loopback.
When this occurs, the modem clamps RXD to a mark; resets the CTS, DSR
and RLSD bits to a 0 and turns the CTS, DSR and RLSD signals to a logic 1.
The TM bit is set to inform the user of the test status. When the ERDL bits are
a 0, no response will be generated.

When configuration bit GTE is a 1, it causes the specified guard tone to be
transmitted (CCITT configurations only), according the state of the GTS bit. Note:
The guard tone will only be transmitted by the answering modem.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

GTS

IRQ

LCD

LL

MODE

NAT

Guard Tone Select

Interrupt

Loss of Carrier Disconnect

Leased Line

Mode Select

No Answer Tone

1:B:3

(0,1):E:7

0:D:2

1:9:4

(0,1):A:(0,3)

When configuration bit GTS is a 0, it selects the 1800 Hz tone; when GTE is
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted
only when GTE is enabled.

When status bit IRQ is a 1, it indicates that an interrupt has been generated.
The IRQ hardware signal is generated following the setting of the IRQ bit.
IRQ is cleared when either the NEWS bit is reset to a 0 or the DDR is
loaded with a number.

When configuration bit LCD is a 1, the modem terminates a call when a loss
of received carrier energy is detected after 400 ms. After the first 40 ms of
loss of carrier, RLSD goes off. 360 ms later, if no carrier is detected, CTS
goes off, and the modem goes on-hook. If energy above threshold is
detected during the 360 ms period, RLSD will be set to a 1 again. If further
loss of energy occurs, the 400 ms time frame is restarted.

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold,
but will not force the modem on-hook when energy falls below threshold. in
this case, it is necessary to re-enable LCD in order to put the modem on-hook.

LCD is not automatically disabled in leased line operation. The user must
write a 0 into LCD bits for this to occur.

When configuration bit LL is a 1, the modem is in leased line operation;
when 0, the modem is in switched line operation. When LL is set to a 1, the
modem immediately goes off-hook and into data mode.

These bits select the compatibility at which the modem is to operate, as
shown below:

Configuration Word

2 Configuration

1200 Sync.

1200 Async.

0 to 300 Async.

1200 Sync.

1200 Async.
600 Sync.
600 Async.

Bell 212A
Bell 212A
Bell 212A
V.22A
v.228
V.22A
v.22B

4244000 @
cocococ=o0co|
44000 =
~o0-=00=0I0

NOTE: The Mode bits in both chips should be set exclusively of all other
bits, followed immediately by the setting of the NEWC bits. This will ensure
proper modem configuration.

Automatic Reconfiguration

The modem is capable of automatically falling back during the handshake to
the compatibility of a remote modem. The modem can be in either the
answer or originate mode for this to occur. The compatibilities that the
modem are limited to adapt to are V.22 A/B (1200 bps), Bell 212 and

Bell 103. If the R1212 is to originate in a specific configuration, the MODE
bits must be set.

When the answer modem is configured for Bell 300 asynchronous and is
called by a 1200 bps modem, the handshake will be completed at 1200 bps.

When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz
CCITT answer tone. This bit is only valid for CCITT configurations. With this
bit enabled in answer mode, when the modem goes off-hook it will remain
silent for 75 ms and then transmit unscrambled ones.
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Table 11. Interface Memory Definitions (Continued)
Memory

Mnemonic Name Location Description

NEWC New Configuration (0,1):E:3 When the NEWC bit is a 1, it tells the modem that a new configuration has
been written into the configuration registers. The modem will then read the
configuration registers and then reset NEWC to a 0. NEWC must be set to a
1 after a new configuration has been written into the following registers:
(0:[A-D]) and (1:[9-D]). The remaining registers do not require the use of
NEWC to tell the modem that new data was written into them.

NEWS New Status (0,1):E:5 When handshake bit NEWS is a 1, it tells the user that there has been a
change of status in the status registers. The user must write a 0 into NEWS
to reset it. This action also causes the interrupt to be cleared.

NTS No Transmitter Scrambler 1:9:0 When configuration bit NTS is a 1, when the modem is off-hook it will
transmit all data in an unscrambled form. This bit should be disabled if the
normal modem handshake is desired.

ORG Originate/Answer 1:9:5 When configuration bit ORG is a 1, the modem is in onginate mode; and
when a 0 the modem is in answer mode. (This is only valid in manual
originate/answer and analog loopback). If ORG is a 1 in analog loopback, the
modem will transmit in the high band and receive in the low band. If ORG is
a 0 in analog loopback, the modem will transmit in the low band and receive
in the high band.

(None) RAM Access R 0:F:0-7 Contains the RAM access code used in reading RAM locations in chip 0
(receiver device).

(None) RAM Access T 1:F:0-7 Contains the RAM access code used in reading RAM locations in chip 1
(transmitter device).

XRAMRL RAM Data XRL 0:2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 0.

~ XRAMRM RAM Data XRM 0:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 0.

XRAMTL RAM Data XTL 1.2:0-7 Least significant byte of 16-bit word X used in reading RAM locations in chip 1.

XRAMTM RAM Data XTM 1:3:0-7 Most significant byte of 16-bit word X used in reading RAM locations in chip 1.

YRAMRL RAM Data YRL 0:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 0.

YRAMRM RAM Data YRM 0:5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 0.

YRAMTL RAM Data YTL 1:4:0-7 Least significant byte of 16-bit word Y used in reading RAM locations in chip 1.

YRAMTM RAM Data YTM 1-5:0-7 Most significant byte of 16-bit word Y used in reading RAM locations in chip 1.

RDL Remote Digital Loopback (0,1):A:6 When configuration bits RDL are a 1, it causes the modem to initiate a
request for the remote modem to go into digital loopback. RXD is cl d to
a mark and the CTS bit and CTS signal will be reset until the loop is
established. The TM bit is not set in this case, since the local modem in-
itiated the request. RDL does not function in 300 bps.

21] Ring Indicator 1:8:4 When status bit Rl is a 1, it indicates that a ringing signal is being detected.

The RI bit follows the ringing signal with a 1 during the on time and a zero
during the off time coincident with the Rl signal. The following are the Rl bit
response times:

RI Bit Transition Response
OFF-to-ON* 110 £50 ms (50% duty cycle)
ON-to-OFF 450 £50 ms

*The OFF-to-ON time is duty cycle dependent: 890 ms (15%) = time = 50 ms (100%)

This OFF-to-ON (or ON-to-OFF) response time is defined as the time interval
between the sudden connection (removal) of the ring signal across TIP and
RING and the subsequent transition of the Rl bit.

1-63




R1212

1200 bps Full-Duplex Modem

Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

RLSD

RSD

RTS

SPEED

Received Line Signal
Detector

Receive Space Disconnect

Request-to-Send

Speed Indication

0:8:0

0:D:1

1:9:3

0:9:(4,5)

When status bit RLSD is a 1, it indicates that the carrier has successfully
been received. RLSD will not respond to the guard tones or answer tones.
RLSD response times are given below:

Constant Controlled
Carrier Carrier

RLSD?
OFF-to-ON 105 to 205 ms 105 to 205 ms
ON-to-OFF 10to 24 ms 10 to 24 ms

Note:
1. After handshake has occurred.

When configuration bit RSD is a 1, the modem goes on-hook after receiving
approximately 1.6 seconds of continuous spaces.

When control bit RTS is a 1, the modem transmits any data on TXD when
CTS becomes active. In constant carrier mode, RTS should be set the same
time as DTR and then left ON. In controlled carrier operation, independent
operation of RTS turns the carrier ON and OFF. The responses to RTS are
shown (assume the modem is in data mode).

Leased or Dial Line! RTS Off RTS On

Controlled Carrier CTS OFF Carrier ON
Carrier OFF 210 to 275 ms Scrambled 1’s
Transmitted
CTS ON

Constant Carrier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1's  Data Transmitted
Transmitted

Note:
1. After handshake is complete.

For ease of use in constant carrier mode, RTS should be turned ON the
same time as DTR.

The SPEED status bits reflect the speed at which the modem is operating.
The SPEED bit representations are shown.

45 Speed
0 0 0-300
0 1 600
10 1200

Note:
The SPEED bits are not active in analog loopback and leased line mode.
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Table 11. Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description

SSD Send Space Disconnect 1:D'0 When configuration bit SSD is a 1, it causes the modem to transmit
approximately 4 seconds of spaces before disconnecting, when DTR goes
from active to inactive state.

ST Self Test (0,1):A:4 When configuration bit ST is a 1, self test is activated. ST must be a 0 to end
the test. It is possible to perform self test in analog loopback with or without a
DTE connected. During any self test, TXD and RTS are ignored. Self test does
not test asynchronous-to-synchronous converter circuits in either the transmit-
ter or receiver.

Error detection is accomplished by monitoring the self test error counter in
the RAM. if the counter increments during the self test, an error was made.
The counter contents are available in the diagnostic register when the RAM
access code 00 is loaded in the diagnostic control register (0:F).

Self Test End-to-End (Data Mode)

Upon activation of self test an internally generated data pattern of alternate
binary ones and zeros (reversals) at the selected bit rate are applied to the
scrambler. An error detector, capable of identifying errors in a stream of
reversals are connected to the output of the descrambler.

Self Test with Loop 3

Loop 3 is applied to the modem as d in Recc dation V.54. Self
test is activated and DCE operation is as in the end-to-end test, In this test
DTR is ignored.

Aafi

Self Test with Loop 2 (Data Mode)

The modem is conditioned to instigate a loop 2 at the remote modem as
specified in recommendation V.54. Self test is activated and DCE operation
is as in the end-to-end test.

ST does not function in 300 bps.

3DB 3 dB Loss to Receive
Signal 1:B:2 When configuration bit 3DB is a 1, it attenuates the received signal 3 dB.
This is only used if the modem will see 0 dBm or greater line signal at the
receiver input. Insertion of the 3 dB loss will then prevent saturation.

™ Test Mode 0:8:1 When status bit TM is a 1, it indicates that the modem has completed the
handshake and is in one of the following test modes: AL or RDL.

TONE Tone Detect 0:8:7 TONE follows the energy detected in the 340 to 640 Hz frequency band. The
user must determine which tone is present on the line by determining the
duty cycle of the TONE bit. TONE is active only when CRQ in chip O is a 1.

Detection Range: —10 to —43 dBm
Response Time: 17 2 ms

TXCLK Transmit Clock Select 1:C:(5,6) TXCLK allows the user to designate the origin of the transmitter data clock,
as shown below:
Configuration Word
Transmit Clock

Internal
External
Slave

- - O
- 00 |ln

If external clock is chosen the user clock must be input at XTCLK. The clock
characteristics must be the same as TDCLK. The external clock will be
reflected by TDCLK.

If slave clock is chosen the transmitter is slaved to the receive clock. This is
also reflected by TDCLK.
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Table 11. Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
TX LEVEL Transmit Level 1:B:(5-7) TX LEVEL allows the user to change the transmit level at TIP and RING
(assuming the DAA has 10 dBm attenuation in the transmit path).
Configuration
Word Transmit Level (£ 1.0 dBm)
7 6 5 (at TIP and RING)
0 0 0 -10 dBm
0 0 1 -12 dBm
] 1 0 -14 dBm
0 1 1 -16 dBm
1 0 0 -18 dBm
1 0 1 -20 dBm
1 1 0 -22 dBm
1 1 1 -24 dBm
Internal Modem Timing AUTO DIAL SEQUENCE

In a microprocessor environment it is necessary to know how
long various functions last or what the response times of certain
functions are. Since the modem is a part of the microprocessor
environment its timing and response times are necessary.
Table 12 provides the timing relationships between interface
memory bits and modem functions.

Table 12. Internal Modem Timing

Parameter Time Interval

The following flow chart defines the auto dial sequence via the
microprocessor interface memory.

NEWC bit checked
Transmitter
Receiver

Once per sample’
Once per baud?

NEWC bit set by host until

modem action
Transmitter =< One baud time
Receiver One baud time

Control, Configuration bits read
Transmitter
Receiver

Only after NEWC is set
ST, RSD—every sample,
all others after NEWC set

Status bits updated
Transmitter
Receiver

Once per sample
Once per baud

Status change reflected by

NEWS, IRQ
Transmitter MIN < one sample time
MAX one sample time
Receiver MIN one sample time

MAX one baud time

Memory status reflected to

modem pin
Transmitter 33.33 us
Receiver 33.33 us

1. Sample Time = 7200 Hz 2. Baud Time = 600 Hz
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1 = TONES
0 = PULSES
‘ Y
LOAD DIAL
CRQ = 1 DIGIT INTO
D.D. REG.
;
DTR = 1 @
Y
INTO
D.D. REG.
Y
s
Figure 11. Auto Dial Sequence Flow Diagram

Note: The modem timing for the auto dialer accounts for inter-
digit delay for pulses and tones.
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SIGNAL PROCESSOR RAM ACCESS

RAM AND DATA ORGANIZATION

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32-bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word is organized into a real part (16-bits) and an
imaginary part (16-bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. The entire contents of XRAM
and YRAM may be read by the host processor via the microproc-
essor interface.

Interface Memory Locations

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP 1/0 bus. The SP logic unit normally transfers a word
from RAM to interface memory once each clock cycle of the SP
device. In the transmitter, a word is transferred from SP RAM to
the interface memory every sample time. In the receiver, aword is
transferred from RAM to the interface memory every sample time
as well. Each RAM word transferred to the interface memory is
32-bits long. These bits are written by the SP logic unit into inter-
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain
the most significant byte and least significant byte, respectively,
of the XRAM data. Registers 5 and 4 contain the most and least
significant bytes of YRAM data, respectively.

RAM Access Codes

The SP logic unit determines the SP RAM address to read from,
or write to, by the code stored in the RAM Access bits of interface
memory register F (RAM Access R in the receiver 0:F and RAM
Access T in the transmitter 1:F).

Only the transmitter (chip 1) allows data to be transferred from
interface memory to SP RAM. When set to a 1, bit 1:F:7 signals
the SP logic unit to disable transfer of SP RAM data to the inter-
face memory, and instead, to transfer data from interface mem-
ory to SP RAM. When writing into SP RAM, 32 bits of data in the
XRAM and YRAM registers will be written into the appropriate
SP RAM location as specified by the RAM access code (82-86) in
register 1:F (Table 13). Once the data is written into the RAM
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access register 1:F, the XRAM registers 1:2 and 1:3 or the YRAM
registers 1:4 and 1:5, set the NEWC bit 1:E:3 to a 1. This action
causes the information to be transferred from interface memory
into SP RAM. Bit 7 of register 1:F is cleared to a 0 by the modem
after the RAM is read. New data can be written into the SP RAM
after the NEWC bit is reset to a 0 by the SP.

Note:

Any transmitter RAM Write operation must always be pre-
ceded by a RAM read from the desired location. This is to
guarantee that the correct information is written into the 16
unchanged bits, since all transmitter RAM operations are
32 bit transfers with typically only 16 of the bits used.

Both the transmitter and receiver (chips 1 and 0, respectively)
allow data to be transferred from SP RAM into the interface mem-
ory. A 0 in transmitter bit 1:F:7 enables the SP to transfer 32 bits
of data from SP RAM to the XRAM and YRAM registers (16 bits
each) in the interface memory as specified by the RAM access
code in register 1:F. A 0 in receiver bit 0:F:7 enables the SP to
transfer 32 bits of data from SP RAM to the XRAM and YRAM
registers (16 bits each) in the interface memory as specified by
the access code in register 0:F. To read the SP RAM in chip 1
(transmitter), load into 1:F the RAM access code which identifies
the 32 bits of data to transfer to the XRAM and YRAM registers.
Next, set the NEWC bit 1:E:3 to a 1. After transferring the data
from RAM to the XRAM or YRAM registers, the NEWC bit is reset
to a 0 by the SP. Chip 0 (receiver), on the other hand, will provide
the XRAM and YRAM data one sample time following the load-
ing of the RAM access code into register 0:F, and will continue to
provide the same data at one sample time intervals until a new
RAM access code is loaded.

When reading from or writing into RAM, no bits are provided for
handshaking or interrupt functions. The NEWC bit can be used
as a mechanism to provide sample and baud intervals. Since the
NEWC bit is checked, once per baud in chip 0 and once per
sample in chip 1, the user can set the NEWC bit and wait for it to
be cleared. Depending on which chip the NEWC bit was set, the
time interval from the setting to the clearing of the NEWC bit will
be either one sample or one baud time. This, however, will not
guarantee that the action of reading and writing the XRAM and
YRAM will occur in the middle of an actual sample or baud time.
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Table 13. RAM Access Codes
RAM Access Code
Node Function RAM Read RAM Write Chip Reg. No.
1 Demodulator Output 56 - 0 2,3,4,5
2 Low Pass Filter Output 40 - 0 2,345
3 Input Signal to Equalizer Taps 41-4D - 0 2,345
4 AGC Gain Word 14 - 0 2,3
5 Equalizer Tap Coefficients 01-0D - 0 2,3,45
6 Equalizer Output 53 - 0 2,345
7 Rotated Equalizer Output 1 - 0 2,3,45
(Received Point Eye Pattern)
8 Decision Points 51 - [} 2,345
(Ideal Eye Pattern)
9 Rotated Error 52 - 0 2,3,45
10 Rotation Angle 12 - 0 4,5
11 Phase Error 10 - 0 2,3
12 Self Test Error Counter 00 - 0 2,3
DTMF Tone Duration 02 82 1 4,5
DTMF Interdigit Delay 03 83 1 2,3
Pulse Interdigit Delay 03 83 1 4,5
Pulse Relay Make Time 04 84 1 2,3
Pulse Relay Break Time 04 84 1 4,5
Handshake Abort Counter 05 85 1 4,5
Handshake Abort Timer 06 86 1 2,3
CTS Off-Time 07 87 1 2,3
NOTE: 1. All the chip 1 access codes are not valid before R5312-13.
2. Access codes are hexadecimal.
3. Only chip 1 RAM can be written.
4. CTS Off-Time is not valid before R5312-16.
ERROR RATES Table 15. BER Summary
Bit error rate (BER) is a measure of the throughput of data on the R1212 Signal to Noise Ratio
communication channel. It is the ratio of the number of received Data Rate | Bit Error Rate | Originate Mode | Answer Mode
bits in error to the number of transmitted bits. This number 1200 bps 1x10-5 8.3 dB 8.1dB
increases with decreasing signal-to-noise ratio (SNR). The type iy
of line disturbance and the modem configuration affect the BER. 600 bps 1x10 5048 500a8
300 bps 1x10-5 10.4 dB 7.2d8B

Tables 14 through 16 summarize the BERs for various condi-
tions. Figure 12 shows the BER measurement setup.

Table 14. BER Summary

Test Condition: Signal Level = -43 dBm,
Sync for 1200 bps, 600 bps,
Async for 300 bps,
With 3002 Unconditioned Line.

Table 16. BER Summary

R1212 Signal to Noise Ratio R1212 Signal to Noise Ratio
Data Rate | Bit Error Rate | Originate Mode | Answer Mode Data Rate | Bit Error Rate | Originate Mode | Answer Mode
1200 bps 1x10-5 8.2dB 7.9dB 1200 bps 1x10-5 7.7 dB 7.9dB
600 bps 1x10-5 5.0dB 5.0 dB 600 bps 1x10-5 46dB 45dB
300 bps 1x10-5 9.2dB 7.0dB 300 bps 1x10-5 9.3dB 6.2dB

Test Condition: Signal Level = -30 dBm,
Sync for 1200 bps, 600 bps,
Async for 300 bps,
With 3002 Unconditioned Line.

Test Condition: Signal Level = -40 dBm,
Sync for 1200 bps, 600 bps,
Async for 300 bps,
Back-To-Back.
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LINE IMPAIRMENT
SIMULATOR | SOURCE | o] ATTENUATOR o| LEVEL METER
(3002) BRADLEY HP 350D "~ | HP 3552A
SEG FA-1445 2A AND 2B
1
MODEM MODEM MODEM MODEM
TEST SET TRANSMITTER| _ 2- TO 4-WIRE 2- TO 4-WIRE RECEIVER TEST SET
:::ENIX - MODEM HYBRID HYBRID T ODEM PHOENIX
0 RECEIVER TRANSMITTER 5000
3
IMPAIRMENT LINE
LEVEL METER ATTENUATOR SOURCE SIMULATOR
HP 3552A HP 350D BRADLEY [ (3002)
2A AND 2B SEG FA-1445

NOTE: SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING.
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Table 17. Modem Power Requirements
Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vde +5% 390 mA <455 mA
+12 Vde +5% 25 mA < 30 mA
-12 Vdc +5% 4 mA < 5mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 18. Modem Environmental Restrictions

Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F)
Storage —-40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude -200 feet to + 10,000 feet
Table 19. Modem Mechanical Considerations
Parameter Specification

Board Structure:

Mating Connector:

PCB Dimensions:
DC Version
Width
Length
Height
M Version
Width
Length
Height
Weight (max):
Lead Extrusion (max.):

Single PC board with a 3-row 64-pin right angle male DIN connector with rows A and C populated.
The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.

Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.

3.937 in. (100 mm)
4.725 in. (120 mm)
0.75 in. (19 mm)

3.937 in. (100 mm)
3.328 in. (82 mm)

0.40 in. (10.2 mm)
0.45 Ibs. (0.20 kg.)
0.100 in. (2.54 mm)
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0.156 +.003 DIA (4 PL) _ MALE 64-PIN 0.156 +.003 DIA (4 PL) MALE 64-PIN
(3.96) DIN CONNECTOR (3.96) ] DIN CONNECTOR
'd _ _ B ;s -
—% ‘ﬂw — %Y ;
. 1
| i ]
3.937 3.937 H
(100) COMPONENT | | o408  (100) COMPONENT | | 0.496 “z:
3.700 SIDE (12.6) 3.700 SIDE (12.6) @
(94) (s4) : ‘%
o
! 0.19 o9 | z
e ] @ | L
§ 2625 | 0.483
2.625 0.483 (66.7) (12.3)
(66.7) 3208 ™~ (123 3.275
. (83.2)
(82) 4.100
(104) 4 725
0.200 MAX COMPONENT AREA (120) 0100 MAX
5.9 / - n 3 [ (2.59)
B —— TR T S—— | I
i 0437 | 0.200 MAX 0437 | 1|
| 0.062 ) 0.062 (5:1) Mn.1)
(1.6) 0.100 MAX ) COMPONENT AREA

(2.54)

Figure 13. Modem Printed Circuit Board Dimensions
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R1212 MODEM INSTALLATION AND
MAINTENANCE

This section contains installation instructions and maintenance
procedures for the Rockwell R1212DC Modem. It also contains a
special notice from the Canadian Department of Communica-
tions (DOC) for Canadian operation and from the Federal Com-
munications Commission (FCC) for United States operation.

GENERAL DESCRIPTION

The Rockwell R1212DC modem is designed to be used with the
United States or Canadian Telephone Switched Networks in 2-
wire full-duplex dial-up operation. The modem requires protect-
ive circuitry registered with the Federal Communications Com-
mission (FCC) Part 68 which allows direct connection to the U.S.
switched telephone network. This circuitry also complies with
the Canadian Department of Communications (DOC) Terminal
Attachment Program (TAP) which similarly defines their
switched telephone network requirements.

The R1212DC features automatic dial and answer capabilities
along with surge suppression and hazardous voltage and longitu-
dinal balance protection. Its maximum output signal level at the
telephone interface is set at —10 dBm +1 dBm (permissive
mode of operation).

Two standard telephone jack connectors (RJ11s) are mounted
side by side on one edge of the board and are wired in parallel.
One is for connection to the telephone line network and the other
for the telephone headset connection.

INSTALLATION AND SIGNAL ROUTING
INSTRUCTIONS

PHYSICAL MOUNTING

The modem module may be physically incorporated into the cus-
tomer’s end product by utilizing the four corner 0.156” diameter
mounting holes (for the self-hooking plastic type standoffs or for
bolting it down to some rigid structure) or by installing the module
into card guides.

ELECTRICAL INTERFACING INSTRUCTIONS

The electrical interfacing is accomplished via the DIN (Euro) con-
nector (for external power inputs and digital logic signals) and
the telco connectors (for the telephone network connection).
Note that the telephone interface connectors are physically sepa-
rated from the modem interface control connector and extreme
care must be taken in routing the telephone interface leads from
the modem to the telephone network (line connector jack in the
wall).
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FCC RULES PART 68 REQUIREMENTS

The FCC Rules Part 68 requires that the telephone interface
leads shall:

1. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use the same connector as
leads or metallic paths connecting to power connections.

Note

Power connections are defined as the connections
between commercial power and any transformer, power
supply rectifier, converter or other circuitry associated
with the modem. The connections of the interface pins
(including the + 12 Vdc, — 12 Vdc and + 5 Vdc) are not
considered power connections.

2. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use adjacent pins on the
same connector as metallic paths that lead to unregistered
equipment, when specification details provided to the FCC do
not show that the interface voltages are less than nonhazar-
dous voltage source limits in Part 68.

Note

All the DIN connector interface voltages to the modem
have been established as non-hazardous.

ROUTING OF TELEPHONE INTERFACE LINES

In routing the telephone interface leads from the modem tele-
phone connector jacks to the telephone line network connection,
the following precautions should be strongly considered for
safety.

1. The telephone interface routing path should be as direct and
as short as possible.

2. Any cable used In establishing this path should contain no
signal leads other than the modem telephone interface leads.

3. Any connector used in establishing this path shall contain not
commercial power source signal leads, and adjacent pins to
the TIP and RING (T and R) pins in any such connector shall
not be utilized by any signals other than those shown in this
document.

MAINTENANCE PROCEDURE

Under the FCC Rules, no customer is authorized to repair
modems. In the event of a Rockwell modem malfunctioning,
return it for repair to an authorized ROCKWELL INTERNA-
TIONAL distributor (if in Canada) or send it directly to the Semi-
conductor Products Division, Rockwell International Corpora-
tion, El Paso, Texas 79906.
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SPECIAL INSTRUCTION TO USERS

If the Rockwell modem has been registered with the Federal
Communications Commission (FCC), you must observe the fol-
lowing to comply with the FCC regulations:

A. All direct connections to the telephone lines shall be made
through standard plugs and telephone company provided
jacks.

B. It is prohibited to connect the modem to pay telephones or
party lines.

C. You are required to notify the local telephone company of the
connection or disconnection of the modem, the FCC registra-
tion number, the ringer equivalence number, the particular line
to which the connection is made and the telephone number to
be associated with the jack.

Note

If the proper jacks are not available, you must order the
proper type of jacks to be installed by the telephone
company (VSOC RJ11 for permissive mode of opera-
tion).

D. You should disconnect the modem from the telephone line if it
appears to be malfunctioning. Reconnect it only if it can be
determined that the telephone line and not the modem is the
source of trouble. If the Rockwell modem needs repair, return
it tothe ROCKWELL INTERNATIONAL CORPORATION. This
applies to the modem whether it is in or out of warranty. Do not
attempt to repair the unit as this is a violation of the FCC rules
and may cause danger to persons or to the telephone net-
work.

TELEPHONE COMPANY RIGHTS
AND RESPONSIBILITIES

A. The Rockwell modem contains protective circuitry to prevent
harmful voltages to be transmitted to the telephone network. If
such harmful voltages do occur, then the telephone company
may temporarily discontinue service to you. In this case, the
telephone company should:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation which
caused the discontinuance.

3. Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

B. The telephone company may make changes in its facilities
and services which may affect the operation of your equip-
ment. Itis, however, the telephone company’s responsibility to
give you adequate notice in writing to allow you to maintain
uninterrupted service.

LABELING REQUIREMENTS

A. The FCC requires that the following label be prominently dis-
played on the outside surface of the customer’s end product
and that the size of the label should be such that all the
required information is legible without magnification.

1-73

Sample label below:

Unit contains Registered Protective Circuitry which com-
plies with Part 68 of FCC Rules.

FCC Registration Number: AMQ9SQ-14211-DM-E
Ringer Equivalence: 0.9B

Note

The Rockwell modem module has the FCC registration
number and ringer equivalence number permanently
affixed to the solder side of the PCB and any unit con-
taining this modem shall use this information for the
label requirements.

SPECIAL NOTICE FROM THE CANADIAN
DEPARTMENT OF COMMUNICATIONS

The Canadian Department of Communications label identifies
certified equipment. This certification means that the equipment
meets certain telecommunications network protective, opera-
tional and safety requirements. The Department does not guar-
antee the equipment will operate to the user’s satisfaction.

Before installing this equipment, users should insure that it is
permissible to be connected to the facilities of the local telecom-
munications company. The equipment must also be installed
using an approved method of connection. In some cases, the
company’s inside wiring associated with a single line individual
service may be extended by means of a certified jack-plug-cord
ensemble (telephone extension cord). The customer should be
aware that the compliance with the above conditions may not
prevent degradation of service in some situations. Existing tele-
communications company requirements do not permit their
equipment to be connected to customer-provided jacks except
where specified by individual telecommunications company tar-
iffs.

The Department of Communications requires the Certificate
Holders to identify the method of network connection in the user
literature provided with the certified terminal equipment.

Repairs to certified equipment should be made by an authorized
Canadian maintenance facility designated by the supplier. Any
repairs or alterations made by the user to this equipment, or
equipment malfunctions may give the telecommunications com-
pany cause to request the user to disconnect the equipment.

Users should ensure for their own protection that the electrical
ground connections of the power utility, telephone lines and inter-
nal metallic water pipe system, if present, are connected
together. This precaution may be particularly important in rural
areas.

CAUTION

Users should not attempt to make such connections them-
selves, but should contact the appropriate electric inspec-
tion authority, or electrician, as appropriate.

u
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INTRODUCTION

The Rockwell R2424 is a high performance full-duplex 2400 bps
modem. Using state-of-the-art VLS| and signal processing tech-
nology, the R2424 provides enhanced performance and reliabil-
ity. The modem is assembled as a small module with a DIN con-
nector (R2424M and R2424DC) or a new, smaller module (seven
square inches) with a dual-in-line pin (DIP) interface.

Being CCITT V.22 bis, V.22 A, B compatible, as well as Bell 212A
and 103 compatible, the R2424 fits most applications for full-
duplex 2400 and 1200 bps fallback (synchronous and asynchron-
ous) and 0 to 300 bps asynchronous data transmission over the
general switched telephone network, and over point-to-point
leased lines.

The direct-connect, auto dial/answer features are specifically
designed for remote and central site computer applications. The bus
interface allows easy integration into a personal computer, box
modem, microcomputer, terminal or any other microprocessor-
based communications product. '

The R2424DM, with its small form factor and DIP connection,
can be automatically installed and soldered onto a host module.
Its small size is ideal for internal “1/2-card” PC modem
applications.

FEATURES

e o 0o 0 o

CCITT V.22 bis, V.22 A, B Compatible

Bell 212A and 103 Compatible

Synchronous: 2400 bps, 1200 bps, 600 bps +0.01%

Asynchronous: 2400 bps, 1200 bps, 600 bps + 1%, —2.5%,

0-300 bps

— Character Length 8, 9, 10, or 11 bits

DTE Interface

— Functional: CCITT V.24 (RS-232-C) (Data/Control) and
Microprocessor Bus (Data/Configuration/Control)

— Electrical: TTL Compatible

2-wire Full-Duplex Operation

Adaptive and Fixed Compromize Equalization

Test Configurations:

— Local Analog Loopback

— Remote Digital Loopback

— Self Test

Auto/Manual Answer

Auto/Manual Dial—DTMF Tone or Pulse Dial

Power Consumption: 2.3 Watts Typical

Power Requirements: +5 Vdc, £12 Vdc

Three Module Configurations:

— R2424DC (Direct Connect): DIN connector module with
FCC approved DAA Part 68 Interface

— R2424M: DIN connector module without DAA

— R2424DM: DIP connection module without DAA

Two Functional Versions

— R2424/US All data rates specified except 600 bps

— R2424/INT All data rates specified except 0-300 bps

R2424M Modem

R2424DM Modem

Document No. 29200N11

Data Sheet
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TECHNICAL SPECIFICATIONS

TRANSMITTER CARRIER AND SIGNALING
FREQUENCIES

The transmitter and signaling frequencies supported in the
R2424 are listed in Table 1.

Table 1. Transmitter Carrier and Signaling
Frequencies Specifications

Frequency
Mode (Hz £0.01%)
V.22 bis low channel, Originate Mode 1200
V.22 low channel, Originate Mode 1200
V.22 bis high channel, Answer Mode 2400
V.22 high channel, Answer Mode 2400
Bell 212A high channel Answer Mode 2400
Bell 212A low channel Originate Mode 1200
Bell 103/113 Orniginating Mark 1270
Bell 103/113 Originating Space 1070
Bell 103/113 Answer Mark 2225
Bell 103/113 Answer Space 2025

TONE GENERATION
The specifications for tone generation are as follows:

1. Answer Tones: The R2424 generates echo disabling tones
for both the CCITT and Bell configurations, as follows:
a. CCITT: 2100 Hz £ 15 Hz.

b. Bell: 2225 Hz + 10 Hz.

2. Guard Tones: If GTS (see Interface Memory Definitions) is
low, an 1800 Hz guard tone frequency is selected; if GTS is
high, a 553.846 Hz tone is employed. In accordance with the
CCITT V.22 Recommendation, the level of transmitted power
for the 1800 Hz guard tone is 6 + 1 dB below the level of the
data power in the main channel. The total power transmitted
to the line is the same whether or not a guard tone is enabled.
If a 553.846 Hz guard is used, its transmitted power is
3 11 dBbelow the level of the main channel power, and again
the overall power transmitted to the line will remain constant
whether or not a guard tone is enabled. The device accom-
plishes this by reducing the main channel transmit path gain
by .97 dB and 1.76 dB for the cases of the 1800 Hz and
553.846 Hz guard tones respectively.

3. DTMF Tones: The R2424 generates dual tone multi-
frequency tones. When the transmission of DTMF tones are
required, the CRQ and DTMF bits (see Interface Memory
Definitions)must be set to a 1. When in this mode, the specific
DTMF tones generated are decided by loading the dial digit
register with the appropriate digit as shown in Table 2.

Table 2. Dial Digits/Tone Pairs

Dial
Hex Digits Tone Pairs
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
0B Spare (B) 697 1633
oC Spare (C) 770 1633
oD Spare (D) 852 1633
OE # 941 1477
OF Spare (F) 941 1633
10 1300 Hz Calling Tone
TONE DETECTION

The R2424 detects tones in the 340 +5 Hzto 640 +5 Hz band.
Detection Level: -10 dBm to —43 dBm
Response Time: 17 £2 ms

SIGNALING AND DATA RATES

The signaling and data rates for the R2424 are defined in
Table 3.

Table 3. Signaling and Data Rates

Operating Mode Signaling Rate (Baud) Data Rate
V.22 bis: 600 Synchronous/Asynchronous, 2400 bps +0.01%
V.22 bis: 600 Synchronous/Asynchronous, 1200 bps +0.01%
V.22
(Alternative A)

Mode 1 600 1200 bps +£0.01% Synchronous

Mode m 600 600 bps +0.01% Synchronous

(Alternative B)

Mode i 600 1200 bps *+0.01% Synchronous
Mode 1il 600 600 bps +0.01% Synchronous
Mode ii 1200 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Mode iv 600 bps Asynchronous, 8, 9, 10 or 11 Bits Per Character
Bell 212A; 600 1200 bps *0.01%, Synchronous/Asynchronous
0 to 300 0 to 300 bps Asynchronous
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DATA ENCODING
The specifications for data encoding are as follows:

1. 2400 bps (V.22 bis). The transmitted data is divided into
groups of four consecutive bits (quad bits) forming a 16-point
signal structure.

2. 1200 bps (V.22 and Bell 212A). The transmitted data is
divided into groups of two consecutive bits (dibits) forming a
four-point signal structure.

3. 600 bps (V.22). Each bit is encoded as a phase change rela-
tive to the phase preceding signal elements.

EQUALIZERS

The R2424 provides equalization functions that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer—An automatic adaptive equal-
izer is provided in the receiver circuit for V.22 bis, V.22 and Bell
212A configurations.

Fixed Compromise Equalizer—A fixed compromise equalizer
is provided in the transmitter.

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified compromise
equalizer characteristic, the transmitted line signal has a fre-
quency spectrum shaped by the square root of a 75 percent
raised cosine filter. Similarly, the group delay of the transmitter
output is within * 150 microseconds over the frequency range
900 to 1500 Hz (low channel) and 2100 to 2700 Hz (high chan-
nel).

SCRAMBLER/DESCRAMBLER
The R2424 incorporates a self-synchronizing scrambler-

/descrambler. in accordance with the CCITT V.22 bis, V.22 and
the Bell 212A recommendations.

RECEIVED SIGNAL FREQUENCY TOLERANCE

The receiver circuit of the R2424 can adapt to received frequency
errors of up to 7 Hz with less than a 0.2 dBm degradation in
BER performance.

RECEIVE LEVEL

The receiver circuit of the R2424 satisfies all specified perform-
ance requirements for the received line signals from —10dBmto
— 48 dBm. The received line signal is measured at the receiver
analog input RXA.

TRANSMIT LEVEL

The R2424M, R2424DM and R2424DC output control circuitry
contains a variable gain buffer which reduces the modem output
level. All three R2424 modems can be strapped via the host inter-
face memory to accomplish this.

PERMISSIVE/PROGRAMMABLE CONFIGURATIONS

The R2424M transmit level is +6 dBm to allow a Data Access
Arrangement (DAA) to be used. The R2424DM transmit level is
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0 dBm 1.0 dBm. The DAA then determines the permissive or
programmable configuration.

The R2424DC transmit level is strapped in the permissive mode
so that the maximum output level is — 10 dBm * 1.0 dBm.

AUTOMATIC SPEED RECOGNITION

The R2424 is capable of automatically configuring itself to the
compatibility of a remote modem. The R2424 can be in either the
answer or originate mode for this to occur. The compatibilities
that the R2424 are limited to adapt to are V.22 bis, V.22 A/B
(1200 bps), Bell 212, and Bell 103. If the R2424 is to originate in
a specific configuration, the MODE bits (see Interface Memory
Definitions)must be set.

MODEM OPERATION

Because the modem is implemented in firmware executed by a
specialized computer (the signal processor), operation can best
be understood by dividing this section into hardware circuits and
software circuits. Hardware circuits include all pins on the
modem connector. Software circuits include configuration, con-
trol (soft strapping), status, and RAM access routines.

HARDWARE CIRCUITS

The functional interconnect diagram (Figure 1) shows the
modem connected into a system. In this diagram, any point that
is active when exhibiting the relatively more negative voltage of a
two voltage system (e.g., 0 Vdc for TTL or —12 Vdc for
RS-232-C) is called low active and is represented by association
with a small circle at the signal point. The particular voltage lev-
els used to represent the binary states do not change the logic
symbol. Two types of I/O points that may cause confusion are
edge-triggered inputs and open-collector (open-source or open-
drain) outputs. These signal points include the additional nota-
tion of a small triangle or a small half-circle (see signal IRQ),
respectively. Active low signals are named with an overscore
(e.g., POR). In deciding whether a clock output is high active or
low active, the convention followed is to assume that the clocking
(activating) edge appropriate to the host hardware is a transition
from the clocks active to its inactive state (i.e., a trailing edge
trigger). A clock intended to activate logic on its rising edge is
called low active while a clock intended to activate logic on its
falling edge is called high active. When a clock input is associ-
ated with a small circle, the input activates on a falling edge. If
no circle is shown, the input activates on a rising edge.

The interconnect signals on Figure 1 are organized into six
groups of modem operation: overhead signals, V.24 interface
signals, microprocessor interface signals, DAA signals, analog
signals, and ancillary signals. Table 4 lists these groups along
with their corresponding connector pin numbers. The column
titled “Type” refers to designations found in the Hardware Cir-
cuits Interface Characteristics (Tables 5 and 6). The six groups
of hardware circuits are described in the following paragraphs.
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POWER-ON RESET 2400 bps
: : ] . Asynchronous
Basic modem operation can be understood most easily by begin 10-bit Character Length

ning with the modem configured to default conditions. When the
modem is initially energized a signal called Power-On-Reset
(POR) causes the modem to assume a valid operational state.
The modem drives pin 13C to ground during the beginning of the
POR sequence. Approximately 350 ms after the low to high tran-
sition of pin 13C, the modem is ready for normal use. The POR
sequence is reinitiated anytime the +5V supply drops below

Constant Carrier

Serial Control Mode
Answer Mode

Auto Answer Disabled
RAM Access Code = 00

® o e s 0o 0 o o

+ 3.5V for more than 30 ms, or an external device drives pin 13C This configuration is suitable for performing high speed data
low for at least 3 us. When an external low input is applied to transfer over the public switched telephone network using the
pin 13C, the modem is ready for normal use approximately serial data port. Individual features are discussed in subsequent
350 ms after the low input is removed. Pin 13C is not driven low paragraphs.

by the modem when the POR sequence is initiated externally. In
all cases, the POR sequence requires 350 ms to complete. The
R2424 POR sequence leaves the modem configured as follows:

g ---——-—-—-——x
cTs I oH ANCILLARY |
p+——n—O CIRCUIT |
TDCLK | INTERFACE
|
XTCLK | LINE MONITOR ANALOG |
V24 O RLSD o | INTERFACE
INTERFACE RXD | TIP TELEPHONE |
N U .
A RDCLK o | RING o [ LINE :
<~ DR _»
2 DSR Q ! R2424DC ONLY
0O = O L 2 J
o Ri o = gl
| RCCT' !
READ' OR READ? | L ccr > TELEPHONEI
WRITE R2424 | ___’o Sionoid|  paa une |
O——satas0s "0 ® MODEM | RD' OR RD? - |
—AoDRESS BUS (@) ™| | |
HOST >
PRC:S;:)SOR ® Sa O I RXA ANALOG '
‘ TXA INTERFACE !
I |
IRQ
( ) I R2424M/R2424DM ONLY I
Lo T |
+5 TBCLK.
POR O) RBCLK
JLK!
oln:—:' ANCILLARY
D086 CIRCUIT
+5V INTERFACE
+12V
POWER —12v
SUPPLY AGND
DGND NOTES:
1 = DIN MODULE ONLY.
2 = DIP MODULE ONLY.

Figure 1. R2424 Modem Functional Interconnect Diagram
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Table 4. Hardware Circuits

DIN DIP* DIN DIP
Name Type Pin No. | Pin No. Description Name Type| Pin No. |Pin No. Description
A. OVERHEAD SIGNALS C. V.24 INTERFACE SIGNALS
Ground (A) | AGND | 31C, 32C | 23,39 | Analog Ground XTCLK 1B 22A 2 External Transmit
Return Clock
Ground (D) | DGND | 3C, 8C, 22, 40, | Digital Ground TDCLK oC 23A 7 Transmit Data Clock
5A, 10A | 51,60 | Return RDCLK oc 21A 8  |Receive Data Clock
+5 volts PWR 19C, 23C, | 1, 21, +5 volt supply RTS 1B 25A — Request-to-Send
26C, 30C | 61 CTS oc 25C 4 Clear-to-Send
+12 volts | PWR 15A 24 + 12 volt supply TXD 1B 24C 5 Transmit Data
-12 volts | PWR 12A 27 - 12 volt supply RXD oC 22C 10 Receive Data
POR /0B 13C 15 Power-on-Reset RLSD oC 24A 1" Received Line Signal
Detector
X Ri IGNAL —
B. MICROPROCESSOR INTERFACE Sl S o7 B 210 — | Data Terminal Ready
D7 I/OA 1C 52 DSR oc 20A 13 |Data Set Ready
D6 IIOA 1A 53 RI oc 18A 14 |Ring Indicator
gi :;g: gﬁ :g D ANALOG SIGNALS
D3 I/OA 3A 56 Data Bus (8-Lines)* RXA (M/DM) |IB 32A 25 Receive Analog Input
D2 I/0A 4C 57 TXA (M/IDM) |OC 31A 26 | Transmit Analog
D1 I/OA 4A 58 Output
DO I/OA 5C 59 TIP/RING (DC) {AE  |RJ11 Jacks| — Phone Line Interface
RS3 1A 6C 45 LINE
"m0 | g | peler s E DA NTERFACESEIAS
RSO 1A 7A 42 (4—Lmes€ E :
Cso 1A 10C 48 Chip Select RD (M) B 27A — | Ring Detect
Receiver (Baud RD (DM) 1B - 35 |Ring Detect
Rate Device) RCCT (M) oC 28A — | Request Coupler Cut
Cs1 1A 9C 4 Chip Select Trans- Through
mitter (Sample CCT (M) 1B 29C — | Coupler Cut Through
Rate Device) OH ocC 29A — | Off-Hook Relay Status
READ A 12C — | Read Enable OH oc — 36 | Off-Hook Relay Status
READ IA — 47 Read Enable F. ANCILLARY INTERFACE SIGNALS
WRITI 1A 1 i
s E 0B 1:2 23 :’:{gfrf;fb:equest TBOLK oc 27C 6 | Transmit Baud Clock
RBCLK oC 26A 9 Receive Baud Clock
*Note: The R2424DM is only used in parallel control mode. TLK IC 28C — Talk (TLK = Data)
Thus, the Bus Select bits must be set to a 1 when using ORG B 16C — Originate
the R2424DM. (ORG = Answer)
(M) R2424M only. (DC) R2424DC only. — = not applicable

(DM) R2424DM only.

Unused inputs tied to +5V or ground require individual 10K Q series
resistors

Table 5. Digital Interface Characteristics

Input/Ouput Type
Symbol P t Units 1A 1B ic OA oB ocC 110 A 1/0B
Vin Input Voltage, High \" 2.0 min. 2.0 min. 2.0 min. 2.0 min. |5.25 max.
2.0 min.
Vi Input Voltage, Low ) 0.8 max. [ 0.8 max. | 0.8 max. 0.8 max. |{0.8 max.
Vou | Output Voltage, High v 2.4 min.! 2.4 min2 |24 min3
Voo | Output Voltage, Low v 0.4 max.2 | 0.4 max.2 | 0.4 max.2 | 0.4 max.2{0.4 max.?
In Input Current, Leakage pA | £2 5 max. +2.5 max.*
lon Output Current, High mA —0.1 max.
lou Output Current, Low mA 1.6 max. | 1.6 max. 1.6 max.
I Output Current, Leakage | pA +10 max.
lpy Pull-up Current A —240 max. | — 240 max — 240 max. - 260 max.
(Short Circuit) —10 min. | —10 min. —10 min. —100 min.
C, Capacitive Load pF 5 5 20 10 40
Co Capacitive Drive pF 100 100 100 100 100
Circuit Type TTL TTL TTL TTL Open-Drain | Open-Drain| 3 State | Open-Drain
w/Pull-up | w/Pull-up w/Pull-up |Transceiver | w/Pull-up

Notes: 1.l1load = ~100 A 2.iload = 1.6 mA 3 lload = -40pA 4.V, = 0.4102.4 Vdc, Voc = 525 Vdc 5.1 load = 0.36 mA
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Table 6. Analog Interface Characteristics

Name Type Characteristics

TXA AA The transmitter output impedance is 604Q
+1% with an output level of +6 dBm.
To obtain a 0 dBm output, a 600Q load to
ground is needed.

RXA AB The receiver input impedance 1s 23.7 KQ
+1%. The receive level at RXA must be
no greater than -9 dBm (or -6 dBm
with the 3DB bit enabled).

LINE AD The line monitor output impedance is

MONITOR 15 KQ +5%.

TIP/RING AE The impedance of TIP with respect to
RING is 600 Q.

V.24 INTERFACE

Eleven hardware circuits provide timing, data, and control sig-
nals for implementing a serial interface compatible with CCITT
Recommendation V.24. These signals interface directly with cir-
cuits using TTL logic levels (0V, +5V). These TTL levels are
suitable for driving the short wire lengths or printed circuitry nor-
mally found within stand-alone modem enclosures or equipment
cabinets. For driving longer cables, the voltage levels and con-
nector arrangement recommended by EIA standard RS-232-C
are preferred.

The sequence of events leading to successful data transfer from
transmitter to receiver is:

1. The transmitter is activated and a training sequence is sent.

2. The receiver detects channel energy above the prescribed
threshold level and synchronizes its operation to the
transmitter.

3. Data transfer proceeds to the end of the message.
4. The transmitter turns off after insuring that all data has had
time to be recovered at the receiver output.

Data Terminal Ready (DTR)

DTR prepares the modem to be connected to the communica-
tions channel, and maintains the connection established by the
DTE (manual answering) or internal (automatic answering)
means. DTR OFF places the modem in the disconnect state.

Data Set Ready (DSR)

Data Set Ready (DSR) ON indicates that the modem is in the
data transfer state. DSR OFF is an indication that the DTE is to

disregard all signals appearing on the interchange circuits—
except RI. DSR will switch to the OFF state when in test state.
The ON condition of DSR indicates the following:

1. The modem is not in the talk state, i.e., an associated tele-
phone handset is not in control of the line.

2. The modem is not in the process of automatically establishing
a call via pulse or DTMF dialing.

3. The modem has generated an answer tone or detected
answer tone.

4. After ring indicate (RI) goes ON, DSR waits at least two sec-
onds before turning ON to allow the telephone company
equipment to be engaged.

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a

maximum of 4 seconds when the SSD bit is enabled.

Request To Send (RTS)

RTS ON allows the modem to transmit data on TXD when CTS
becomes active. In constant carrier mode, RTS can be wired to
DTR. In controlled carrier operation, independent operation of
RTS turns the carrier ON and OFF. The responses to RTS are
shown in Table 7 (assume the modem is in data mode).

Table 7. RTS Responses

RTS OFF RTS ON

CTS OFF Carrier ON
Carrier OFF | 210 to 275 ms Scrambled
1s Transmitted

Leased or Dial Line'

Controlled Carrier

CTS ON
Constant Carrier CTS OFF CTSON
Carrier ON Carrier ON
Scrambled 1s | Data Transmitted
Transmitted

Note:
1. After handshake is complete.

Clear To Send (CTS)

CTS ON indicates to the terminal equipment that the modem will
transmit any data which is present on TXD. CTS response times
from an ON or OFF condition of RTS are shown in Table 8.

Table 8. CTS Response Times

CTS Transition Constant Carrier Controlled Carrier
OFF to ON <2 ms 210 to 275 ms
ON to OFF <20 ms* <20 ms*

Note: *Programmable
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Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) output with
the following characteristics:

1. Frequency. Selected data rate of 2400 Hz, 1200 Hz or 600 Hz
(+£0.01%).

2. Duty Cycle. 50 +1%.

TDCLK is provided to the user in both asynchronous and syn-
chronous communications. TDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (TDCLK is not valid in FSK). TDCLK is nec-
essary for synchronous communication. In this case Transmit
Data (TXD) must be stable during the one us periods immedi-
ately preceding and following the rising edge of TDCLK.

External Transrﬁit Clock (XTCLK)

In synchronous communication where the user needs to supply
the transmit data clock, the input XTCLK can be used. The clock
supplied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is then reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) output in
the form of a 50 + 1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of received data
bits. The timing recovery circuit is capable of tracking a +.035%
(relative) frequency error in the associated transmit timing
source.

RDCLK is provided to the user in both asynchronous and syn-
chronous communications. RDCLK is not necessary in asyn-
chronous communication but it can be used to supply a clock for
UART/USART timing (RDCLK is not valid in FSK). RDCLK is nec-
essary for synchronous communication.

Received Line Signal Detector (RLSD)
The RLSD thresholds for both high and low channels are:

RLSDON = -43dBm
RLSD OFF < —48dBm
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RLSD will not respond'to guard tones or answer tones.

When RLSD is active, it indicates to the terminal equipment that
valid data is available on RXD.

Transmitted Data (TXD)
The modem obtains serial data from the local DTE on this input.

Received Data (RXD)

The modem presents received data to the local DTE on this
output.

Ring Indicator (RI)

The modem provides a Ring Indicator (RI) output; its low state
indicates the presence of a ring signal on the line. The low condi-
tion appears approximately coincident with the ON segment of
the ring cycle (during rings) on the communication channel. (The
ring signal cycle is typically two seconds ON, four seconds OFF.)
The high condition of the Rl output is maintained during the OFF
segment of the ring cycle (between rings) and at all other times
when ringing is not being received. The operation of Rl is not
disabled by an OFF condition on DTR.

Ri will respond to ring signals in the frequency range of 15.3 Hz
to 68 Hz with voltage amplitude levels of 40 to 150 Vrms (applied
across TIP and RING), with the response times given in Table 13.

This OFF-to-ON (ON-to-OFF) response time is defined as the
time interval between the sudden connection (removal) of the
ring signal across TIP and RING and the subsequent ON (OFF)
transition of RI.

Table 9. RI Response Time

RI Transition Response Time
OFF-to-ON* 110 £50 ms (50% duty cycle)
ON-to-OFF 450 +50 ms

Note: *The OFF-to-ON time is duty cycle dependent:
890 ms (15%) = time = 50 ms (100%)
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MICROPROCESSOR INTERFACE

Seventeen hardware circuits provide address, data, control, and
interrupt signals for implementing a parallel interface compatible
with an 8080 microprocessor. With the addition of a few external
logic gates, the interface can be made compatible with a wide
variety of microprocessors such as 6500, 6800, or 68000.

The microprocessor interface allows a host microprocessor to
change modem configuration, read or write channel data as well
as diagnostic data, and supervise modem operation by means of
soft strappable control bits and modem status bits. The signifi-
cance of the control and status bits and methods of data inter-
change are discussed in a later section devoted to software cir-
cuits. This section describes the operation of the interface from a
hardware standpoint.

Chip Select (CS0 and CS1) and
Register Selects (RS0-RS1)

The signal processor to be accessed is selected by grounding
one of two unique chip select lines, CS1 or CS0. The selected
chip decodes the four address lines, RS3 through RSO0, to select
one of sixteen internal registers. The most significant address bit
(23) is RS3 while the least significant address bit (20) is RSO.
Once the address bits have been decoded, the selected register
can be read from or written into via an 8-bit parallel data bus, D7
through DO. The most significant data bit (27) is D7 while the
least significant data bit (20) is DO.

Read Enable (READ) and
Write Enable (WRITE)

Reading or writing is activated by pulsing either the READ input
high (R2424M) or READ input low (R2424DM), or the WRITE
input low. During a read cycle, data from the selected register is
gated onto the data bus by means of three-state drivers. These
drivers force the data lines high for a one bit or low for a zero bit.
When not being read, the three-state drivers assume their off,
high-impedance, state. During a write cycle, data from the data
bus is copied into the selected register, with high and low bus
levels representing one bits and zero bits, respectively. The tim-
ing required for correct read/write cycles is illustrated in Figure 2.
Logic necessary to convert the single R/W output from a
65XX series microprocessor to the separate READ/READ and
WRITE signals required by the modem is shown in Figure 3.

Interrupt Request (IRQ)

The final signal on the microprocessor interface is Interrupt
Request (IRQ). This signal may be connected to the host micro-
processor interrupt request input in order to interrupt host pro-
gram execution for modem service. The use of IRQ is optional
and the method of software implementation is described in a
subsequent section, Software Circuits. The IRQ output structure
is an open-drain field-effect-transistor (FET). This form of output
allows IRQ to be connected in parallel to other sources of inter-
rupt. Any of these sources can drive the host interrupt input low,
and the interrupt servicing process continues until all interrupts
have been cleared and all IRQ sources have returned to their
high impedance state. Because of the open-drain structure of
IRQ, an external pull-up resistor to + 5 volts is required at some
point on the IRQ line. The resistor value should be small enough
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to pull the IRQ line high when all IRQ drivers are off (i.e., it must
overcome the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level acceptable
to each driver. For the case where only the modem IRQ driver is
used, a resistor value of 5.6K ohms +20%, 0.25 watt, is
sufficient.

DAA INTERFACE (R2424M)

The R2424M provides a Data Access Arrangement (DAA)
interace that is directly hardware and software compatible with
the RDAA. Manual/automatic originate and answer are then con-
trolled via the appropriate R2424M hardware ancillary circuits or
software control bits. The modem provides the only interface with
the microprocessor (MPU) bus, i.e., no RDAA interface signals
must be directly controlled from the MPU bus.

Ring Detect (RD)

RD low indicates to the modem by an ON condition that a
ringing signal is present. The signal (a 4N35 optoisolator com-
patible output) into the RD input should not respond to momen-
tary bursts of ringing less than 125 ms in duration, or to less than
40 Vrms, 15 to 68 Hz, appearing across TIP and RING with
respect to ground. The ring is then reflected on RI.

Request Coupler Cut Through (RCCT)

RCCT is used to request that a data transmission path through
the DAA be connected to the telephone line. When RCCT goes
OFF (low), the cut-through buffers are disabled and CCT should
go OFF (high). RCCT should be OFF during dialing but ON for
tone address signaling.

Coupler Cut Through (CCT)

An ON (low) signal to the CCT lead indicates to the modem that
the data transmission path through the DAA is connected. This
input can always be grounded if the two second billing delay
squelch is desired. If CCT is user controlled, the billing delay
squelch can only be 2 seconds or greater.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the OH relay. A high condition on OH implies the OH relay is
closed and the modem is connected to the telephone line (off-
hook). A low condition on OH implies the OH relay is open (i.e.,
the modem is on-hook). The delay between the low-to-high or
high-to-low transition of OH and the subsequent close-to-open or
open-to-close transition of the OH relay is 8 ms maximum.

DAA INTERFACE (R2424DM)

The R2424DM provides the following DAA interface signals: RD,
OH, TXA and RXA. Manual/automatic originate and answer are
controlled via appropriate software control bits.

Ring Detect (RD)

RD indicates to the modem by an ON (high) condition that a
ringing signal is present. The signal (a 4N35 optoisolator com-
patible output) into the RD input should not respond to momen-
tary bursts of ringing less than 125 ms in duration, or to less than
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READ WRITE
TCS r—
CSi
(i =0,)
| =+ l-TecHTCcS H |+ = feTCH
TCS e
RSi
(i = 0-3)
T fTenTes | [~ TCH
WRITE \ Z[
N
- e TWR
READ (R2424DM) _—-—>g Dg s
READ (R2424M) -
TDA —1 - TOH let- TWDS
Di
@i =0-7)
TWDH—
Characteristic Symbol | Min | Max | Units
CSi, RSi setup time prior
to Read or Write TCS 30 — ns
Data access time after Read TDA — 140 ns
Data hold time after Read TDH 10 50 ns
CSi, RSi hold time after
Read/Read or Write TCH 10 — ns
Write data setup time TWDS 75 — ns
Write data hold time  ° TWDH | 10 — ns
Write strobe pulse width TWR 75 — ns

Figure 2. Microprocessor Interface Timing Diagram

R2424DM
ONLY
T~ 1
2 1 JE—
g | )——'. o —— READ/READ
i 1
R R2424

MODEM

RW ={> _D——q W

Figure 3. R/W to READ WRITE Conversion Logic
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40 Vrms, 15 to 68 Hz, appearing across TIP and RING with
respect to ground. The ring is then reflected on RI.

Off-Hook Relay Status (OH)

The modem provides an OH output which indicates the state of
the Off-Hook relay. A low condition on OH implies the Off-Hook
relay is closed and the modem is connected to the telephone line
(off-hook). A high condition on OH implies the Off-Hook relay is
open (i.e., the modem is on-hook). The delay between the low-to-
high or high-to-low transition of OH and the subsequent close-to-
open or open-to-close transition of the Off-Hook relay is 8 ms
maximum.

ANALOG SIGNALS (R2424M/R2424DM)

Two connections are devoted to analog audio signals: TXA and
RXA.

Transmit Analog (TXA)

The R2424M TXA output is suitable for driving a data access
arrangement for connection to either leased lines or the public
switched telephone network. The transmitter output impedance
is 604 ohms + 1% with an output level of +6 dBm + 1 dBm. To
obtain a 0 dBm output, a 600 ohm load to ground is needed.

The R2424DM TXA output is an op amp output at 0 dBm
+1dBm.

Receive Analog (RXA)

RXA is an input to the receiver from a data access arrangement.
The input impedance is 23.7K ohms + 1%. The received level at
RXA must be no greater than — 9 dBm (or — 6 dBm with the 3DB
bit enabled).

ANALOG SIGNALS (R2424DC)

Three analog signals are output by the R2424DC: LINE MONI-
TOR, TIP and RING.

Analog Line Monitor (LINE MONITOR)

The LINE MONITOR output is suitable for a speaker interface. It
provides an output for all dialing signals, call progress signals,
and the carrier signals. The output impedance is 15K ohms
+ 1%. The signals which appear on LINE MONITOR are approx-
imately the same level as the signals would appear on the net-
work (assuming a 1 dB loss attributed to the audio transformer).

Phone Line Interface (TIP and RING)

TIP and RING are the DAA analog outputs to the public switched
telephone network. These outputs use two RJ11 jacks in parallel
as the interface to the network (see Table 10 and Figure 4). The
R2424DC, which contains the DAA TIP and RING interface, has
been FCC Part 68 approved. The user need not apply for further
Part 68 approval. The impedance of TIP with respect to RING is
600 ohms.
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Table 10. R2424DC Network Interface

Connector Pin
Type Number | Name Function
3 RING One Side of TELCO Line
RJ11 Jack 4 TIP | One Side of TELCO Line
TO —F TO OTHER
NETWORK ( ] EQUIPMENT
CTaTalaToer ]
MINIATURE :‘ 12[3]4]516, : R2424
6 POSITION JACK ’L /'\ { MODEM JACK
| ARA SRR, -
Foc—-—-- 9
MINIATURE ! ? ala 4“ | TELEPHONE
6 POSITION PLUG | | i | corp
S
RING (RED WIRE) TIP (GREEN WIRE)

Figure 4. RJ11 Telephone Jack

ANCILLARY CIRCUITS

Transmit Baud Clock (TBCLK) and
Received Baud Clock (RBCLK)

TBCLK and RBCLK are provided to the user at the baud rate
(600 Hz).

Talk (TLK) (DIN Module Only)

TLKis an input which manually places the modem on-hook (relay
open, TLK = 0)or off-hook (relay closed, TLK = 1). The on-hook
condition is referred to as TALK mode and the off-hook condition
is referred to as DATA mode. TLK is used with ORG to manually
originate or answer a call. TLK should be 0 at power-on or reset to
prevent the modem from inadvertently entering the data mode.
TLK is not provided on the R2424DM.

Originate (ORG) (DIN Module Only)

ORG is an input which manually places the modem in the origi-
nate mode (ORG = 0) or the answer mode (ORG = 1). To man-
ually originate a call, ORG = 0 and TLK = 0. Dial the number
using the telephone. When the other modem answers and sends
answer tone switch the TLK input from 0 to 1 placing the modem
off-hook.

To manually answer a call ORG = 1 and TLK = 0. When the
phone rings switch the TLK input from 0 to 1 placing the modem
off-hook. ORG is not provided on the R2424DM.
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SOFTWARE CIRCUITS

Operation of the microprocessor interface circuits was described
in the hardware section from the standpoint of timing and load-
Idrive characteristics. In this section, operation of the microproc-
essor interface is described from a software standpoint.

The modem is implemented in firmware running on two special
purpose signal processors. These signal processors share the
computing load by performing tasks that are divided into two
areas. These areas are partitioned into receiver and transmitter
devices.

INTERFACE MEMORY

Each signal processor can communicate with the host processor
by means of a specialized, dual-port, scratch-pad memory called
interface memory. A set of sixteen 8-bit registers, labeled regis-
ter 0 through register F, can be read from or written into by either
the host processor or signal processor. The host communicates
via the microprocessor interface lines shared between the two
signal processors. The signal processor communicates via its
internal /O bus. Information transfer from SP RAM to interface
memory is accomplished by the signal processor logic unit mov-
ing data between the SP main bus and the SP 1/O bus. Two of the
16 addressable interface memory registers (i.e., register 0 and
register E) have unique hardware connections to the interrupt
logic. It is possible to enable a bit in register E to cause an inter-
rupt each time it sets. This interrupt can then be cleared by a read
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or write cycle from the host processor to register 0. This opera-
tion is discussed in detail later in this section.

Memory maps of the 32 addressable registers in the modem
receiver (CS0) and transmitter (CS1) interface memory are
shown in Figures 5 and 6, respectively. These registers may be
read or written on any host read or write cycle, but all eight bits of
that register are affected. In order to read a single bit or a group of
bits in a register, the host processor must mask out unwanted
data. When writing a single bit or group of bits in a register the
host processor must perform a read-modify-write operation. That
is, the entire register is read, the necessary bits are set or resetin
the accumulator of the host, then the original unmodified bits and
the modified bits are written back into the register of the interface
memory.

Figures 7 and 8 show the registers according to the overall func-
tion they perform in the receiver and transmitter, respectively.
Figures 9 through 12 show the power on configurations of the
interface memory bits for the R2424/US and the R2424/INT ver-
sions.

Table 11 defines the individual bits in the interface memory. Inthe
Table 11 descriptions, bits in the interface memory are referred to
using the format Y:Z:Q. The chip number is specified by Y (0 or
1), the register number by Z (0 through F), and the bit number by
Q (0 through 7, with 0 = LSB).
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lw\m B o7 e |5 |a|3]2]|1]o0 Inegsr By e | s | als|2]1]o0
F RAM Access R F RAM Access T
E IRQ | ENSI |[NEWS| — |NEWC| — [ — | — E IRQ | ENSI [NEWS| — |NEWC|DDE!I| — |DDRE
D BUS [CRQ| — | — | — |LCD |RSD | — D BUS | CRQ |DATA| AAE |DTR| — | — | ssD
c - - - CHAR - - - c DSRA | TXCLK CHAR — | — |oLsF!
-] - - - - == -1A B TX LEVEL GTE | GTS | 30B |DTMF| AL
A ERDL| RDL | DL | ST MODE A ERDL | RDL | DL | ST MODE
9 - - SPEED - - -] = 9 NAT' |RTRN({ORG | LL | RTS | CC | EF | NTS
8 TONE(ATD| — | — | — | — | ™ |RLSD 8 DLO (CTS [DSR| Rl | — | — | — -
7 - - - - -] === 7 - - | - =] - - =] -
6 - - -] =] =] = =] = 6 — - - - - =1~ -
5 RAM Data YRM (YRAMRM) 5 RAM Data YTM (YRAMTM)
4 RAM Data YRL (YRAMRL) 4 RAM Data YTL (YRAMTL)
3 RAM Data XRM (XRAMRM) 3 RAM Data XTM (XRAMTM)
2 RAM Data XRL (XRAMRL) 2 RAM Data XTL (XRAMTL)
T I e e e e C =TT T-1-1-1-T-
[} - - - —_ — - - - 0 Dial Digit Register
Note Notes
(—) Indicates reserved for modem use only. (L) ::,%‘:;‘elg ?:;::eﬂsa,‘,o::dem use only.
Figure 5. Receiver (CS0) Interface Memory Map Figure 6. Transmitter (CS1) Interface Memory Map
Bit Bit
Regioto? 7 6 5 4 3 2 1 0 Regiow? 7 6 5 4 3 2 1 (]
F DIAGNOSTIC CONTROL F DIAGNOSTIC CONTROL
E HANDSHAKE E HANDSHAKE
D CONFIGURATION D CONFIGURATION
c CONFIGURATION c CONFIGURATION
B CONFIGURATION B CONFIGURATION
A CONFIGURATION A CONFIGURATION
9 STATUS 9 CONFIGURATION
8 STATUS 8 STATUS
7 RESERVED 7 RESERVED
6 RESERVED 6 RESERVED
5 DIAGNOSTIC 5 DIAGNOSTIC
4 DIAGNOSTIC 4 DIAGNOSTIC
3 DIAGNOSTIC 3 DIAGNOSTIC
2 DIAGNOSTIC 2 DIAGNOSTIC
1 RESERVED 1 RESERVED
0 RESERVED 0 DIAL DIGIT REGISTER
W % I O T O 0 T R T [Reglsts wl Tl 654|210
Figure 7. Receiver (CS0) Interface Memory Functions Figure 8. Transmitter (CS1) Interface Memory Functions
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Bit Bit
Reg 7 6 5 4 3 2 1 [} Register 7 6 5 4 3 2 1 [}
RAM Access R RAM Access T
F ° ) o 0 3 ) 0 0 F 0 0 0 0 0 0 0 0
E IRQ | ENSI [NEWS| __ |NEWC| _ — — E IRQ | ENSI [NEWS| __ |NEWC| DDEI | __ |DDRE
0 0 [) [] 0 [) [) 0 [) 0
) BUS | CRQ _ _ — LCD | RSD — D BUS | CRQ |DATA | AAE | DTR - — SSD
0 [ 0 [) ) 0 [} 0
c _ _ _ CHAR _ _ _ c DSRA| TX CLK CHAR _ — | DLSF
1 [ 0 [) 0 1 0 0
B _ _ — _ — — — | AL B TX LEVEL GTE | GTS | 3DB |DTMF| AL
0 0 0 0 [} 0 0 0 0
A ERDL | RDL DL ST MODE A ERDL | RDL DL ST MODE
0 0 0 [ 1 [) 0 [) 0 1 1 0 1
° — _ SPEED — _ — — 9 NAT |RTRN| ORG | LL | RTS | CC | EF | NTS
0 0 [) [ 0 0 0 0
s TONE | ATD | _ _ — — | ™™ |RLSD s DLO | CTS | DSR | RI _ — _ —
0 [) 0 0 0 0
7 - - - - - - - - 7 - - - - — - - -
6 —_ - - - - - - - 6 - - - - - - - -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
N N I e e e N S I B I
[} - - . - —_ - - - [] Dial Digit Register (Write-Only Register)
Registo wl T le s e s 2] 1o ol 7| 6| s | e 2]|1]0
(—) Indicates reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 9. R2424/US Receiver (CS0) Interface Memory Figure 10. R2424/US Transmitter (CS1) Interface Memory
Power On Configuration Power On Configuration
Bit Bit
9 7 6 5 4 3 2 1 0 Registe 7 6 5 4 3 2 1 0
F RAM Access R 3 RAM Access T
0 0 [ 0 0 [ 0 0 0 0 0 0 0 0 0 L0
E IRQ | ENSI [NEWS| _ |NEWC| _ _ — E IRQ | ENSI [NEWS| _ |[NEWC| DDEI | __ |DDRE
0 0 0 0 o_| o [ [} 0 0
D BUS CI;O _ - - LCD | RSD — D ags C%Q DAoTA A{,\E D"I)'R - - sgn
c _ _ — CHAR _ — — c DSRA| TX CLK CHAR _ _ | DLSF
0 0 0 1 0 0
B — _ — _ — — — | AL B TX LEVEL GTE | GTS | 3DB |DTMF| AL
0 0 [ 0 [ [} [) [) 0
A ERDL | RDL | DL | ST MODE A ERDL | RDL | DL | ST MODE
0 0 [) 0 1 1 [ 1 0 0 0 0 1 1 0 1
° — _ SPEED _ — — _ 9 NAT |RTRN| ORG | LL | RIS | CC | EF | NTS
0 0 [) 0 0 0 [ [
s TONE | ATD | _ _ — — | T™M |RLSD s DLO | CTS | DSR | Ri _ _ — —
0 0 [) 0 0 0 0 0
7 - — - - - - - - 7 - - - — - - - -
6 - - - - - - - - 6 - - - - - - - -
5 RAM Data YRM (Random) 5 RAM Data YTM (Random)
4 RAM Data YRL (Random) 4 RAM Data YTL (Random)
3 RAM Data XRM (Random) 3 RAM Data XTM (Random)
2 RAM Data XRL (Random) 2 RAM Data XTL (Random)
T I N I S e I I I e e N N
[} - - - - - - - - [] Dial Digit Register (Write-Only Register)
Regists el 71 6| 5| 4|3 2 1 0 Regists a| 7 6 5 4 | 3| 2 1 0
(—) Indi reserved for modem use only. (—) Indicates reserved for modem use only.
Figure 11. R2424/INT Receiver (CS0) Interface Memory Figure 12. R2424/INT Transmitter (CS1) Interface Memory

Power On Configuration
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Table 11. Interface Memory Definitions

Memory .
Mnemonic Name Location Description

AAE Auto Answer Enable 1:.D:4 When configuration bit AAE 1s a 1, the modem will automaticaily answer
when a rninging signal is present on the line. When AAE is set to a 1, the
modem will answer after one ring and go into data mode.

The modem goes off-hook 1 second after the on-to-off transition of the ring.
The ORG pin or ORG bit need not to be set to the answer polarity. If it is
desired to answer after more than one ring, then the user must use the
alternative answer method described under the DATA bit. The DTR pin or
the DTR bit must also be set before the modem will auto answer. Writing a 0
into the AAE bit will cause the modem to go on-hook. This will occur only
when the modem auto answers using the AAE bit.

AL Analog Loopback (0,1):B:0 When configuration bits AL are a 1, the modem 1s in local analog loopback
(V.54 Loop 3). In this loop, the transmitter’s analog output is coupled to the
receiver’s analog input at a point near the modem’s telephone line interface.
An attenuator is introduced into the loop such that the signal level coupled
into the receive path is attenuated 14 +1 dBm. The modem may be placed
into analog loopback in either the idle mode or the data mode. However, in
the data mode, setting the AL bits to a 1 will terminate the connection.
Analog loopback will only function in the high speed modes (2400, 1200, or
600 bps).

The DTE may be tested when the modem is in analog loopback. Also, all
parts of the modem except the line interface are checked. If no DTE is
connected, the modem integrity may be verified by use of the self test
function. When entering analog loopback, set AL in the receiver to a 1 before
setting AL in the transmitter to a 1.

When exiting analog loopback, reset AL in the transmitter to a 0 before
resetting AL in the receiver to a 0.

ATD Answer Tone Detected 0:8:6 When status bit ATD is a 1, it signifies that the modem receiver detected the
answer tone. The bit is 1 set 75 ms after the answer tone is first detected,
and 1s cleared to a 0 when the modem goes on-hook. The user may clear
ATD manually after CTS 1s active.

BUS Bus Select (0,1):D:7 When configuration bits BUS are a 1, the modem is in the parallel control
mode; and when 0, the modem is in the serial control mode. BUS can be in
either state to configure the modem.

Serial Control Mode

The serial mode uses standard V.24 (RS-232-C compatible) signals to
transfer channel data. The control signals used in serial control mode are
DTR, RTS, TLK, and ORG. Outputs such as RLSD and DSR are reflected
both in the interface memory and the V.24 interface. Once the bus bits have
been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are
ignored.

Parallel Control Mode*

The modem has the capability of modem control via the microprocessor bus.
Data transfer 1s maintained over the serial V.24 channel. The control bits
used in paralle! control are DTR, RTS, ORG, and DATA.

The modem automatically defaults to the serial mode at power-on.

If the parallel control mode I1s to be used, it is recommended that the TLK pin
be tied to ground. A floating TLK pin will assume a logic 1 which will
immediately put the modem into the data mode before the BUS bits are set.

In either mode, the modem is configured by the host processor via the
microprocessor bus.

*The R2424DM is only used in the parallel control mode.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

cC

CHAR

CRQ

CTs

DATA

DDEI

Controlled Carrier

Character Length Select

Call Request

Clear-to-Send

Talk/Data

Dial Digit Empty Interrupt

19:2

(0,1):C:(3,4)

(0,1):D:6

1:8:6

1:D:5

1:E:2

When configuration bit CC is a 1, the modem operates in controlled carrier;
when 0, the modem operates in constant carrier.

Controlled carrier allows the modem transmitter to be controlled by the RTS
pin or the RTS bit. Its effect may be seen in the RTS and CTS descriptions.

These character length bits select either 8, 9, 10, or 11 bit characters
(includes data, stop, and start bits) as shown below:

Configuration Word Configuration
4 3

8 bits
9 bits
10 bits
11 bits

- 00|
o -0

It is possible to change character length during the data mode. Errors in the
data will be expected between the changeover and the resynchronization
(which occurs on the next start bit after the change is implemented).

When configuration bit CRQ in chip 1 (the transmitter) is a 1, it places the
transmitter in auto dial mode The data then placed in the Dial Digit Register
is treated as digits to be dialed. The format for the data should be a hex
representation of the number to be dialed (if a 9 is to be dialed then an 09,¢
should be loaded in DDR). CRQ in chip 1 should be a 1 for the duration of
the data mode If CRQ in chip 1 is changed to a 0, the modem will go
on-hook. Also, see DDRE bit.

When configuration bit CRQ in chip 0 (the receiver) is a 1, the receiver goes
into tone detect mode. Any energy above threshold and in the 345 to 635 Hz
bandwidth Is reflected by the TONE bit. CRQ in chip 0 must be reset to a 0
(after the last digit was dialed and tone detection completed) before the
answer tone is sent by the answering modem (after ringback is detected).
CRQ in chip 0 need not be used during auto dialing, but may be used to pro-
vide call progress information as part of an intelligent auto dialing routine. An
example flowchart is given in Figure 13.

FF (hex) should be loaded into the Dial Digit Register after the last digit is
dialed and tone detection is completed. This action also puts the modem in
data mode and starts a 30 second abort timer. If the handshake has not
been completed in 30 seconds the modem will go on-hook.

When status bit CTS is a 1, it indicates to the terminal equipment that the
modem will transmit any data which are present at TXD.

CTS response times from an ON or OFF condition of RTS are shown below:

CTS Transition Constant Carrier Controlled Carrier
OFF to ON =2 ms 210 to 275 ms
ON to OFF <20 ms* <20 ms*
*Programmable

When control bit DATA is a 1, the modem is in the data state (off-hook); and
when 0, the modem is in the talk state (on-hook). This bit allows the modem
to go off-hook after a programmable number of rings by counting the required

‘number of Rl bit transitions and then setting the DATA bit (assuming ORG = 0).

When handshake bit DDEI is a 1, an interrupt will occur when the Dial Digit
Register (1-0) is empty (DDRE = 1). This is independent of the state of the
ENSI bit. The interrupt will set the IRQ bit and also assert the IRQ signal.
Loading the Dial Digit Register with a new digit will clear the interrupt
condition.

1-88




R2424

2400 bps Full-Duplex Modem

Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

DDR

DDRE

DL

DLO

DLSF

DSR

DSRA

Dial Digit Register

Dial Digit Register Empty

Digital Loopback (Manual)

Dial Line Occupied

Disable Low Speed Fallback

Data Set Ready

Data Set Ready in Analog
Loopback

1.0:(0-7)

(0,1).A:5

1:C0

1:8:5

1:C:7

DDR is used to load the digits to be dialed. Example: If a 4 1s to be dialed,
an 04 (hex) should be loaded. This action also causes the interrupt to be
cleared The modem automatically accounts for the interdigit delay. Note:
DDR 1s a write-only register.

When handshake bit DDRE is a 1, it indicates that the dial digit register is
empty and can be loaded with a new digit to be dialed. If the DDEI bit I1s set,
the IRQ bit will be set when the DDRE bit is set. Also, the IRQ signal will be
generated.

After the DDR is loaded, DDRE goes to a 0 and the interrupts are
automatically cleared.

When configuration bits DL are set to a 1, the modem i1s manually placed in
digital loopback. DL should only be set during the data mode. The DSR and
CTS bits will be reset to a 0. The local modem can then be tested from the
remote modem end by looping a remotely generated test pattern. At the
remote modem, all interface circuits behave normally as in the data mode.

At the conclusion of the test, DL must be reset to a 0. The local modem will
then return to the normal data mode with control reverting to the DTEs, DTR.

DL does not function in 300 bps.

When status bit DLO is a 1, it indicates that the modem is in the auto dial
state, 1 e., CRQ In the transmitter is a 1 and the modem is off-hook and
ready to dial.

When configuration bit DLSF is a 1, the modem will not automatically
fallback to the 300 bps operating mode if it is configured for another data
rate. This bit I1s valid in originate mode only.

The ON condition of the status bit DSR indicates that the modem is in the
data transfer state The OFF condition of DSR is an indication that the DTE
1s to disregard all signals appearing on the interchange circuits — except RI.
DSR will switch to the OFF state when in test state. The ON condition of
DSR indicates the following:

The modem s not in the talk state, i e., an associated telephone handset is
not in control of the line

The modem is not in the process of automatically establishing a call via
pulse or DTMF dialing.

The modem has generated an answer tone or detected answer tone.

After ring indw:ate goes ON, DSR waits at least two seconds before turning
ON to allow the telephone company equipment to be engaged.

DSR will go OFF 50 msec after DTR goes OFF, or 50 msec plus a maximum
of 4 sec when the SSD bit is enabled

When configuration bit DSRA is a 1, it causes DSR to be ON during analog
loopback.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

DTMF

DTR

EF

ENSI

ERDL

GTE

Touch Tones/Pulse Dialing

Data Terminal Ready

Enable Filters

Enable New Status Interrupt

Enable Response to
Remote Digital Loopback

Guard Tone Enable

1:B:1

(0,1):E:6

(0.1):A7

1:B:4

When configuration bit DTMF 1s a 1, it tells the modem to auto dial using
tones; and when 0, the modem will dial using pulses.

The timing for the pulses and tones are as follows (power-on timing):

Pulses — Relay open 64 ms
Relay closed 36 ms
Interdigit delay 750 ms

Tones — Tone duration 95 ms
Interdigit delay 70 ms

The DTMF bit can be changed during the dialing process to allow either tone
or pulse dialing of consecutive digits. The output power level of the DTMF
tones is as follows:

+15 dBm *1 measured at TXA for the R2424M
-1 dBm 1 measured at TIP/RING for the R2424DC

Control bit DTR must be a 1 for the modem to enter the data state, either
manually or automatically. DTR must also be a 1 in order for the modem to
automatically answer an incoming call.

During the data mode, DTR must remain at a 1, otherwise the connection will
be terminated if DTR resets to a O for greater than 50 ms.

Setting CRQ in the transmitter to a 1 disables the high and low band filters
used in data mode so that call progress tone detection can be done. Setting
CRQ in the receiver to a 1 inserts a passband filter in the receive path which
passes energy in the 345 Hz to 635 Hz bandwidth. The high and low band
filters must be enabled and the passband filter disabled for the tone
and carrier to be detected. This occurs automatically during the auto dial
process when EF is set to a 0. In this case, the high and low band filters are
disabled when CRQ in the transmitter is set to a 1. If tone detection is
required, CRQ in the receiver should be set to a 1. After dialing and call
progress tone detection, CRQ in the receiver is set to a 0 and FF is loaded
into the dial digit register. (Loading FF enables the high and low band filters).
At this time, the answer tone can be detected. To re-enable the high and low
band filters disabled by setting CRQ in the transmitter, set EF to a 1. After
CRQ in the transmitter and receiver is set to a 1 and tone detection is
completed, it may be necessary to detect the answer tone before loading FF
into the dial digit register (see the section on sending 1300 Hz calling tone).
At that point, EF can be set to a 1 and CRQ in the receiver set to a 0 so the
answer tone can be detected (using the ATD bit) and the 1300 Hz calling
tone can still be sent. Once the answer tone is detected, FF should be
loaded into the dial digit register ard the EF bit set to a 0.

When handshake bit ENSI is a 1, it causes an interrupt to occur when the
status bits in registers (0:[8,9]) and (1:8) are changed by the modem.
(NEWS = 1). The IRQ bit will be set to a 1 and the IRQ signal will be
generated. The interrupt is cleared by writing a 0 into the NEWS bit.

When configuration bits ERDL are a 1, it enables the modem to respond to
another modem’s remote digital loopback request, thus going into loopback.
When this occurs, the modem clamps RXD to a mark; resets the CTS, DSR
and RLSD bits to a 0 and turns the CTS, DSR and RLSD signals to a logic 1.
The TM bit is set to inform the user of the test status. When the ERDL bits are
a 0, no response will be generated.

When configuration bit GTE i1s a 1, it causes the specified guard tone to be
transmitted (CCITT configurations only), according the state of the GTS bit. Note:
The guard tone will only be transmitted by the answering modem.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

GTS

IRQ

LCD

LL

MODE

NAT

Guard Tone Select

Interrupt

Loss of Carrier Disconnect

Leased Line

Mode Select

No Answer Tone

1:B:3

(0,1):E:7

0:D:2

1:9:4

(0.1):A:(0,3)

1:9:7

When configuration bit GTS is a 0, 1t selects the 1800 Hz tone, when GTE 1s
a 1 it selects the 550 Hz tone. The selected guard tone will be transmitted
only when GTE is enabled.

When status bit IRQ is a 1, it indicates that an interrupt has been generated
The IRQ hardware signal I1s generated following the setting of the IRQ bit
IRQ is cleared when either the NEWS bit 1s reset to a 0 or the DDR is
loaded with a number.

When configuration bit LCD is a 1, the modem terminates a call when a loss
of received carrier energy is detected after 400 ms After the first 40 ms of
loss of carrier, RLSD goes off. 360 ms later, If no carrier is detected, CTS
goes off, and the modem goes on-hook. If energy above threshold 1s
detected during the 360 ms period, RLSD will be set to a 1 again. If further
loss of energy occurs, the 400 ms time frame Is restarted

If LCD is set to a 0, RLSD will be set to a 1 when energy is above threshold,
but will not force the modem on-hook when energy falls below threshold In
this case, it is necessary to re-enable LCD in order to put the modem on-hook

LCD is not automatically disabled in leased line operation The user must
write a 0 into LCD bits for this to occur.

When configuration bit LL 1s a 1, the modem is in leased line operation,
when 0, the modem 1s in switched line operation. When LL is set to a 1, the
modem immediately goes off-hook and into data mode.

These bits select the compatibility at which the modem is to operate, as
shown below:

Configuration Word
3 Configuration

2400 Sync
2400 Async
1200 Sync.
1200 Async
0 to 300 Async
1200 Sync
1200 Async
600 Sync.
600 Async
2400 Sync.
2400 Async
1200 Sync
1200 Async

Bell 2400
Bell 2400
Bell 212A
Bell 212A
Bell 212A
V.22A
Vv.228
V.22A
v.228
V.22 bis
V.22 bis
V 22 bis
V.22 bis

e - - K- K-X- N
442440000~ 000O0IN
440042000~ =0O0 |=
—~“0-40-40-00=-0=0 |0

NOTE: The Mode bits in both chips should be set exclusively of all other
bits, followed immediately by the setting of the NEWC bits. This will ensure
proper modem configuration.

Automatic Reconfiguration

The modem is capable of automatically falling back during the handshake to
the compatibility of a remote modem. The modem can be in either the
answer or originate mode for this to occur. The compatibilities that the
modem are limited to adapt to are V.22 bis, V.22 A/B (1200 bps), Bell 212
and Bell 103. If the R2424 is to originate in a specific configuration, the
MODE bits must be set.

When the answer modem is configured for Bell 300 asynchronous and is
called by a 1200 bps modem, the handshake will be completed at 1200 bps.

When configuration bit NAT is a 1, the modem will not transmit the 2100 Hz
CCITT answer tone. This bit is only valid for CCITT configurations. With this
bit enabled in answer mode, when the modem goes off-hook it will remain
silent for 756 ms and then transmit unscrambled ones.
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Table 11. Interface Memory Definitions (Continued)

Mnemonic

Memory
Location

Description

NEWC

NEWS

NTS

ORG

(None)

(None)

XRAMRL
XRAMRM
XRAMTL

XRAMTM
YRAMRL
YRAMRM
YRAMTL

YRAMTM

RDL

RI

New Configuration

New Status

No Transmitter Scrambler

Originate/Answer

RAM Access R
RAM Accéss T

RAM Data XRL
RAM Data XRM
RAM Data XTL
RAM Data XTM
RAM Data YRL
RAM Data YRM
RAM Data YTL
RAM Data YTM

Remote Digital Loopback

Ring Indicator

(0,1):E:3

(0,1):E:5
1:9:0

1:9:5

0:F:0-7
1:F:.0-7

0:2:0-7
0:3:0-7
1:2:.0-7
1:3:0-7
0:4:.0-7
0:5:0-7
1:4:0-7
1:5:0-7

(0,1):A:6

1:8:4

When the NEWC bit is a 1, it tells the modem that a new configuration has
been written into the configuration registers. The modem will then read the
configuration registers and then reset NEWC to a 0. NEWC must be set to a
1 after a new configuration has been written into the following registers:
(0:{A-D]) and (1:[9-D]). The remaining registers do not require the use of
NEWC to tell the modem that new data was written into them.

When handshake bit NEWS 1s a 1, it tells the user that there has been a
change of status in the status registers. The user must write a 0 into NEWS
to reset it. This action also causes the interrupt to be cleared.

When configuration bit NTS is a 1, when the modem 1s off-hook 1t will
transmit all data in an unscrambled form. This bit should be disabled if the
normal modem handshake is desired.

When configuration bit ORG 1s a 1, the modem is in originate mode; and
when a 0 the modem is in answer mode. (This is only valid in manual
onginate/answer and analog loopback). If ORG is a 1 in analog loopback, the
modem will transmit in the high band and receive in the low band. If ORG I1s
a 0 in analog loopback, the modem will transmit in the low band and receive
in the high band.

Contains the RAM access code used in reading RAM locations in chip 0
(receiver device).

Contains the RAM access code used in reading RAM locations in chip 1
(transmitter device).

Least significant byte of 16-bit word X used in reading RAM locations in chip 0.
Most significant byte of 16-bit word X used in reading RAM locations in chip 0.
Least significant byte of 16-bit word X used in reading RAM locations in chip 1.
Most significant byte of 16-bit word X used in reading RAM locations in chip 1.
Least significant byte of 16-bit word Y used in reading RAM locations in chip 0.
Most significant byte of 16-bit word Y used in reading RAM locations in chip 0.
Least significant byte of 16-bit word Y used in reading RAM locations in chip 1.
Most significant byte of 16-bit word Y used in reading RAM locations in chip 1.

When configuration bits RDL are a 1, it causes the modem to initiate a

‘request for the remote modem to co into digital loopback. RXD 1s clamped to

a mark and the CTS bit and CTS signal will be reset until the loop is
established. The TM bit is not set in this case, since the local modem
initiated the request. RDL does not function in 300 bps.

When status bit Rl is a 1, it indicates that a ringing signal is being detected.
The RI bit follows the ringing signal with a 1 during the on time and a zero
during the off time coincident with the RI signal. The following are the RI bit
response times:

RI Bit Transition Response
OFF-to-ON* 110 +£50 ms (50% duty cycle)
ON-to-OFF 450 +50 ms

*The OFF-to-ON time is duty cycle dependent. 890 ms (15%) = time = 50 ms (100%)
This OFF-to-ON (or ON-to-OFF) response time is defined as the time interval

between the sudden connection (removal) of the ring signal across TIP and
RING and the subsequent transition of the Rl bit.
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Table 11.

Interface Memory Definitions (Continued)

Mnemonic

Name

Memory
Location

Description

RLSD

RSD

RTRN

RTS

SPEED

Received Line Signal
Detector

Receive Space Disconnect

Retrain (2400 bps only)

Request-to-Send

Speed Indication

080

0-D1

1.96

193

09-(4,5)

When status bit RLSD is a 1, it indicates that the carrier has successfully
been received RLSD will not respond to the guard tones or answer tones
RLSD response times are given below

Constant Controlled
Carrier Carrier

RLSD!
OFF-to-ON 40 to 65 ms 40 to 65 ms
ON-to-OFF 40 to 65 ms 40 to 65 ms

Note:
1 After handshake has occurred

When configuration bit RSD 1s a 1, the modem goes on-hook after receiving
approximately 1 6 seconds of continuous spaces

When configuration bit RTRN i1s a 1, the modem sends the training se-
quence It resets when the training sequence from the remote modem has
successfully been received If the sequence has not been successfully receiv-
ed from the remote modem, CTS will remain OFF In order to put the modem
back In the data mode, It 1s necessary to write a 0 into the RTRN bit, then
repeat the retrain sequence

When control bit RTS 1s a 1, the modem transmits any data on TXD when
CTS becomes active In constant carrier mode, RTS should be set the same
time as DTR and then left ON In controlled carrier operation, independent
operation of RTS turns the carrier ON and OFF. The responses to RTS are
shown (assume the modem Is in data mode).

Leased or Dial Line! RTS Off RTS On

Controlled Carrier CTS OFF Carrier ON
Carnier OFF 210 to 275 ms Scrambled 1’s
Transmitted
CTS ON

Constant Carnier CTS OFF CTS ON
Carrier ON Carrier ON
Scrambled 1’s  Data Transmitted
Transmitted

Note:
1 After handshake 1s complete

For ease of use in constant carrier mode, RTS should be turned ON the
same time as DTR.

The SPEED status bits reflect the speed at which the modem 1s operating.
The SPEED bit representations are shown.

Speed
0-300
600
1200
2400

- - OO0 Id
- O = O |n

Note:
The SPEED bits are not active in analog loopback and leased line mode
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Table 11. Interface Memory Definitions (Continued)

Memory
Mnemonic Name Location Description

SSD Send Space Disconnect . 1:D:0 When configuration bit SSD is a 1, it causes the modem to transmit
approximately 4 seconds of spaces before disconnecting, when DTR goes
from active to inactive state.

ST Self Test 0,1)A:4 When configuration bit ST 1s a 1, self test is activated. ST must be a 0 to end
the test. It is possible to perform self test in analog loopback with or without a
DTE connected. During any self test, TXD and RTS are ignored. Self test does
not test asynchronous-to-synchronous converter circuits in either the
transmitter or receiver.

Error detection I1s accomplished by monitoring the self test error counter in
the RAM. If the counter increments during the self test, an error was made.
The counter contents are available in the diagnostic register when the RAM
access code 00 is loaded in the diagnostic control register (0:F).

Self Test End-to-End (Data Mode)

Upon activation of self test an internally generated data pattern of alternate
binary ones and zeros (reversals) at the selected bit rate are applied to the
scrambler. An error detector, capable of identifying errors in a stream of
reversals are connected to the output of the descrambler.

Self Test with Loop 3

Loop 3 is applied to the modem as defined in Recommendation V.54. Self
test is activated and DCE operation is as in the end-to-end test, In this test
DTR is ignored.

Self Test with Loop 2 (Data Mode)

The modem is conditioned to instigate a loop 2 at the remote modem as
specified in recommendation V.54. Self test is activated and DCE operation
1s as in the end-to-end test.

ST does not function in 300 bps.

30B 3 dB Loss to Receive
Signal 1:B:2 When configuration bit 3DB is a 1, it attenuates the received signal 3 dB.
This is only used If the modem will see 0 dBm or greater line signal at the
receiver input. Insertion of the 3 dB loss will then prevent saturation.

™ Test Mode 0:8:1 When status bit TM is a 1, it indicates that the modem has completed the
handshake and is in one of the following test modes: AL or RDL.

TONE Tone Detect 0:8:7 TONE follows the energy detected in the 340 to 640 Hz frequency band. The
user must determine which tone is present on the line by determining the
duty cycle of the TONE bit. TONE is active only when CRQ in chip O is a 1.

Detection Range: -10 to —-43 dBm
Response Time: 17 2 ms

TXCLK Transmit Clock Select 1:C:(5,6) TXCLK allows the user to designate the origin of the transmitter data clock,
as shown below:
Configuration Word
Transmit Clock 6
Internal

0
External 1
Slave 1

- 00O |n

If external clock is chosen the user clock must be input at XTCLK. The clock
characteristics must be the same as TDCLK. The external clock will be
reflected by TDCLK.

If slave clock is chosen the transmitter is slaved to the receive clock. This is
also reflected by TDCLK.
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Table 11. Interface Memory Definitions (Continued)
Memory
Mnemonic Name Location Description
TX LEVEL Transmit Level 1B(5-7) TX LEVEL allows the user to change the transmit level at TIP and RING
(assuming the DAA has 10 dBm attenuation in the transmit path).
Configuration
Word Transmit Level (£ 1.0 dBm)
7 6 5 (at TIP and RING)
0 0 0 -10 dBm
0 0 1 -12 dBm
0 1 0 -14 dBm
0 1 1 -16 dBm
1 0 0 -18 dBm
1 0 1 -20 dBm
1 1 0 -22 dBm
1 1 1 -24 dBm
Internal Modem Timing AUTO DIAL SEQUENCE

In a microprocessor environment it is necessary to know how
long various functions last or what the response times of certain
functions are. Since the modem is a part of the microprocessor
environment its timing and response times are necessary.
Table 12 provides the timing relationships between nterface
memory bits and modem functions.

Table 12. Internal Modem Timing

Parameter Time Interval

NEWC bit checked
Transmitter
Receiver

Once per sample’
Once per baud?

NEWC bit set by host until
modem action

Transmitter

Receiver

< One baud time
One baud time

Control, Configuration bits read
Transmitter
Receiver

Only after NEWC 1s set
ST, RSD—every sample,
all others after NEWC set

Status bits updated
Transmitter
Receiver

Once per sample
Once per baud

Status change reflected by

NEWS, IRQ
Transmitter MIN < one sample time
MAX one sample time
Receiver MIN one sample time

MAX one baud time

Memory status reflected to

The following flow chart defines the auto dial sequence via the
microprocessor interface memory.

SET DTMF ‘
1 = TONES
0 = PULSES
'f Y
LOAD DIAL
CRQ = 1 DIGIT INTO
D.D. REG.
N
DTR = 1
Y
INTO
D.D. REG.
¥

Figure 13. Auto Dial Sequence Flow Diagram

Note: The modem timing for the auto dialer accounts for inter-
digit delay for pulses and tones.

modem pin
Transmitter 3333 us
Receiver 33.33 us
1. Sample Time = 7200 Hz 2 Baud Time = 600 Hz
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SIGNAL PROCESSOR RAM ACCESS

RAM AND DATA ORGANIZATION

Each signal processor contains 128 words of random access
memory (RAM). Each word is 32-bits wide. Because the signal
processor is optimized for performing complex arithmetic, the
RAM words are frequently used for storing complex numbers.
Therefore, each word is organized into a real part (16-bits) and an
imaginary part (16-bits) that can be accessed independently.
The portion of the word that normally holds the real value is
referred to as XRAM. The portion that normally holds the imagi-
nary value is referred to as YRAM. The entire contents of XRAM
and YRAM may be read by the host processor via the microproc-
essor interface.

Interface Memory Locations

The interface memory acts as an intermediary during these host
to signal processor RAM data exchanges. Information transfer
between RAM and interface memory is accomplished by the sig-
nal processor logic unit moving data between the SP main bus
and the SP I/O bus. The SP logic unit normally transfers a word
from RAM to interface memory once each clock cycle of the SP
device. In the transmitter, a word is transferred from SP RAM to
the interface memory every sample time. In the receiver, aword is
transferred from RAM to the interface memory every sample time
as well. Each RAM word transferred to the interface memory is
32-bits long. These bits are written by the SP logic unit into inter-
face memory registers 5, 4, 3, and 2. Registers 3 and 2 contain
the most significant byte and least significant byte, respectively,
of the XRAM data. Registers 5 and 4 contain the most and least
significant bytes of YRAM data, respectively.

RAM Access Codes

The SP logic unit determines the SP RAM address to read from,
or write to, by the code stored in the RAM Access bits of interface
memory register F (RAM Access R in the receiver 0:F and RAM
Access T in the transmitter 1:F).

Only the transmitter (chip 1) allows data to be transferred from
interface memory to SP RAM. When set to a 1, bit 1:F:7 signals
the SP logic unit to disable transfer of SP RAM data to the inter-
face memory, and instead, to transfer data from interface mem-
ory to SP RAM. When writing into SP RAM, 32 bits of data in the
XRAM and YRAM registers will be written into the appropriate
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SP RAM location as specified by the RAM access code (82-86) in
register 1:F (Table 13). Once the data is written into the RAM
access register 1:F, the XRAM registers 1:2and 1:3 or the YRAM
registers 1:4 and 1:5, set the NEWC bit 1:E:3 to a 1. This action
causes the information to be transferred from interface memory
into SP RAM. Bit 7 of register 1:F is cleared to a 0 by the modem
after the RAM is read. New data can be written into the SP RAM
after the NEWC bit is reset to a 0 by the SP.

Note:

Any transmitter RAM Write operation must always be pre-
ceded by a RAM read from the desired location. This is to
guarantee that the correct information is written into the 16
unchanged bits, since all transmitter RAM operations are
32 bit transfers with typically only 16 of the bits used.

Both the transmitter and receiver (chips 1 and 0, respectively)
allow data to be transferred from SP RAM into the interface mem-
ory. A 0 in transmitter bit 1:F:7 enables the SP to transfer 32 bits
of data from SP RAM to the XRAM and YRAM registers (16 bits
each) in the interface memory as specified by the RAM access
code in register 1:F. A 0 in receiver bit 0:F:7 enables the SP to
transfer 32 bits of data from SP RAM to the XRAM and YRAM
registers (16 bits each) in the interface memory as specified by
the access code in register O:F. To read the SP RAM in chip 1
(transmitter), load into 1:F the RAM access code which identifies
the 32 bits of data to transfer to the XRAM and YRAM registers.
Next, set the NEWC bit 1:E:3 to a 1. After transferring the data
from RAM to the XRAM or YRAM registers, the NEWC bit is reset
to a 0 by the SP. Chip 0 (receiver), on the other hand, will provide
the XRAM and YRAM data one sample time following the load-
ing of the RAM access code into register 0:F, and will continue to
provide the same data at one sample time intervals until a new
RAM access code is loaded.

When reading from or writing into RAM, no bits are provided for
handshaking or interrupt functions. The NEWC bit can be used
as a mechanism to provide sample and baud intervals. Since the
NEWC bit is checked, once per baud in chip 0 and once per
sample in chip 1, the user can set the NEWC bit and wait for it to
be cleared. Depending on which chip the NEWC bit was set, the
time interval from the setting to the clearing of the NEWC bit will
be either one sample or one baud time. This, however, will not
guarantee that the action of reading and writing the XRAM and
YRAM will occur in the middle of an actual sample or baud time.
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Table 13. RAM Access Codes

RAM Access Code
Node Function RAM Read RAM Write Chip Reg. No.
1 Demodulator Output 56 - 0 2,3,45
2 Low Pass Filter Output 40 - 0 2,3,4,5
3 Input Signal to Equalizer Taps 41-4D - 0 2,345
4 AGC Gain Word 14 - 0 2,3
5 Equalizer Tap Coefficients 01-0D - 0 2,3,45
6 Equalizer Output 53 - 0 2,3,45
7 Rotated Equalizer Output 11 - 0 2,3,4,5
(Received Point Eye Pattern)
8 Decision Points 51 - 1] 2,3 4,5
(Ideal Eye Pattern)
9 Rotated Error 52 - 0 2,345
10 Rotation Angle 12 - 0 4,5
1 Phase Error 10 - 0 2,3
12 Self Test Error Counter 00 - 0 2,3
DTMF Tone Duration 02 82 1 4,5
DTMF Interdigit Delay 03 83 1 2,3
Pulse Interdigit Delay 03 83 1 4,5
Pulse Relay Make Time 04 84 1 2,3
Pulse Relay Break Time 04 84 1 4,5
Handshake Abort Counter 05 85 1 4,5
Handshake Abort Timer 06 86 1 2,3
CTS Off-Time 07 87 1 2,3
NOTE: 1. All the chip 1 access codes are not valid before R5310-18.
2. Access codes are hexadecimal.
3. Only chip 1 RAM can be written.
4. CTS Off-Time s not valid before R5310-22
Table 15. BER Summary
ERROR RATES R2424 Signal to Noise Ratio
B (BER) fthe th h fd h Data Rate | Bit Error Rate | Originate Mode | Answer Mode
it error rate is a measure of the throughput of data on the 5
communication channel. It is the ratio of the number of received 2400 bps 1x10 5 19.048 17.3 dB
bits in error to the number of transmitted bits. This number 1200 bps 1 x10° 8.3d8 8.1dB
increases with decreasing signal-to-noise ratio (SNR). The type 600 bps 1 x 1075 5.0 dB 5.0 dB
of line disturbance and the modem configuration affect the BER. 300 bps 1 x 10-5 10.4 dB 72dB
Tables 14 through 16 summarize the BERSs for various condi- Test Condition: :iygn?:o'r“;‘goz‘;'?zgg'zés 200 bpe
tions. Figure 14 shows the BER measurement setup. Async for 300 bps,
With 3002 Unconditioned Line.
Table 14. BER Summary Table 16. BER Summary
R2424 Signal to Noise Ratio R2424 Signal to Noise Ratio
Data Rate | Bit Error Rate | Originate Mode | Answer Mode Data Rate | Bit Error Rate | Originate Mode | Answer Mode
2400 bps 1x 1075 16.6 dB 16.2 dB 2400 bps 1 x 1075 17.0 dB 16.6 dB
1200 bps 1 x 10-5 8.2 dB 7.9 dB 1200 bps 1 x 10-5 7.7 dB 7.9 dB
600 bps 1 x 105 5.0 dB 5.0 dB 600 bps 1 x 10°5 4.6 dB 4.5dB
300 bps 1 x 105 9.2dB 7.0 dB 300 bps 1 x 1075 9.3dB 6.2 dB
Test Condition: Signal Level = -30 dBm, Test Condition: Signal Level = -40 dBm,
Sync for 2400 bps, 1200 bps, 600 bps, Sync for 2400 bps, 1200 bps, 600 bps,
Async for 300 bps, Async for 300 bps,
With 3002 Unconditioned Line. Back-To-Back.
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LINE IMPAIRMENT
SIMULATOR | _ | SOURCE ATTENUATOR LEVEL METER
(3002) BRADLEY HP 350D 1 P 3552
SEG FA-1445| | 2A AND 2B
MODEM MODEM MODEM MODEM
TEST SET _ |TRansMITTER| | 2- To a.WIRE 2- TO 4-WIRE RECEIVER TEST SET
PHOENIX ODEW HYBRID HYBRID ODEm >l L OENIX
5000 RECEIVER TRANSMITTER 5000
IMPAIRMENT LINE
LEVEL METER | ATTENUATOR| _| SOURCE SIMULATOR
HP 3552A HP 350D BRADLEY (3002)
2A AND 2B SEG FA-1445

NOTE: SIGNAL AND NOISE ARE MEASURED WITH 3 KHZ FLAT WEIGHTING.
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Table 17. Modem Power Requirements

Voltage Tolerance Current (Typical) @ 25°C Current (Max) @ 0°C
+5 Vde +5% 390 mA © <455 mA

+12 Vde +5% 25 mA < 30 mA

-12 Vde +5% 4 mA < 5mA

Note: All voltages must have ripple <0.1 volts peak-to-peak.

Table 18. Modem Environmental Restrictions

Parameter Specification
Temperature
Operating 0°C to +60°C (32°F to 140°F) )
Storage —40°C to +80°C (- 40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity: Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude -200 feet to + 10,000 feet

Table 19. Modem Mechanical Considerations

Parameter Specification
DIN Connector Version Single PC board with a 3-row 64-pin night angle male DIN connector with rows A and C populated.
Board Structure: The modem can also be ordered with the following DIN connector: 64-pin DIN right angle female,
64-pin DIN vertical male or 64-pin DIN vertical female.
Mating Connector: Female 3-row 64-pin DIN receptacle with rows A and C populated. Typical mating receptacle:
Winchester 96S-6043-0531-1, Burndy R196B32R00A00Z1, or equivalent.
PCB Dimensions:
DC Version
Width 3.937 in. (100 mm)
Length 4.725 in. (120 mm)
Height 0.75 in. (19 mm)
M Version
Width 3.937 in. (100 mm)
Length 3.328 in. (82 mm)
Height 0.40 in. (10.2 mm)
Weight (max): 0.45 Ibs. (0.20 kg.)
Lead Extrusion (max.): 0.100 In. (2.54 mm)
DIP Connector Version
Board Structure Single PC board with a row of 30 pins and a row of 31 pins in a dual in-line pin configuration.
Dimensions
Width 2.0 in. (50.8 mm)
Length 3.5 in. (88.9 mm)
Height 0.2 in. (5.08 mm) above, 0.13 in. (3.30 mm) below
Weight (max.) 2.6 oz. (73g)
Pin Length (max.) 0.53 in. (13.5 mm) above
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Figure 15. R2424 Modem Dimensions and Pin Locations
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R2424 MODEM INSTALLATION AND
MAINTENANCE

This section contains installation instructions and maintenance
procedures for the Rockwell R2424DC Modem. It also contains a
special notice from the Canadian Department of Communica-
tions (DOC) for Canadian operation and from the Federal Com-
munications Commission (FCC) for United States operation.

GENERAL DESCRIPTION

The Rockwell R2424DC modem is designed to be used with the
United States or Canadian Telephone Switched Networks in
2-wire full-duplex dial-up operation. The modem requires protect-
ive circuitry registered with the Federal Communications Com-
mission (FCC) Part 68 which allows direct connection to the U.S.
switched telephone network. This circuitry also complies with
the Canadian Department of Communications (DOC) Terminal
Attachment Program (TAP) which similarly defines their
switched telephone network requirements.

The R2424DC features automatic dial and answer capabilities
along with surge suppression and hazardous voltage and longitu-
dinal balance protection. Its maximum output signal level at the
telephone interface is set at —10 dBm +1 dBm (permissive
mode of operation).

Two standard telephone jack connectors (RJ11s) are mounted
side by side on one edge of the board and are wired in parallel.
One is for connection to the telephone line network and the other
for the telephone headset connection.

INSTALLATION AND SIGNAL ROUTING
INSTRUCTIONS

PHYSICAL MOUNTING

The modem module may be physically incorporated into the cus-
tomer’s end product by utilizing the four corner 0.156” diameter
mounting holes (for the self-hooking plastic type standoffs or for
bolting it down to some rigid structure) or by installing the module
into card guides.

ELECTRICAL INTERFACING INSTRUCTIONS

The electrical interfacing is accomplished via the DIN (Euro) con-
nector (for external power inputs and digital logic signals) and
the telco connectors (for the telephone network connection).
Note that the telephone interface connectors are physically sepa-
rated from the modem interface control connector and extreme
care must be taken in routing the telephone interface leads from
the modem to the telephone network (line connector jack in the
wall).

FCC RULES PART 68 REQUIREMENTS

The FCC Rules Part 68 requires that the telephone interface
leads shall:

1. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use the same connector as
leads or metallic paths connecting to power connections.

Note

Power connections are defined as the connections
between commercial power and any transformer, power
supply rectifier, converter or other circuitry associated
with the modem. The connections of the interface pins
(including the +12 Vde, — 12 Vdc and + 5 Vdc) are not
considered power connections.

2. Be reasonably physically separated and restrained from; not
routed in the same cable as; nor use adjacent pins on the
same connector as metallic paths that lead to unregistered
equipment, when specification details provided to the FCC do
not show that the interface voltages are less than nonhazar-
dous voltage source limits in Part 68.

Note

All the DIN connector interface voltages to the modem
have been established as non-hazardous.

ROUTING OF TELEPHONE INTERFACE LINES

In routing the telephone interface leads from the modem tele-
phone connector jacks to the telephone line network connection,
the following precautions should be strongly considered for
safety.

1. The telephone interface routing path should be as direct and
as short as possible.

2. Any cable used in establishing this path should contain no
signal leads other than the modem telephone interface leads.

3. Any connector used in establishing this path shall contain not
commercial power source signal leads, and adjacent pins to
the TIP and RING (T and R) pins in any such connector shall
not be utilized by any signals other than those shown in this
document.

MAINTENANCE PROCEDURE

Under the FCC Rules, no customer is authorized to repair
modems. In the event of a Rockwell modem malfunctioning,
return it for repair to an authorized ROCKWELL INTERNA-
TIONAL distributor (if in Canada) or send it directly to the Semi-
conductor Products Division, Rockwell International Corpora-
tion, El Paso, Texas 79906.
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SPECIAL INSTRUCTION TO USERS

If the Rockwell modem has been registered with the Federal
Communications Commission (FCC), you must observe the fol-
lowing to comply with the FCC regulations:

A. All direct connections to the telephone lines shall be made
through standard plugs and telephone company provided
jacks.

. It is prohibited to connect the modem to pay telephones or
party lines.

. You are required to notify the local telephone company of the
connection or disconnection of the modem, the FCC registra-
tion number, the ringer equivalence number, the particular line
to which the connection is made and the telephone number to
be associated with the jack.

Note

If the proper jacks are not available, you must order the
proper type of jacks to be installed by the telephone
company (VSOC RJ11 for permissive mode of opera-
tion).

. You should disconnect the modem from the telephone line if it
appears to be malfunctioning. Reconnect it only if it can be
determined that the telephone line and not the modem is the
source of trouble. If the Rockwell modem needs repaur, return
ittothe ROCKWELL INTERNATIONAL CORPORATION. This
applies to the modem whether it is in or out of warranty. Do not
attempt to repair the unit as this is a violation of the FCC rules
and may cause danger to persons or to the telephone net-
work.

TELEPHONE COMPANY RIGHTS
AND RESPONSIBILITIES

A. The Rockwell modem contains protective circuitry to prevent
harmful voltages to be transmitted to the telephone network. If
such harmful voltages do occur, then the telephone company
may temporarily discontinue service to you. In this case, the
telephone company should:

1. Promptly notify you of the discontinuance.

2. Afford you the opportunity to correct the situation which
caused the discontinuance.

3. Inform you of your right to bring a complaint to the FCC
concerning the discontinuance.

. The telephone company may make changes in its facilities
and services which may affect the operation of your equip-
ment. Itis, however, the telephone company’s responsibility to
give you adequate notice in writing to allow you to maintain
uninterrupted service.

LABELING REQUIREMENTS

A. The FCC requires that the following label be prominently dis-
played on the outside surface of the customer’s end product
and that the size of the label should be such that all the
required information is legible without magnification.
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Sample label below:

Unit contains Registered Protective Circuitry which com-
plies with Part 68 of FCC Rules.

FCC Registration Number: AMQ9SQ-14211-DM-E
Ringer Equivalence: 0.98
Note

The Rockwell modem module has the FCC registration
number and ringer equivalence number permanently
affixed to the solder side of the PCB and any unit con-
taining this modem shall use this information for the
label requirements.

SPECIAL NOTICE FROM THE CANADIAN
DEPARTMENT OF COMMUNICATIONS

The Canadian Department of Communications label identifies
certified equipment. This certification means that the equipment
meets certain telecommunications network protective, opera-
tional and safety requirements. The Department does not guar-
antee the equipment will operate to the user’s satisfaction.

Before installing this equipment, users should insure that it is
permissible to be connected to the facilities of the local telecom-
munications company. The equipment must also be installed
using an approved method of connection. In some cases, the
company’s inside wiring associated with a single line individual
service may be extended by means of a certified jack-plug-cord
ensemble (telephone extension cord). The customer should be
aware that the compliance with the above conditions may not
prevent degradation of service in some situations. Existing tele-
communications company requirements do not permit their
equipment to be connected to customer-provided jacks except
where specified by individual telecommunications company tar-
iffs.

The Department of Communications requires the Certificate
Holders to identify the method of network connection in the user
literature provided with the certified terminal equipment.

Repairs to certitied equipment should be made by an authorized
Canadian maintenance facility designated by the supplier. Any
repairs or alterations made by the user to this equipment, or
equipment malfunctions may give the telecommunications com-
pany cause to request the user to disconnect the equipment.

Users should ensure for their own protection that the electrical
ground connections of the power utility, telephone lines and inter-
nal metallic water pipe system, if present, are connected
together. This precaution may be particularly important in rural
areas.

CAUTION

Users should not attempt to make such connections them-
selves, but should contact the appropriate electric inspec-
tion authority, or electrician, as appropriate.



RC2424DP/DS
Integral Modems

‘l‘ RC2424DP/DS 2400 bps Full-Duplex
Modem Data Pump Device Set

Rockwell

INTRODUCTION FEATURES
The Rockwell RC2424DP/DS is a 2400 bps, full-duplex, * CMOS DSP and IA devices
OEM, data pump modem device set. The RC2424DP/DS « 2-wire full-duplex operation

operates over the public switched telephone network

(PSTN), as well as on point-to-point leased lines. * Compatible configurations:

—CCITT V.22 bis, V.22A/B
The set consists of two CMOS VLS| components—a digi- —CCITT V.21 and V.23
tal signal processor (DSP) device and an integrated —Bell 212A and 103
analog (IA) device. The DSP is available in a 64-pin quad . . . .
in-line package (QUIP) or a 68-pin plastic leaded chip car- Rect?uve dynamuc'range. 9 dBm to ~43 dBm
rier (PLCC) package. The IA device is available in a 40-pin * Maximum transmit level: 0.0 dBm +1.0 dB,
dual in-line package (DIP) or a 44-pin PLCC package. programmable in 1 dB steps

The RC2424DP/DS modem meets the requirements * Muiti-modem detection support

specified in CCITT V.22 bis, V.22 A/B, and V.21, as well —Programmable tone detect bandpass filters
as Bell 212A and Bell 103. —Zero-crossing detector

Full compatibility with V.23 is realized with the addition of * V.22 bis fallback/fall-forward — 2400/1200 bps

an external FSK demodulator. The V.23 capability allows * Synchronous serial data

asynchronous operation at 1200 bps with backward chan- —2400, 1200, 600 bps = 0.01% (PSK modulation)
nel operation to 75 bps. RC2424DP/DS DSP firmware, in Internal/external/slave clock selection
conjunction with a fully compatible hardware interface, « Parallel data both synchronous and asynchronous

directly configures and controls the V.23 FSK demodulator
device. Moreover, the centralized transmitter function in
the RC2424DP/DS allows "clean" soft turn-offs in V.23
mode.

—Synchronous:
Normal sync: 8-bit data for transmit and receive
~SDLC/HDLC support:
Transmitter: Flag generation, 0 bit stuffing,
In addition, the SDLC/HDLC support eliminates the cost of CCITT CRC generation
an external serial input/output (SIO) device in products in- Receiver: Flag detection, 0 bit un-stuffing,
corporating error correction protocols. CCITT CRC checking
—Asynchronous:
5, 6, 7, or 8 data bits per character
Odd/even parity generation/checking
(or 9*" data bit)
2400, 1200, 600 bps +1% or (2.3%), —2.5%
(PSK modulation)
75, 300, 600, 1200 bps (FSK modulation)

« Programmable ring detect
—Min and max frequency range
* Programmable dialer

—Make/break times for pulse dialling

—DTMF on time for touch-tone dialling

—Interdigit times for both pulse and tone dialling

—DTMF Level: 0.0 dBm = 1.0 dB (high tone level is
2.0 dB = 0.5 dB above low tone level)

Document No. 29200N53 Data Sheet Order No. MD53
(Preliminary) December 1988
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« Diagnostics

—Read/write RAM
—Serial eye pattern output
—EQM value in RAM

« Host bus interface memory for configuration, control,
and parallel data; compatible with either 8086 or 6502
microprocessor bus

* RS-232C (TTL compatible) interface for RTS control
and serial data

* Adaptive and fixed compromise equalization
 Test Configurations:

—Local analog loopback
—Local digital loopback
—Remote digital loopback

« Answer and originate handshake
« Leased line operation
* Power requirements:

—+ 5Vdc = 5%
—500 mW typical

R2424 COMPATIBILITY.

A high performance modem engine, the RC2424DP/DS is
the functional and performance equivalent of Rockwell’'s
R2424DS modem with the following enhancements:

—2-device implementation in CMOS

—V.21 and V.23 interface

—Asynchronous/synchronous parallel data transfer
over the microprocessor bus interface

—Extended 2.3% overspeed in asynchronous,
DPSK/QAM modes

—SDLC/HDLC framing in parallel data mode

—Additional configuration and control capabilities

These options and enhancements, combined with a user
accessible, dual port interface memory (RAM ) in the DSP,
offer maximum flexibility in customizing the
RC2424DP/DS to meet a wide variety of functional re-
quirements.

The RC2424DP/DS device set, with the addition of a few
external filter components, interfaces easily to a data ac-
cess arrangement (DAA). The RC2424DP/DS general in-
terface is illustrated in Figure 1.

RC2424DP/DS DEVICE SET
- ‘
r ------
24 ) Eve |
4 ' PATTERN
| enemaTOR |
v.24 12 o _
r y >
SERIAL DIGITAL : INTEGRATED ANT;?LLTIQSING
INTERFACE SIGNAL ANALOG COMPONENTS TELEPHONE
PROCESSOR (1A) —. INT;:,; .
(DSP) —
' ' ANCILLARY
CIRCUIT
HOST /2 | INTERFACE
PROCESSOR 7
PARALLEL
BUS
INTERFACE - s
A2 —| DEMODULATOR [

Figure 1. RC2424DP/DS General Interfaces
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TECHNICAL SPECIFICATIONS

CONFIGURATIONS, SIGNALING RATES, AND DATA
RATES

The selectable modem configurations, along with the cor-
responding signaling (baud) rates and data rates, are
listed in Table 1. The modem configuration is established
by the CONF bits.

Note: Bit names refer to control bits in DSP Interface
Memory which are set or reset by the host processor (see
Software Interface Section, Figure 7 and Table 11).

TONE GENERATION

Answer Tone: A CCITT (2100 = 15 Hz) or Bell (2225 =
10 Hz) answer tone is generated depending on the
selected configuration.

Guard Tone: A guard tone of 1800 + 20 Hz (GTS bit = 0)
or 550 + 20 Hz (GTS bit = 1) can be generated (enabled
by the GTE bit). The level of transmitted power is 6 =+ 1 dB
or 3 + 1 dB below the level of the data power in the main
channel for the 1800 Hz or 550 Hz guard tone, respective-
ly. The total power transmitted to the line is the same
whether or not a guard tone is enabled. When a guard tone
is generated, the main channel transmit path gain is
reduced by 0.97 dB or 1.76 dB for the 1800 Hz or 550 Hz
guard tone, respectively.

Guard tone on/off must be controlled by the host depend-
ing on the state of the handshake sequence, i.e., the host
should enable guard tone when DSR is turned on.

DTMF Tones: When Dial/Call Progress configuration is
selected (CONF bits = 81) and the DTMF bitis setto a 1,
dual tone multi-frequency (DTMF) tones can be
generated. The specific DTMF tone generated is specified
by the host loading the Transmitter Data Buffer (TBUF-
FER) with the appropriate digit code shown in Table 2.

User Defined Tones: When Tone Generator/Tone Detec-
tor configuration is selected (CONF bits = 80), a user-
defined single or dual tone can be generated. In this mode,
the transmitter immediately begins sending the frequen-
cies specified in DSP RAM. The tones will remain on as
long as Tone Generator/Tone Detector configuration is
selected and the tone amplitudes are greater than zero.
Setting one of the two amplitudes to zero selects single
tone frequency.

Note: Frequencies from 0 to 1675 Hz can be sent when
the ORG bit is set, or frequencies from 1925 Hz to 2875
Hz can be sent when the ORG bit is cleared. 1800 Hz fre-
quency can be sent by setting the GTE bit with GTS = 0
and ORG = 0.

Table 1. Configurations, Signaling Rates and Data Rates

4. Value is upper limit for serial (e.g., 0-300).

Transmitter Carrier Data Rate
Frequency (H2) +0.01% (bps) Baud Bits Per Constellation
Configuration Modulation’| Answer® Originate? +0.01% (Symbols/Sec.) Symbol Points
V.22 bis QAM 2400 1200 2400° 600 4 16
V.22AB DPSK 2400 1200 1200° 600 2 4
2400 1200 600° 600 1 2
Bell 212A DPSK 2400 1200 1200° 600 2 4
Bell 103 FSK 2225 M 1270 M 300* 300* 1 1
2025 S 1070 S
v.21 FSK 1650 M 980 M 300* 300* 1 1
1850 S 1180S
V.23 Forward Channel | FSK 1300 M 1300 M 1200* 1200* 1 1
2100S 2100S
V.23 Forward Channel | FSK 1700 M 1700 M 600* 600* 1 1
2100S 2100S
V.23 Backward Channel| FSK 390 M 390 M 754 754 1 1
450 S 450S
Notes: 1. Modulation legend: QAM Quadrature Amplitude Modulation
DPSK  Differential Phase Shift Keying
FSK Frequency Shift Keying
2. Mindicates a mark condition; S indicates a space condition.
3. Synchronous accuracy = =0.01%; asynchronous accuracy = —2.5% to +1.0% (+2.3% if extended overspeed is selected).
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TONE DETECTION

Answer Tone and Call Progress Tones: When Dial/Call
Progress configuration is selected (CONF bits = 81), tones
can be detected as follows:
Call progress frequency range: 340 + 5 Hzt0 640 + 5 Hz
Status Bit: TONEA

Answertones (2100 + 15 Hz or 2225 + 10 Hz) or Bell FSK
originate tone (1270 = 10 Hz)

Detection level:0 dBm to —43 dBm

Default detection level: —43.dBm

Response time: 25 + 2 ms

Status Bits: ATV25, ATBELL (ORG=1), BEL103
(ORG=0)

Tones are detected as energy above a certain threshold
within a digital bandpass filter. The pass band of the dual
bi-quad infinite impulse response (lIR) filter (Call
Progress) or the single bi-quad IR filter (answer tone or
Bell FSK originate) can be changed by writing new coeffi-
cients to DSP RAM. The tone detect threshold can also be
changed in DSP RAM.

V.23 and V.21 Tones: When Tone Generator/Tone
Detector configuration is selected (CONF bits = 80), tones
can be detected as follows:

V.23 forward channel mark: 1300 = 10 Hz

Status Bit: TONEA

V.23 backward channel mark: 390 + 10 Hz

Status Bit: TONEB '

V.21 high band mark (1650 = 10 Hz) or low band mark
(980 + 10 Hz) 2

Table 2. Dial Digits/Tone Pairs

Hex Dial Tone Pair

Code Digit (H2) (H2)
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
0B Spare (B) 697 1633
0C Spare (C) 770 1633
oD Spare (D) 852 1633
OE # 941 1477
OF Spare (F) 941 1633
10 1300 Hz Calling Tone

Status Bit: TONEC

Detection level: 0 dBm to —43 dBm
Default detection level: —43 dBm
Response time: 25 + 2 ms

Tones are detected as energy above the threshold within
a digital bandpass filter. These filters are single bi-quad IR
filters*. The pass bands can be changed by writing new
coefficients to DSP RAM. The tone detect threshold can
also be changed in the DSP RAM.

*Except the filter represented by TONEA in Dial/Call
Progress configuration, which is a dual biquad IIR filter.

Zero Crossing Detector: A zero crossing detector is al-
ways available. The detector can measure tone frequen-
cies between 100 Hz and 3000 Hz. The zero'crossing
counter increments for both positive and negative zero
crossings.

DATA ENCODING

The data encoding conforms to CCITT Recommendations
V.22 bis, V.22A/B, V.23, or V.21, or to Bell 212A or 103,
depending on the selected configuration.

EQUALIZERS

Equalization functions are incorporated that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer. A 13-tap automatic
adaptive equalizer is provided in the receiver circuit for
V.22 bis, V.22 and Bell 212A configurations. Updating of
the taps can be enabled or disabled (EQFZ). The equalizer
taps can also be reset (EQRES).

Fixed Compromise Equalizer. A fixed compromise
equalizer is provided in the transmitter. The equalizer can
be enabled or disabled (CEQ bit).

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified com-
promise equalizer characteristic, the transmitted line sig-
nal has a frequency spectrum shaped by a square root of
a 75 percent raised cosine filter. Similarly, the group delay
of the transmitter output is within + 150 microseconds over

Table 3. RTS - CTS Response Time

Constant | Controlled
CTS Transition | Configuration Carrier Carrier
OFF to ON V.22 bis s2ms 270 ms
V.22 s2ms 270 ms
Bell 212A s2ms 270 ms
v.21 25ms 25ms
Bell 103 2-5ms 25ms
V.23 5-20 ms 5-20 ms
ON to OFF All <2 ms <2ms
Note: The CTS OFF to ON response time is host programmable
in DSP RAM for some configurations.
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the frequency range 900 Hz to 1500 Hz (low channel) and
2100 Hz to 2700 Hz (high channel).

TRANSMIT LEVEL

The default transmitter output level is -6.0 dBm +1.0 dB.
The output level can be selected from 0 dBm to —15 dBm
in 1 dB steps (TLVL bits).

TRANSMIT TIMING

Transmitter timing is selectable between internal
(£0.01%), external , or loopback (TXCLK bits). When ex-
ternal clock is selected, the external clock rate must equal
the desired data rate +0.01% with a duty cycle of 50 + 20%.

SCRAMBLER/DESCRAMBLER

A self-synchronizing scrambler/descrambler satisfying the
applicable CCITT recommendation or Bell specification is
incorporated. The scrambler and descrambler can be
enabled or disabled (SDIS and DDIS bits, respectively)

RECEIVE LEVEL

The receiver satisfies performance requirements for
received line signals from -9 dBm to —43 dBm. The
received line signal is measured at the Receiver Analog

(RXA) input.
RECEIVER TIMING

A = 0.01% frequency error in the associated transmit
timing source can be tracked.

CARRIER RECOVERY

A = 7 Hz frequency offset in the received carrier can be
tracked with less than a 0.2 dB degradation in bit error rate
(BER).

CLAMPING

Received Data (RXD) is clamped to a constant mark
whenever the Received Line Signal Detector (RLSD) out-
put is off.
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RTS - CTS RESPONSE TIME

The response times of CTS relative to a corresponding
transition of RTS are listed in Table 3. The response time
depends on the receiver operating in either constant car-
rier or controlled carrier mode (CC bit).

ASYNC/SYNC, SYNC/ASYNC CONVERSION

For parallel asynchronous data transfer, an
asynchronous-to-synchronous converter is provided in the
transmitter, and a synchronous-to-asynchronous con-
verter is provided in the receiver. Asynchronous or
synchronous' mode is selected by the ASYNC bit. The
asynchronous character format is 1 start bit, 5 to 8 data
bits (WDSZ bits), an optional parity bit (PARSL and PEN
bits), and 1 or 2 stop bits (STB bit). Valid character sizes,
including all bits, are 7, 8, 9, 10 or 11 bits per character.

When the transmitter’s converter is operating at the basic
signaling rate, no more than one stop bit will be deleted per
8 consecutive characters. When operating at the extended
rate, no more than one stop bit will be deleted per 4 con-
secutive characters.

Two ranges of signaling rates are provided (selectable by
the EXOS bit):

Basic range: +1% to —2.5%
Extended overspeed range: +2.3% to —2.5%

Break is handled in the transmitter and receiver as
described in V.22 bis. If the RC2424DP/DS transmitter
detects M to 2M + 3 bits of “start” polarity from the DTE,
where M is the number of bits per character, the
RC2424DP/DS will transmit 2M + 3 bits of start polarity. If
the modem detects more then 2M +3 bits of start polarity,
it will transmit all these bits as start polarity.

The RC2424DP/DS receiver will output the 2M + 3 or more
bits of start polarity on RXD and will set the BRKD bit.
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PIN ASSIGNMENTS

The RC2424DP/DS pin assignments are shown in
Figure 2. The pin assigments are listed by pin number in
Tables 4 and 5 for the DSP and IA devices, respectively.

AGND |1 @ 40 [INC.
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Figure 2. RC2424DP/DS Device Set Pin Assignments
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Table 4. RC2424DP/DS DSP Pin Assignments Table 5. RC2424DP/DS IA Pin Assignments
68-Pin PLCC | 64-Pin QUIP ignal /0 ﬁ-P PLCC 10-P|n DIP nal [*]
Pin Number | Pin Number ?lgme T‘pe n “‘um‘bﬁr Pin Number ﬁgme 'Ijépe

52 1 Mi 1 - N.C.
53 2 Mis 2 1 AGND
54 - DGND 3 2 Mi14
55 3 4 3 Mi6
56 4 EYECLK OA 5 4 Mi8
57 5 RDCLK OA 6 - N.C.
58 6 RBCLK OA 7 5 M7
59 7 BXD_ OA 8 6 AGND
60 8 BLSD_ OA 9 7 DGND
61 9 J/DRC 1A 10 8 MIS
62 10 RTS 1A 11 9 =SVA ____
63 11 RXD (3105) 1A 12 10 RESETTC 1A
64 12 TXR1 (3105) o8B 13 11 POR__ IA/OA
65 13 TXR2 (3105) oB 14 12 T/ORC 1A
66 14 TRS (3105) oB 15 13 N.C.
67 15 N.C. 16 14 JLKRELAY oD
68 16 N.C. 17 15 OHRELAY oD
1 17 DGND 18 16 N.C.
2 18 D7 IA/OB 19 17 DGND
3 19 D6 IA/OB 20 18 -5VA
4 20 D5 1A/OB 21 19 Mi10
5 21 D4 IA/OB 22 20 Mit1
6 22 D3 IA/OB 23 21 AGND
7 23 D2 IA/OB 24 22 Mi13
8 24 D1 1A/OB 25 23 Mi4
9 25 Do IA/OB 26 24 AGND
10 26 oc 27 25 DGND
1 27 WRITE 1A 28 - N.C.
12 28 cs 1A 29 26 N.C.
13 29 READ 1A 30 27 TRAN OUT O (DD)
14 30 RS4 1A 31 28 MI3
15 - DGND 32 29 Mi2
16 31 RS3 1A 33 30 +5VA
17 32 RS2 1A 34 31 Mit
18 33 RS1 1A 35 32 AGND
19 - DGND 36 33 BIAS |
20 34 RSO 1A 37 34 REC IN 1 (DB)
21 35 NC. 38 35 REC OUT O (DA)
22 36 DSR oB 39 - N.C.
23 37 RI oB 40 36 Mi12
24 38 EN86 1A 4 37 MI15
25 39 EYEY OB 42 38 AGND
26 40 EYEX OB 43 39 +5VA
27 41 EYESYNC oB 44 40 N.C.
28 42 N.C
29 43 RESET 1A Notes:
30 44 XTU | MI = Modem Interconnection (e.g., MI7), see Figure 3.
31 45 XTLO o N.C. = No Connection, leave pin disconnected (open).
32 46 N.C. 1/O Type: See Tables 7 and 8.
33 47 N.C.
34 48 N.C
35 49 +5V
36 50 Mz
37 51 Mi2
38 52 RD 1A
39 53 XTCLK 1A
40 54 DGND
41 55 CTS OA
42 56 TXD 1A
43 57 TBCLK OA
44 58 TDCLK OA
45 59 Mi2
46 60 N.C
47 61 MI3
48 62 Mi4
49 63 MIS
50 64 Mi6
51 - DGND
Notes:
MI = Modem Interconnection (e.g., MI7), see Figure 3.
N.C. = No Connection, leave pin disconnected (open).
1/0 Type: See Table 7.
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HARDWARE INTERFACE SIGNALS

The RC2424DP/DS hardware functional interface signals
are shown in Figure 3. In this diagram, any point that is ac-
tive low is represented by a small circle at the signal point.

Edge triggered inputs are denoted by a small triangle (e.g.,
TDCLK). Open-Collector (open-source or open-drain) out-
puts are denoted by a small half-circle (e.g., IRQ). Active
low signals are overscored (e.g., POR).

A clock intended to activate logic on its rising edge (low-
to-high transition) is called active low (e.g., RDCLK), while

a clock intended to activate logic on its falling edge (high-
to-low transition) is called active high (e.g., TDCLK). When
a clock input is associated with a small circle, the input ac-
tivates on a falling edge. If no circle is shown, the input ac-
tivates on a rising edge.

The hardware interconnect signals are organized into
functional groups. These signals, along with their interface
circuit type codes, are listed in Table 6. The digital and
analog interface characteristics are defined in Tables 7
and 8, respectively.

RC2424DP/DS DEVICE SET
- A \ OSCILLOSCOPE
b——F% g e +sv S
[ EYEX _
TXD EYEY g EYE
4 TDCLK EYESYNC o] PATTERN
XTCLK EVECLK GENERATOR
V.24 RXD >
INTERFACE | - 5V
4 RDCLK sv
p————0 [-— -
X RALSD a
DSR TRAN OUT TXA
pt———— ANTIALIASING >
O ——
REC OUT FLTER | _ RXA
REC IN
}— ENS6 o] Rcaazappips RC2424DP/DS |- COMPONENTS | TE'-E’;‘":"E
READ
PO}
WRITE Dsp 1A INTERFACE
OHRELAY -
DATA BUS (8) . O- -0
ADDRESS BUS (5) % ] RD
HoST | RS0-RS4
PROCESSOR :
BUS
INTERFACE _ TLKRELAY
DECODER [P#Q Cs 5O —ore
p— —] DdT—'\/v\/*-O ANCILLARY
¢ D - CIRCUIT
. RBOLK INTERFACE
TBCLK |
XTLI o e
CRYSTAL XTLO RXD
TXR1 _
TXR2 TCM3105
RESET TRS _
NOTE: REQUIRED EXTERNAL COMPONENTS
ARE NOT SHOWN (SEE FIGURE 9).

Figure 3. RC2424DP/DS Functional Interface
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Table 6. RC2424DP/DS Hardware Interface Signals

Table 6. RC2424DP/DS Hardware Interface Signals

(Cont’d)
o /0
Name Type Description Name e Type Description
DSP and IA Overhead DSP/V.24 interface
AGND GND Analog Ground Return XTCLK 1A Externa! Transmit Clock
iqi TDCLK OA Transmitter Data Clock
DGND GND Digital Ground Return RDCLK OA Receiver Data Clock
+5V PWR +5 Volt Supply (DSP & 1A) RTS A RequestTo-Send
Y VR T volt Supply (4 cTs 0A ClearTo-Send
RESET 1A Reset (DSP) DSR OB Data Set Read!
POR IA/JOA Power-On-Reset (IA) A Sorial T .{Da
RESET 7C IA Reset Time Constant (1A) ;’)‘(g oa e Rt o
ﬁlo lo gz:::: 'gut RLSD OA Received Line Signal Detector
DSP/Host Processor Pararallel Bus Interface —RIAI/E)aormI Filter c«?: nents Ring Indicator
| 1A/External Filter Components
g; :2//83 t RECIN [»:] |A Receiver Op Amp Input
D5 |A/OB REC OUT DA |IA Receiver Op Amp Output
D4 JA/OB Data Bus (8-Bits) TRAN OUT DD |A Transmitter Analog Output
D3 JA/OB | External Filter Components/Line Interface
D2 IA/OB RXA DE Receive Analog Input
D1 IA/OB TXA DF Transmit Analog Output
Do IA/OB ! IA/Line Interface
R " } GHRELAY oD Off-Hook Relay Driver
RS2 A Register Select (5-Bits) DSP/Ancilfary Circuits
RsS1 1A TBCLK OA Transmit Baud Clock
RS0 1A ) RBCLK OA Receive Baud Clock
cs 1A Chip Select 1A/Ancillary Circuits
READ (¢2)__ 1A F(e.ad Enable or 2 Clock _ T/DRC 1A Uncommitted Relay Control
YVR—QTE (RW) Igc :Nme Ena;le or Read/Write TLKRELAY oD Uncommitted Relay Driver
nterrupt Request
ENS6 Enable 8086 Bus DSP/Eye Pattern Generator (Diagnostic Circuit)
DSP/TCM3105 Interface EYEX oB Eye Pattern Data X-Axg's
RXD (3105) 1A V.23 Receive Data EYECLK gz gz E:g:m glaot:kY-Axls
TXR1 (3105) oB V.23 TCM 3105 Control EYESYNC oB Eye Pattern Sync
TXR2 (3105) oB V.23 TCM 3105 Control ik m
TRS (3105) OB V.23 TCM 3105 Control NOTES: 1. I/O types are described in Table 7 (digital signals) and
DSP/Line Interface 2 e e ek or ground require individual
" .Unused inputs tied to +5V or ground require individu
RD 1A Ring Detect 10K Q series resistors.
Table 7. Digital Interface Characteristics
Parameter Symbol Min. Typ. Max. Units Test Conditions
Input High Voltage (Types A & B) ViH 2.0 - Vee Vde
Input High Current e - - 40 pA Vce =5.25V, ViN = 5.26V
Input Low Voltage (Types A & B) ViL -0.3 - . 08 Vde
Input Low Current IH - - -400 pA Vce =5.26V
Input Leakage Current IN - - 25 A Vin =0 to +5V, Ve = 5.25V
Output High Voltage VoH Vde
Type Aand B 35 - - lLoap = - 100 pA
Type D - - Vee lLoap = 0 mA
Output Low Voitage VoL Vde
Type Aand C - - 0.4 lloap = 1.6 mA
Type B - - 04 lLoap = 0.8 mA
Type D - 0.75 - Ioap = 15 mA
Three—State Input Current (Off) Irsi - - =10 A ViN=0.4to Vcc -1
Power Dissipation Po - 530 850 mw

1-111




RC2424DP/DS
Table 8. Analog Interface Characteristics
Name Type Characteristic
REC OUT DA | 1458 type op amp output
Dynamic range: -9 dBm to —43 dBm
RECIN DB | 1458 type op amp input
TRAN OUT| DD | 1458 type op amp output
Po (High Band) = 0.5 dBm
Po (Low Band) = -2.5 dBm
RXA DE |Inputimpedance: 68.1 KQ = 1%
Receive level: -9 dBm
TXA DF | 1458 type op amp output
Output level: 0 dBm +1 dB
OVERHEAD SIGNALS

Overhead signals include power, ground, reset, and crys-
tal signals.

+ 5V Supply

+5V = 5% is required by both the DSP and the IA devices.
-5V Supply

-5V = 5% is required by the |A device.

DSP Reset (RESET)

The active low RESET input resets the internal DSP logic.
Upon transition of RESET from low-to-high, the DSP inter-
face memory bits are set to the default values shown in
Table 11.

During DSP power turn-on, RESET must be held low for
at least 0.5 microseconds after Vcc operating voltage is
attained for the internal clock oscillator to stabilize. The
DSP RESET input is usually tied to the IA POR line to have
the IA POR output initiate a reset upon RC2424DP/DS
power turn-on or if the |A detects a low power condition.

Power-On-Reset (POR)

The IA Power-On Reset (POR) signal is a bidirectional sig-
nal that is used as an active low input to reset the A device
and as an active low output to initiate an external reset of
the DSP when a low power condition is detected within the
1A device.

The IA device power-on reset circuit monitors the 1A +5V
supply and outputs a 100 ms to 300 ms low pulse on POR
upon IA +5V turn-on. This pulse is generated regardless
of the IA -5V supply level. A 10 ms minimum low pulse on
POR is also generated when the IA +5V supply drops
below 3.5V.

When DSP RESET and IA POR are tied together, the IA
devices pulses POR low upon |A power turn-on to begin

2400 bps Full-Duplex Modem Device Set
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the POR sequence. The modem is ready 350 ms after the
low-to-high transition of POR. The POR sequence is
reinitiated any time the +5V supply drops below +3.5V for
more than 30 ms, or an external device drives POR low for
atleast 3 us. POR is not pulsed low by the IA device when
the POR sequence is initiated externally.

NOTE: If the modem is used in applications where the
supply voltage can drop below +4.75V but not low enough
to cause a POR sequence (j.e., <+3.5V), the host system
should assert the reset signals to the DSP and |A devices
upon supply voltage recovery to ensure proper modem in-
itialization and operation.

IA Reset Time Constant (RESET TC)

When IA POR is used as described above, an external dis-
crete RC network must be connected to the RESET TC pin
to generate the POR long time constant (see Figure 9).

In modem circuits not requiring the bidirectional POR sig-
nal, the RESET TC input can be used_as the active low
reset input to the |A device rather than POR. In this case,
the RESET TC should be connected to the DSP RESET
input instead of the RC network, and the IA POR input
should be left open.

Crystal In (XTLI) and Crystal Out (XTLO)

The DSP must be connected to an external crystal circuit
consisting of a 24.00014 MHz crystal and two capacitors
(see Figure 9 and Table 19).

MICROPROCESSOR INTERFACE

Eighteen address, data, control and interrupt hardware in-
terface signals implement an 8086/6502 compatible paral-
lel microprocessor interface to a host processor. The
read/write cycle timing requirements are listed in Table 9
and the timing waveforms are illustrated in Figure 4.

This parallel interface allows the host to change modem
configuration, read or write channel and diagnostic data,
and supervise modem operation by writing control bits and
reading status bits. The definitions of the control and
status bits, along with the methods of data interchange,
are discussed in the Software Interface Section.

Table 9. Microprocessor Bus Interface Timing

Parameter Symbol Min. | Max. |Units
CS Setup Time TCS 0 - ns
RSi Setup Time TRS 25 - ns
Data Access Time TDA - 75 ns
Data Hold Time TDHR 10 — ns
Control Hold Time THC 10 - ns
Wirite Data Setup Time TWDS 20 - ns
Write Data Hold Time TDHW 10 - ns
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READ WRITE

cs _.I\ / } _ I_/

TRS —»{ («—THC TRS — |<—THC

(i=0-4)
WRITE N y

READ N\ /
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(i=0-7)

a. 8086 Bus Compatible (EN86 = High)
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Figure 4. Microprocessor Bus Interface Waveforms
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Data Lines (D0-D7)

Eight bidirectional data lines (DO-D7) provide parallel
transfer of data between the host and the modem. The
most significant bit is D7. Data direction is controlled by the
Read Enable (READ) and Write Enable (WRITE) signals.

Chip Select (CS)

The active low Chip Select (55) input selects the modem
DSP for parallel data transfer between the DSP and the
host over the microprocessor bus.

Register Select Lines (RSO - RS4)

The five active high Register Select inputs (RS0 - RS4) ad-
dress interface memory registers withiri the DSP when CS
is low. These lines are typically connected to address lines
AO-A4.

When selected by CS low, the DSP decodes RS0 through
RS4 to address one of 32 8-bit internal interface memory
registers (00-1F). The most significant address bit is RS4
while the least significant address bit is RS0. The selected
register can be read from, or written into, via the 8-bit paral-
lel data bus (D0-D7).

Read Enable (READ) and Write Enable(WRITE)

The microprocessor bus operates with either 8086 or 6502
compatible timing as selected by the EN86 input.

When ENB86 is high, 8086 timing is selected, and the
read/write control signals are Read Enable (READ) and
Write Enable (WRITE). Reading_or writing is controlled by
the host pulsing either READ or WRITE input low, respec-
tively, during the microprocessor bus access cycle (Figure
4a).

During a read cycle, data from the addressed DSP inter-
face memory register is gated onto the data bus by means
of three-state drivers in the DSP. These drivers force the
data lines high for a one bit, or low for a zero bit. When not
being read, the three-state drivers assume their high-im-
pedance (off) state.

During a write cycle, data from the data bus is copied into
the addressed DSP interface memory register, with high
and low bus levels representing one and zero bit states,
respectively.

When ENB86 is low, 6502 timing is selected, and the
read/write_control signals are Phase 2 Clock (¢2) and
Read/Write (R/W). (¢2 replaces READ and R/W replaces
WRITE.) Reading or_writing is controlled by pulsing R/W
low or leaving R/W high, respectively, during the
microprocessor bus access cycle (Figure 4b).
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Interrupt Request (IRQ)

The modem Interrupt Request (IRQ) output may be con-
nected to the host interrupt request input in order to inter-
rupt host program execution for immediate modem
service. The IRQ output can be enabled in the DSP inter-
face memory to indicate immediate change of conditions
in the modem DSP device. The use of IRQ is optional
depending upon modem application. Refer to the Software
Considerations Section for a summary of the modem inter-
rupt bits, interrupt conditions and interrupt clearing proce-
dures.

The IRQ output structure is an open-drain field-effect-tran-
sistor (FET). The IRQ output can be wire-ORed with other
IRQ lines in the application system. Any of these sources
can drive the host interrupt request input low, and the host
interrupt servicing process normally continues until all in-
terrupt requests have been serviced (i.e., all IRQ lines
have returned high).

Because of the open-drain structure of IRQ, an external
pull-up resistor to +5V is required at some point on the IRQ
line. The resistor value should be small enough to pull the
IRQ line high when all IRQ drivers are off (i.e., it must over-
come the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level ac-
ceptable to each driver. If only the modem IRQ output is
used, a resistor value of 5.6K ohms +20%, 0.25W, is suf-
ficient.

V.24 INTERFACE

Ten hardware circuits provide timing, data and control sig-
nals for implementing a CCITT Recommendation V.24
compatible serial interface. The serial interface signals
are TTL compatible and can drive the short wire lengths
and circuits normally found within stand-alone modem
enclosures or equipment cabinets. For driving longer
cables, these signals can be easily converted to RS-232-
C voltage levels using 1489 receivers and 1488 drivers, or
their equivalents. The serial interface timing is illustrated
in Figure 5.

The RTS hardware control input is logically ORed with its
corresponding interface memary bit by the modem to form
the resultant control signal. The state of each hardware
status output signal (CTS, DSR, RLSD, and Rl) is also
reflected in its corresponding interface memory bit. Note
that the hardware interface signals are complemented with
respect to their corresponding interface memory bits (e.g.,
RTS signal low = RTS bit setto a 1).
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b. Receive
Figure 5. Serial Interface Waveforms
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Transmitted Data (TXD)

The modem obtains serial data to be transmitted from the
host on the Transmitted Data (TXD) input in serial mode,
or from the interface memory Transmit Data Register
(TBUFFER) in parallel mode. (The TPDM bit in selects the
serial or parallel mode.)

Received Data (RXD)

The modem presents received serial data to the host on
the Received Data (RXD) output and to the interface
memory Receive Data Register (RBUFFER) in both serial
and parallel modes. RXD is clamped to mark in SDLC
mode.

Request To Send (RTS)

Request to Send (RTS) input ON (low) causes the modem
to transmit data on TXD when CTS becomes active.

Clear To Send (CTS)

Clear to Send (CTS) output ON (low) indicates that the
modem will transmit any data present on TXD. CTS
response times relative to RTS are shown in Table 3.

Data Set Ready (DSR)

Data Set Ready (DSR) output ON (low) indicates that the
modem is in the data transfer state, i.e.:

1. The modem is not in the talk state, i.e., an as-
sociated telephone handset is not in control of the
line.

2. The modem is not in the process of automatically
establishing a call via pulse or DTMF dialing.

3. The modem has generated an answer tone or
detected answer tone.

DSR OFF (high) indicates that the host is to disregard all
signals appearing on the interchange circuits except Ring
Indicator (RI).

Received Line Signal Detector (RLSD)

RLSD ON (low) indicates that valid data is available on
RXD. The RLSD thresholds are programmable in DSP
RAM. The RLSD default threshold values for both high and
low channels are:

RLSD ON =-43 dBm
RLSD OFF < —48 dBm

Ring Indicator (RI)

Ring Indicator (RI) output ON (low) indicates the presence
of an ON segment of a ring signal on the telephone line.
(The ring signal cycle is typically two seconds ON, four
seconds OFF.) The OFF (high) condition of the Rl output
is maintained during the OFF segment of the ring cycle
(between rings) and at all other times when ringing is not
being received.
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TheRI frequency range is programmable in DSP RAM. Rl
will respond to RD input signals in the frequency range of
15.3 Hz to 68 Hz (default values).

The RI OFF-to-ON (ON-to-OFF) response time is defined
as the time interval between the sudden connection
(removal) of the ring signal on the RD input and the sub-
sequent ON (OFF) transition of RI. The Rl response times
are shown in Table 10.

Table 10. Rl Response Time

Ri Transition Response Time
OFF to ON One Period *
ON to OFF One Period
* Period of the ring frequency.

Transmit Data Clock (TDCLK)

The modem outputs a Transmit Data Clock (TDCLK) in
synchronous communications. The TDCLK clock frequen-
cy is datarate +0.01% with a duty cycle of 50 + 1%. Trans-
mit Data (TXD) must be stable during the one microsecond
period immediately preceding and following the rising
edge of TDCLK.

In asynchronous modes, TDCLK is clamped to mark.
External Transmit Clock (XTCLK)

In synchronous communication, the host may supply the
external transmit data clock input (XTCLK). The clock sup-
plied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is reflected at TDCLK if the
modem is set for external clock (TXCLK = 10).

Receive Data Clock (RDCLK)

The modem outputs a Receive Data Clock (RDCLK) in the
form of 50 +1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of
received data bits. The timing recovery circuit can track a
+0.01% frequency error in the remote transmit timing
source.

RDCLK is output in synchronous communications only. in
asynchronous modes, RDCLK is clamped to mark.

DAA INTERFACE
Receive Analog (RXA)

RXA is an input to the external filter components from a
data access arrangement (see Figure 9). The input im-
pedance at RXA is determined by R13 (see Design Con-
siderations Section). R13 is selected such that power at
REC OUT is -9 dBm when the maximum signal is applied
to RXA.
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Transmit Analog (TXA)

The TXA output from the external filter components (see
Figure 9) can drive a data access arrangement for connec-
tion to either the PSTN or a leased line. The transmitter
output impedance is a 1458 type operational amplifier out-
put. The output level is determined by R15 (see Design
Considerations Section).

ANCILLARY SIGNALS
Talk/Data Relay Driver (TLKRELAY)

TLKRELAY is an open drain output which can drive a nor-
mally closed relay with greater than 360  coil resistance.
The TLKRELAY output is controlled by the T/DRC input.
The TLKRELAY output is clamped off during power-on
reset. An external discrete diode is not required across the
relay coil.

In a typical application, TLKRELAY OFF opens the
Talk/Data relay and disconnects the handset from the
telephone line (i.e., the modem has control of the line.)

Off-Hook Relay Driver (OHRELAY)

OHRELAY is an open drain output which can drive a nor-
mally open relay with greater than 360 Q coil resistance.
OHRELAY ON closes the Off-Hook relay and connects the
modem to the telephone line (off-hook). The OHRELAY
output is controlled by the state of the RA bit, except in
pulse dial mode. OHRELAY output is clamped off during
power-on reset. An external discrete diode is not required
across the relay coil.

Talk/Data Relay Control (T/DRC)

Talk/Data Relay Control (T/DRC) is an uncommitted input
that controls the state of the TLKRELAY output. T/DRC low
turns the TLKRELAY output ON; T/DRC high turns the
TLKRELAY output OFF.

Ring Detect (RD)

RD indicates to the modem by an ON (high) condition that
aringing signal is present. The signal (a 4N35 optoisolator
compatible output) into the RD input should not respond to
momentary bursts of ringing less than 125 ms in duration,
or to less than 40 Vrms, 15 Hz to 68 Hz, appearing across
TIP and RING with respect to ground. The ring is then
reflected on RI.

Transmitter Baud Clock (TBCLK) and
Receiver Baud Clock (RBCLK)

Transmitter Baud Clock (TBCLK) and Receiver Baud
Clock (RBCLK) outputs are provided in synchronous com-
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munication modes. TBCLK and RBCLK have no counter-
partin the V.24 or RS-232-C recommendations since they
mark the baud interval rather than the data rate for the
transmitter and receiver, respectively. Both signals are
active high. The high-to-low transition of each baud clock
coincides with a high-to-low transition of the respective
data clock.

DIAGNOSTIC SIGNALS

Four signals provide the timing and data necessary to
create an oscilloscope quadrature eye pattern. The eye
pattern is simply a display of the received baseband con-
stellation. By observing this constellation, common line
distrubances can usually be identified. Timing of these sig-
nals is illustrated in Figure 6.

EYEX and EYEY

The EYEX and EYEY outputs provide two serial bit
streams containing data for display on the oscilloscope
horizontal (X) axis and vertical (Y) axis, respectively. This
serial digital data must first be converted to parallel digital
form by two serial-to-parallel converters and then to
analog form by two digital-to-analog (D/A) converters.

EYEX and EYEY outputs are 8-bit words, shifted out most
significant bit first. EYEX and EYEY are clocked by the
rising edge of EYECLK.

EYECLK

EYECLK is a clock for use by the serial-to-parallel con-
verters. The EYECLK output is a 7200 Hz clock.

EYESYNC

EYESYNC is a strobe for word synchronization. The fall-
ing edge of EYESYNC may be used to transfer the 8-bit
word from the shift register to a holding register. Digital to
analog conversion can then be performed for driving the X
and Y inputs of an oscilloscope.

EYESYNC —J L

Figure 6. Eye Pattern Timing

EYEX,
EYEY
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SOFTWARE INTERFACE
Modem functions are implemented in DSP firmware.

INTERFACE MEMORY

The DSP communicates with the host processor by means
of a dual-port, interface memory. The interface memory in
the DSP contains thirty-two 8-bit registers, labeled register
00 through 1F. Each register can be read from, or written
into, by both the host and the DSP. The host communi-
cates with the DSP interface memory via the microproces-
sor bus.

The host can control modem operation by writing control
bits to DSP interface memory and writing parameter
values to DSP RAM through the interface memory. The
host can monitor modem operation by reading status bits
from DSP interface memory and reading parameter values
from DSP RAM through interface memory.

INTERFACE MEMORY MAP

A memory map of DSP interface memory identifying the
contents of the 32 addressable registers is shown in
Figure 7. These 8-bit registers may be read or written
during any host read or write cycle. In order to operate on
a single bit or group of bits in a register, the host proces-
sor must read a register then mask out unwanted data.
When writing a single bit or group of bits in a register, the

host processor must perform a read-modify-write opera-
tion. That is, the host must read the entire register, set or
reset the necessary bits without altering the other register
bits, then write the unaffected and modified bits back into
the interface memory register.

INTERFACE MEMORY BIT DEFINITIONS

Table 11 defines the individual bits in the interface
memory. Bits in the interface memory are referred to using
the format Z:Q. The register number is denoted by Z (00
through 1 F) and the bit number is located by Q (0 through
7, where 0 = LSB).

INITIALIZATION

The POR default value for each configuration/control bit is
shown in Table 11. POR leaves the modem configured as
follows:

* 2400 bps

» Synchronous

« Constant carrier

« Serial data mode

» Answer mode

Bit

7 6 5 4 3 2 1 0
1F NSIA [ NCIA | — | NSIE [NEWS| NCIE | — | NEWC
1E TDBIA [RDBIA [TDBIE| — | TDBE |RDBIE | — | RDBF
1D xacc| — [ — [ — - | = XCR
1C X RAM ADDRESS (XADD)
1B Yaccl — T — T — — — JYWT [YCR
1A RAM ADDRESS (YADD)
19 X RAM DATA MSB (XDAM)
18 X RAM DATA LSB (XDAL) |
17 Y RAM DATA MSB (YDAM)
16 Y RAM DATA LSB (YDAL)
15 =] =T =TT = - =
14 S I N T - — —
13 VL — — TXCLK
12 CONFIGURATION (CONF)
1 = 1 = 1 — - | — — — J1XP
;g — TRANSMIT DATA BUFFER (TBUFFER)

— | C18 [ T™ ]

OE___[RTDET| BRKD
0D - 1 = |SADET |
0C — —
0B [TONEA|TONEB|
0A - -

09 NV25 | CC —
08 |ASYNC|TPDM - RTS
07 RDLE | RDL [L2ACT| — |LSACT| — | RA _|MHLD
06 BRKS S| PARSL PEN | STB WDSZ
05 — | — | — T —TCeQ| — | — —
04 [EORES| — — — |EQFZ| IFIX | — |CRFZ
2 SYNCM| SPLIT| — | ARC | SDIS | GTE | GTS
01 = | — — — — — — P
00 RECEIVER DATA BUFFER (RBUFFER)

(=) Indicates reserved for modem use only

Figure 7. RC2424DP/DS Interface Memory Map
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Table 11. Interface Memory Bit Definitions

Memory Default

Mnemonic | Location Value Name/Description
ARC 03:3 0 Automatic Rate Change Enable. When control bit ARC is a 1, an automatic on-line rate
change sequence is enabled. This allows on-line fallback from 2400 bps to 1200 bps per
V.22 bis Section 6.6.
ASYNC 08:7 0 Asynchronous/Synchronous. When control bit ASYNC is a 1, asynchronous data mode is

selected. When ASYNC changes from a 0 to a 1, the receiver’s synchronous to
asynchronous converter and the transmitter's asynchronous to synchronous converter are
configured according to the EXOS, PARSL, PEN, STB and WDSZ bits at that time. ASYNC
may be used to switch between synchronous and asynchronous modes at any time in idle
or data mode. Asynchronous communication is available only in parallel data mode (TPDM
=1). All clocks are clamped to mark in asynchronous mode.

When ASYNC is a 0, synchronous data mode is selected. The SYNCMD bits further select
one of two synchronous modes.

ATBELL 0B:3 0 Bell Answer Tone Detected. When set to a 1, status bit ATBELL indicates that the modem
is detecting a 2225 Hz answer tone. When reset to a 0, the 2225 Hz answer tone is not
being detected. ATBELL is active only in the Dial/Call Progress and originate handshake
configurations.

ATV25 0B:4 0 V25 Answer Tone Detected. When set to a 1, status bit ATV25 signifies that the modem is
detecting a 2100 Hz answer tone. When reset to a 0, the 2100 Hz answer tone is not being
detected. ATV25 is only active in the Dial/Call Progress and originate handshake modes
(ORG =1).

BEL103 0B:0 0 Bell 103 Mark Frequency Detected. When set to a 1, status bit BEL103 indicates that the
modem is detecting a Bell 103 mark frequency (1270 Hz). When reset to a 0, the mark fre-
quency is not being detected. BEL103 is available only in Dial/Call Progress and answer
handshake modes (ORG = 0).

BRKD OE:6 0 Break Detected. When set to a 1, status bit BRKD indicates the modem is receiving con-
tinuous space. When reset to a 0, continuous space is not being received.
BRKS 067 0 Break Sequence. When control bit BRKS is a 1 and TPDM is a 1, the modem will send con-

tinuous space. When BRKS is a 0 and TPDM is a 1, the modem will transmit parallel data
from the TBUFFER. (This bit is valid only when TPDM = 1.)

CcC 09:6 0 Controlled Carrier. When control bit CC is a 1, the modem operates in controlled carrier
(i.e., the carrier is controlled by RTS); when 0, the modem operates in constant carrier (i.e.,
the carrier stays on when RTS is off). Controlled Carrier is available only in leased line
(LL=1).

Controlled carrier allows the modem transmitter to be controlled by the RTS pin or the RTS
bit (see Table 3). When the RTS pin goes low, or the RTS bit set to a 1, the transmitter im-
mediately sends scrambled ones for 270 ms and then turns on the CTS signal and the CTS
bit. At 2400 bps, it is recommended that a retrain be sent once in the data mode to ensure
that synchronization occurs. (V.22 bis)

CEQ 05:3 0 Compromise Equalizer Enable. When control bit CEQ is a 1, the transmitter’s passband
digital compromise equalizer is inserted into the transmit path. When CEQ is a 0, the
equalizer is not inserted into the transmit path.
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Table 11. Interface Memory Bit Definitions (Cont’d)
Memory Default
Mnemonic | Location Value Name/Description
CONF 12:0-7 84 Modem Configuration Select. The CONF control bits select the modem operating mode
from one of the following configuration codes:
Data Rate (bps)

Mode Transmit  Receive CONF (Hex)
V.22 bis 2400 2400 84
V.22 1200 1200 52
V.22 600 600 51
Bell 212A 1200 1200 62
Bell 103 0-300 0-300 60
V.21 300 300 A0
V.23 75 1200 46
v.23 1200 75 47
V.23 75 600 44
V.23 ' 600 75 45
V.23 1200 1200 42
V.23 600 600 41
V.23 75 75 40
Tone Generator/Detector 80
Dial/Call Progress Monitor ' 81
Note: NEWC must be set to a 1 after CONF is changed.

CRCS 0A:0 0 CRC Sending. When set to a 1, status bit CRCS indicates that the transmitter is sending
the CRC (2 bytes) in SDLC mode. A 0 indicates that the CRC is not being sent.

CRFZ 04:0 0 Carrier Recovefy Freeze. When control bit CRFZ is a 1, updating of the receiver’s carrier
recovery phase lock loop (PLL) is inhibited. When reset to a 0, normal updating is enabled.

CTS ‘OF:5 0 Clear to Send. When set to a 1, status bit CTS indicates that the training sequence has
been completed and any data present at TXD (serial mode) or in TBUFFER (parallel mode)
will be transmitted (see TPDM). CTS response times from an RTS ON or OFF transition
after the modem has completed a handshake are shown in Table 3. When reset to a 0, data
is not being transmitted.

DATA 09:2 0 Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not
being transmitted. The modem is prevented from entering and proceeding with the hand-
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to
a 1 by the host at a suitable time after completion of dialing or answering.

When control bit DATA is a 1, the modem is in the data mode in either leased line mode (LL
= 1) or handshake mode (LL = 0).

DDIS 08:4 0 Descrambler Disable. When control bit DDIS is a 1, the receiver's descrambler circuit is
disabled; when a 0, the descrambler circuit is enabled.

DSR OF:4 0 Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is in the
data transfer state. When reset to a‘0 (OFF), DSR indicates that the DTE s to disregard all
signals appearing on the interchange circuits—except RI.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

DTMF

EQFZ

EQRES

EXOS

FE

FLAGS

GTE

GTS

IFIX

LL

L3ACT

09:5

04:7

06:6

OE:4

OF:0

09:3

07:5

07:3

0

DTMF Select. When the modem is configured for dialing mode (CONF = 81), the modem
will dial using DTMF tones or pulses. When control bit DTMF is a 1, the modem will dial
using DTMF tones. When DTMF is a 0, the modem will dial using pulses. The DTMF bit can
be changed during the dialing process to allow either tone or pulse dialing of consecutive
digits. Dialing mode is selected by configuration code 81 in the Configuration Register
(CONF). When in dialing mode, the data placed in the Transmitter Data Buffer (TBUFFER)
is treated as the digit to be dialed. The number to be dialed must be represented by two
hexadecimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the TBUFFER).
Also, see TDBE bit.

Dialing timing is host programmable in DSP RAM.

Equalizer Freeze. When control bit EQFZ is a 1, updating of the receiver’s adaptive
equalizer taps is inhibited. When a 0, updating is enabled.

Equalizer Reset. When control bit EQRES is a 1, the receiver adaptive equalizer taps are
reset to zero. When a 0, the equalizer taps are updated normally.

Extended Overspeed. When control bit EXOS is a 1, Extended Overspeed mode is
selected in the transmitter async-to-sync converter and in the receiver sync-to-async con-
verter. When a 0, normal overspeed mode is selected. (See SPLIT)

Framing Error. When set to a 1, status bit FE indicates that more than 1 in 8 (or 1 in 4 for
extended overspeed) characters were received without a Stop bit in asynchronous mode or
an ABORT sequence was detected in SDLC/HDLC synchronous mode. When resetto a 0,
no framing error is detected.

Flag Sequence. When set to a 1, status bit FLAGS indicates that the transmitter is sending
the Flag sequence in SDLC/HDLC mode, or a constant mark in parallel asynchronous
mode. When reset to a 0, FLAGS indicates that the transmitter is sending data.

Guard Tone Enable. When control bit GTE is a 1, the specified guard tone to be trans-
mitted is enabled (CCITT configurations only), according to the state of the GTS bit. The
guard tone will be transmitted only by the answering modem. When set to a 0, guard tone
transmission is disabled. (V.22 bis)

Guard Tone Select. When control bit GTS is set to a 1, the 550 Hz tone is selected; when a
0, the 1800 Hz tone is selected. The selected guard tone will be transmitted only when GTE
is enabled. (V.22 bis)

Eye Fix. When control bit IFIX is a 1, the serial diagnostic data output on the EYEX and
EYEY pins reflects the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and
EYEY is selected by the addresses in X RAM Address and Y RAM Address registers,
respectively.

Leased Line. When control bit LL is set to a 1, the modem will enter the Leased Line Data
Mode (selected by the ORG bit) when the DATA bit is a 1. When a 0, the modem will enter
the Handshake Mode (selected by the ORG bit) when the DATA bit is a 1.

Loop 2 (Local Digital Loopback) Activate. When control bit L2ACT is a 1, the receiver's
digital output is internally connected to the transmitter’s digital input (locally activated digital
loopback) in accordance with CCITT Recommendation V.54.

Loop 3 (Local Analog Loopback) Activate. When control bit L3ACT is a 1, the
transmitter's analog output is internally coupled to the receiver’s analog input (local analog
loopback) in accordance with CCITT Recommendation V.54.

The modem may only be placed into loop 3 mode when in idle mode (DATA bit is a 0). After
setting the L3ACT bit to a 1, the NEWC bit must also be set. The loopback is then com-
pleted when the modem sets DSR, CTS, and DCD (RLSD) bits to a 1. To terminate the loop-
back, reset L3ACT to a 0 and then set NEWCtoa 1.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value Name/Description

MHLD

NCIA

NCIE

NEWC

NEWS

NSIA

NSIE

07:0

1F:6

1F:2

1F:0

1F:3

1F:7

1F:4

0 Mark Hold. When control bit MHLD is a 1, the transmitter sends continuous mark. When
MHLD is a 0, the transmitter sends continuous flag or data from TBUFFER. This bit is valid
only in SDLC/HDLC mode.

0 NEWC Interrupt Active. When the new configuration interrupt is enabled (NCIE is a 1) and
a new configuration is implemented (NEWC is reset to a 0 by the DSP), IRQ is asserted and
status bit NCIA is set to a 1 to indicate that NEWC being a 0 caused the interrupt. NCIA and
the interrupt request due to NEWC are cleared by the host writing a 0 into NCIE. (See
NEWC and NCIE.)

0 NEWC _Interrupt Enable. When control bit NCIE is a 1 (interrupt enabled), the modem will
assert IRQ and set NCIA to a 1 when the NEWC bit is reset to a 0 by the DSP. When NCIE
is a 0 (interrupt disabled), NEWGC has no effect on IRQ or NCIA. (See NEWC and NCIA.)

0 New Configuration. When control bit NEWC is set to a 1, the modem will implement the
new configuration. The DSP resets the NEWC bit to a 0 when the configuration change is
acknowledged. A configuration change can also cause IRQ to be asserted. (See NCIE and
NCIA))

Note:  Control bit NEWC must be set to a 1 by the host after the host changes the contents
of any of the following control bits:

CONF Configuration

SYNCMD Synchronous Mode Select

GTE Guard Tone Enable

GTS Guard Tone Select

RDLE Remote Digital Loopback Enable
RDL Remote Digital Loopback Request
L2ACT Loop 2 Activate

L3ACT Loop 3 Activate

RA Relay Activate

PARSL Parity Select

PEN Parity Enable

STB Stop Bit Number

WDSZ Word Size

ORG : Originate Mode

LL Leased Line Mode

DATA Data

ASYNC Asynchronous Mode

RTRN Retrain

M ~ Transmit Level

EQRES Equalizer Reset

- New Status. When set to a 1, status bit NEWS indicates that one or more status bits lo-
cated in registers 0A, 0B, OE, or OF have changed state, or a DSP RAM read or write has
been completed. This bit can be reset to a 0 only by the host. When set to a 1, this bit can
cause IRQ to be asserted. (See NSIE and NSIA.)

0 NEWS Interrupt Active. When the new status interrupt is enabled (NSIE is a 1) and a
change of status occurs (NEWS is set to a 1), IRQ is asserted and status bit NSIA is setto a
1 to indicate that NEWS being a 1 caused the interrupt. NSIA and the interrupt request due
to NEWS are cleared when the host writes a 0 to NEWS. (See NEWS and NSIE.)

0 NEWS Interrupt Enable. When control bit NSIE is a 1 (interrupt enabled), iRQ will be as-
serted and NSIA will be set to a 1 when NEWS is set to a 1 by the DSP. When NSIE is a 0
(interrupt disabled), NEWS has no effect on IRQ or NSIA. (See NEWS and NSIA))
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value Name/Description

NV25

OE

ORG

PARSL

PE

PEN

RBUFFER

RDBF

RDBIA

RDBIE

RDL

09:7

0E:3

09:4

06:4,5

0E:5

06:3

07:1

00:0-7

1E:0

1E:6

1E:2

07:6

0 No. V.25 Answer Tone. When control bit NV25 is a 1, the transmitter will not transmit the
2100 Hz CCITT answer tone when a handshake sequence is initiated and the modem is in
answer mode. In originate mode, the receiver will not look for the 2100 Hz tone. When reset
to a 0, the modem will transmit the answer tone in answer mode and will look for the answer
tone in originate mode.

0 Overrun Error. When set to a 1, status bit OE indicates that the Receiver Data Buffer
(RBUFFER) was loaded from the RXA input before the host read the old data from RBUF-
FER. When reset to a 0, RBUFFER was read before new receive data was loaded into
RBUFFER. This is valid for both ASYNC mode and SDLC/HDLC mode.

0 Originate. When control bit ORG is a 1, the modem is in originate mode; when a 0, the
modem is in answer mode. Note: The NEWC bit must be set after the ORG bit is changed.

Parity Select. Control bits PARSL select the method by which parity is generated and
checked during the asynchronous parallel data mode (ASYNC = 1). The options are:

5 4 Parity Selected

Stuff Parity (“9th Data Bit") (see TXP, RXP)
Space Parity

Even Parity

QOdd Parity

0 Parity Error. When set to a 1, status bit PE indicates that a character with bad parity was
received in the asynchronous mode, or bad CRC was detected in the SDLC/HDLC
synchronous mode. When a 0, a character with good parity was received.

0
0
1
1

- O -0

0 Parity Enable. When set to a 1, control bit PEN enables parity generation and checking
during asynchronous parallel data mode. When reset to a 0, parity generation and checking
is disabled.

0 Off-Hook Relay Activate. When control bit RA is set to a 1, the OHRELAY output is ac-

tivated causing the relay to close (off-hook); when RA is reset to 0, the OHRELAY is turned
off causing the relay to open (on-hook). Note: The host has exclusive control of the
OHRELAY output through the RA bit except in pulse dial mode.

0 Receive Data Buffer. The host obtains data from the modem receiver in the parallel data
mode by reading a data byte from the RBUFFER.

- Receiver Data Buffer Full. When set to a 1, status bit RDBF signifies that the modem
wrote valid received data into register 00 (RBUFFER). This condition can also cause IRQ to
be asserted. The host reading or writing register 00 resets the RDBF bit to 0. (See RDBIE
and RDBIA.)

0 Receiver Data Buffer Interrupt Active. When the receiver data buffer full interrupt is
enabled (RDBIE is a 1) and register 00 is written to by the DSP (RDBF is set to a 1), the
modem asserts IRQ and sets RDBIA to a 1 to indicate that RDBF being a 1 caused the inter-
rupt. The host reading or writing register 00 resets the RDBF bit to a 0 and clears the inter-
rupt request due to RDBF. (See RDBF and RDBIE.)

0 Receiver Data Buffer Interrupt Enable. When control bit RDBIE is a 1 (interrupt enabled),
the modem will assert IRQ and set the RDBIA bit to a 1 when RDBF is set to a 1 by the
DSP. When RDBIE is a 0 (interrupt disabled), RDBF has no effect on IRQ or RDBIA. (See
RDBF and RDBIA)

0 Remote Digital Loopback Request. When control bit RDL is a 1, the modem initiates a re-
quest for the remote modem to go into digital loopback, RXD is clamped to a mark, and the
RLSD bit and RLSD signal will be reset until the loop is established. When the host resets
the RDL bit the modem sends the RDL terminating sequence.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

RDLE

Rl

RLSD

RTDET

RTRN

RTS

S1DET

SADET

07:7

OF:3

OF:7

0E:7

08:1

01.0

0D:5

0D:2

0

Remote Digital Loopback Response Enable. When set to a 1, control bit RDLE enables
the modem to respond to the remote modem's digital loopback request, thus going into loop-
back. When this occurs, the modem clamps RXD to a mark; resets the CTS and RLSD bits
to a 0, and turns the CTS and DCD signals OFF. The TM bit is set to a 1 to inform the host
of the test status.

Ring Indicator. When set to a 1, status bit Rl indicates that a valid ringing signal is being
detected. Ringing is detected if pulses are present on the RD input in the 15 Hz - 68 Hz fre-
quency range (default frequency range). The Rl bit follows the ringing signal with a 1 during
the ON time and a 0 during the OFF time coincident with RI output signal. The minimum and
maximum valid ring frequencies are host programmable in DSP RAM. If the maximum value
is set to zero, the RI bit will go on and off with each half of the ring frequency sine wave.

Received Line Signal Detector. When status bit RLSD is set to a 1, the carrier is being
detected and receive data is valid. When a 0, the carrier is not being detected and RXD out-
put is clamped to mark. Note: RXD is also clamped to mark during retrain while the RLSD
bit remains on.

Retrain Detected. When set to a 1, status bit RTDET indicates that a retrain request se-
quence has been detected.

Retrain. When control bit RTRN set to a 1 and the modem is in data mode, the modem re-
quests retrain (or automatic rate change - see ARC) from the remote modem. RTRN is set
to 0 when the previous retrain is completed. Note: If retrain is not completed successfully,
the host must clear the RTRN bit.

Fallback from 2400 bps to 1200 bps per CCITT V.22 bis may be accomplished as follows:

1. Set the ARC bit to a 1 in both modems.
2. Set the RTRN bit to a 1 in either modem.
3. Setthe NEWC bittoa 1.

Fall forward from 1200 bps to 2400 may be accomplished as follows:

1. Reset the ARC bit (with the remote modem having the ARC bit set).
2. Set the RTRN bit.
3. Set the NEWC bit.

If the remote modem can operate at the requested rate, the SPEED bits will be changed by
the modem to reflect the new rate after the retrain is completed.

If the remote modem cannot operate at the new rate, then no rate change will take place
during the retrain. In this case, the host must clear the RTRN bit.

Request to Send. When control bit RTS is a 1 or the RTS input is ON, the CTS bit is set to
a1 andthe CTS output is turned ON. When the RTS bit is reset to 0 and the RTS input is
OFF, the CTS bit is reset to a 0 and the CTS output is turned OFF.

Received Parity bit. This bit is only valid when parity is enabled (PEN = 1), and word size
is set for 8 bits per character (WDSZ = 11). In this case, the parity bit received (or ninth data
bit) will be available at this location. The host must read this bit before reading the received
data buffer (RBUFFER).

S1 Sequence Detected. Status bit SIDET is set to a 1 when the S1 sequence is being
detected. This bit is reset to a 0 when the S1 sequence is not being detected.

Scrambled Alternating Ones Sequence Detected. Status bit SADET is setto a 1 when
the Scrambled Alternating Ones sequence is being detected. This bit is reset to a 0 when
the Scrambled Alternating Ones sequence is not being detected. Note: SADET is used to in-
dicate the response of the remote modem to a V.22 bis rate change request or a remote
digital loopback request.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

SCR1

SDIS

SPEED

SPLIT

STB

SYNCD

SYNCMD

TBUFFER

TDBE

TDBIA

TDBIE

0D:4

03:2

0E:0-2

03:5

06:2

OF:1

03:6,7

10:0-7

1E:3

1E:7

1E:5

0

00

Scrambled Ones Sequence Detected. Status bit SCR1 is set to a 1 when Scrambled
Ones is being detected during handshake. This bit is reset to 0 when Scrambled Ones is not
being detected.

Scrambler Disable. When control bit SDIS is a 1, the transmitter scrambler is disabled;
when SDIS is a 0, the scrambler is enabled.

Speed Indication. The SPEED status bits indicate the data rate at the completion of a hand-
shake:

Data Rate (bps)

300
600
1200
2400

Parallel Async Extended Overspeed TX/RX Split. When SPLIT is set to a 1 and EXOS is
set, the transmitter will transmit at the basic overspeed while the receiver receives at the ex-
tended overspeed rate.

coooOo N
—ma00 -
—-o—-0 ©

Stop Bit Number. When control bit STB is a 0, one stop bit is selected in asynchronous
mode; when a 1, two stop bits are selected.

Sync Pattern Detected. When set to a 1, status bit SYNCD indicates that SDLCG/HDLC
flags (7E pattern) are being detected. When reset to a 0, the 7E pattern is not being
detected.

Synchronous Mode. Configuration bits SYNCMD select the synchronous mode (ASYNC =
0) from the following:

7 6 Synchronous Mode

00 Normal Sync
0 1 SDLC/HDLC Sync

Transmitter Data Buffer. The host conveys output data to the transmitter in the parallel
mode (TPDM = 1) by writing a data byte to the TBUFFER when the TDBE bitis a 1. The
data is transmitted bit O first.

Transmitter Data Buffer Empty. When set to a 1, status bit TDBE signifies that the modem
has read transmit data from register 10 (TBUFFER) and the host can write new data into
register 10. This condition can also cause IRQ to be asserted. The host reading or writing
register 10 resets the TDBE bit to 0. (See TDBIE and TDBIA.)

Transmitter Data Buffer Interrupt Active. When the transmitter data buffer empty interrupt
is enabled (TDBIE is a 1) and register 10 is empty (TDBE is set to a 1), the modem asserts
IRQ and sets status bit TDBIA to a 1 to indicate that TDBE being a 1 caused the interrupt.
The host reading or writing register 10 resets the TDBIA bit to a 0 and clears the interrupt re-
quest due to TDBE. (See TDBIE and TDBE.)

Transmitter Data Buffer Interrupt Enable. When control bit TDBIE is a 1 (interrupt
enabled), the modem will assert IRQ and set the TDBIA bit to a 1 when TDBE is set to 1 by
the DSP. When TDBIE is a 0 (interrupt disabled), TDBE has no effect on IRQ or TDBIA.
(See TDBE and TDBIA))
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Table 11. Interface Memory Bit Definitions (Cont’d)

Memory Default
Mnemonic | Location Value Name/Description

LML 13:4-7 6 Transmit Level Attenuation Select. The TLVL control code selects the transmitter analog
output level attenuation at the TXA pin as follows:

Transmit Level Attenuation

7 6 5 4 (dB 0.5 dB)
0000 0 dB
0001 1 dB
0010 2 dB
00 11 3 dB
0100 4 dB
01 01 5 dB
0110 6 dB
01 11 7 dB
1000 8 dB
100 1 9 dB
1010 10 dB
1011 11 dB
1100 12 dB
1101 13 dB
1110 14 dB
11 11 15 dB

The host can fine tune the transmit level to a value lying within a 1 dB step by changing a
value in DSP RAM.

™ OF:2 0 Test Mode. When set to a 1, status bit TM indicates that the selected test mode is active.
When TM is reset to a 0, no test mode is active.
TONEA 0B:7 0 Tone Filter A Energy Detected. When set to a 1, status bit TONEA indicates that energy

above the threshold is being detected by the Call Progress Monitor filter in the Dial Con-
figuration (CONF = 81) or that 1300 Hz FSK tone energy is being detected by the Tone A
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM.

TONEB 0B:6 0 Tone Filter B Energy Detected. When set to a 1, status bit TONEB indicates that 390 Hz
FSK tone energy is being detected by the Tone B bandpass filter in the Tone Detector con-
figuration (CONF = 80). When reset to a 0, energy is not being detected. The bandpass filter
coefficients are host programmable in DSP RAM.

TONEC 0B:5 0 Tone Filter C Energy Detected. When set to a 1, status bit TONEC indicates that either
1650 Hz (ORG = 1) or 980 Hz (ORG = 0) FSK tone energy is being detected by the Tone C
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM.

TPDM 08:6 0 Transmitter Parallel Data Mode. When control bit TPDM is a 1, the transmitter accepts
parallel data from the host microprocessor interface via the TBUFFER register for transmis-
sion rather than serial data from the TXD input pin. When TPDM is a 0, serial data from the
TXD input pin is accepted for transmission rather than parallel data from TBUFFER.

TRFZ 08:3 0 Timing Recovery Freeze. When control bit TRFZ is a 1, the updating of the receiver's
‘ timing recovery algorithm is inhibited. When TRFZ is a 0, normal updating occurs.

1-126



RC2424DP/DS 2400 bps Full-Duplex Modem Device Set \

Table 11. Interface Memory Bit Definitions (Cont’d)

Memory Default

Mnemonic | Location Value Name/Description
TXCLK 13:0,1 0 Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data
clock:
10 Transmit Clock
00 Internal
01 Not Used (Internal)
10 External (XTCLK input)
11 Slave (RDCLK output)

When the external clock is chosen, the host supplied clock must be connected to the
XTCLK input pin. The external clock will then be reflected at the TDCLK output pin.

When the slave clock is chosen, the transmitter clock output (TDCLK) is phase locked to
the receiver clock output (RDCLK).

TXP 11:0 0 Transmit Parity bit. This bit is only active when parity is enabled (PEN = 1), stuff parity is
selected (PARSL = 00) and word size is set for 8 bits per character. The host must load the
stuffed parity bit (or ninth data bit) in this location before loading the other 8 bits of data in
TBUFFER.

U1DET 0D:3 0 Unscrambled Ones Detected. When set to a 1, status bit U1DET indicates that V.22 bis
Unscrambled Ones sequence has been detected. This bit is reset to a 0 by the modem at
the end of the Unscrambled Ones sequence. (V.22 bis)

WDSZ 06:0,1 0 Data Word Size. The WDSZ control field sets the number of data bits per character in
asynchronous mode as follows:
10 Data Bits/Character
00 5
0 1 6
10 7
11 8
XACC 1D:7 0 X RAM Access Enable. When control bit XACC is a 1, the DSP accesses the X RAM as-

sociated with the address in XADD and the XCR bit. XWT determines if a read or write is
performed. The DSP resets XACC to a 0 upon RAM access completion.

XADD 1C:0-7 00 X RAM Address. XADD contains the X RAM address used to access the DSP’s X Data
RAM (XCR = 0) or X Coefficient RAM (XCR = 1) via the X RAM Data LSB and MSB
registers (addresses 18 and 19, respectively). (See Table 12.)

XCR 1D:0 0 X Coefficient RAM Select. When control bit XCR is a 1, XADD applies to the X Coefficient
RAM. When XCR is a 0, XADD applies to the X Data RAM. This bit must be set according
to the desired RAM address (Table 12).

XDAL 18:0-7 00 X RAM Data LSB. XDAL is the least significant byte of the 16-bit X RAM data word used in
reading or writing X RAM locations in the DSP.

XDAM 19:0-7 00 X RAM Data MSB. XDAM is the most significant byte of the 16-bit X RAM data word used
in reading or writing X RAM locations in the DSP.

XWT 1D:1 0 X RAM Write. When XWT is a 1 and XACC is set to a 1, the DSP copies data from the X

RAM Data registers (18 and 19) into the X RAM location addressed by XADD and XCR.
When control bit XWT is a 0 and XACC is set to a 1, DSP reads X RAM at the location ad-
dressed by XADD and XCR and stores the data into the X RAM Data registers (18 and 19)

YACC 1B:7 0 Y RAM Access Enable. When control bit YACC is a 1, the DSP accesses the Y RAM as-
sociated with the address in YADD and the YCR bit. YWT determines if a read or write is
performed. The DSP resets YACC to a 0 upon RAM access completion.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Memory Default
Mnemonic | Location Value Name/Description (Cont’d)

YADD 1A:0-7 00 Y RAM Address. YADD contains the Y RAM address used to access the DSP’s Y Data
RAM (YCR = 0) or Y Coefficient RAM (YCR = 1) via the Y RAM Data LSB and MSB
registers (adresses 16 and 17, respectively). (See Table 12.)

YCR 1B:0 0 Y Coefficient RAM Select. When control bit YCR is a 1, YADD applies to the DSP’s Y Coef-
ficient RAM. When YCR is a 0, YADD applies to the Y Data RAM. This bit must be set ac-
cording to the desired RAM address (Table 12).

YDAL 16:0-7 00 Y RAM Data LSB. YDAL is the least significant byte of the 16-bit Y RAM data word used in
reading or writing Y RAM locations in the DSP.

YDAM 17:.0-7 00 Y RAM Data MSB. YDAM is the most significant byte of the 16-bit Y RAM data word used
in reading or writing Y RAM locations in the DSP.

YWT 1B:1 0 Y RAM Write. When YWT is a 1 and YACC is set to a 1, the DSP copies data from the Y

RAM Data registers (16 and 17) into the Y RAM location addressed by YADD and YCR.
When control bit YWT is a 0 and YACC is set to a 1, the DSP reads Y RAM at the location
addressed by YADD and YCR and stores the data into the Y RAM Data registers (16 and
17).
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DSP RAM ACCESS

The DSP contains four sections of 16-bit wide random ac-
cess memory (RAM). Because the DSP is optimized for
performing complex arithmetic, the RAM is organized into
real (X RAM) and imaginary (Y RAM) sections, as well as
data and coefficient sections. The host processor can ac-
cess (read or write) the X RAM only, the Y RAM only, or
both the X RAM and the Y RAM simultaneously in either
the data or coefficient section.

INTERFACE MEMORY ACCESS TO DSP RAM

The DSP interface memory acts as an intermediary during
host to DSP RAM or DSP RAM to host data exchanges.
The addresses stored in DSP interface memory RAM Ad-
dress registers (i. e., XADD and YADD) by the host, in con-
junction with the data or coefficient RAM bits (i. e., XCR
and YCR) determine the DSP RAM addresses for data ac-
cess.

One or two 16-bit words are transferred between DSP
RAM and DSP interface memory once each internal DSP
cycle. The transmitter and the receiver sample rate func-

Table 12. DSP RAM Parameters

tions operate at the 7200 Hz sample rate. The receiver
baud rate function operates at the 600 Hz.

Two RAM access bits (XACC and YACC) in the DSP inter-
face memory tell the DSP to access the X RAM and/or Y
RAM. The DSP tests these bits each sample period.

HOST PROGRAMMABLE DATA

The parameters available in DSP RAM are listed in Table
12 along with the X RAM or Y RAM address and cor-
responding XCR or YCR bit value.

HOST DSP READ AND WRITE PROCEDURES

DSP RAM Write Procedure

1. Before writing to DSP interface memory, verify that
XACC and YACC are reset to 0.

2. Load the RAM address into XRAM address
(XADD) and/or YRAM address (YADD).

3. Write the desired data to the RAM data registers
(XDAM, XDAL, YDAM, or YDAL).

4. Set the coressponding coefficient RAM select bits
(XCR, YCR) as necessary.

Table 12. DSP RAM Parameters (Cont’d)

XCR/ XRAM Y RAM XCR/ XRAM Y RAM
No. YCR* Addr Addr Parameter No. YCR* Addr Addr Parameter

1 1 0 - 1st Equalizer Tap, Real 31 1 31 - Tone Power (TONEC)

1 1 11 - Last Equalizer Tap, Real 32 1 36 - Tone Detect Threshold (ATBELL,

2 1 - 0 1st Equalizer Tap, Imaginary BEL103, or TONEA)

2 1 - 1 Last Equalizer Tap, Imaginary 3 1 37 - Tone Detect Threshold (ATV25 or

3 ] 16 - Rotated Error, Real TONEB)

4 0 - 16 Rotated Error, Imaginary 34 1 38 - Tone Detect Threshold (TONEC)

5 0 3F - Max AGC Gain Word 3B 1 3B - Zero Crossing Counter

6 "] 71 - Pulse Dial Interdigit Time 36 1 52 - Eye Quality Monitor (EQM)

7 0 7C - Tone Dial Interdigit Time 37 1 - 31 Filter 1 Coefficient a0

8 0 72 - Pulse Dial Relay Make Time 38 1 - 32 Filter 1 Coefficient a1

9 0 70 - Pulse Dial Relay Break Time 39 1 - 33 Filter 1 Coefficient a2

10 0 7E - DTMF Duration 40 1 - 34 Filter 1 Coefficient p1

1 0 6D - Tone 1 Angle Increment Per Sample| 41 1 - 35 Filter 1 Coefficient g2

12 0 - 6D Tone 2 Angle Increment Per Sample 42 1 - 37 Filter 2 Coefficient a0

13 0 6F - Tone 1 Amplitude 43 1 - 38 Filter 2 Coefficient a1

14 0 - 6F Tone 2 Amplitude 4 1 - 39 Filter 2 Coefficient a2

15 0 73 - Max Samples Per Ring Frequency 45 1 - 3A Filter 2 Coefficient 1
Period 446 1 - 3B Filter 2 Coefficient g2

16 0 74 - Min Samples Per Ring Frequency 47 1 - 76 Filter 3 Coefficient a0
Period 48 1 - 77 Filter 3 Coefficient a1

17 1 12 - Real Part of Error 49 1 - 78 Filter 3 Coefficient a2

8 1 - 12 Imaginary Part of Error 50 1 - 79 Filter 3 Coefficient p1

19 1 - 14 Rotation Angle for Carrier Recovery 51 1 - 7A Filter 3 Coefficient g2

2 1 15 - Rotated Equalizer Output, Real 52 1 - 45 Filter 4 Coefficient a0

21 1 - 15 Rotated Equalizer Output, Imaginary| 53 1 - 46 Filter 4 Coefficient a1

2 1 16 - Lower Part of Phase Error 54 1 - 47 Filter 4 Coefficient a2

23 1 - 16 Upper Part of Phase Error 55 1 - 48 Filter 4 Coefficient 1

24 1 3F - Upper Part of AGC Gain Word 56 1 - 49 Filter 4 Coefficient p2

25 1 - 3F Lower Part of AGC Gain Word 57 1 1C - Turn-on Threshold (PSK)

26 1 1F - Average Power 58 1 32 - Turn-off Threshold (PSK)

27 1 2D - Phase Error 59 1 - 21 RLSD Turn-off Time (PSK)

28 1 2F - Tone Power (ATBELL, BEL103 or 60 0 - 1C Turn-on Threshold (FSK)
TONEA 61 0 - 1D Turn-off Threshold (FSK)

2 1 2F | Tone Detect Threshold (Call *XCR if an XRAM address is listed; YCR if 2 YRAM
Progress Energy) address is listed

30 1 30 - Tone Power (ATV25 or TONEB) .
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5. Set the appropriate RAM write bits (XWT, YWT).

6. Set the appropriate RAM access bits (XACC,
YACC).

7. After the DSP has transferred the contents of the in-
terface memory RAM data registers into DSP
RAM, the DSP resets the XACC and/or the YACC
bit to a 0, then sets the NEWS bit to a 1 indicate
DSP RAM write completion.

8. If the NSIE bitis a 1, IRQ is also asserted and
NSIA is set to a 1 when NEWS is set to a 1. NSIA
is cleared by writing a 0 into the NEWS bit, which
also causes IRQ to return high if no other interrupt
requests are pending.

Note: Steps 4 and 5 can be accomplished simultaneously.

DSP RAM Read Procedure

1. Before reading from DSP interface memory, verify
that XACC and YACC are resetto a 0.

2. Load the RAM address into X RAM Address
(XADD) and/or Y RAM Address (YADD)
register(s).

3. Set the corresponding XCR and/or YCR bit(s) ap-
propriately.

4. Reset XWT and/or YWT to a 0, inform the DSP that
a RAM read will occur when XACC and/or YACC
issettoa.

5. Set XACC and/or YACC to a 1 to signal the DSP to
perform the RAM read.

6. After the DSP has transferred the contents of RAM
into the interface memory RAM data registers, the
DSP resets the XACC and/or the YACC bit to a 0,

then sets the NEWS bit to a 1 to indicate DSP
RAM read completion.

7. Ifthe NSIE bitis a 1, IRQ is also asserted and
NSIA is set to a 1 when NEWS is setto a 1. NSIA
is cleared by writing a 0 into the NEWS bit, which
also causes IRQ to return high if no other interrupt
requests are pending.

Note: Steps 3 and 4 can be accomplished simultaneously.

SOFTWARE INTERFACE CONSIDERATIONS
INTERRUPT REQUEST HANDLING

DSP interface memory registers 00, 10, 1E, and 1F have
unique hardware connections to the interrupt logic.
Register 00 is the Receive Buffer (RBUFFER) and register
10 is the Transmit Buffer (TBUFFER). Registers 1E and,
1F hold interrupt flag, interrupt enable, and interrupt active
bits.

When a condition occurs that satisfies an interrupt criteria,
the corresponding interrupt flag bit is set. This interrupt flag
can be reported to the host either_by the host polling the
interrupt flag bits (i.e., not using IRQ) or by being inter-
rupted by IRQ. When an interrupt enable bit and the cor-
responding interrupt flag are both set to a 1, IRQ is
asserted and the corresponding interrupt active bit set to
ai.

The interrupt flag setting conditions are status changed
detected, configuration changed acknowledged, receive
buffer full and transmit buffer empty. Table 13 identifies
the interrupt conditions and bits, and describes the inter-
rupt clearing procedures.

Table 13. Interrupt Request Bits

Interrupt Interrupt | Interrupt
Active Bit | Enable Bit| Flag Bit Interrupt Condition Description Interrupt Clear Procedure
NSIA NSIE NEWS New status detected (NEWS transitioned from a 0 to 1)| Host writes a 0 into NEWS
a. RAM read or RAM write occurred (Clears NSIA to a 0)
b. Status bit changed in register 0A, 0B, OE, or OF
NCIA NCIE NEWC New configuration acknowledged by DSP Host writes a 0 into NCIE
(NEWC transitioned from a 1 to a 0) (Clears NCIAto a 0)
TDBIA TDBIE TDBE Transmitter Data Buffer is empty and can be written Host reads from or writes to
(TDBE transitioned from aOto a 1) register 10 (TBUFFER)
(Clears TDBE and TDBIA to 0)
RDBIA RDBIE RDBF Receiver Data Buffer is full and can be read Host reads from or
(RDBF transitioned from a 0 to a 1) register 00 (RBUFFER)
(Clears RDBF and RDBIA to 0)
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DIAL PROCEDURE

The host dial procedure is the same as outputting data to
be transmitted using TBUFFER (Figure 8). The modem
timing accounts for the DTMF tone duration and
amplitude, pulse make/break ratio, and interdigit delay.
These dialing parameters are host programmable in DSP
RAM.

The level of the high DTMF tone is 2 dB greater than the
level of the low DTMF tone.

The dialer default parameters are given in Table 14.

Table 14. Dial Default Parameters

Parameter Default Value
DTMF Tone Duration 70 ms
DTMF Interdigit Delay 70 ms
DTMF Total Output Power Level 0dBm
DTMF Low Band Power Level —4dBm
DTMF High Band Power Level -2dBm
Pulse Relay Make Time 40 ms
Pulse Relay Break Time 60 ms
Pulse Interdigit Delay 750 ms
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1--> RA (7:1)
ACTIVATE OHRELAY
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1 --> ORG (9:4)
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—> CONF (12:0-7)
1 --> NEWC (1F:0)
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Figure 8. Dial Sequence
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DESIGN CONSIDERATIONS
REQUIRED MODEM INTERFACE CIRCUIT

The RC2424DP/DS is supplied as two VLSI devices to be
designed into original equipment manufacturer (OEM)
circuit boards. The recommended modem interface circuit
(Figure 9) and parts list (Table 15) illustrate the
connections and components required to connect the
modem to the OEM electronics.

DAA INTERFACE

The following discussion of the interface to the integrated
analog device is presented to enable designers to modify
the design of the recommended line interface circuit. Also,
the designer may wish to incorporate an existing line
interface design with the modem device set.

Receive Input

Receive In (REC IN) and Receive Out (REC OUT) are pins
associated with an integrated uncommitted operational
amplifier inside the 1A device. In conjunction with the three
discrete components shown (R13, R14 and C11), the
amplifier forms a first order lowpass antialiasing filter. This
filter's function is to attenuate high frequency noise near
and above the effective sampling rate of the integrated
bandsplit filters (230.4 KHz).

The design of the modem requires that the pole of the
anti-aliasing filter be fixed at 2337 Hz. This is calculated
using the formula

Filter Pole (Hz) = 1/(2r » R14 « C11)

The recommended values of 68.1 KR for R14 and 1000 pF
for C11 give the correct value for the filter pole. Some
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flexibility in choosing the component values for R14 and
C11 is permissible provided that the pole of the filter is
maintained within approximately +5% of the correct value.
When calculating the pole of the filter, component
tolerances should be carefully considered.

Transmit Output

An external discrete smoothing filter must be added to the
Transmit Output (TRAN OUT) signal to attenuate the high
frequency aliases generated by the integrated switched
capacitor filters. This is necessary to meet FCC
requirements on transmitted high frequency energy. The
pole of this filter may be calculated using the same formula
as for the receiver filter, i.e.,
Filter Pole (Hz) = 1/(2x » R16 * C12)

The components values of R16 = 68.1 KQ and C12 = 1000
pF place the pole at 2337 Hz. This may seem unusual as
the response of a smoothing filter is generally designed to
be flat in the band of interest, and then rolling off before the
sampling rate. The bandsplit filter inside the IA is
pre-distorted so that when cascaded with an external
continuous first order smoothing filter, the response
across the band is fiat. '

Some flexibility in choosing the values for R16 and C12is
permissible, provided some guidelines are followed. The
choice of R16 and C12 must position the filter pole within
+5% of 2337 Hz.

The TRAN OUT integrated driver can drive a resistive load
as low as 10 KQ . This drive capability is desirable for the
FCC Part 68 defined "programmable” mode.



cel-t

1N21[D 89B4I8)U| WAPOW SAYZYZOH PapUSWWOdaY 6 2inBid4

EYECLK

EYESYNC
EYEX
EYEY

7 +5VA

\:\/\.
y
0 5%, VoW J_ cs
CR1 10
g 20V

+5V

41 50 10% 010
——de
—# : g
39 2
64
63 R12
(DIP) s
R10 :’: 5%
Wz |5 27M, 5% 10 mns
2 ——{REsETTE iz
010 MH3
5 50V "
25 59 29 TLKRELAY o TLKRELAY
PR TORC | 12
5 2 = AN T/DRC
i) 2 = AN
22 1 It 3 RECAY L1S ]
2 i OHRELAY
20 L4 43 FoR RD
19 Dsp 9
18 +5V .
| Mo
% ot Rec v P2 A RXA
iy Lo o, =
7 1000 PF S o,
321 rsa s =+ c2 M %
RS3 XTALO 0 neC out |28
32 pos 010
331 st 39 PF 5% +5VA Ry 50V » 26w
341 rso Y1 T 24 000 MHZ BiAs — s ci2
4 o 10K 1% TRAN ouT |2Z AAA—4 —
= X ;_‘ a o F2— e 422K 1000
& e 010 © b 5%
$ [ 60 ¢ 18 PF 5% Tsov T 140 e a6
— & L . : |
3 [ - 17
Ve -8 32 681K 1%
e ELRRS 5] 25 +12V
8
7 I
T/ORC
U1 D |52
58
58 135 nie
53 7
10 15 NG
55 6 NC o
F— nic coL
6 TCM3105
us
N
RXD (3105) nie It;‘;
TXR1 (3105) 1
TXR2 (3105) ! I;:Iz RXA
TRS (3105)

c21
15 PF
v2
5% B3 44336
c20 MHZ
15 PF
5%

TRS

s0v
voo |2
2
ne — ek cte
15 010
osct N sov
vss

16 1

340K
1%
‘E._
rh—-— AGND

NOTE: UNLESS OTHERWISE SPECIFIED

1 RESISTOR VALUES ARE IN OHMS, 1 1%, 1/8W

2 CAPACITOR VALUES ARE IN MICROFARADS, + 20%, 50V
3. ADJUST VALUE FOR CORRECT MARK/SPACE BIAS.

Sa/darveredy

19S 9918 wapo xa|dng-|ind sdq oote




RC2424DP/DS 2400 bps Full-Duplex Modem Device Set

Table 15. Recommended Modem Interface Circuit PC BOARD LAYOUT GUIDELINES

Gty Part Number Description The followiné; guidelit?es (sjhfoulcri] bt; ac(:jzhea:eg g; l\-/)vls'aedn laying
out a printed circuit board for the 424 evices.
! ut Rockwell RC2424DP/DS DSP The p?n numbers reflect the DSP 64-pin QUIP and the IA
1 u2 Rockwell RC2424DP/DS IA 40-pin DIP packages.
1 us TCM3105 FSK Modulator/
Demodulator 1. The DSP, IA and all supporting analog circuitry, in-
1 U4 1458 Dual Op cluding the data access arrangement should be
1 us SN74LS04 Hex Inverter located on the same area of printed circuit board.
1 Y1 24.00014 MHz Crystal .
1 Yo 4.4336 MHz Crystal 2. The DSP device grounds ghould be routed
10 | c1,C4,Cs,C7,C9,|0.10 uF, 20%, 50V separately from the |A device.
€10,C13, C15, C16, 3. The DSP should be located on the pin 1 side of the
c23 IA device.
1 c2 39 pF, 5%, 50V
1 c3 18 pF, 5%, 50V 4. |A digital signals (pins 3, 4, 5, 8, 10, 12, 23, 28, 29,
1 c5 10 uF, 5%, 50V and 31) should be routed directly to the DSP,
2 c11,C12 1000 pF, 5%, 50V avoiding all analog components.
2 | c20,C2 15pF, 5%, SOV 5. Routing of the RC2424DP/DS signals should
} 2; 2‘;2& g 12:' :gx provide maximum isolation between noise sour-
) DU ces and noise senitive inputs. When layout re-
: 22 ;gii g 1 ;z ! :; gw quirements necessitate routing these signals
. v together, they should be separated by neutral
: 2; :1%"(5::'115 \st signals.. The D'S~P ang 1A noi§e source, neutral,
1 R10 27M Q. 5%, 1/8 W and noise sensitive pins are listed in Table 16.
1 R11 3KQ, 5%, 1/8 W 6. A 1.0Q/10 uF RC network is needed to decouple
1 R12 47K Q, 5%, 1/8 W the +5V supply. This must be done at the IA
1 R13 23.7KQ, 1%, 1/8W device to isolate it from the DSP device.
3 R14,R16,R18 68.1KQ, 1%, 1/8 W . .
9 R15 422K Q, 1%, 1/8W 7 Asageneralrule, dl.gltal signals shoulq be routed
1 R19 34.0KQ, 1%, 1/8W on the cqmponent side of the PCB while Fhe
4 CR1 Schottky Diode, LL1038 analog signals are routed on the solder side.
The sides may be reversed to match a particular
OEM requirement.
All power traces should be at least a 0.1 inch width.
9. The analog components should be located on the
pin 40 side of the 40-pin |A device.
10. ThelA AGND pins (1, 6, 21, 24, 32, and 38) and
the DGND pins (7 and 25) should be tied
together as ground directly under the device.
11. A 0.1 uF ceramic capacitor is used to decouple
the -5V supply. This should be done in the im-
mediate proximity of the |A device.
12. All circuitry connected to crystal pins 44 and 45 on
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the DSP device should be kept short to prevent
stray capacitance from affecting the oscillator.
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Table 16. RC2424DP/DS Pin Noise Characteristics
Device Function Noise Source Neutral Noise Sensitive
DsP +5V 49,
64-Pin QUIP DGND 17,54
Crystal 44,45
Control 9, 38, 43, 52
Eye Pattern 4,41 39-40
V.23 Interface 11-13 14
Host Bus Interface 18-34
Serial Interface 5-7, 53, 56-58 8,10,36-37,55
IA Interface 1-2, 50-561, 59, 61-64
No Connection 3, 15-16, 35, 42, 46-48, 60
DSP +5V 35
68-Pin PLCC DGND 1,15, 19, 40, 51, 54
Crystal 30-31
Control 24, 29, 38, 61
Eye Pattern 27,56 25-26
V.23 Interface 63, 65 66
Host Bus Interface 2-14,16-18, 20,
Serial Interface 39, 42-44, 57-569 22-23, 41, 60, 62
|A Interface 36-37, 45, 47-50, 52-53
No Connection 21, 28, 32-34, 46, 55, 67-68
1A +5VA 30, 39
40-Pin DIP -5VA 9,18
DGND 7,17,25
AGND 1,6,21,24,32,38
Control 10, 14-15
Analog 2, 19-20, 22, 26-27, 33-37
DSP Interface 3-5, 8, 283, 28-29, 31 12
No Connection 11, 13, 16, 40
1A +5VA 33,43
44-Pin PLCC ~5VA 11,20
DGND 9,19, 27
AGND 2, 8, 23, 26, 35, 42
Control 12, 16-17
Analog 3, 21-22, 24, 29-30, 36-38,
40-41
DSP Interface 4-5,7,10, 25, 31-32, 34 14
No Connection 1,6,13, 15,18, 28, 39, 44
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GENERAL SPECIFICATIONS

Table 17. Modem Power Requirements

Current (Typical) Current (Maximum)
Voltage Tolerance @ 25°C @ 0°C
+5VDC 5% 85mA 130 mA
-5VDC +5% 20 mA 40 mA

Note: Input voltage ripple <1 volts peak-to-peak.

Table 18. Modem Environmental Specifications

Parameter Specification
Temperature

Operating 0°C to + 60°C (32°F to 140° F)

Storage —40°C to + 80°C (—40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude — 200 feet to + 10,000 feet

Table 19. Crystal Specifications

Parameter Value
Operating Temperature 0°C to 60°C
Storage Temperature -55°C to 85°C
Nominal Frequency @ 25°C 24,00014 MHz
Frequency Tolerance @ 25°C +0.0015% (+15 PPM)
Temperature Stability @ Ta = 0°C to 60°C £0,003% (=15 PPM)
Calibration Mode Parallel resonant
Shunt Capacitance 7 pF max.
Load Capacitance 18 0.2 pF
Drive Level 2.5 mW max., Test at 20 nanowatts
Aging, per Year Max. 0.0005% (5PPM)
Oscillation Mode Fundamental
Series Resistance 25 ohms max.
Max. Frequency Variation with 16.5 or 19.5 pF Load Capacitance| +0.0035% (+35 PPM)
Third Lead Required
Sleeving Required
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PACKAGE DIMENSIONS
SEATING
r PLANE
“ MILLIMETERS INCHES
piM.[” MIN. MAX. | MIN. MAX.
A | a14 439 | 0163 0173
A1 | 137 147 | 0054 0058
A2 | 231 246 | 0091 0.097
b 0457 TYP 0.018 TYP
D | 2502 2527 | 0985 0895
G ) Di | 2400 2426 | 0945 0955
D2 | 2019 2045 | 0795 0805
TOP VIEW SIDE VIEW D3 | 2324 2350 | 0915 0925
CHAM. J x 45 DEG. e 127 BSC 0.050 BSC
) 0254 TYP 0.010 TYP
J 115 TYP 0.045 TYP
| D o 45° TYP 25°TYP
01 R 0.89 TYP 0.035 TYP
03 AL R1| 0254TYP 0010 TYP
S/ /7 WG 4 1
M a1 A
)
1 ]
TYP. FOR EACH AXIS R
(EXCEPT FOR BEVELED EDGE)
R 'i"‘"; - EJECTOR MARKS
4 PLCS BOTTOM
3 PLCS ONLY (TYP.) SECTION A-A
BOTTOM VIEW
68-Pin PLCC
]
IN
o o SEATING
\l_l‘_ 02 —> ¥ PLANE
d « MILLMETERS | __INCHES |
T-E DIM.[” MIN. MAX | MIN. MAX.
D0l DZ: A 414 439 0.163 0.173
5 Al 137 147 | 0054 0058
-l_g ) A2 231 2.46 0.091 0.097
T b 0.457 TYP 0.018 TYP
D | 1745 1760 | 0687 0693
TOP VIEW SIDE VIEW D1| 1646 1656 | 0648 0652
D2| 1262 1278 | 0497 0503
HAM. J x 45 DEG.
G x 45 DEG D3| 1575 REF 0620 REF
o o 127 BSC 0.050 BSC
g; h 0254 TYP 0010 TYP
RL J 1157YP 0.045 TYP
773 T o 45° TYP 45 TYP
f//// 7 &%%‘ +L A R | o08oTvP 0.035 TYP
‘ A2 1 R1| 0254TYP 0.010 TYP
1
R

TYP. FOR EACH AXIS

CHAM. EJECTOR MARKS
o TR b EIECTOR AR (EXCEPT FOR BEVELED EDGE)
3 PLCS ONLY (TYP.)
BOTTOM VIEW SECTION A-A
44-Pin PLCC
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PACKAGE DIMENSIONS

L ul MILLIMETERS INCHES _
|7 MIN. MAX | MIN.  MAX.

41.10 41.61 1.618  1.638
17.02 1723 0.670 0.690
356 458 | 0.140 0.180
048 056 | 0.018 0.022

19.05 BSC 0.750 BSC
23.50 BSC 0.925 BSC
1.27 BSC 0.050 BSC

0.18 033 | 0.007 0.013
292 3.8 0.115  0.125
483 534 0.190 0.210

X

ES

[}

v

e
alzl<|o|mlm| o] o|=i> |8

=N
Rl

64-Pin Plastic QUIP

MILLIMETERS INCHES

M. . [ MIN. MAX. |
AANONANNANONANNANAANANN Dl MIN.  MAX. MAX.

“w 2 A 51.82 5232 2.040 2.060
‘T B | 1346 1397 | 0530 0550
B C | 356 508 | 0.140 0200

o _l‘ D | 038 053 | 0015 0021
A P F | 102 152 | 0040 0060
e A > ja— L — H 165 216 | 0.065 0.085
. J | 020 030 | 0008 0012
j_{c *\ K | 305 356 | 0.120 0.140

: ’ L 1524 BSC 0,600 BSC
NF gk Jj- M 710 710
""I" -'{6}4- —>”<-F -»"-—D _»l‘_" N_|_051__102 | 0020 0040

40-Pin Plastic DIP
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RC2324DP/DS

Integral Modems

N

Rockwell

RC2324DP/DS 2400 bps Full-Duplex
Modem Data Pump Device Set

INTRODUCTION

The Rockwell RC2324DP/DS is a 2400 bps, full-duplex,
OEM, data pump modem device set. The RC2324DP/DS
operates over the public switched telephone network
(PSTN), as well as on point-to-point leased lines.

The set consists of two CMOS VLSI components—a digi-
tal signal processor (DSP) device and an integrated
analog (IA) device. The DSP is available in a 64-pin quad
in-line package (QUIP) or a 68-pin plastic leaded chip car-
rier (PLCC) package. The IA device is available in a 40-pin
dual in-line package (DIP) or a 44-pin PLCC package.

The RC2324DP/DS modem meets the requirements
specified in CCITT V.22 bis, V.22 A/B, and V.21, as well
as Bell 212A and Bell 103.

In addition, the SDLC/HDLC support eliminates the cost of
an external serial input/output (SIO) device in products in-
corporating error correction protocols.

FEATURES

« CMOS DSP and IA devices
« 2-wire full-duplex operation
« Compatible configurations:

—CCITT V.22 bis, V.22A/B
—CCITT V.21 and V.23
—Bell 212A and 103

* Receive dynamic range: —9 dBm to —43 dBm

¢ Maximum transmit level: 0.0 dBm =1.0 dB,
programmable in 1 dB steps

« Multi-modem detection support

—Programmable tone detect bandpass filters
—Zero-crossing detector

« V.22 bis fallback/fall-forward — 2400/1200 bps
« Serial data both synchronous and asynchronous

—Synchronous:
2400, 1200, 600 bps +0.01% (PSK modulation)
Internal/external/slave clock selection
—Asynchronous:
7, 8,9, 10, or 11 bits per character
2400, 1200, 600 bps +1% (or 2.3%), —2.5%
(PSK modulation)
0-75, 0-300, 0-1200 bps (FSK modulation)

« Parallel data both synchronous and asynchronous

—Synchronous:
Normal sync: 8-bit data for transmit and receive
—SDLC/HDLC support:
Transmitter: Flag generation, 0 bit stuffing,
CCITT CRC generation
Receiver: Flag detection, 0 bit un-stuffing,
CCITT CRC checking
—Asynchronous:
5, 6, 7, or 8 data bits per character
Odd/even parity generation/checking
(or o' data bit)
2400, 1200, 600 bps +1% or (2.3%), —2.5%
(PSK modulation)
75, 300, 1200 bps (FSK modulation)
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* Programmable ring detect
—Min and max frequency range

* Programmable dialer
—Make/break times for pulse dialling
—DTMF on time for touch-tone dialling
—Interdigit times for both pulse and tone dialling

—DTMF Level: 0.0 dBm = 1.0 dB (high tone level is
2.0 dB = 0.5 dB above low tone level)

« Diagnostics

—Read/write RAM
—Serial eye pattern output
—EQM value in RAM
* Host bus interface memory for configuration, control,
and parallel data; compatible with either 8086 or 6502
microprocessor bus

* RS-232C (TTL compatible) interface for RTS control

and serial data

* Adaptive and fixed compromise equalization

« Test Configurations:

—Local analog loopback
—Local digital loopback
—Remote digital loopback

* Answer and originate handshake
* Leased line operation

« Power requirements:

—+5Vdc + 5%
—500 mW typical

R2424/RC2424 COMPATIBILITY

A high performance modem engine, the RC2324DP/DS is
the functional and performance equivalent of Rockwell’s
R2424DS modem with the following enhancements:

—2-device implementation in CMOS

—V.21 and V.23 interface

—Asynchronous/synchronous parallel data transfer
over the microprocessor bus interface

—Extended 2.3% overspeed in asynchronous,

- DPSK/QAM modes

~SDLC/HDLC framing in parallel data mode

—Additional configuration and control capabilities

These options and enhancements, combined with a user
accessible, dual port interface memory (RAM ) in the DSP,
offer maximum flexibility in customizing the
RC2324DP/DS to meet a wide variety of functional re-
quirements.

The RC2324DP/DS is a plug-compatible replacemerit for
the RC2424DP/DS.

The RC2324DP/DS device set, with the addition of a few
external filter components, interfaces easily to a data ac-
cess arrangement (DAA). The RC2324DP/DS general in-
terface is illustrated in Figure 1.

RC2324DP/DS DEVICE SET

Y

V.24
SERIAL
INTERFACE

HOST
PROCESSOR
PARALLEL
BUS
INTERFACE

DIGITAL
SIGNAL
PROCESSOR
(DSP)

24

=i

al

7

-

INTEGRATED

-

PATTERN
e - oo -

Y

ANTIALIASING

FILTER -

ANALOG
(A)

TELEPHONE

COMPONENTS LINE

INTERFACE

ANCILLARY
CIRCUIT
INTERFACE

Figure 1. RC2324DP/DS General Interfaces

1-140



RC2324DP/DS

2400 bps Full-Duplex Modem Device Set

TECHNICAL SPECIFICATIONS

CONFIGURATIONS, SIGNALING RATES, AND DATA
RATES

The selectable modem configurations, along with the cor-
responding signaling (baud) rates and data rates, are
listed in Table 1. The modem configuration is established
by the CONF bits.

Note: Bit names refer to control bits in DSP Interface
Memory which are set or reset by the host processor (see
Software Interface Section, Figure 7 and Table 11).

TONE GENERATION

Answer Tone: A CCITT (2100 = 15 Hz) or Bell (2225 =
10 Hz) answer tone is generated depending on the
selected configuration.

Guard Tone: A guard tone of 1800 = 20 Hz (GTS bit = 0)
or 550 + 20 Hz (GTS bit = 1) can be generated (enabled
by the GTE bit). The level of transmitted power is 6 + 1 dB
or 3+ 1 dB below the level of the data power in the main
channel for the 1800 Hz or 550 Hz guard tone, respective-
ly. The total power transmitted to the line is the same
whether or not a guard tone is enabled. When a guard tone
is generated, the main channel transmit path gain is
reduced by 0.97 dB or 1.76 dB for the 1800 Hz or 550 Hz
guard tone, respectively.

Guard tone on/off must be controlled by the host depend-
ing on the state of the handshake sequence, i.e., the host
should enable guard tone when DSR is turned on.

DTMF Tones: When Dial/Call Progress configuration is
selected (CONF bits = 81) and the DTMF bitis setto a 1,
dual tone multi-frequency (DTMF) tones can be
generated. The specific DTMF tone generated is specified
by the host loading the Transmitter Data Buffer (TBUF-
FER) with the appropriate digit code shown in Table 2.

User Defined Tones: When Tone Generator/Tone Detec-
tor configuration is selected (CONF bits = 80), a user-
defined single or dual tone can be generated. In this mode,
the transmitter immediately begins sending the frequen-
cies specified in DSP RAM. The tones will remain on as
long as Tone Generator/Tone Detector configuration is
selected and the tone amplitudes are greater than zero.
Setting one of the two amplitudes to zero selects single
tone frequency.

Note: Frequencies from 0 to 1675 Hz can be sent when
the ORG bit is set, or frequencies from 1925 Hz to 2875
Hz can be sent when the ORG bit is cleared. 1800 Hz fre-
quency can be sent by setting the GTE bit with GTS = 0
and ORG = 0.

Table 1. Configurations, Signaling Rates and Data Rates

Transmitter Carrier Data Rate
Frequency (H2) +0.01% (bps) Baud Bits Per Constellation
Config Modulation'| A 2 Originate? +0.01% (Symbols/Sec.) Symbol Points

V.22 bis QAM 2400 1200 2400° 600 4 16

V.22A/B DPSK 2400 1200 1200° 600 2 4

2400 1200 600° 600 1 2

Beli 212A DPSK 2400 1200 1200° 600 2 4

Bell 103 FSK 2225 M 1270 M 300* 300* 1 1
2025 S 1070 S

v.21 FSK 1650 M 980 M 300% 300% 1 1
1850 S 1180S

V.23 Forward Channel FSK 1300 M 1300 M 12004 1200* 1 1
2100 S 2100S

V.23 Backward Channel| FSK 390 M 390 M 754 75* 1 1
450S 4508

Notes: 1. Modulation legend: QAM
DPSK

FSK Frequency Shift Keying

4. Value is upper limit for serial {e.g., 0-300).

Quadrature Amplitude Modulation
Differential Phase Shift Keying

2. Mindicates a mark condition; S indicates a space condition.
3. Synchronous accuracy = £0.01%; asynchronous accuracy = —2.5% to +1.0% (+2.3% if extended overspeed is selected).
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TONE DETECTION

Answer Tone and Call Progress Tones: When Dial/Call
Progress configuration is selected (CONF bits = 81), tones
can be detected as follows:
Call progress frequency range: 340 + 5 Hzt0 640 + 5 Hz
Status Bit: TONEA

Answertones (2100 + 15 Hz or 2225 + 10 Hz) or Bell FSK
originate tone (1270 = 10 Hz)

Detection level:0 dBm to —43 dBm

Default detection level: —43 dBm

Response time: 25 + 2 ms

Status Bits: ATV25, ATBELL (ORG=1), BEL103
(ORG=0)

Tones are detected as energy above a certain threshold
within a digital bandpass filter. The pass band of the dual
bi-quad infinite impulse response (lIR) filter (Call
Progress) or the single bi-quad IIR filter (answer tone or
Bell FSK originate) can be changed by writing new coeffi-
cients to DSP RAM. The tone detect threshold can also be
changed in DSP RAM.

V.23 and V.21 Tones: When Tone Generator/Tone
Detector configuration is selected (CONF bits = 80), tones
can be detected as follows:

V.23 forward channel mark: 1300 = 10 Hz

Status Bit: TONEA

V.23 backward channel mark: 390 = 10 Hz

Status Bit: TONEB

V.21 high band mark (1650 + 10 Hz) or low band mark
(980 = 10 Hz)

Table 2. Dial Digits/Tone Pairs

Hex Dial Tone Pair

Code Digit (H2) (Hz)
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
08 Spare (B) 697 1633
oc Spare (C) 770 1633
oD Spare (D) 852 1633
OE # 941 1477
OoF Spare (F) 941 1633
10 1300 Hz Calling Tone

Status Bit: TONEC

Detection level: 0 dBm to —43 dBm
Default detection level: —43 dBm
Response time: 25 + 2 ms

Tones are detected as energy above the threshold within
a digital bandpass filter. These filters are single bi-quad liR
filters*. The pass bands can be changed by writing new
coefficients to DSP RAM. The tone detect threshold can
also be changed in the DSP RAM.

*Except the filter represented by TONEA in Dial/Call
Progress configuration, which is a dual biquad IIR filter.

Zero Crossing Detector: A zero crossing detector is al-
ways available. The detector can measure tone frequen-
cies between 100 Hz and 3000 Hz. The zero crossing
counter increments for both positive and negative zero
crossings.

DATA ENCODING

The data encoding conforms to CCITT Recommendations
V.22 bis, V.22A/B, V.23, or V.21, or to Bell 212A or 103,
depending on the selected configuration.

EQUALIZERS

Equalization functions are incorporated that improve per-
formance when operating over low quality lines.

Automatic Adaptive Equalizer. A 17-tap automatic
adaptive equalizer is provided in the receiver circuit for
V.22 bis, V.22 and Bell 212A configurations. Updating of
the taps can be enabled or disabled (EQFZ). The equalizer
taps can also be reset (EQRES).

Fixed Compromise Equalizer. A fixed compromise
equalizer is provided in the transmitter. The equalizer can
be enabled or disabled (CEQ bit).

TRANSMITTED DATA SPECTRUM

After making allowance for the nominal specified com-
promise equalizer characteristic, the transmitted line sig-
nal has a frequency spectrum shaped by a square root of
a 75 percent raised cosine filter. Similarly, the group delay
of the transmitter output is within + 150 microseconds over

Table 3. RTS - CTS Response Time

Constant | Controlled
CTS Transition | Configuration Carrier Carrier
OFF to ON V.22 bis s2ms 270 ms
V.22 s2ms 270 ms
Bell 212A <2 ms 270 ms
v.21 2-5ms 2-5ms
Bell 103 2-5ms 2-5ms
v.23 5-20 ms 5-20 ms
ON to OFF All s2ms <2ms
Note: The CTS OFF to ON response time is host programmable
in DSP RAM for some configurations.
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the frequency range 900 Hz to 1500 Hz (low channel) and
2100 Hz to 2700 Hz (high channel).

TRANSMIT LEVEL

The default transmitter output level is —6.0 dBm +1.0 dB.
The output level can be selected from 0 dBm to —15 dBm
in 1 dB steps (TLVL bits).

TRANSMIT TIMING

Transmitter timing is selectable between internal
(+0.01%), external , or loopback (TXCLK bits). When ex-
ternal clock is selected, the external clock rate must equal
the desired data rate +0.01% with a duty cycle of 50 + 20%.

SCRAMBLER/DESCRAMBLER

A self-synchronizing scrambler/descrambler satisfying the
applicable CCITT recommendation or Bell specification is
incorporated. The scrambler and descrambler can be
enabled or disabled (SDIS and DDIS bits, respectively)

RECEIVE LEVEL

The receiver satisfies performance requirements for
received line signals from —9 dBm to —43 dBm. The
received line signal is measured at the Receiver Analog
(RXA) input.

RECEIVER TIMING

A = 0.01% frequency error in the associated transmit
timing source can be tracked.

CARRIER RECOVERY

A = 7 Hz frequency offset in the received carrier can be
tracked with less than a 0.2 dB degradation in bit error rate
(BER).

CLAMPING

Received Data (RXD) is clamped to a constant mark
whenever the Received Line Signal Detector (RLSD) out-
put is off.
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RTS - CTS RESPONSE TIME

The response times of CTS relative to a corresponding
transition of RTS are listed in Table 3. The response time
depends on the receiver operating in either constant car-
rier or controlled carrier mode (CC bit).

ASYNC/SYNC, SYNC/ASYNC CONVERSION

An asynchronous-to-synchronous converter is provided in
the transmitter, and a synchronous-to-asynchronous con-
verter is provided in the receiver. Asynchronous or
synchronous mode is selected by the ASYNC bit. The
asynchronous character format is 1 start bit, 5 to 8 data
bits (WDSZ bits), an optional parity bit (PARSL and PEN
bits), and 1 or 2 stop bits (STB bit). Valid character sizes,
including all bits, are 7, 8, 9, 10 or 11 bits per character.

When the transmitter’s converter is operating at the basic
signaling rate, no more than one stop bit will be deleted per
8 consecutive characters. When operating at the extended
rate, no more than one stop bit will be deleted per 4 con-
secutive characters.

Two ranges of signaling rates are provided (selectable by
the EXOS bit):

Basic range: +1% to —2.5%
Extended overspeed range: +2.3% to —2.5%

Break is handled in the transmitter and receiver as
described in V.22 bis. If the RC2324DP/DS transmitter
detects M to 2M + 3 bits of "start" polarity from the DTE,
where M is the number of bits per character, the
RC2324DP/DS will transmit 2M + 3 bits of start polarity. If
the modem detects more then 2M +3 bits of start polarity,
it will transmit all these bits as start polarity.

The RC2324DP/DS receiver will output the 2M + 3 or more
bits of start polarity on RXD and will set the BRKD bit.
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PIN ASSIGNMENTS

The RC2324DP/DS pin assignments are shown in
Figure 2. The pin assigments are listed by pin number in
Tables 4 and 5 for the DSP and IA devices, respectively.

M1 1@ 64— M6
Mis ——2 63 [———Imi5
NC. 3 62— M4
EVECLK ——{ 4 61— M3
RDCLK 5 60— NC
RBCLK C—— 6 59 [—mi2
RXD .7 58 [  TDCLK
RLSD —8 57 [/ TBCLK
TDRC ]9 56— TXD
RS —] 10 55 1 CTS
NC 54 [~ DGND
NG T— 12 53 [ XTCLK
NC 3 52— RD
NCC—u 51— M2
NC. {15 50— M7
NC.C— 16 49 = +5v
DGND [— 17 48[ NC
DT 18 47 [—INC.
D6 — 19 46— NC
Ds 20 [T — 4 |
D4 —21 44— xTu
03— 22 43 [ RESET
02 23 2 NC
D124 41 ) EYESYNC
D0 {25 40 [ EYEX
iRQ ] 26 39 [ EYEY
WRITE 27 38— EN8E
CS—]28 7 —OR
READ 29 3% [ DSR
RS4 ] 30 35 [ +5V
RS3 31 34— Rso
nszész 33 RSt

go’du‘o’o’o"”‘g
858838858 00d0 e
onn

PONOITONTDN O
85883385

RLSD
WRITE [ ] RXD
READ RDCLK
RS4 EYECLK
DGND N.C.
RS3 DGND
RS2 Mi8
RS1 Mi1
DGND DGND
RSO Mi6
+5V MI5
DSR M4
RI Mi3
EN86 N.C.
EYEY Mi2

EYEX TDCLK
by 2885888592
guoda gouoa
QyETS0GGu2ENaxXawax
A4 ]
£ R
ol ke B
&
68-PIN PLCC

b.

AGND 1 @ 40 [INC.
M4 ] 2 39 [ +5VA
M6 ] 3 38 [ ] AGND
mis 4 37 [ mis
w7 s 36 [ M2
AGND [ 6 35 [~ REC OUT
DGND [ 7 34 I REC IN
Mis 8 33 [ BIAS
-5VA ]9 32 [ AGND
RESET 7€ [ 10 31 [Imn
POR | 11 30 [ +5VA
TIDRC [ 12 29 I M2
NC. []13 28 [ M3
TLKRELAY [—] 14 27 [ TRAN OUT
OHRELAY (] 15 26 [INC
NC. ] 16 25 [ DGND
DGND [ 17 24 [T AGND
—-5VA ] 18 23 [T M4
Mo 19 22 M3
Mit1 ] 20 21 [ AGND
40-PIN DIP (IA)
QUIP/DIP Set
-] <0
GeeffodbgZt
ZEEEcZzZ+aEZ
ooonoonnonnn
;T MmN 3 3 (: ; s
w7 O 7 ° 39 [ N.C.
AGND (] 8 38 [J REC OUT
DGND [ 9 37 [J RECIN
mis O] 10 36 [0 BIAS
-5VA [ 11 35 [1 AGND
RESET 1C [] 12 34 1 Mn
POR [] 13 33 [J +5VA
T/ORC O 14 32 [ M2
NC. [ 15 31 [0 M3
TLKRELAY [] 16 30 [J TRAN OUT
OHRELAY [ 17 29 [ N.C.
22 IRILKRER
Soes-esso8g
4ygsSs2c2:2222¢9
z
Zgr==g=372g
44-PIN PLCC
PLCC Set

Figure 2. RC2324DP/DS Device Set Pin Assignments
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Table 4. RC2324DP/DS DSP Pin Assignments Table 5. RC2324DP/DS IA Pin Assignments
?:a-P PLCC | 64-Pin QUIP Signal 1/0 44-Pin PLCC 10-Pln DIP Signal /0
in wum"ber Pin Number Ngme T‘pe Pin Number | Pin Number Name Tépe
52 1 Mi1 1 - N.C.
53 2 Mi8 2 1 AGND
54 - DGND 3 2 Mi14
55 3 NC. 4 3 Mie
56 4 EYECLK OA 5 4 Mmi8
57 5 RDCLK OA 6 - N.C.
58 6 RBCLK OA 7 5 M7
59 7 BXD OA 8 6 AGND
60 8 BLSD OA 9 7 DGND
61 9 J/DRC 1A 10 8 MIS
62 10 RTS 1A 1 9 =5VA
63 11 N.C. 12 10 BESETTC 1A
64 12 N.C. 13 1 POR IA/JOA
65 13 N.C. 14 12 T/ORC 1A
66 14 N.C. 15 13 N.C.
67 15 N.C. 16 14 ILKRELAY ob
68 16 N.C. 17 15 OHRELAY oD
1 17 DGND 18 16 N.C.
2 18 D7 IA/OB 19 17 DGND
3 19 Dé IA/OB 20 18 -5VA
4 20 D5 IA/OB 21 19 Mi10
5 21 D4 |1A/OB 22 20 Mit1
6 22 D3 IA/OB 23 21 AGND
7 23 D2 IA/OB 24 22 Mi13
8 24 D1 I1A/OB 25 23 Mi4
9 25 Do IA/OB 26 24 AGND
10 26 oc 27 25 DGND
11 27 WRITE 1A 28 - N.C.
12 28 cs 1A 29 26 N.C.
13 29 READ 1A 30 27 TRAN OUT O (DD)
14 30 RS4 1A 31 28 MI3
15 - DGND 32 29 Mi2
16 31 RS3 1A 33 30 +5VA
17 32 RS2 1A 34 31 Mit
18 33 RSt 1A 35 32 AGND
19 - DGND 36 33 BIAS |
20 34 RSO 1A 37 34 REC IN | (DB)
21 35 5V 38 35 REC OUT O (DA)
22 36 DSR OB 39 - N.C.
23 37 Rl OB 40 36 Mi12
24 38 EN86 1A 41 37 Mit5
25 39 EYEY oB 42 38 AGND
26 40 oB 43 39 +5VA
27 41 EYESYNC oB 44 40 N.C
28 42
29 43 RESET 1A Notes:
30 44 XTLI | MI = Modem Interconnection (e.g., Mi7), see Figure 3.
31 45 XTLO (e] N.C. = No Cennection, leave pin disconnected (open).
32 46 N.C. 1/0 Type: See Tables 7 and 8.
33 47 N.C.
34 48 N.C.
35 49 +5V
36 50 Mz
37 51 Mi2
38 52 RD 1A
39 53 XTCLK 1A
40 54 DGND
41 55 CTS OA
42 56 TXD 1A
43 57 TBCLK OA
44 58 TDCLK OA
45 59 Mi2
46 60 N.C.
47 61 Mi3
48 62 Mi4
49 63 MIS
50 64 Mie
51 - DGND
Notes:
MI = Modem Interconnection (e.g., MI7), see Figure 3.
N.C. = No Connection, leave pin disconnected {open).
1/O Type: See Table 7.
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HARDWARE INTERFACE SIGNALS

The R02324DF5/DS hardware functional interface signals
are shown in Figure 3. In this diagram, any point thatis ac-
tive low is represented by a small circle at the signal point.

Edge triggered inputs are denoted by a small triangle (e.g.,
TDCLK). Open-Collector (open-source or open-drain) out-
puts are denoted by a small half-circle (e.g., IRQ). Active
low signals are overscored (e.g., POR).

A clock intended to activate logic on its rising edge (low-
to-high transition) is called active low (e.g., RDCLK), while

a clock intended to activate logic on its falling edge (high-
to-low transition) is called active high (e.g., TDCLK). When
a clock input is associated with a small circle, the input ac-
tivates.on a falling edge. If no circle is shown, the input ac-
tivates on a rising edge.

The hardware interconnect signals are organized into
functional groups. These signals, along with their interface
circuit type codes, are listed in Table 6. The digital and
analog interface characteristics are defined in Tables 7
and 8, respectively.

A

RC2324DP/DS DEVICE SET

+5V

Al OSCILLOSCOPE

i A

EYE

< TOCLK

EYESYNC

PATTERN

GENERATOR

\BARI

v.24 RXD

INTERFACE |

ADCLK
<pe————9

EN86

|——————————{ RC2324DP/DS
READ
p————»-0 DSP

RC2424DP/DS &

WRITE
DATA BUS (8)

]
ADDRESS BUS (3)
HoST 1 Rs0-RS4 -0<)J
PROCESSOR

BUS )
INTERFACE

DECODER cs

TRAN OUT TXA _ |
ANTIALIASING >

REC OUT FILTER RXA

<

REC IN COMPONENTS TELEPHONE
LINE

INTERFACE

OHRELAY

RD

TLKRELAY
T/DRC

=

—Ql  ANCILLARY

Q L D

CIRCUIT

+5V

RBCLK

INTERFACE

TBCLK

XTLI
CRYSTAL XTLO

RESET

NOTE: REQUIRED EXTERNAL COMPONENTS
ARE NOT SHOWN (SEE FIGURE 9).

Figure 3. RC2324DP/DS Functional Interface
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Table 6. RC2324DP/DS Hardware Interface Signals

Table 6. RC2324DP/DS Hardware Interface Signals

(Cont'd)
o /0
Name Type Description Name Type Description
DSP and 1A Overhead DSP/V.24 Interface
AGND GND Analog G XTCLK 1A External Transmit Clock
DGND GND Erote Groues e TDCLK OA Transmitter Data Clock
+5V PWR +5 Volt Supply (DSP & IA) BDOLK OA Receiver Data Clock
Zsv PWR Z5 Volt Supply (1A) RTS 1A Request-To-Send
RESET 1A Reset (DSP) CcTS OA Clear-To-Send
POR IAJOA Power-On-Reset (1) OSR 0B Data Set Ready
RESET 1C 1A Reset Time Constant (1A) D A Serial Transmit Data
XTU | Crystal In RXD OA Serial Receive Data
XTLO 0o Crystal Out RLSD OA Received Line Signal Detector
DSP/Host P Pararallel Bus Interface L - of Ring Indicator
- OB 1AJE. Filter Component:
D6 IZOB t REC IN DB |A Receiver Op Amp Input
D5 IAOB REC OUT DA |A Receiver Op Amp Output
D4 |A/OB Data Bus (8-Bits) TRAN OUT DD IA Transmitter Analog Output
D3 IA/OB External Filter Comp /Line Interface
D2 1A/OB RXA DE Receive Analog Input
D1 IAJOB TXA DF Transmit Analog Output
Do 1A/OB { IA/Line Interface
o " } GHRELAY oD Off-Hook Relay Driver
RS2 A Register Select (5-Bits) DSP/Ancillary Circuits :
RS1 1A TBCLK OA Transmit Baud Clock
RS0 1A { RBCLK OA Receive Baud Clock
cs 1A Chip Select 1A/Ancillary Circuits
READ (¢2) A Read Enable or $2 Clock T/ORC 1A Uncommitted Relay
T . r y Control
WRITE(RW) 1A Write Enable or Read/Write TLKRELAY oD Uncommitted Relay Driver
IRQ oc Interrupt Request 2
EN86 A En ablepaoaegeus DSP/Eye Pattern Generator (Diagnostic Circuit)
DSP/Line Interface EYEX OB Eye Pattern Data X-Axis
. EYEY oB Eye Pattern Data Y-Axis
RD 1A Ring Detect EYECLK oA Eye Pattern Clock
EYESYNC OB Eye Pattern Sync
NOTES: 1. /O types are described in Table 7 (digital signals) and
Table 8 (analog signals).
2.Unused inputs tied to +5V or ground require individual
10K Q series resistors.
Table 7. Digital Interface Characteristics
Parameter Symbol Min. Typ. Max. Units Test Conditions
Input High Voltage (Types A & B) ViH 2.0 - Vee Vde
Input High Current I - - 40 vy Ve = 525V, Vin = 5.25V
Input Low Voltage (Types A & B) ViL -0.3 - 0.8 Vde
Input Low Current 7] - - —400 pA Vce = 5.25V
Input Leakage Current IN - - +2.5 pA ViN=0to +5V, Ve = 5.25V
Output High Voltage VoH Vde
Type Aand B 35 - - ILoap = — 100 pA
Type D - - Vec ILoaD = 0 mA
Output Low Voltage VoL Vde
Type Aand C - - 0.4 loap = 1.6 mA
Type B - - 0.4 ILoap = 0.8 mA
Type D - 0.75 - ltoap = 15 mA
Three—State Input Current (Off) Irsi - - =10 pA Vin= 0.4 to Vec -1
Power Dissipation Po - 530 850 mW
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Table 8. Analog Interface Characteristics
Name Type Characteristic
REC OUT DA | 1458 type op amp output
Dynamic range: -9 dBm to —43 dBm
REC IN DB | 1458 type op amp input
TRAN OUT| DD | 1458 type op amp output
Po (High Band) =—0.5 dBm
Po (Low Band) = -2.5 dBm
RXA DE |Inputimpedance: 68.1 KQ + 1%
Receive level: -9 dBm
TXA DF | 1458 type op amp output
Output level: 0 dBm =1 dB
OVERHEAD SIGNALS

Overhead signals include power, ground, reset, and crys-
tal signals.

+ 5V Supply

+5V = 5% is required by both the DSP and the A devices.
-5V Supply

-5V = 5% is required by the IA device.

DSP Reset (RESET)

The active low RESET input resets the internal DSP logic.
Upon transition of RESET from low-to-high, the DSP inter-
face memory bits are set to the default values shown in
Table 11.

During DSP power turn-on, RESET must be held low for
at least 0.5 microseconds after Vcc operating voltage is
attained for the internal clock oscillator to stabilize. The
DSP RESET input is usually tied to the |A POR line to have
the 1A POR output initiate a reset upon RC2324DP/DS
power turn-on or if the |A detects a low power condition.

Power-On-Reset (POR)

The IA Power-On Reset (POR) signal is a bidirectional sig-
nal that is used as an active low input to reset the 1A device
and as an active low output to initiate an external reset of
the DSP when a low power condition is detected within the
IA device.

The IA device power-on reset circuit monitors the 1A +5V
supply and outputs a 100 ms to 300 ms low pulse on POR
upon |A +5V turn-on. This pulse is generated regardless
of the |A -5V supply level. A 10 ms minimum low pulse on
POR is also generated when the IA +5V supply drops
below 3.5V.

When DSP RESET and |IA POR are tied together, the IA
devices pulses POR low upon IA power turn-on to begin
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the POR sequence. The modem is ready 350 ms after the
low-to-high transition of POR. The POR sequence is
reinitiated any time the +5V supply drops below +3.5V for
more than 30 ms, or an external device drives POR low for
atleast 3 us. POR is not pulsed low by the IA device when
the POR sequence is initiated externally.

NOTE: If the modem is used in applications where the
supply voltage can drop below +4.75V but not low enough
to cause a POR sequence (i.e., <+3.5V), the host system
should assert the reset signals to the DSP and |A devices
upon supply voltage recovery to ensure proper modem in-
itialization and operation.

IA Reset Time Constant (RESET TC)

When IA POR is used as described above, an external dis-
crete RC network must be connected to the RESET TC pin
to generate the POR long time constant (see Figure 9).

In modem circuits not requiring the bidirectional POR sig-
nal, the RESET TC input can be used_as the active low
reset input to the IA device rather than POR. In this case,
the RESET TC should be connected to the DSP RESET
input instead of the RC network, and the IA POR input
should be left open.

Crystal In (XTLI) and Crystal Out (XTLO)

The DSP must be connected to an external crystal circuit
consisting of a 24.00014 MHz crystal and two capacitors
(see Figure 9 and Table 19).

MICROPROCESSOR INTERFACE

Eighteen address, data, control and interrupt hardware in-
terface signals implement an 8086/6502 compatible paral-
lel microprocessor interface to a host processor. The
read/write cycle timing requirements are listed in Table 9
and the timing waveforms are illustrated in Figure 4.

This parallel interface allows the host to change modem
configuration, read or write channel and diagnostic data,
and supervise modem operation by writing control bits and
reading status bits. The definitions of the control and
status bits, along with the methods of data interchange,
are discussed in the Software Interface Section.

Table 9. Microprocessor Bus Interface Timing

Parameter Symbol Min. Max. |Units
CS Setup Time TCS 0 - ns
RSi Setup Time TRS 25 - ns
Data Access Time TDA - 75 ns
Data Hold Time TDHR 10 - ns
Control Hold Time THC 10 - ns
Write Data Setup Time TWDS 20 - ns
Write Data Hold Time TDHW 10 - ns
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Figure 4. Microprocessor Bus Interface Waveforms
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Data Lines (D0-D7)

Eight bidirectional data lines (D0-D7) provide parallel
transfer of data between the host and the modem. The
most significant bit is D7. Data direction is controlled by the
Read Enable (READ) and Write Enable (WRITE) signals.

Chip Select (CS)

The active low Chip Select (C_S) input selects the modem
DSP for parallel data transfer between the DSP and the
host over the microprocessor bus.

Register Select Lines (RSO - RS4)

The five active high Register Select inputs (RS0 - RS4) ad-
dress interface memory registers within the DSP when CS
is low. These lines are typically connected to address lines
AO-A4.

When selected by CS low, the DSP decodes RS0 through
RS4 to address one of 32 8-bit internal interface memory
registers (00-1F). The most significant address bit is RS4
while the least significant address bit is RS0. The selected
register can be read from, or written into, via the 8-bit paral-
lel data bus (D0-D7).

Read Enable (READ) and Write Enable(WRITE)

The microprocessor bus operates with either 8086 or 6502
compatible timing as selected by the EN86 input.

When ENB86 is high, 8086 timing is selected, and the
read/write control signals are Read Enable (READ) and
Write Enable (WRITE). Reading or writing is controlled by
the host pulsing either READ or WRITE input low, respec-
tively, during the microprocessor bus access cycle (Figure
4a).

During a read cycle, data from the addressed DSP inter-
face memory register is gated onto the data bus by means
of three-state drivers in the DSP. These drivers force the
data lines high for a one bit, or low for a zero bit. When not
being read, the three-state drivers assume their high-im-
pedance (off) state.

During a write cycle, data from the data bus is copied into
the addressed DSP interface memory register, with high
and low bus levels representing one and zero bit states,
respectively.

When EN86 is low, 6502 timing is selected, and the
read/write control signals are Phase 2 Clock (¢2) and
Read/Write (R/W). (¢2 replaces READ and R/W replaces
WRITE.) Reading or_writing is controlled by pulsing R/W
low or leaving R/W high, respectively, during the
microprocessor bus access cycle (Figure 4b).
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Interrupt Request (IRQ)

The modem Interrupt Request (IRQ) output may be con-
nected to the host interrupt request input in order to inter-
rupt host program execution for immediate modem
service. The IRQ output can be enabled in the DSP inter-
face memory to indicate immediate change of conditions
in the modem DSP device. The use of IRQ is optional
depending upon modem application. Refer to the Software
Considerations Section for a summary of the modem inter-
rupt bits, interrupt conditions and interrupt clearing proce-
dures.

The IRQ output structure is an open-drain field-effect-tran-
sistor (FET). The IRQ output can be wire-ORed with other
IRQ lines in the application system. Any of these sources
can drive the host interrupt request input low, and the host
interrupt servicing process normally continues until all in-
terrupt requests have been serviced (i.e.. all IRQ lines
have returned high).

Because of the open-drain structure of IRQ, an external
pull-up resistor to +5V is required at some point on the IRQ
line. The resistor value should be small enough to pull the
IRQ line high when all IRQ drivers are off (i.e., it must over-
come the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level ac-
ceptable to each driver. If only the modem IRQ output is
used, a resistor value of 5.6K ohms +20%, 0.25W, is suf-
ficient.

V.24 INTERFACE

Ten hardware circuits provide timing, data and control sig-
nals for implementing a CCITT Recommendation V.24
compatible serial interface. The serial interface signals
are TTL compatible and can drive the short wire lengths
and circuits normally found within stand-alone modem
enclosures or equipment cabinets. For driving longer
cables, these signals can be easily converted to RS-232-
C voltage levels using 1489 receivers and 1488 drivers, or
their equivalents. The serial interface timing is illustrated
in Figure 5.

The RTS hardware control input is logically ORed with its
corresponding interface memory bit by the modem to form
the resultant control signal. The state of each_hardware
status output signal (CTS, DSR, RLSD, and RI) is also
reflected in its corresponding interface memory bit. Note
that the hardware interface signals are complemented with
respect to their corresponding interface memory bits (e.g.,
RTS signal low = RTS bit setto a 1).
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Transmitted Data (TXD)

The modem obtains serial data to be transmitted from the
host on the Transmitted Data (TXD) input in serial mode,
or from the interface memory Transmit Data Register
(TBUFFER) in parallel mode. (The TPDM bit in selects the
serial or parallel mode.)

Recelved Data (RXD)

The modem presents received serial data to the host on
the Received Data (RXD) output and to the interface
memory Receive Data Register (RBUFFER) in both serial
and parallel modes. RXD is clamped to mark in SDLC
mode.

Request To Send (RTS)

Request to Send (RTS) input ON (low) causes the modem
to transmit data on TXD when CTS becomes active.

Clear To Send (CTS)

Clear to Send (CTS) output ON (low) indicates that the
modem will transmit any data present on TXD. CTS
response times relative to RTS are shown in Table 3.

Data Set Ready (DSR)

Data Set Ready (DSR) output ON (low) indicates that the
modem is in the data transfer state, i.e.:

1. The modem is not in the talk state, i.e., an as-
sociated telephone handset is not in control of the
line.

The modem is not in the process of automatically
establishing a call via pulse or DTMF dialing.

The modem has generated an answer tone or
detected answer tone.

DSR OFF (high) indicates that the host is to disregard all
signals appearing on the interchange circuits except Ring
Indicator (RI).

Recelved Line Signal Detector (RLSD)

2.

3.

RLSD ON (low) indicates that valid data is available on
RXD. The RLSD thresholds are programmable in DSP
RAM. The RLSD default threshold values for both high and
low channels are:

RLSD ON =-43 dBm
RLSD OFF <—48 dBm

Ring Indicator (RI)

Ring Indicator (RI) output ON (low) indicates the presence
of an ON segment of a ring signal on the telephone line.
(The ring signal cycle is typically two seconds ON, four
seconds OFF.) The OFF (high) condition of the RI output
is maintained during the OFF segment of the ring cycle
(between rings) and at all other times when ringing is not
being received.
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The RI frequency range is programmable in DSP RAM. R
will respond to RD input signals in the frequency range of
15.3 Hz to 68 Hz (default values).

The RI OFF-to-ON (ON-to-OFF) response time is defined
as the time interval between the sudden connection
(removal) of the ring signal on the RD input and the sub-
sequent ON (OFF) transition of RI. The RI response times
are shown in Table 10.

Table 10. Rl Response Time

Ri Transition Response Time
OFF to ON One Period *
ON to OFF One Period
* Period of the ring frequency.
Transmit Data Clock (TDCLK)

The modem outputs a Transmit Data Clock (TDCLK) in
synchronous communications. The TDCLK clock frequen-
cy is data rate +0.01% with a duty cycle of 50 + 1%. Trans-
mit Data (TXD) must be stable during the one microsecond
period immediately preceding and following the rising
edge of TDCLK.

In asynchronous modes, TDCLK is clamped to mark.
External Transmit Clock (XTCLK)

In synchronous communication, the host may supply the
external transmit data clock input (XTCLK). The clock sup-
plied at XTCLK must exhibit the same characteristics of
TDCLK. The XTCLK input is reflected at TDCLK if the
modem is set for external clock (TXCLK = 10).

Receive Data Clock (RDCLK)

The modem outputs a Receive Data Clock (RDCLK) in the
form of 50 +1% duty cycle squarewave. The low-to-high
transitions of this output coincide with the center of
received data bits. The timing recovery circuit can track a
+0.01% frequency error in the remote transmit timing
source.

RDCLK is output in synchronous communications only. In
asynchronous modes, RDCLK is clamped to mark.

DAA INTERFACE
Receive Analog (RXA)

RXA is an input to the external filter components from a
data access arrangement (see Figure 9). The input im-
pedance at RXA is determined by R13 (see Design Con-
siderations Section). R13 is selected such that power at
REC OUT is —9 dBm when the maximum signal is applied
to RXA.
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Transmit Analog (TXA)

The TXA output from the external filter components (see
Figure 9) can drive a data access arrangement for connec-
tion to either the PSTN or a leased line. The transmitter
output impedance is a 1458 type operational amplifier out-
put. The output level is determined by R15 (see Design
Considerations Section).

ANCILLARY SIGNALS
Talk/Data Relay Driver (TLKRELAY)

TLKRELAY is an open drain output which can drive a nor-
mally closed relay with greater than 360 Q cail resistance.
The TLKRELAY output is controlied by the T/DRC input.
The TLKRELAY output is clamped off during power-on
reset. An external discrete diode is not required across the
relay coil.

In a typical application, TLKRELAY OFF opens the
Talk/Data relay and disconnects the handset from the
telephone line (i.e., the modem has control of the line.)

Off-Hook Relay Driver (OHRELAY)

OHRELAY is an open drain output which can drive a nor-
mally open relay with greater than 360 Q coil resistance.
OHRELAY ON closes the Off-Hook relay and connects the
modem to the telephone line (off-hook). The OHRELAY
output is controlled by the state of the RA bit, except in
pulse dial mode. OHRELAY output is clamped off during
power-on reset. An external discrete diode is not required
across the relay coil.

Talk/Data Relay Control (T/DRC)

Talk/Data Relay Control (T/DRC) is an uncommitted input
that controls the state of the TLKRELAY output. T/DRC low
tums the TLKRELAY output ON; T/DRC high turns the
TLKRELAY output OFF.

Ring Detect (RD)

RD indicates to the modem by an ON (high) condition that
aringing signal is present. The signal (a 4N35 optoisolator
compatible output) into the RD input should not respond to
momentary bursts of ringing less than 125 ms in duration,
or to less than 40 Vrms, 15 Hz to 68 Hz, appearing across
TIP and RING with respect to ground. The ring is then
reflected on RI.

Transmitter Baud Clock (TBCLK) and
Receiver Baud Clock (RBCLK)

Transmitter Baud Clock (TBCLK) and Receiver Baud
Clock (RBCLK) outputs are provided in synchronous com-
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munication modes. TBCLK and RBCLK have no counter-
part in the V.24 or RS-232-C recommendations since they
mark the baud interval rather than the data rate for the
transmitter and receiver, respectively. Both signals are
active high. The high-to-low transition of each baud clock
coincides with a high-to-low transition of the respective
data clock.

DIAGNOSTIC SIGNALS

Four signals provide the timing and data necessary to
create an oscilloscope quadrature eye pattern. The eye
pattern is simply a display of the received baseband con-
stellation. By observing this constellation, common line
distrubances can usually be identified. Timing of these sig-
nals is illustrated in Figure 6.

EYEX and EYEY

The EYEX and EYEY outputs provide two serial bit
streams containing data for display on the oscilloscope
horizontal (X) axis and vertical (Y) axis, respectively. This
serial digital data must first be converted to parallel digital
form by two serial-to-parallel converters and then to
analog form by two digital-to-analog (D/A) converters.

EYEX and EYEY outputs are 8-bit words, shifted out most
significant bit first. EYEX and EYEY are clocked by the
rising edge of EYECLK.

EYECLK

EYECLK is a clock for use by the serial-to-parallel con-
verters. The EYECLK output is a 7200 Hz clock.

EYESYNC

EYESYNC is a strobe for word synchronization. The fall-
ing edge of EYESYNC may be used to transfer the 8-bit
word from the shift register to a holding register. Digital to
analog conversion can then be performed for driving the X
and Y inputs of an oscilloscope.

EVESYNC _J F

Figure 6. Eye Pattern Timing

L

EYEX,
EYEY
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SOFTWARE INTERFACE ‘
Modem functions are implemented in DSP firmware.

INTERFACE MEMORY

The DSP communicates wnth the host processor by means
of a dual-port, interface memory. The interface memory in
the DSP contains thirty-two 8-bit registers, labeled register
00 through 1F. Each register can be read from, or written
into, by both the host and the DSP. The host communi-
cates with the DSP interface memory via the microproces-
sor bus.

The host can control modem operation by writing control
bits to DSP interface memory and writing parameter
values to DSP RAM through the interface memory. The
host can monitor modem operation by reading status bits
from DSP interface memory and reading parameter values
from DSP RAM through interface memory.

INTERFACE MEMORY MAP

A memory map of DSP interface memory identifying the
contents of the 32 addressable registers is shown in
Figure 7. These 8-bit registers may be read or written
during any host read or write cycle. In order to operate on
a single bit or group of bits in a register, the host proces-
sor must read a register then mask out unwanted data.
When writing a single bit or group of bits in a register, the

host processor must perform a read-modify-write opera-
tion. That is, the host must read the entire register, set or
reset the necessary bits without altering the other register
bits, then write the unaffected and modified bits back into
the interface memory register.

INTERFACE MEMORY BIT DEFINITIONS

Table 11 defines the individual bits in the interface
memory. Bits in the interface memory are referred to using
the format Z:Q. The register number is denoted by Z (00
through 1 F) and the bit number is located by Q (0 through
7, where 0 = LSB).

INITIALIZATION

The POR default value for each configuration/control bit is
shown in Table 11. POR leaves the modem configured as
follows:

* 2400 bps

* Synchronous

* Constant carrier

« Serial data mode

* Answer mode

7 6 5 4 3 2 1 ]
| Register L
1F NSIA | NCIA - NSIE [NEWS | NCIE - Ng‘glFC
1E TDBIA[RDBIA|TDBIE| — |TDBE |[RDBIE | — R
1D XACC| — - XWT | XCR
1c XRAMADDHESS
18 YcC] — | — YWT | YCR
1A RAM ADDHE& 1!ADD|
10 X RAM DATA MSB (XDAM]
18 X RAM DATA LSB (XDAL)
17 i Y:RAM DATA MSB (YDAM)
16 : Y RAM DATA LSB (YDAL)
15 — = T = [ =1 =T —T=-T=
18 =1 =lT=T=1T-T=-—"T="T=<
13 VL —_ -
12 CONFIGURATION (CONF)

F

1T = — — — —
RECEIVER DATA BUFFER (RBUFFER)
(—) Indicates reserved for modem use only

Figure 7. RC2324DP/DS Interface Memory Map
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Table 11. Interface Memory Bit Definitions

Mnemonic

Memory
Location

Defauit
Value

Name/Description

ARC

ASYNC

ATBELL

ATV25

BEL103

BRKD

BRKS

CEQ

03:3

08:7

0B:3

0B:4

0B:0

OE:6

067

05:3

Automatic Rate Change Enable. When control bit ARC is a 1, an automatic on-line rate
change sequence is enabled. This allows on-line fallback from 2400 bps to 1200 bps per
V.22 bis Section 6.6.

Asynchronous/Synchronous. When control bit ASYNG is a 1, asynchronous data mode is
selected. When ASYNC changes from a 0 to a 1, the receiver's synchronous to
asynchronous converter and the transmitter’s asynchronous to synchronous converter are
configured according to the EXOS, PARSL, PEN, STB and WDSZ bits at that time. ASYNC
may be used to switch between synchronous and asynchronous modes at any time in idle
or data mode. All clocks are clamped to mark in asynchronous mode.

When ASYNC is a 0, synchronous data mode is selected. The SYNCMD bits further select
one of two synchronous modes.

Bell Answer Tone Detected. When set to a 1, status bit ATBELL indicates that the modem
is detecting a 2225 Hz answer tone. When reset to a 0, the 2225 Hz answer tone is not
being detected. ATBELL is active only in the Dial/Call Progress and originate handshake
configurations.

V25 Answer Tone Detected. When set to a 1, status bit ATV25 signifies that the modem is
detecting a 2100 Hz answer tone. When reset to a 0, the 2100 Hz answer tone is not being
detected. ATV25 is only active in the Dial/Call Progress and originate handshake modes
(ORG =1).

Bell 103 Mark Frequency Detected. When set to a 1, status bit BEL103 indicates that the
modem is detecting a Bell 103 mark frequency (1270 Hz). When reset to a 0, the mark fre-
quency is not being detected. BEL103 is available only in Dial/Call Progress and answer
handshake modes (ORG = 0).

Break Detected. When set to a 1, status bit BRKD indicates the modem is receiving con-
tinuous space. When reset to a 0, continuous space is not being received.

Break Sequence. When control bit BRKS is a 1 and TPDM is a 1, the modem will send con-
tinuous space. When BRKS is a 0 and TPDM is a 1, the modem will transmit parallel data
from the TBUFFER. (This bit is valid only when TPDM = 1.)

Controlled Carrier. When control bit CC is a 1, the modem operates in controlied carrier
(i.e., the carrier is controlled by RTS); when 0, the modem operates in constant carrier (i.e.,
the carrier stays on when RTS is off). Controlled Carrier is available only in leased line
(LL=1).

Controlled carrier allows the modem transmitter to be controlied by the RTS pin or the RTS
bit (see Table 3). When the RTS pin goes low, or the RTS bit set to_ a 1, the transmitter im-
mediately sends scrambled ones for 270 ms and then turns on the CTS signal and the CTS
bit. At 2400 bps, it is recommended that a retrain be sent once in the data mode to ensure
that synchronization occurs. (V.22 bis)

Compromise Equalizer Enable. When control bit CEQ is a 1, the transmitter’s passband
digital compromise equalizer is inserted into the transmit path. When CEQ is a 0, the
equalizer is not inserted into the transmit path.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

CONF

CRCs

CRFZ

DATA

DDIS

DSR

12:.0-7

0A:0

04:0

OF:5

09:2

08:4

OF:4

84

Modem Configuration Select. The CONF control bits select the modem operating mode
from one of the following configuration codes:

Data Rate (bps)
Transmit  Receive

V.22 bis 2400 2400 84
V.22 1200 1200 52
V.22 600 600 51
Bell 212A 1200 1200 62
Bell 103 0-300 0-300 60
v.21 300 300 A0
v.23 75 1200 46
v.23 1200 75 47
v.23 1200 1200 42
v.23 75 75 40
Tone Generator/Detector 80
Dial/Call Progress Monitor 81

Note: NEWC must be set to a 1 after CONF is changed.

CRC Sending. When set to a 1, status bit CRCS indicates that the transmitter is sending
the CRC (2 bytes) in SDLC mode. A 0 indicates that the CRC is not being sent.

Carrier Recovery Freeze. When control bit CRFZ is a 1, updating of the receiver’s carrier
recovery phase lock loop (PLL) is inhibited. When reset to a 0, normal updating is enabled.

Mode CONF (Hex)

Clear to Send. When set to a 1, status bit CTS indicates that the training sequence has
been completed and any data present at TXD (serial mode) or in TBUFFER (parallel mode)
will be transmitted (see TPDM). CTS response times from an RTS ON or OFF transition
after the modem has completed a handshake are shown in Table 3. When reset to a 0, data
is not being transmitted.

Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not
being transmitted. The modem is prevented from entering and proceeding with the hand-
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to
a 1 by the host at a suitable time after completion of dialing or answering.

When control bit DATA is a 1, the modem is in the data mode in either leased line mode (LL
= 1) or handshake mode (LL = 0).

Descrambler Disable. When control bit DDIS is a 1, the receiver's descrambler circuit is
disabled; when a 0, the descrambler circuit is enabled.

Data Set Ready. When set to a 1 (ON), status bit DSR indicates that the modem is in the
data transfer state. When reset to a 0 (OFF), DSR indicates that the DTE is to disregard all
signals appearing on the interchange circuits—except RI.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

DTMF

EQFZ

EQRES

EXOS

FE

FLAGS

GTE

GTS

IFIX

09:5

OE:4

OF:0

03:0

09:3

07:5

07:3

0

DTMF Select. When the modem is configured for dialing mode (CONF = 81), the modem
will dial using DTMF tones or pulses. When control bit DTMF is a 1, the modem will dial
using DTMF tones. When DTMF is a 0, the modem will dial using pulses. The DTMF bit can
be changed during the dialing process to allow either tone or pulse dialing of consecutive
digits. Dialing mode is selected by configuration code 81 in the Configuration Register
(CONF). When in dialing mode, the data placed in the Transmitter Data Buffer (TBUFFER)
is treated as the digit to be dialed. The number to be dialed must be represented by two
hexadecimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the TBUFFER).
Also, see TDBE bit.

Dialing timing is host programmable in DSP RAM.

Equalizer Freeze. When control bit EQFZ is a 1, updating of the receiver's adaptive
equalizer taps is inhibited. When a 0, updating is enabled.

Equalizer Reset. When control bit EQRES is a 1, the receiver adaptive equalizer taps are
reset to zero. When a 0, the equalizer taps are updated normally.

Extended Overspeed. When control bit EXOS is a 1, Extended Overspeed mode is
selected in the transmitter async-to-sync converter and in the receiver sync-to-async con-
verter. When a 0, normal overspeed mode is selected. (See SPLIT)

Framing Error. When set to a 1, status bit FE indicates that more than 1 in 8 (or 1 in 4 for
extended overspeed) characters were received without a Stop bit in asynchronous mode or
an ABORT sequence was detected in SDLC/HDLC synchronous mode. When reset to a 0,
no framing error is detected.

Flag Sequence. When set to a 1, status bit FLAGS indicates that the transmitter is sending
the Flag sequence in SDLC/HDLC mode, or a constant mark in parallel asynchronous
mode. When reset to a 0, FLAGS indicates that the transmitter is sending data.

Guard Tone Enable. When control bit GTE is a 1, the specified guard tone to be trans-
mitted is enabled (CCITT configurations only), according to the state of the GTS bit. The
guard tone will be transmitted only by the answering modem. When set to a 0, guard tone
transmission is disabled. (V.22 bis)

Guard Tone Select. When control bit GTS is set to a 1, the 550 Hz tone is selected; when a
0, the 1800 Hz tone is selected. The selected guard tone will be transmitted only when GTE
is enabled. (V.22 bis)

Eye Fix. When control bit IFIX is a 1, the serial diagnostic data output on the EYEX and
EYEY pins reflects the Rotated Equalizer Output. When IFIX is a 0, the data on EYEX and
EYEY is selected by the addresses in X RAM Address and Y RAM Address registers,
respectively.

Leased Line. When control bit LL is set to a 1, the modem will enter the Leased Line Data
Mode (selected by the ORG bit) when the DATA bit is a 1. When a 0, the modem will enter
the Handshake Mode (selected by the ORG bit) when the DATA bit is a 1.

Loop 2 (Local Digital Loopback) Activate. When control bit L2ACT is a 1, the receiver's
digital output is internally connected to the transmitter’s digital input (locally activated digital
loopback) in accordance with CCITT Recommendation V.54.

Loop 3 (Local Analog Loopback) Activate. When control bit L3ACT is a 1, the
transmitter’s analog output is internally coupled to the receiver's analog input (local analog
loopback) in accordance with CCITT Recommendation V.54.

The modem may only be placed into loop 3 mode when in idle mode (DATA bit is a 0). After
setting the L3ACT bit to a 1, the NEWC bit must also be set. The loopback is then com-
pleted when the modem sets DSR, CTS, and DCD (RLSD) bits to a 1. To terminate the loop-
back, reset L3ACT to a 0 and then set NEWCto a 1.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Defauit
Value Name/Description

MHLD

NCIA

NCIE

NEWC

NEWS

NSIA

NSIE

07:0

1F:6

1F:2

1F:0

iF3

1F:7

1F:4

0 Mark Hold. When control bit MHLD, is a 1, the transmitter sends continuous mark. When
MHLD is a 0, the transmitter sends continuous flag or data from TBUFFER. This bit is valid
only in SDLC/HDLC mode.

0 NEWC Interrupt Active. When the new configuration interrupt is enabled (NCIE is a 1) and
a new configuration is implemented (NEWC is reset to a 0 by the DSP), IRQ is asserted and
status bit NCIA is set to a 1 to indicate that NEWC being a 0 caused the interrupt. NCIA and
the interrupt request due to NEWC are cleared by the host writing a 0 into NCIE. (See
NEWC and NCIE.)

0 NEWC Interrupt Enable. When control bit NCIE is a 1 (interrupt enabled), the modem will
assert IRQ and set NCIA to a 1 when the NEWC bit is reset to a 0 by the DSP. When NCIE
is a 0 (interrupt disabled), NEWC has no effect on IRQ or NCIA. (See NEWC and NCIA))

0 New Configuration. When control bit NEWC is set to a 1, the modem will implement the
new configuration. The DSP resets the NEWC bit to a 0 when the configuration change is
acknowledged. A configuration change can also cause IRQ to be asserted. (See NCIE and
NCIA)

Note: Control bit NEWC must be set to a 1 by the host after the host changes the contents
of any of the following control bits:

CONF Configuration

SYNCMD Synchronous Mode Select

GTE Guard Tone Enable

GTS Guard Tone Select

RDLE Remote Digital Loopback Enable
RDL Remote Digital Loopback Request
L2ACT Loop 2 Activate

L3ACT Loop 3 Activate

RA Relay Activate

PARSL Parity Select

PEN Parity Enable

STB Stop Bit Number

wDSz Word Size

ORG Originate Mode

LL Leased Line Mode

DATA Data

ASYNC Asynchronous Mode

RTRN Retrain

v Transmit Level

EQRES Equalizer Reset

- New Status. When set to a 1, status bit NEWS indicates that one or more status bits lo-
cated in registers OA, 0B, OE, or OF have changed state, or a DSP RAM read or write has
been completed. This bit can be reset to a 0 only by the host. When set to a 1, this bit can
cause IRQ to be asserted. (See NSIE and NSIA)

0 NEWS Interrupt Active. When the new status interrupt is enabled (NSIE isa 1) and a
change of status occurs (NEWS is set to a 1), IRQ is asserted and status bit NSIA is setto a
1 to indicate that NEWS being a 1 caused the interrupt. NSIA and the interrupt request due
to NEWS are cleared when the host writes a 0 to NEWS. (See NEWS and NSIE.)

0 NEWS Interrupt Enable. When control bit NSIE isai (interrupt enabled), 1RQ will be as-
serted and NSIA will be set to a 1 when NEWS is set to a 1 by the DSP. When NSIE isa 0
(interrupt disabled), NEWS has no effect on IRQ or NSIA. (See NEWS and NSIA))
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

NV25

OE

ORG

PARSL

PE

PEN

RBUFFER

RDBF

RDBIA

RDBIE

09:7

OE:3

09:4

06:4,5

OE:5

07:1

00:0-7

1E:0

1E:6

1E:2

07:6

0

No. V.25 Answer Tone. When control bit NV25 is a 1, the transmitter will not transmit the
2100 Hz CCITT answer tone when a handshake sequence is initiated and the modem is in
answer mode. In originate mode, the receiver will not look for the 2100 Hz tone. When reset
to a 0, the modem will transmit the answer tone in answer mode and will look for the answer
tone in originate mode.

Overrun Error. When set to a 1, status bit OE indicates that the Receiver Data Buffer
(RBUFFER) was loaded from the RXA input before the host read the old data from RBUF-
FER. When reset to a 0, RBUFFER was read before new receive data was loaded into
RBUFFER. This is valid for both ASYNC mode and SDLC/HDLC mode.

Originate. When control bit ORG is a 1, the modem is in originate mode; when a 0, the
modem is in answer mode. Note: The NEWC bit must be set after the ORG bit is changed.

Parity Select. Control bits PARSL select the method by which parity is generated and
checked during the asynchronous parallel data mode (ASYNG = 1). The options are:

5 4 Parity Selected

Stuff Parity (“Sth Data Bit") (see TXP, RXP)
Space Parity

Even Parity

0dd Parity

Parity Error. When set to a 1, status bit PE indicates that a character with bad parity was
received in the asynchronous mode, or bad CRC was detected in the SDLC/HDLC
synchronous mode. When a 0, a character with good parity was received.

Parity Enable. When set to a 1, control bit PEN enables parity generation and checking
during asynchronous parallel data mode. When reset to a 0, parity generation and checking
is disabled.

Off-Hook Relay Activate. When control bit RA is set to a 1, the OHRELAY output is ac-
tivated causing the relay to close (off-hook); when RA is reset to 0, the OHRELAY is turned
off causing the relay to open (on-hook). Note: The host has exclusive control of the
OHRELAY output through the RA bit except in pulse dial mode.

Recelve Data Buffer. The host obtains data from the modem receiver in the parallel data
mode by reading a data byte from the RBUFFER.

Receiver Data Buffer Full. When set to a 1, status bit RDBF signifies that the modem _
wrote valid received data into register 00 (RBUFFER). This condition can also cause IRQ to
be asserted. The host reading or writing register 00 resets the RDBF bit to 0. (See RDBIE
and RDBIA))

Recelver Data Buffer Interrupt Active. When the receiver data buffer full interrupt is
enabled (RDBIE is a 1) and register 00 is written to by the DSP (RDBF is setto a 1), the
modem asserts IRQ and sets RDBIA to a 1 to indicate that RDBF being a 1 caused the inter-
rupt. The host reading or writing register 00 resets the RDBF bit to a 0 and clears the inter-
rupt request due to RDBF. (See RDBF and RDBIE.)

Receiver Data Buffer Interrupt Enable. When control bit RDBIE is a 1 (interrupt enabled),
the modem will assert IRQ and set the RDBIA bit to a 1 when RDBF is set to a 1 by the
DSP. When RDBIE is a O (interrupt disabled), RDBF has no effect on IRQ or RDBIA. (See
RDBF and RDBIA))

Remote Digital Loopback Request. When control bit RDL is a 1, the modem initiates a re-
quest for the remote modem to go into digital loopback, RXD is clamped to a mark, and the
RLSD bit and RLSD signal will be reset until the loop is established. When the host resets
the RDL bit the modem sends the RDL terminating sequence.

=X}
- O -0
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Table 11. Iinterface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

RDLE

RI

RLSD

RTDET

RTRN

RTS

S1DET

SADET

07:7

OF:3

OF:7

0E:7

08:1

01:0

0D:5

0D:2

0

Remote Digital Loopback Response Enable. When set to a 1, control bit RDLE enables
the modem to respond to the remote modem’s digital loopback request, thus going into loop-
back. When this occurs, the modem clamps RXD to a mark; resets the CTS and RLSD bits
to a0, and turns the CTS and DCD signals OFF. The TM bit is set to a 1 to inform the host
of the test status.

Ring Indicator. When set to a 1, status bit Rl indicates that a valid ringing signal is being
detected. Ringing is detected if pulses are present on the RD input in the 15 Hz - 68 Hz fre-
quency range (default frequency range). The Rl bit follows the ringing signal with a 1 during
the ON time and a 0 during the OFF time coincident with Rl output signal. The minimum and
maximum valid ring frequencies are host programmable in DSP RAM. If the maximum value
is set to zero, the RI bit will go on and off with each half of the ring frequency sine wave.

Received Line Signal Detector. When status bit RLSD is set to a 1, the carrier is being
detected and receive data is valid. When a 0, the carrier is not being detected and RXD out-
put is clamped to mark. Note: RXD is also clamped to mark during retrain while the RLSD
bit remains on.

Retrain Detected. When set to a 1, status bit RTDET indicates that a retrain request se-
quence has been detected.

Retrain. When control bit RTRN set to a 1 and the modem is in data mode, the modem re-
quests retrain (or automatic rate change - see ARC) from the remote modem. RTRN is set
to 0 when the previous retrain is completed. Note: If retrain is not completed successfully,
the host must clear the RTRN bit.

Fallback from 2400 bps to 1200 bps per CCITT V.22 bis may be accomplished as follows:

1. Set the ARC bit to a 1 in both modems.
2. Set the RTRN bit to a 1 in either modem.
3. Setthe NEWC bittoa 1.

Fall forward from 1200 bps to 2400 may be accomplished as follows:

1. Reset the ARC bit (with the remote modem having the ARC bit set).
2. Set the RTRN bit.
3. Set the NEWC bit.

If the remote modem can operate at the requested rate, the SPEED bits will be changed by
the modem to refiect the new rate after the retrain is completed.

If the remote modem cannot operate at the new rate, then no rate change will take place
during the retrain. In this case, the host must clear the RTRN bit.

Request to Send. When control bit RTS is a 1 or the RTS input is ON, the CTS bit is set to
a1 and the CTS output is turned ON. When the RTS bit is reset to 0 and the RTS input is
OFF, the CTS bit is reset to a 0 and the CTS output is turned OFF.

Received Parity bit. This bit is only valid when parity is enabled (PEN = 1), and word size
is set for 8 bits per character (WDSZ = 11). In this case, the parity bit received (or ninth data
bit) will be available at this location. The host must read this bit before reading the received
data buffer (RBUFFER).

S1 Sequence Detected. Status bit SIDET is set to a 1 when the S1 sequence is being
detected. This bit is reset to a 0 when the S1 sequence is not being detected.

Scrambled Alternating Ones Sequence Detected. Status bit SADET is set to a 1 when
the Scrambled Alternating Ones sequence is being detected. This bit is reset to a 0 when
the Scrambled Alternating Ones sequence is not being detected. Note: SADET is used to in-
dicate the response of the remote modem to a V.22 bis rate change request or a remote
digital loopback request.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default
Value

Name/Description

SCR1

SDIs

SPEED

SPLIT

STB

SYNCD

SYNCMD

TBUFFER

TDBE

TDBIA

TDBIE

0D:4

03:2

0E:0-2

06:2

OF:1

03:6,7

10:0-7

1E:3

1E7

1E:5

0

Scrambled Ones Sequence Detected. Status bit SCR1 is set to a 1 when Scrambled
Ones is being detected during handshake. This bit is reset to 0 when Scrambled Ones is not
being detected.

Scrambler Disable. When control bit SDIS is a 1, the transmitter scrambler is disabled;
when SDIS is a 0, the scrambler is enabled.

Speed Indication. The SPEED status bits indicate the data rate at the completion of a hand-
shake:

Data Rate (bps)

300
600
1200
2400

Parallel Async Extended Overspeed TX/RX Split. When SPUIT is set to a 1 and EXOS is
set, the transmitter will transmit at the basic overspeed while the receiver receives at the ex-
tended overspeed rate.

Stop Bit Number. When control bit STB is a 0, one stop bit is selected in asynchronous
mode; when a 1, two stop bits are selected.

Sync Pattern Detected. When set to a 1, status bit SYNCD indicates that SDLC/HDLC
flags (7E pattern) are being detected. When reset to a 0, the 7E pattern is not being
detected.

Synchronous Mode. Configuration bits SYNCMD select the synchronous mode (ASYNC =
0) from the following:

ocoo0coOo N
-~ e 00 -
-o0o—-0 ©

7 6 Synchronous Mode

00 Normal Sync
01 SDLC/HDLC Sync

Transmitter Data Buffer. The host conveys output data to the transmitter in the paraliel
mode (TPDM = 1) by writing a data byte to the TBUFFER when the TDBE bitis a 1. The
data is transmitted bit O first.

Transmitter Data Buffer Empty. When set to a 1, status bit TDBE signifies that the modem
has read transmit data from register 10 (TBUFFER) and the host can write new data into
register 10. This condition can also cause IRQ to be asserted. The host reading or writing
register 10 resets the TDBE bit to 0. (See TDBIE and TDBIA.)

Transmitter Data Buffer Interrupt Active. When the transmitter data buffer empty interrupt
is enabled (TDBIE is a 1) and register 10 is empty (TDBE is set to a 1), the modem asserts
IRQ and sets status bit TDBIA to a 1 to indicate that TDBE being a 1 caused the interrupt.
The host reading or writing register 10 resets the TDBIA bit to a 0 and clears the interrupt re-
quest due to TDBE. (See TDBIE and TDBE.)

Transmitter Data Buffer Interrupt Enable. When control bit TDBIE is a 1 (interrupt
enabled), the modem will assert IRQ and set the TDBIA bit to a 1 when TDBE is set to 1 by
the DSP. When TDBIE is a 0 (interrupt disabled), TDBE has no effect on IRQ or TDBIA.
(See TDBE and TDBIA))
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Table 11. Interface Memory Bit Definitions (Cont’d)

Memory Default
Mnemonic | Location Value Name/Description

T 13:4-7 6 Transmit Level Attenuation Select. The TLVL control code selects the transmitter analog
output level attenuation at the TXA pin as follows:

Transmit Level Attenuation

7654 (dB +0.5 dB)
0000 0 dB
0001 1 dB
0010 2 d8
001 1 3 dB
0100 4 dB
0101 5 dB
0110 6 dB
0111 7 dB
1000 8 dB
100 1 9 dB
1010 10 dB
101 1 11 dB
1100 12 dB
110 1 13 dB
1110 14 dB
1111 15 dB

The host can fine tune the transmit level to a value lying within a 1 dB step by changing a
value in DSP RAM.

™ OF:2 0 Test Mode. When set to a 1, status bit TM indicates that the selected test mode is active.
When TM is reset to a 0, no test mode is active.
TONEA 0B:7 0 Tone Filter A Energy Detected. When set to a 1, status bit TONEA indicates that energy

above the threshold is being detected by the Call Progress Monitor filter in the Dial Con-
figuration (CONF = 81) or that 1300 Hz FSK tone energy is being detected by the Tone A
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM.

TONEB 0B:6 0 Tone Filter B Energy Detected. When set to a 1, status bit TONEB indicates that 390 Hz
FSK tone energy is being detected by the Tone B bandpass filter in the Tone Detector con-
figuration (CONF = 80). When reset to a 0, energy is not being detected. The bandpass filter
coefficients are host programmable in DSP RAM.

TONEC 0B:5 0 Tone Fiiter C Energy Detected. When set to a 1, status bit TONEC indicates that either
1650 Hz (ORG = 1) or 980 Hz (ORG = 0) FSK tone energy is being detected by the Tone C
bandpass filter in the Tone Detector configuration (CONF = 80). When reset to a 0, energy
is not being detected. The bandpass filter coefficients are host programmable in DSP RAM.

TPDM 08:6 0 Transmitter Parallel Data Mode. When control bit TPDM is a 1, the transmitter accepts
paraliel data from the host microprocessor interface via the TBUFFER register for transmis-
sion rather than serial data from the TXD input pin. When TPDM is a 0, serial data from the
TXD input pin is accepted for transmission rather than parallel data from TBUFFER.

TRFZ 08:3 0 Timing Recovery Freeze. When control bit TRFZ is a 1, the updating of the receiver's
timing recovery algorithm is inhibited. When TRFZ is a 0, normal updating occurs.
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Table 11. Interface Memory Bit Definitions (Cont’d)

Mnemonic

Memory
Location

Default

Value

Name/Description

TXCLK

U1IDET

WDSZ

XACC

XADD

XCR

XDAL

XDAM

YACC

13:0,1

11:0

0D:3

06:0,1

1D7

1C:0-7

1D:0

18:0-7

19:.0-7

1D:A

1B:7

0

00

Transmit Clock Select. The TXCLK control bits designate the origin of the transmitter data
clock:

Transmit Clock

Internal

Not Used (Internal)
External (XTCLK input)
Slave (RDCLK output)

When the external clock is chosen, the host supplied clock must be connected to the
XTCLK input pin. The external clock will then be reflected at the TDCLK output pin.

When the slave clock is chosen, the transmitter clock output (TDCLK) is phase locked to
the receiver clock output (RDCLK).

Transmit Parity bit. This bit is only active when parity is enabled (PEN = 1), stuff parity is
selected (PARSL = 00) and word size is set for 8 bits per character. The host must load the
stuffed parity bit (or ninth data bit) in this location before loading the other 8 bits of data in
TBUFFER.

Unscrambled Ones Detected. When set to a 1, status bit U1DET indicates that V.22 bis
Unscrambled Ones sequence has been detected. This bit is reset to a 0 by the modem at
the end of the Unscrambled Ones sequence. (V.22 bis)

Data Word Size. The WDSZ control field sets the number of data bits per character in
asynchronous mode as follows:

10 Data Bits/Character

5
6
7
8

X RAM Access Enable. When control bit XACC is a 1, the DSP accesses the X RAM as-
sociated with the address in XADD and the XCR bit. XWT determines if a read or write is
performed. The DSP resets XACC to a 0 upon RAM access completion.

X RAM Address. XADD contains the X RAM address used to access the DSP’s X Data
RAM (XCR = 0) or X Coefficient RAM (XCR = 1) via the X RAM Data LSB and MSB
registers (addresses 18 and 19, respectively). (See Table 12.)

X Coefficient RAM Select. When control bit XCR is a 1, XADD applies to the X Coefficient
RAM. When XCR is a 0, XADD applies to the X Data RAM. This bit must be set according
to the desired RAM address (Table 12).

X RAM Data LSB. XDAL is the least significant byte of the 16-bit X RAM data word used in
reading or writing X RAM locations in the DSP.

X RAM Data MSB. XDAM is the most significant byte of the 16-bit X RAM data word used
in reading or writing X RAM locations in the DSP.

X RAM Write. When XWT is a 1 and XACC is set to a 1, the DSP copies data from the X
RAM Data registers (18 and 19) into the X RAM location addressed by XADD and XCR.
When control bit XWT is a 0 and XACC is setto a 1, DSP reads X RAM at the location ad-
dressed by XADD and XCR and stores the data into the X RAM Data registers (18 and 19).

Y RAM Access Enable. When control bit YACC is a 1, the DSP accesses the Y RAM as-
sociated with the address in YADD and the YCR bit. YWT determines if a read or write is
performed. The DSP resets YACC to a 0 upon RAM access completion.

-, 00 -
—-0-0 ©O

- -0
-0 -0
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Table 11. Interface Memory Bit Definitions (Cont'd)

Memory Default
Mnemonic | Location Value Name/Description (Cont’d)

YADD 1A:0-7 00 Y RAM Address. YADD contains the Y RAM address used to access the DSP’s Y Data
RAM (YCR = 0) or Y Coefficient RAM (YCR = 1) via the Y RAM Data LSB and MSB
registers (adresses 16 and 17, respectively). (See Table 12.)

YCR 1B:0 0 Y Coefficient RAM Select. When control bit YCR is a 1, YADD applies to the DSP’s Y Coef-
ficient RAM. When YCR is a 0, YADD applies to the Y Data RAM. This bit must be set ac-
cording to the desired RAM address (Table 12).

YDAL 16:0-7 00 Y RAM Data LSB. YDAL is the least significant byte of the 16-bit Y RAM data word used in
reading or writing Y RAM locations in the DSP.

YDAM 17:0-7 00 Y RAM Data MSB. YDAM is the most significant byte of the 16-bit Y RAM data word used
in reading or writing Y RAM locations in the DSP.

YWT 1B:1 0 Y RAM Write. When YWT is a 1 and YACC is set to a 1, the DSP copies data from the Y

RAM Data registers (16 and 17) into the Y RAM location addressed by YADD and YCR.
When control bit YWT is a 0 and YACC is set to a 1, the DSP reads Y RAM at the location
addressed by YADD and YCR and stores the data into the Y RAM Data registers (16 and
17).
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DSP RAM ACCESS

The DSP contains four sections of 16-bit wide random ac-
cess memory (RAM). Because the DSP is optimized for
performing complex arithmetic, the RAM is organized into
real (X RAM) and imaginary (Y RAM) sections, as well as
data and coefficient sections. The host processor can ac-
cess (read or write) the X RAM only, the Y RAM only, or
both the X RAM and the Y RAM simultaneously in either
the data or coefficient section.

INTERFACE MEMORY ACCESS TO DSP RAM

The DSP interface memory acts as an intermediary during
host to DSP RAM or DSP RAM to host data exchanges.
The addresses stored in DSP interface memory RAM Ad-
dress registers (i. ., XADD and YADD) by the host, in con-
junction with the data or coefficient RAM bits (i. e., XCR
and YCR) determine the DSP RAM addresses for data ac-
cess.

One or two 16-bit words are transferred between DSP
RAM and DSP interface memory once each internal DSP
cycle. The transmitter and the receiver sample rate func-

Table 12. DSP RAM Parameters

tions operate at the 7200 Hz sample rate. The receiver
baud rate function operates at the 600 Hz.

Two RAM access bits (XACC and YACC) in the DSP inter-
face memory tell the DSP to access the X RAM and/or Y
RAM. The DSP tests these bits each sample period.

HOST PROGRAMMABLE DATA

The parameters available in DSP RAM are listed in Table
12 along with the X RAM or Y RAM address and cor-
responding XCR or YCR bit value.

HOST DSP READ AND WRITE PROCEDURES

DSP RAM Write Procedure

1. Before writing to DSP interface memory, verify that
XACC and YACC are reset to 0.

2. Load the RAM address into XRAM address
(XADD) and/or YRAM address (YADD).

3. Write the desired data to the RAM data registers
(XDAM, XDAL, YDAM, or YDAL).

4. Set the coressponding coefficient RAM select bits
(XCR, YCR) as necessary.

Table 12. DSP RAM Parameters (Cont’d)

XCR/ XRAM Y RAM
No. YCR* Addr Addr Parameter

1 1 0 - 1st Equalizer Tap, Real

1 1 11 - Last Equalizer Tap, Real

2 1 - 0 1st Equalizer Tap, Imaginary

2 1 - 1 Last Equalizer Tap, Imaginary

3 0 16 - Rotated Error, Real

4 0 - 16 Rotated Error, Imaginary

5 0 3F - Max AGC Gain Word

6 0 71 - Pulse Dial Interdigit Time

7 0 7C - Tone Dial Interdigit Time

8 0 72 - Pulse Dial Relay Make Time

9 0 7D - Pulse Dial Relay Break Time

10 O 7E - DTMF Duration

11 0 6D - Tone 1 Angle Increment Per Sample|

12 0 - 6D Tone 2 Angle Increment Per Sample|

i3 0 6F - Tone 1 Amplitude

14 0 - 6F Tone 2 Amplitude

15 0 73 - Max Samples Per Ring Frequency
Period

16 0 74 - Min Samples Per Ring Frequency
Period

17 1 12 - Real Part of Error

18 1 - 12 Imaginary Part of Error

19 1 - 14 Rotation Angle for Carrier Recovery

20 1 15 - Rotated Equalizer Output, Real

21 1 - 15 Rotated Equalizer Output, Imaginary|

22 1 16 - Lower Part of Phase Error

23 1 - 16 Upper Part of Phase Error

24 1 3F - Upper Part of AGC Gain Word

25 1 - 3F Lower Part of AGC Gain Word

26 1 1F - Average Power

27 1 2D - Phase Error

28 1 2F - Tone Power (ATBELL, BEL103 or
TONEA

29 1 - 2F Tone Detect Threshold (Call
Progress Energy)

30 1 30 - Tone Power (ATV25 or TONEB)
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XCR/ XRAM Y RAM
No. YCR* Addr Addr Parameter
31 1 31 Tone Power (TONEC)
32 1 36 Tone Detect Threshold (ATBELL,
BEL103, or TONEA)
33 1 37 - Tone Detect Threshold (ATV25 or
TONEB)
34 1 38 - Tone Detect Threshold (TONEC)
3B 1 3B - Zero Crossing Counter
36 1 52 - Eye Quality Monitor (EQM)
37 1 - 31 Filter 1 Coefficient a0
38 1 - 32 Filter 1 Coefficient a1
39 1 - 33 Filter 1 Coefficient a2
40 1 - 34 Filter 1 Coefficient p1
4 1 - 35 Filter 1 Coefficient p2
42 1 - 37 Filter 2 Coefficient a0
43 1 - 38 Filter 2 Coefficient a1
4 1 - 39 Filter 2 Coefficient a2
45 1 - 3A Filter 2 Coefficient g1
46 1 - 3B Filter 2 Coefficient p2
47 1 - 76 Filter 3 Coefficient «0
48 1 - 77 Filter 3 Coefficient a1
49 1 - 78 Filter 3 Coefficient a2
50 1 - 79 Filter 3 Coefficient p1
51 1 - 7A Filter 3 Coefficient p2
52 1 - 45 Filter 4 Coefficient a0
83 1 - 46 Filter 4 Coefficient a1
54 1 - 47 Filter 4 Coefficient a2
55 1 - 48 Filter 4 Coefficient p1
56 1 - 49 Filter 4 Coefficient p2
57 1 1C - Turn-on Threshold (PSK)
58 1 32 - Turn-off Threshold (PSK)
59 1 - 21 RLSD Turn-off Time (PSK)
60 0 - iC Turn-on Threshold (FSK)
61 0 - 1D Turn-off Threshold (FSK)
*XCR if an XRAM address is listed; YCR if a YRAM
address is listed.
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5. Set the appropriate RAM write bits (XWT, YWT).

6. Set the appropriate RAM access bits (XACC,
YACC).

7. After the DSP has transferred the contents of the in-
terface memory RAM data registers into DSP
RAM, the DSP resets the XACC and/or the YACC
bit to a 0, then sets the NEWS bit to a 1 indicate
DSP RAM write completion.

8. Ifthe NSIE bit is a 1, IRQ is also asserted and
NSIA is setto a 1 when NEWS is setto a 1. NSIA
is cleared by writing a 0 into the NEWS bit, which
also causes IRQ to return high if no other interrupt
requests are pending.

Note: Steps 4 and 5 can be accomplished simultaneously.

DSP RAM Read Procedure

1. Before reading from DSP interface memory, verify
that XACC and YACC are resetto a 0.

2. Load the RAM address into X RAM Address
(XADD) and/or Y RAM Address (YADD)
register(s).

3. Set the corresponding XCR and/or YCR bit(s) ap-
propriately.

4. Reset XWT and/or YWT to a 0, inform the DSP that
a RAM read will occur when XACC and/or YACC
issettoa.

5. Set XACC and/or YACC to a 1 to signal the DSP to
perform the RAM read.

6. After the DSP has transferred the contents of RAM
into the interface memory RAM data registers, the
DSP resets the XACC and/or the YACC bitto a 0,

then sets the NEWS bit to a 1 to indicate DSP
RAM read completion.

7. Ifthe NSIE bitis a 1, IRQ is also asserted and
NSIA is setto a 1 when NEWS is set to a 1. NSIA
is cleared by writing a 0 into the NEWS bit, which
also causes IRQ to return high if no other interrupt
requests are pending.

Note: Steps 3 and 4 can be aocorﬁplished simultaneously.

SOFTWARE INTERFACE CONSIDERATIONS
INTERRUPT REQUEST HANDLING

DSP interface memory registers 00, 10, 1E, and 1F have
unique hardware connections to the interrupt logic.
Register 00 is the Receive Buffer (RBUFFER) and register
10 is the Transmit Buffer (TBUFFER). Registers 1E and
1F hold interrupt flag, interrupt enable, and interrupt active
bits.

When a condition occurs that satisfies an interrupt criteria,
the corresponding interrupt flag bit is set. This interrupt flag
can be reported to the host either_by the host polling the
interrupt flag bits (i.e., not using IRQ) or by being inter-
rupted by IRQ. When an interrupt enable bit and the cor-
responding interrupt flag are both set to a 1, IRQ is
asserted and the corresponding interrupt active bit set to
ai.

The interrupt flag setting conditions are status changed
detected, configuration changed acknowledged, receive
buffer full and transmit buffer empty. Table 13 identifies
the interrupt conditions and bits, and describes the inter-
rupt clearing procedures.

Table 13. Interrupt Request Bits

Interrupt Interrupt | Interrupt
Active Bit | Enable Bit | Flag Bit Interrupt Condition Description Interrupt Clear Procedure
NSIA NSIE NEWS New status detected (NEWS transitioned from a 0 to 1)| Host writes a 0 into NEWS
a. RAM read or RAM write occurred (Clears NSIA to a 0)
b. Status bit changed in register 0A, 0B, OE, or OF
NCIA NCIE NEWC New configuration acknowledged by DSP Host writes a 0 into NCIE
(NEWC transitioned from a 1to a 0) (Clears NCIA to a 0)
TDBIA TDBIE TDBE Transmitter Data Buffer is empty and can be written Host reads from or writes to
(TDBE transitioned from a O to a 1) register 10 (TBUFFER)
(Clears TDBE and TDBIA to 0)
RDBIA RDBIE RDBF Receiver Data Buffer is full and can be read Host reads from or
(RDBF transitioned from aOto a 1) register 00 (RBUFFER)
(Clears RDBF and RDBIA to 0)
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DIAL PROCEDURE

The host dial procedure is the same as outputting data to i
be transmitted using TBUFFER (Figure 8). The modem
timing accounts for the DTMF tone duration and
amplitude, pulse make/break ratio, and interdigit delay.

These dialing parameters are host programmable in DSP

RAM. 1--> RA (7:1)
ACTIVATE OHRELAY

The level of the high DTMF tone is 2 dB greater than the

level of the low DTMF tone. 1

The dialer default parameters are given in Table 14. 1> ORG (9:4)

I

81 --> CONF (12:0-7)

Table 14. Dial Default Parameters

Parameter Default Value

DTMF Tone Duration 70 ms J.

DTMF Interdigit Delay 70 ms

DTMF Total Output Power Level 0dBm 1--> NEWC (1F:0)

DTMF Low Band Power Level -4dBm

DTMF High Band Power Level -2dBm l

Pulse Relay Make Time 40 ms

Pulse Relay Break Time 60 ms CHECK DIAL TONE

Pulse Interdigit Delay 750 ms OR DELAY 5 SEC
L
Y

TDBE (1E:03) = 12

v]
1 (TONES) --> DTMF (9:5)
0 (PULSES) --> DTMF (9:5)

l

WRITE DIGIT IN
TBUFFER (10)

l

N LAST DIGIT?

Y
TDBE (1E:03) = 17 N

Y]
REQUIRED CONFIGURATION

> CONF (12:0-7)
1 --> NEWC (1F:0)

Figure 8. Dial Sequence
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DESIGN CONSIDERATIONS
REQUIRED MODEM INTERFACE CIRCUIT

The RC2324DP/DS is supplied as two VLSI devices to be
designed into original equipment manufacturer (OEM)
circuit boards. The recommended modem interface circuit
(Figure 9) and parts list (Table 15) illustrate the
connections and components required to connect the
modem to the OEM electronics.

DAA INTERFACE

The following discussion of the interface to the integrated
analog device is presented to enable designers to modify
the design of the recommended line interface circuit. Also,
the designer may wish to incorporate an existing line
interface design with the modem device set.

Receive Input

Receive In (REC IN) and Receive Out (REC OUT) are pins
associated with an integrated uncommitted operational
amplifier inside the IA device. In conjunction with the three
discrete components shown (R13, R14 and C11), the
amplifier forms a first order lowpass antialiasing filter. This
filter's function is to attenuate high frequency noise near
and above the effective sampling rate of the integrated
bandsplit filters (230.4 KHz).

The design of the modem requires that the pole of the
anti-aliasing filter be fixed at 2337 Hz. This is calculated
using the formula )

Filter Pole (Hz) = 1/(2x « R14 * C11)

The recommended values of 68.1 KQ for R14 and 1000 pF
for C11 give the correct value for the filter pole. Some
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flexibility in choosing the component values for R14 and
C11 is permissible provided that the pole of the filter is
maintained within approximately +5% of the correct value.
When calculating the pole of the filter, component
tolerances should be carefully considered.

Transmit Output

An external discrete smoothing filter must be added to the
Transmit Output (TRAN OUT) signal to attenuate the high
frequency aliases generated by the integrated switched
capacitor filters. This is necessary to meet FCC
requirements on transmitted high frequency energy. The
pole of this filter may be calculated using the same formula
as for the receiver filter, i.e.,
Filter Pole (Hz) = 1/(2x « R16 * C12)

The components values of R16 = 68.1 KQ and C12 = 1000
PF place the pole at 2337 Hz. This may seem unusual as
the response of a smoothing filter is generally designed to
be flat in the band of interest, and then rolling off before the
sampling rate. The bandsplit filter inside the IA is
pre-distorted so that when cascaded with an external
continuous first order smoothing filter, the response
across the band is flat.

Some flexibility in choosing the values for R16 and C12is
permissible, provided some guidelines are followed. The
choice of R16 and C12 must position the filter pole within
+5% of 2337 Hz.

The TRAN OUT integrated driver can drive a resistive load
as low as 10 KQ . This drive capability is desirable for the
FCC Part 68 defined "programmable" mode.
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Table 15. Recommended Modem Interface Circuit

Qty Part Number Description
1 ut Rockwell RC2424DP/DS DSP
1 u2 Rockwell RC2424DP/DS |IA
1 u4 1458 Dual Op
1 us SN74LS04 Hex Inverter
1 Y1 24.00014 MHz Crystal
8 C1, C4,C6, C7, C9, [ 0.10 uF, 20%, 50V
C10,C13,C23
1 Cc2 39 pF, 5%, 50V
1 Cc3 18 pF, 5%, 50V
1 C5 10 uF, 5%, 50V
2 C11,C12 1000 pF, 5%, 50V
1 R1 34.8KQ, 1%, 1/8W
1 R2 66.5KQ, 1%, 1/8 W
1 R7 1Q,5%,1/4W
1 R9 110K Q, 1%, 1/8W
1 R10 27M Q, 5%, 1/8 W
1 R11 3KQ, 5%, 1/8W
1 R12 47K Q, 5%, 1/8 W
1 R13 23.7KQ, 1%, 1/8 W
2 R14,R16, 68.1KQ, 1%, 1/8 W
1 R15 422K Q, 1%, 1/8 W
1 CR1 Schottky Diode, LL103B
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PC BOARD LAYOUT GUIDELINES

The following guidelines should be adhered to when laying
out a printed circuit board for the RC2324DP/DS devices.
The pin numbers reflect the DSP 64-pin QUIP and the IA
40-pin DIP packages.

1.

10.

11.

12,

The DSP, IA and all supporting analog circuitry, in-
cluding the data access arrangement should be
located on the same area of printed circuit board.

The DSP device grounds should be routed
separately from the |A device.

The DSP should be located on the pin 1 side of the
IA device.

IA digital signals (pins 3, 4, 5, 8, 10, 12, 23, 28, 29,
and 31) should be routed directly to the DSP,
avoiding all analog components.

Routing of the RC2324DP/DS signals should
provide maximum isolation between noise sour-
ces and noise senitive inputs. When layout re-
quirements necessitate routing these signals
together, they should be separated by neutral
signals. The DSP and IA noise source, neutral,
and noise sensitive pins are listed in Table 16.

A 1.0Q/10 pF RC network is needed to decouple
the +5V supply. This must be done at the IA
device to isolate it from the DSP device.

As a general rule, digital signals should be routed
on the component side of the PCB while the
analog signals are routed on the solder side.

The sides may be reversed to match a particular
OEM requirement.

All power traces should be at least a 0.1 inch width.

The analog components should be located on the
pin 40 side of the 40-pin 1A device.

The IA AGND pins (1, 6, 21, 24, 32, and 38) and
the DGND pins (7 and 25) should be tied
together as ground directly under the device.

A 0.1 uF ceramic capacitor is used to decouple
the -5V supply. This should be done in the im-
mediate proximity of the |A device.

All circuitry connected to crystal pins 44 and 45 on
the DSP device should be kept short to prevent
stray capacitance from affecting the oscillator.
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Table 16. RC2324DP/DS Pin Noise Characteristics
Device Function Noise Source Neutral Noise Sensitive
DsP +5V 49
64-Pin QUIP DGND 17,54
Crystal 44, 45
Control 9, 38, 43, 52
Eye Pattern 4,41 39-40
Host Bus Interface 18-34
Serial Interface 5-7, 63, 56-58 8,10,36-37,55
IA Interface 1-2, 50-61, 59, 61-64
No Connection 3, 11-16, 35, 42, 46-48, 60
DsP +5V 35
68-Pin PLCC DGND 1, 15,19, 40, 51, 54
Crystal 30-31
Control 24, 29, 38, 61
Eye Pattern 27,56 25-26
Host Bus Interface 2-14,16-18, 20,
Serial Interface 39, 42-44, 57-59 22-23, 41, 60, 62
IA Interface 36-37, 45, 47-50, 52-53
No Connection 21, 28, 32-34, 46, 55, 63-68
1A +5VA 30, 39
40-Pin DIP -5VA 9,18
DGND 7,17, 25
AGND 1,6,21, 24,32, 38
Control 10, 14-15
Analog 2, 19-20, 22, 26-27, 33-37
DSP Interface 3-5, 8, 23, 28-29, 31 12
No Connection 11, 13, 16, 40
1A +5VA 33,43
44-Pin PLCC -5VA 11,20
DGND 9,19,27
AGND 2, 8,23, 26, 35, 42
Control 12, 16-17
Analog 3, 21-22, 24, 29-30, 36-38,
40-41
DSP Interface 4-5,7,10, 25, 31-32, 34 14
No Connection 1,6, 13, 15, 18, 28, 39, 44
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Table 17. Modem Power Requirements
Current (Typical) Current (Maximum)

Voltage Tolerance @ 25°C @0°C

+5VDC 5% 85 mA 130 mA

-5VDC +5% 20 mA 40 mA

Note: Input voltage ripple s1 volts peak-to-peak.
Table 18. Modem Environmental Specifications
Parameter Specification
Temperature

Operating 0°C to + 60°C (32°F to 140° F)

Storage —40°C to + 80°C (—40°F to 176°F) (Stored in heat sealed antistatic bag and shipping container)
Relative Humidity Up to 90% noncondensing, or a wet bulb temperature up to 35°C, whichever is less.
Altitude — 200 feet to + 10,000 feet

Table 19. Crystal Specifications

Parameter Value
Operating Temperature 0°C to 60°C
Storage Temperature -55°C 10 85°C
Nominal Frequency @ 25°C 24.00014 MHz
Frequency Tolerance @ 25°C +0.0015% (=15 PPM)
Temperature Stability @ Ta = 0°C to 60°C £0.003% (+15 PPM)
Calibration Mode Parallel resonant
Shunt Capacitance 7 pF max.
Load Capacitance 18 £0.2 pF
Drive Level 2.5 mW max., Test at 20 nanowatts
Aging, per Year Max. 0.0005% (5PPM)
Oscillation Mode Fundamental
Series Resistance 25 ohms max.
Max. Frequency Variation with 16.5 or 19.5 pF

Load Capacitance +0.0035% (+35 PPM)
Third Lead Required
Sleeving Required
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PACKAGE DIMENSIONS
INDEX SEATING
CORNER PLANE
Y e
b “ MILLIMETERS INCHES
b DIM.| MIN. MAX | MIN. MAX
3 A 414 439 | 0.163 0.173
D D1 D2 : A1 | 137 147 | 0054 0058
3 A2 | 231 246 | 0091 0.097
3 b 0.457 TYP 0.018 TYP
E D | 2502 2527 | 0985 0.995
2 e dd 0 D1 | 2400 2426 | 0945 0955
D2 | 2019 2045 | 0.795 0.805
TOP VIEW SIDE VIEW D3 | 2324 2350 | 0915 0.925
CHAM. J x 45 DEG. e 127 BSC 0.050 BSC
h 0254 TYP 0.010 TYP
J 115 TYP 0.045 TYP
I D « 45° TYP 45° TYP
D1 R 0.89 TYP 0.035 TYP
03 A1 R1| 0254TYP 0.010 TYP
[/ /[ /N v
(/718 [/ /I !
—% A
1
TYP. FOR EACH AXIS R
(EXCEPT FOR BEVELED EDGE)
. I;HA:; - EJECTOR MARKS
4 PLCS BOTTOM "
3 PLCS ONLY (TYP.) SECTION A-A
BOTTOM VIEW
68-Pin PLCC
]
::"g::m fe— D1 SEATING
N v PLANE
': « MILLIMETERS INCHES
T—: DIM.|” MIN. MAX | MIN. MAX.
D D102 9 A 414 439 0.163 0.173
E Al 137 147 | 0054 0.058
_l_: 9 A2| 231 246 | 0091 0097
I b 0457 TYP 0018 TYP
D | 1745 1760 | 0687 0693
TOP VIEW SIDE VIEK D1| 1646 1656 | 0648 0652
D2 | 1262 1278 | 0497 0503
CHAM. J x 45 DEG. D3| 1575 REF 0.620 REF
0 e 1.27 BSC 0.050 BSC
3 ; h 0254 TYP 0.010 TYP
RL J 115 TYP 0.045 TYP
LR T s R
/// j///// N|_AL A R 0.89 TYP 0.035 TYP
\4\ F oA R1| 0254TYP 0010 TYP
]
TYP. FOR EACH AXIS R
CHAM. EJECTOR MARKS (EXCEPT FOR BEVELED EDGE)
h X 45 DEG 4 PLCS BOTTOM
3 PLCS ONLY (TYP.)
BOTTOM VIEW SECTION A-A
44-Pin PLCC
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PACKAGE DIMENSIONS

LU L r MILUMETERS | __INCHES |

MIN. MAX. | MIN. MAX.
41.10 41.61 1618 1.638
17.02 1723 | 0670 0.690
356 4.58 | 0.140 0.180

048 056 | 0018 0022
l H “ IH ‘ I l I H] H] ! 19.05 BSC 0.750 BSC
*]]#I] G’Il‘ 23.50 BSC 0.925 BSC
D — 1.27 BSC 0.050 BSC

0.18 033 0.007 0.013
292 3.18 0.115 0.125
483 534 0.190 0.210

1~}
8|z <|o|B|m|o|o|=|> | &

==

g

64-Pin Plastic QUIP

MILLIMETERS INCHES |

DIM.| MIN. MAX MIN.  MAX.
NOANANAANNNNANANANNANNANANANNN

) 2 A 51.82 52.32 2.040 2.060
T B 1346 13.97 0.530 0.550
B C 3.56 5.08 0.140 0.200

D 038 0.53 0.015 0.021
°1 20 i F 1.02 152 | 0.040 0.060

LUUUUUUUUUUUUUUUUUUUUJ G 2.54 BSC 0.100 BSC
[ A > ’4— L ——‘ H 165 216 | 0.065 0.085
J 020 0.30 0.008 0.012
K 305 3.56 0.120 0.140

L 15.24 BSC 0.600 BSC
M 7 10° 7 10°

N

051  1.02 0.020 0.040

40-Pin Plastic DIP
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RC2324SME

N

Rockwell

RC2324SME System Module

INTRODUCTION

The Rockwell RC2324SME System Module is a smart
multi-mode modem on a single Eurocard module. The
hardware includes a 2400 bps full-duplex modem device
set, a microcomputer, ROM, RAM, a socket for an OEM-
supplied parameter ROM, and peripheral /O circuits. The
OEM adds a power supply, host and telephone line inter-
faces, indicators, switches and country dependent
parameters in a ROM to complete the modem. A back-up
battery and call progress audio monitor hardware can also
be added.

Resident microcomputer firmware provides the basic
modem control including an enhanced AT command set,
V.25 bis, Call Progress, Blacklisting, and MNP protocol for
both class 4 and 5. In addition, a unique open architecture
with a convenient software structure allows for OEM cus-
tomization of the product.

RC2324SME Module

FEATURES

« Eurocard 2400 bps modem with integrated
microcontroller
» Enhanced AT command set
» Enhanced V.25 bis protocol for both synchronous and
asynchronous operation
* OEM-supplied parameters in ROM for up to 16
countries
—  Call progress parameters
—  Blacklisting parameters
— Alter AT result codes and messages
—  DAA configuration
—  Add/disable/rename AT commands

—  Alterable V.25 bis indicator messages

—  OEM configurable tone/pulse dialing parameters
« Automatic line mode/speed recognition of CCITT

modes

» Compatibilities

— CCITT V.22 bis - 2400 bps

— CCITT V.22A/B - 1200 and 600 bps

— CCITT V.23 - 1200 bps/75 bps

— CCITT V.21 - 300 bps

— Bell 212A - 1200 bps

— Bell 103 - 300 bps

* MNP error correcting protocol class 4 and data com-
pression class 5

» DTE autobaud/autoparity in both AT and V.25 bis

* Synchronous and asynchronous DTE interface

« Speed buffering from 75 bps to 9600 bps

« Flow control: RTS/CTS or XON/XOFF with program-
mable XON/XOFF threshold and repeat margin

* Receiver dynamic range: -9 dBm to —43 dBm
» Clock selection: internal, external, or slave
» Asynchronous character format
— 7 or 8data bits
— 1 or2stop bits
— 0Odd, even, mark, space, or no parity
* Tone detection: 100 Hz — 1000 Hz
* AUX DTE bus (RS-232-C/V.24)
« Voice data switching
» Auto/manual call/answer with front panel dial support
* Leased line mode
* 550 Hz and 1800 Hz guard tone
* 1300 Hz calling tone

Order No. MD65
January 1989

Data Sheet
(Preliminary)
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RC2324SME System Module

SYSTEM OVERVIEW MODES OF OPERATION

HARDWARE AT Mode

The RC2324SME AT command set is Hayes compatible.

The RC2324SME card includes the following major com-
wing maj Additional compatibility with the Dowty Quattro and

ponents: Microcom AT command set implementations, with em-
» R65012 Microcomputer phasis on the European environment, is provided. The AT
+ 64K x 8 System ROM command set and S-register values are listed in Table 1
+ 12K x 8 OEM ROM Socket (27128 or 27256 and Table 2, respectively.
compatible) V.25 bis Mode
* 32K x 8 RAM

RC2324SME supports DTE/DCE communication accord-

* RC2324DP/DS Modem Device Set ing to CCITT Recommendation V.25 bis. Commands are

* DAA Interface received from the DTE (one command per input line) in
The R65012 Microcomputer provides the modem control either Synchronous or asynChrOnous formats. Each com-
processing and interfaces to the DTE. The RC2324DP/DS mand may contain up to 60 characters of information. The
Modem provides 2400 bps modem data pump functions. V.25 bis command set is summarized in Table 3.

The DAA interface provides signal lines for transmit and
receive data, two for telephone signal sensing, and four for Hayes is a of Hayes M Products, Inc.
relay control. On-board ROM and RAM contain the resi- Ouaimae o wadomak dgawtylnfovmuion Systems.

dent firmware. Country specific parameters are user-
selectable and discussed in the firmware interface section.
Figure 1 shows the major system components of the

RC2324SME module.
COUNTRY
1
SPECIFIC
PARAMETERS
OEM
SELECTABLE
OPTIONS
RC23240P/08
TELEPHONE Res012
| DAA MODEM MICROCONTROLLER oTE
INTERFACE DEVICE SET

RESIDENT
FIRMWARE FOR
MODEM CONTROL

Figure 1. RC2324SME System Interface Diagram
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Table 1. RC2324SME AT Command Set Summary

AT Command Function
AT Attention Code
A Answer Mode
Bn Bell/CCITT Command
D Dial Command
En Echo Command
Fn Line Mode/Speed Preference Select
Hn On-Hook Command
In Product Code/Checksum Request
Ln Speaker Volume C: d
Mn Speaker On/Off Command
Nn Command Slot Entry Execute
On On-Line Command
Pn Pulse Dial Command
Qn Quiet Command
Sn S-Register Read/Write
Tn Touch Tone Dial
Vn Verbose Command
Xn Extended Result Codes Enable/Disable
Yn Control Long Space Disconnect
Zn Configuration Reset c« d
%An Set Auto-Reliable Fallback Charact
%Bn Print List of Blacklisted Numbers
%Cn Data Compression (MNP5) Enable/Disable
%Dn Print List of Delayed Numbers
%En Auto-Retrain Enable/Disable
%Kn? Auto Detect Select for MNP Link Request
%Mn Async Commands on Auxiliary Port; Sync DTE on Primary Port
%Qn XON/CTS ON Threshold Selection
%R S-Register Content Display
%Sn XOFF/CTS OFF Threshold Selection
&An Control Line Speed Detect
&Cn Data Carrier Detect Options
&Dn Data Terminal Ready Options
&Fn Fetch Factory Profile
&Gn Guard Tone Command Set
&ln DTE Speed Adjust
&Jn Telephone Jack Selection
&Ln Leased Line Operation
&Mn Synchronous Mode Selection
&0n S-Register Input/Output Format
&P Dial Pulse Ratio
&R RTS/CTS Option
&Sn DSR Option
&Tn Test Command Selection
aw Active Configuration Write
&Xn Clock Source Selection
& Store Telephone Number
\An Maximum MNP Block Size Selection
\Bn Transmit Break-to-Remote
\Cn Auto-Detect Link Request/Fallback Select
\Fn Command Directory Display
\Gn Modem-to-Modem Flow Control
\Kn Break Control
\tn MNP Block Transfer Control
\Nn Operation Mode
\O Originate Reliable Link Manually
\Pn Command Directory Store/Delete
\Gn DTE to SM3 Flow Control
\S Active Configuration Display
|\ Accept Reliable Link Manually
\Vn MNP Result Message Enable/Disable
Wn ON/XOFF Control Pass Through
\Y Accept Reliable Link Manually
\Z Normal Mode Select
/ Execute Last Command Line
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Table 2. RC2324SME V.25 bis Mode Command Set Summary
V.25 bis Mode Command Function
V.25 bis Commands
Cic Connect Incoming Call
CRI Call Request with Number and Identification
CRN Call Request with Number
CRS Call Request with Stored Number
DIC Disregard Incoming Call
PRI Store/Delete (Program) |dentification Number
PRN Store/Delete (Program) Number
RLD Request List of Delayed Numbers
RLF Request List of Forbidden Numb
RLI Request List of Identification Numbers
RLN Request List of Stored Numbers
Additional Commands
ARB* Auto-Detect of Link Request/Fallback
ART Auto-Retrain Enable/Disable
cBT* MNP Block Transfer Control
CcLP Change Line Protocol
CNA Change Number of Incoming Rings
CspP* Change DTE Speed
DLN Dial Last Number
ECH* Echo Control
ERM* Enable/Disable Reliable Messages
FBC* Specify MNP Auto-Fallback Character
FLO* Pass Through XON/XOFF Control
MBs* Select Maximum MNP Block Size
OFT* Select XOFF (or CTS OFF) Threshold
ONT* Select XON (or CTS ON) Threshold
osT Display On-Line Status
RES Reset System
SDC* Select Data Compression
SIT* Set Inactivity Timer
SLF* Select Local Flow Control
SOM* Operation Mode Control
SPC Speaker Control
SPD Set Pulse Dialing
SPV Speaker Volume
SRF* Select Remote Flow Control
STD Set Tone Dialing
SRF* Modem to Modem Flow Control
STD Set DTMF Dialing
* Asynchronous mode only
HARDWARE INTERFACE AUXILIARY DTE BUS

The hardware interface consists of the external signals
shown in Figure 2.

MAIN DTE BUS

The Main DTE bus provides the signal lines described in
specifications RS-232C and V.24. The bus transmits data
and commands from the host (DTE) to the RC2324SME
module (DCE) and receives data and responses from the
DCE. The signal levels are TTL compatible. The bus also
provides the clock inputs and outputs for synchronous
DTEs and three signals for diagnostic testing per CCITT
Recommendation V.54. The Main DTE bus is selected at

power-up.
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Under program control, the Auxiliary DTE bus may dupli-
cate the asynchronous functions of the Main DTE bus (ex-
cept for clock and diagnostic signals).

SWITCH INPUTS

Fifteen switch inputs are sampled. The four front panel
switch inputs are read continuously. The eleven internal
switch inputs are read only at power-up or reset.

Front Panel Switch Inputs

Talk/Data (TALK/DATA). The TALK/DATA switch input
selects data mode or talk mode. In addition, the SELECT
switch input selects a phone number to be dialed (V.25 bis
mode) or a command string (AT mode) to be performed
upon subsequent transitions of TALK to DATA when
SELECT is on.




RC2324SME System Module

— D —p) le— TXD ]
AA—ORG/ANS —p| > RXD
SELECT —» > TXCLK
NTST —p > RXCLK
CLKSEL —»] l«— EXTCLK
FRONT PANEL/ ASYNC/SYNC —>1 < RS
INTERNAL SWITCHES ~— | M1-M4 > = CTS
DTRIOV — > DSR
MAIN
DSR/OV —»| —> RLSD — DTE
NIS —»t j«— DTR BUS
V.25/AT —»] —> Rl
SNILL —» l«— cDsL
- —> DRs
[ AAIND <— l«— AL
TSTIND < le— LL
ARQIND <€—| — TSTEIA(C142)
TDIND <«
INDICATORS —— MIIND <] RC2324SME < amxD |
M2IND <— SYSTEM MODULE > ARXD
LS1IND ~—} [—> ACTs
LS2IND ~=—} > ADSR AUX
SELIND ~— —> ARLSD — DTE
o l«— ADTR Bus
[ PDDRIVE <« [«— ARTS
OPTO —» > ARI
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RDRIVES <] < RWEXT |  exremnaL
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| __DAAGND —»
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EPG | EYEX l«— -12VDC
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OTHER  __| SPARE —» [<— DGND
INTERFACE SIGNALS SPARE —» «— ' AGND ]

Figure 2. RC2324SME Hardware Interface Signals
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Auto Answer (AA)/Originate/Answer (ORG/ANS). The
AA-ORG/ANS switch input can be used to set or reset auto
answer (AA) mode from the front panel. The TALK/DATA
switch input can cause the firmware to pursue a hand-
shake in originate mode or cause the firmware to hand-
shake in answer mode.

Select (SELECT). The SELECT switch input acts like a
terminal shift key by changing the meaning of the
TALK/DATA and AA-ORG/ANS switches.

Normal/Test (NTST). The NTST switch input selects
either normal mode of operation or test mode.

Internal Switch Inputs

Clock Select (CLKSEL). The CLKSEL switch input deter-
mines whether the transmit clock is applied to the main
DTE Bus EXTCLK pin at the operating data rate for
synchronous operation or whether the data is
synchronized to an internal clock. In both cases, the clock
is presented to the main DTE bus TXCLK pin. This switch
input is used in conjunction with the Clock Normal/Slave
(N/S) switch.

Async/Sync Select Switch. The Async/Sync Select
switch input selects asynchronous mode or synchronous
mode 3 of operation.

Mode 1, 2, 3 and 4 (M1, M2, M3, M4). The firmware reads
M1, M2 M3 and M4 switch inputs during initialization and
uses the values as defaults to set the RC2324SME
modem to recognize one or more specific modem-to-
modem connection protocols and speeds.

DTR Override (DTR/OV). The DTR/OV switch input for-
ces DTR ON or allows the DTE to control the state of DTR.
DTR/QV affects DTR operation on the Main DTE bus.

DSR Override (DSR/OV). The DSR/OV switch input for-
ces the DSR and RLSD outputs ON for both the main and
auxiliary DTE buses or it allows these signals to act in a
normal manner.

Clock Normal/Slave (N/S). The N/S switch input is used
in conjunction with the CLKSEL switch input.

V.25 bis/AT Mode Select (V25/AT). The V25/AT switch
input selects either the AT command set or the V.25 bis
mode. This input is read by the controller firmware during
initialization and indicates which DTE command setto use.

Switched Network/Leased Line Select (SN/LL). The
SN/LL switch input selects either switched network opera-
tion or leased line operation.

INDICATOR INTERFACE

Nine lines drive front panel indicators. Four lines are as-
sociated with momentary front panel switches to indicate
their state.
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Auto Answer (AA)

The AA output indicates when the auto answer mode is
selected.

Test (TSTIND)

The TSTIND output indicates when a self test or Select 1
condition occurs. Select 1 shows that the user has chosen
the first of the 4 pre-stored directory numbers selectable
from the front panel.

ARQ (ARQ). The ARQ output indicates when the ARQ or
the Select 2 condition occurs and when not in error correc-
tion mode. Select 2 shows that the user has chosen the
second of the four pre-stored directory numbers selectable
from the front panel.

Talk/Data Indicator (TDIND). The TDIND output indicates
when the modem goes into data mode or a Select 3 con-
dition occurs. Select 3 shows that the user has chosen the
third of the 4 pre-stored directory numbers selectable from
the front panel.

Mode 1 (MODE1) and Mode 2 (MODE2). The MODE1
and MODE2 outputs indicate the connection protocol.
These indicator lines also show that the user has chosen
the fourth of the four pre-stored directory numbers selec-
table from the front panel.

Line Speed 1 (LS1) and Line Speed 2 (LS2). The LS1
and LS2 outputs indicate the connected speed.

Select (SELIND) Indicator. The SELIND output indicates
when the SELECT switch in on. This allows for the visual
ability to determine the current (selected or unselected)
meanings of multiple defined indicators.

DAA INTERFACE

The DAA interface provides the signal lines for transmit
and receive data. Two lines are used for telephone signal
sensing and four for relay control.

CALL PROGRESS VOLUME CONTROLS

Two output lines control the volume of a call progress
audio monitor.

BATTERY CONNECTIONS

A battery connection supplies standby power to the
RC2324SME module RAM in order to retain directory and
configuration data during power-down and intermittent
power losses. The battery must have a voltage range of
+2.3 Vdc to +5.5 Vdc. The maximum current consumption

is 51 pA.
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COUNTRY CODE JUMPERS

Four country code jumpers select the country code. Each
jumper combination selects a set of OEM-supplied country
dependent parameters. The RC2324SME module can be
customized for up to 16 countries with no other on-board
changes.

OEM ROM SOCKET

A 28-pin IC socket is provided for installation of an OEM
supplied EPROM/ROM device that occupies 12K bytes of
the RC2324SME address map. The interface is com-
patible with a 27C128/27C256 EPROM with an access
time of 150 ns or less.

MICROCOMPUTER FIRMWARE

The microcomputer firmware provides the following major
functions:

« Operating system

* Modem device set control and monitoring
* DTE interface control and monitoring

* AT command set processing

* V.25 bis command set processing

¢« OEM parameter interface

OEM PARAMETER INTERFACE

The firmware provides a well-defined mechanism for the
installation and incorporation of OEM-supplied pre-
defined OEM configuration parameters on a country basis
for up to 16 countries. The parameters are included in an
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OEM-supplied ROM. Jumpers on the RC2324SME card
allow selection of one of 16 sets of country dependent
parameters upon power-up reset.

The OEM parameters are linked to the oberating system
through a set of pointers — one set for each of up to 16
countries. The pointers are :

Default AT Command String for AT Command Mode.
This pointer locates a string of AT style commands which
the OEM can preset before modem operation in the AT
command mode.

Default Command String for V.25 bis mode. This
pointer locates a string of commands which the OF’M can-
preset before modem operation in the V.25 bis mode.

Call Progress, Blacklisting and Dial Parameters. This
pointer locates a block of country dependent parameters
Supporting dialing, call progress and blacklist operation.
Table 3 identifies the parameters that can be included.

AT Mode Result Messages. This pointer locates a list of
OEM-modified AT mode messages. The default result
messages are listed in Table 4.

V.25 bis Mode Indications. This pointer locates a Iiét of
OEM-modified V.25 bis mode indications. Table 4 lists the
default V.25 bis indications.

OEM Modified AT Commands . This pointer locates a list
of OEM modified AT commands.
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Table 3. Country Dependent Parameters

Table 3. Country Dependent Parameters (Cont’'d)

Maximum Time to Wait for Dial Tone

Minimum Time for Which Dial Tone Is Present

Maximum Allowable Time Dial Tone Loss

On Time for Primary Tone Cadence

Off Time for Primary Tone Cadence

Cadence Ring Parameters

Cadence Busy Parameters

Cadence Congestion Parameters

Cadence Unobtainable Parameters

Cadence Progress Tone Parameters

Cadence Repetition Counts

Difference Maximum Time to No Ring Wait Time

Maximum Time to Wait for Connect

Pulse Make Time

Pulse Break Time

Pulse Dial Setup Time

Pulse Dial Clear Time

Pulse Dial Interdigit Time

Dial Pulse Code

Relay Control for On-Hook/Off-Hook Action

Relay Control for Make/Break Action

Relay Control for Set/Clear Action

DTMF Tone On Time

DTMF Tone Interdigit Time

Blacklist Action ltems

Reserved

Minimum Time to Delay Beween Calls

Blacklist Delay Parameters

Reserved

Blacklist Final Delay Time

Number of Times Blacklist Delay 1 is Used

Maximum Number of Tries to Fail

Maximum Number of Tries per Blacklist Period

Maximum Time Allowed Off-Hook

Option Flags Byte 1
Bit 0 Disable All Blacklisting
Bit 1 Cause Modem To Stop Originate When

Blacklist is Full

Bit 2 Disable the Operator Clearing Of Blacklist
Bit 3 Enable Blind Dialing On No Dial Tone
Bit 4 Enable Check For Busy While Dialing
Bit 5 Enable the Calling Tone
Bit 6 Disable the Return to Command ";"
Bit 7 Enable Alternate Dial Tone Filter

- d A D NDOON = O NN = b b b ook b b b b ok b ) -k b b b N) - —a -, - - .y
NRRRN N NN NMMgg w

No. Bytes Parameters No. Bytes Parameters

Country Code 1 Option Flags Byte 2
International Access Dial Code Bit 0 Enable the 1800 Hz Guard Tone
Blacklist Size Bit 1 Enable the 550 Hz Guard Tone
Define Tone-A Filter Bit 2 Enable Line Current Sense Processing
Define Alternate Tone-A Filter Bit 3 Enable "R" ATD modifier
Progress Tone Filter Threshold Bit 4 Enable Adaptive Dialing Features
f:::::tu-':ere‘lfr::l:htztlevel Bit 5 Enable Alternate Gain Relay

h Bit 6 Enable Pulse Grounding Relay
Transmit Level Attenuation Select Bit 7 Disable Monitoring for V.21 and V.23 *No
DTMF Tones Transmit Level Answer Tone" Modems
Leased Line Transmit Level Permanently Blacklisted Numbers (variable length)
Receive Threshold for Dial Tone
Reserved
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Table 4. Result Codes, Messages, and Indications

AT AT Command V.25 bis Command

Code Message Indication
00 OK VAL
01 CONNECT CNX 300
02 RING INC
03  NOCARRIER CFINC
04 ERROR INV
05  CONNECT 1200 CNX 1200
06  NODIALTONE CFIDT
07  BUSY CFIET
08  NOANSWER CFIRT
09  CONNECT 600 CNX 600
10  CONNECT 2400 CNX 2400
12 RDL GRANTED RDL GRANTED
13 RDLDENIED RDL DENIED
14 TRYING TO CONNECT NA
15  ABORT CFIAB
16 INACTIVITY TIMEOUT ITO
17 CIRCUIT BUSY CFINS
18  TERMINAL NOT READY CFICB
19 REDIALING N/A
20  REUABLE RELIABLE
21 NOT RELIABLE NOT RELIABLE
2 NA EOL
24  DELAYEDn DLC
25 V.23 CONNECT 75TX/1200RX CNX 75TX/1200RX
26 V.23 CONNECT 1200TX/75RX  CNX 1200TX/75RX
27  CONNECT75 NA
28 CONNECT 110 N/A
23  CONNECT 150 N/A
30  CONNECT 4800 N/A
3 CONNECT 9600 N/A
32  BLACKUSTED CFIFC
33  REUABLE COMPRESSED RELIABLE COMPRESSED
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RC2324SME
GENERAL SPECIFICATIONS
Modem Power Requirements
Current (Typ.) Current (Max.)
Voitage* @ 25°C @o°C

+5VDC + 5%, -2.5% 320 mA 535 mA
+12VDC+ 5% 4mA SmA
-12VDC = 5% 43 mA 1 50 mA

* Input voltage ripple < 0.1 volts peak-to-peak.

Modem Mechanical Dimensions

Parameter Specification
Board Structure Single PC board with three rows of 32
vertical pin positions, compatible with a
96-pin DIN receptacle. Each row has 31
pins installed, with pins 314, 31b, and
31c removed for keying.
Dimensions
Width 3.937 in. (100 mm)
Length 6.378 in. (162 mm)
Component Height
Top (max.) 0.360 in. (9 mm)
Bottom (max.) 0.130in. (3.3 mm)
Weight (max.) 50z (1409)
Pin Length (max.) 0.315 in. (8 mm)

Modem Environmental Specifications

Parameter Specification
Temperature
Operating 0° C to + 60° C (32° F to 140° F)
Storage —40° Cto + 80° C (-40° F to 176° F)
(Stored in heat sealed antistatic bag
and shipping container.)
Relative Humidity Up to 90% noncondensing, or a wet bulb
temperature up to 35° C, whichever is less.
Altitude - 200 feet to + 10,000 feet
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DIMENSIONS

0.125 + 0.003
/—— ——=——— DIA (4PL)
(3.18)
3.937
(100)
3.700
(94)
0.119
(3.02)
T
5.775 i
146.
(146.7) ¢ 378
(162)

COMPONENT AREA

0.025 SQ.
(0.64)
(96 PL)

UNITS: INCHES
MM
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N

Rockwell

RC2324SME/DS
Multi-Mode Modem Device Set

INTRODUCTION

The Rockwell RC2324SME/DS is a smart multi-mode
modem device set. The device set consist of four com-
ponents — a microcontroller, a digital signal processor
(DSP) device, an integrated analog (IA) device, and a
ASIC gate array. The DSP, microcontroller, and ASIC gate
array are available in a 64-pin quad in-line package (QUIP)
or a 68-pin plastic leaded chip carrier (PLCC) package.
The |A device is available in a 40-pin dual in-line package
(DIP) or a 44-pin PLCC package.

Resident microcomputer firmware provides the basic
modem control including an enhanced AT command set,
V.25 bis, Call Progress, Blacklisting, and MNP protocol for
both class 4 and 5. In addition, a unique open architecture
with a convenient software structure allows for OEM cus-
tomization of the product.

FEATURES
« Enhanced AT command set
» Enhanced V.25 bis protocol for both synchronous and
asynchronous operation
* OEM-supplied parameters in ROM for up to 16
countries
—  Call progress parameters
—  Blacklisting parameters
—  Alter AT result codes and messages
— DAA configuration
— Add/disable/rename AT commands
— Alterable V.25 bis indicator messages
— OEM configurable tone/pulse dialing parameters
* Automatic line mode/speed recognition of CCITT
modes
» Compatibilities
— CCITT V.22 bis - 2400 bps
— CCITT V.22A/B - 1200 and 600 bps
— CCITT V.23 - 1200 bps/75 bps
— CCITT V.21 - 300 bps
— Bell 212A - 1200 bps
— Bell 103 - 300 bps
* MNP error correcting protocol class 4 and data com-
pression class 5
+ DTE autobaud/autoparity in both AT and V.25 bis
« Synchronous and asynchronous DTE interface
« Speed buffering from 75 bps to 9600 bps
« Flow control: RTS/CTS or XON/XOFF with program-
mable XON/XOFF threshold and repeat margin
« Receiver dynamic range: 0 dBm to —43 dBm
« Clock selection: internal, external, or slave
* Asynchronous character format
— 7 or 8 data bits
— 1 or2 stop bits
— Odd, even, mark, space, or no parity

Document No. 290800N47

Product Preview

Order No. 847
January 1989
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Rockwell

9600 bps QuickTurn™ Modem

Ro6QT™

INTRODUCTION

The R96QT is a high-performance 2-wire 9600 bps quick-
turn modem designed for operation over the public
switched (PSTN). Using state-of-the-art VLSI and signal
processing technology, the R96QT combines half-duplex,
fast turn around time with a low and medium speed full-
duplex application in one package.

Providing proprietary fast training times of 23 ms, the
R96QT is designed as an asynchronous/synchronous
OEM data pump ideal for PC XT/AT and PS/2 applications.

The integrated features available in the R96QT
Micromodem ™ offer increased user design flexibility in a
reduced package size (3.94 in. x 2.56 in.).

R96QT Modem

FEATURES
¢ Compatibility
— CCITT V.29 (half-duplex), V.27 ter (half-duplex),

V.22 bis, V.22A/B
— Bell212A, 103

* Synchronous operation

— 9600, 7200, 4800, 2400,1200, 600,
or 300 bps +0.01%
— Serial or parallel

* Asynchronous operation

— 2400, 1200, 600, or 0-300 bps
— Serial or parallel
— Character length 8, 9, 10, or 11 bits

¢ 2-wire full-duplex or high speed psuedo full-duplex
* Adaptive and fixed compromise equalization

¢ Auto/manual dial - DTMF or pulse dial

¢ Programmable tone generation and detection

¢ Call progress tone detection

* Receiver dynamic range: — 10 dBm to — 43 dBm

* Programmable transmit level

* Proprietary fast train of 23 ms

¢ DTE interface

— Microprocessor bus
— CCITT V.24 (RS-232-C compatible)

¢ Built-in diagnostic capability
* Full-duplex test configurations for V.22 bis, V.22A/B,
and Bell 212A

— Local analog loopback
— Local digital loopback
— Remote digital loopback

¢ Power consumption: 3 W (typical)
* Small module with dual in-line pin (DIP) connector:
— 100 mm x 64.7 mm (3.94 in. X 2.56 in.)

QT, QuickTurn, and Mi dem are trad ks of Rock

Document No. 29200N46

Data Sheet
(Preliminary)

Order No. MD46
Rev. 2, January 1989
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TECHNICAL SPECIFICATIONS

CONFIGURATIONS, SIGNALING RATES, AND DATA
RATES

The selectable Inodem configurations along with the cor-
responding signaling (baud) rates and data rates, are
listed in Table 1. Additional signaling frequencies are listed
in Table 2. The réceiver and transmitter configurations are
established by the RCONF and TCONF bits, respectively.

NOTE: Bit names refer to control bits in DSP interface
memory which are set or reset by the host processor (see
Software Interface Section, Figure 4, and Table 12).

TONE GENERATION

Single Tone: Under control of the host processor, the
modem can generate voice band tones up to 4800 Hz with
a resolution of 0.15 Hz and an accuracy of 0.01%. Tones
over 3000 Hz are attenuated.

Answer Tone: A CCITT (2100 +15 Hz) or Bell (2225 +10
Hz) answer tone is generated depending on the selected
configuration.

Guard Tone: An 1800 Hz + 20 Hz guard tone can be
enabled (GTE bit). The power level of the transmitted
guard tone is 6 + 1 dB below the level of the data power in
the main channel. The total power transmitted to the line
is the same whether or not the guard tone is enabled.

DTMF Tones: Dual tone multi-frequency (DTMF) tones
can be generated in the Call Request mode (TCONF = 80)
when the DTMF bit is set to one. The DTMF tone
generated is specified by the hexadecimal code loaded

Table 2. Signaling Frequencies

: [Frequency =0.01%]
Mode R (H2) .
V.22 bis Low Channel, Originate Mode 1200
V.22 Low Channel, Originate Mode 1200
V.22 bis High Channel, Answer Mode . 2400
V.22 High Channel, Answer Mode 2400
Bell 212A High Channel Answer Mode 2400

Bell 212A Low Channel Originate Mode 1200

Bell 103/113 Originating Mark 1270
Bell 103/113 Originating Space 1070
Bell 103/113 Answer Mark 2225
Bell 103/113 Answer Space 2025

into the transmitter Dial Digit Register (DDR) with the ap-
propriate digit code shown in Table 3.

TONE DETECTION

Single Tone: In the 300 bps synchronous FSK receive
configuration, the presence of tones at preset frequencies
is indicated by bits in the DSP interface memory (FR1,
FR2, and FR3).

Call Progress Tone: When call progress configuration is
selected in the receiver, tones can be detected as follows:

Frequency Range: 340 + 5 Hz to 640 + 5 Hz
Detection Level: —10 dBm to —43 dBm
Response Time: 17 + 2 ms

Table 1. Configurations, Signaling Rates and Data Rates

FSK Frequency Shift Keying

Carrier Data .
Frequency Rate Baud Bits
(H2) (bps) (Symbols/ per Constellation
Configuration Modulation' =0.01% +0.01% Sync/Async Sec.) Symbol Points

V.29 FT/9600 QAM 1700, 1800° 9600 Sync 2400 4 16
V.29 9600 QAM 1700 9600 Sync [ 2400 4 16
V.29 FT/7200 QAM 1700, 18002 7200 Sync 2400 3 8
V.29 7200 QAM 1700 7200 Syne 2400 3 8
V.29 FT/4800 QAM 1700, 18002 4800 Sync 1 2400 2 4
V.29 4800 QAM 1700 4800 Sync 2400 2

V.27 FT/4800 DPSK 1800 4800 Syne 1600 3 8
V.27 4800 Long DPSK 1800 4800 Sync 1600 3 8
V.27 FT/2400 DPSK . 1800 2400 Sync 1200 2 4
V.27 2400 Long DPSK 1800 2400 Sync 1200 2 4
V.22 bis 2400 QAM 1200/2400 2400 Sync/Async 600 4 16
V.22 bis 1200 QAM 1200/2400 1200 Sync/Async 600 2 4
V.22 1200 DQPSK 1200/2400 1200 Sync/Async 600 2 4
V.22 600 DQPSK 1200/2400 600 Sync/Async 600 1 2
Bell 212A 1200 QAM 1200/2400 1200 Sync/Async 600 2 4
Bell 103 0-300 FSK 1170/2125 0-300 Async 300 1 -
Notes: 1. Modulation legend: QAM Quadrature Amplitude Modulation

DQPSK Differential Quadrature Phase Shift Keying

2.V.29 FT modes have an optional 1800 Hz carrier frequency available for use with a user-provided secondary channel.
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R96QT
Table 3. Dial Digits/Tone Pairs

Hex Dial

Code Digit Tone Pairs (Hz)
00 0 941 1336
01 1 697 1209
02 2 697 1336
03 3 697 1477
04 4 770 1209
05 5 770 1336
06 6 770 1477
07 7 852 1209
08 8 852 1336
09 9 852 1477
0A * 941 1209
0B Spare (B) 697 1633
0oC Spare (C) 770 1633
oD Spare (D) 852 1633
0E # 941 1477
OF Spare (F) 941 1633
10 1300 Hz Calling Tone

DATA ENCODING

The data encoding conforms to CCITT recommendations
V.29, V.27 ter, V.22 bis, and V.22 A/B, and to Bell inter-
faces 212A and 103.

EQUALIZERS

Equalization functions are incorporated to improve perfor-
mance when operating over low quality lines. Delay,
amplitude and cable equalizers support half-duplex opera-
tion only.

Automatic Adaptive Equalizer

An automatic adaptive equalizer is provided in the receiver
circuit. The receiver is configured with a 32-tap T equalizer
for half-duplex (HDX) operation. Full-duplex (FDX) modes
operate with a 16-tap T/2 equalizer. Updating of the taps
can be enabled or disabled (FRZEQ).

Delay Equalizer

A digital filter in the transmitter provides envelope delay
equalization for half-duplex operation. The equalizer can
be enabled or disabled (CDEQ).

Amplitude Equalizer

In V.29 modes, an amplitude compromise equalizer in the
transmitter path can be enabled or disabled (CAEQ bit).

Link and Cable Equalizers

Selectable compromise equalizers in the receiver optimize
performance over channels exhibiting severe amplitude
distortion. An equalizer may be selected (CEQSEL) that
meets the following standards: U.S. Survey Long,
Japanese 3-link, Cable 1, Cable 2, and Cable 3. No
equalizer may also be selected. (HDX only)
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TRANSMITTED DATA SPECTRUM

When the compromise equalizer is disabled, the transmit-
ter spectrum is shaped by the following raised cosine filter
functions:

V.22 bis: Square root of 75%.

V.29: Square root of 20%.

V.27 ter 1600 baud: Square root of 50%.
V.27 ter 1200 baud: Square root of 90%.

SCRAMBLER/DESCRAMBLER

A self-synchronizing scrambler/descrambler satisfying the
applicable CCITT recommendation or Bell interface is in-
corporated depending on the selected configuration. Both
the scrambler and the descrambler can be enabled or dis-
abled (SDIS or DDIS bits, respectively).

TRANSMIT LEVEL

The transmitter output level is programmable with a default
value of —10 dBm +1 dBm (measured at the TXA output
pin). Transmit output level is selectable in 2 dBm steps
from 0 dBm to —14 dBm (TLVL). The default amplitudes for
DTMF tones in the auto dial mode are —4 dBm and -6 dBm
for the high and low frequencies, respectively.

TRANSMIT TIMING

Transmitter timing in full-duplex modes is selectable be-
tween internal (+0.01%), external, or loopback (TXCLK).
An external clock must equal the desired data rate +0.01%
with a duty cycle of 50 + 20%.

RECEIVE LEVEL

The receiver satisfies performance requirements for the
received line signals from —10 dBm to —43 dBm. The
received line signal is measured at the Receive Analog
(RXA) input.

RECEIVE TIMING )

A frequency error up to +0.01% in the associated transmit-
ting source can be tracked.

CARRIER RECOVERY

A frequency offset up to +7 Hz in the received carrier can
be tracked with less than a 0.2 dB degradation in bit error
rate (BER).

CLAMPING

Received Data (RXD) is clamped to a constant mark (one)
when the Received Line Signal Detector (RLSD) is off.
RECEIVER CARRIER FREQUENCY

The receiver demodulator carrier frequency is shown in
Table 1. In V.29FT modes, 1800 Hz or 1700 Hz may be
selected (RCF and TCF bits).




R96QT

9600 bps QuickTurn Modem

TURN-ON/ TURN-OFF SEQUENCES

V.29 and V.27 Turn-On Sequence

The selectable turn-on sequences are generated as
defined in the Table 4.

V.29 and V.27 Turn-Off Sequence

InV.29/FT, V.29, V.27/FT, and V.27 the turn-off sequence
consists of approximately 8 ms of remaining data and
scrambled ones.

V.22 and Bell 212A Turn-On/Turn-Off Sequences

RTS and CTS turn-on and turn-off sequences and times
for V.22 and Bell configurations are shown in Tables 5 and
6, respectively. Controlled or constant carrier operation
can be selected (CC bit).

ASYNC/SYNC, SYNC/ASYNC CONVERSION

An asynchronous-to-synchrorious converter is provided in
the transmitter and ‘a synchronous-to-asynchronous con-
verter is provided in the receiver. The asynchronous
character format is 1 start bit, 5 to 8 data bits (CHARO and
CHART1), an optional parity bit (PARSLO, PARSL1, PENO,
and PEN1), and 1 or 2 stop bits (STBO and STB1). Valid
character size, including all bits is 8, 9, 10, or 11 bits.

When the transmitter's converter is operating at the basic
signaling rate, no more than one stop bit will be deleted per
8 consecutive characters. Break is handled in the transmit-
ter and receiver as described in V.22 bis.

MODES OF OPERATION

The R96QT can operate synchronously or asynchronous-
ly, depending on the selected configuration.

CONTROL MODES (FDX)

The modem can operate in serial or parallel control modes
(BUS bit) and in either serial or parallel data mode (RPDM
and TPDM bits).

In the serial control mode, standard V.24 (RS-232 com-
atible) interface signals, along with the TLK and ORG sig-
nals, control the transfer of data between the modem and
the host (V.22 bis only). The transmitter defaults to serial
control mode upon power turn-on.

In the parallel control mode, bits in interface memory cor-
responding to the V.24 signals control the data transfer.

In either serial and parallel control mode, the modem is
configured by the host writing configuration/control bits to
the DSP interface memory via the microprocessor bus.

DATA MODES

Serial or parallel data mode can be separately selected for
the transmitter and receiver (TPDM and RPDM bits,
respectively). In parallel data mode, channel data is trans-
ferred 8-bits at a time between the host and the modem
over the microprocessor bus.
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Table 4. High Speed RTS-CTS Response Times

Configuration IRTS/CTS Response Time (ms)
V.29 FT/9600 23
V.29 FT/7200 24
V.29 FT/4800 23
V.29 9600, 7200, or 4800 253
V.27 FT/4800 22
V.27 4800 long 708
V.27 FT/2400 30
V.27 2400 long 943
Note: V.29 RTS-CTS response time is 438 ms when

preceded by an echo protector.

Table 5. Medium Speed RTS Responses

Constant Controlled
RTS Transition* Carrier Carrier
ON to OFF CTS OFF, CTS OFF,
carrier ON, carrier OFF
scrambled 1s
transmitted
OFF to ON CTS ON, carrier ON,
carrier ON, 210 ms to 275 ms
data transmitted| scrambled 1s
transmitted,
data transmitted

* After handshake is complete.

Table 6. Medium Speed CTS Response Times

Constant Controlled
CTS Transition Carrier Carrier
OFF to ON <2ms 210t0 275 ms
ON to OFF <20 ms 20 ms*

* Programmable

In the receiver serial data mode, received data is output
only to the RXD pin. In the receiver parallel data mode,
received data is output simultaneously to the Receive Data
Register (RXDATA) in interface memory and to the RXD
pin.

In the transmitter serial data mode, transmitted data is ob-
tained from the TXD input pin. In the transmitter parallel
data mode, transmitted data is obtained from the Transmit
Data Register (TXDATA) in interface memory.

In parallel asynchronous data mode, the R96QT operates
like a universal asynchronous receiver/transmitter (UART)
except in BELL103 configuration. The length of the break
signal is determined by the BRKS0 and BRKS1 bits for the
transmitter and receiver, respectively.
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HARDWARE INTERFACE SIGNALS

The Functional Interconnect Diagram (Figure 1) shows the
typical modem connection in a system. In this diagram,
any point that is active low is represented by a small circle
at the signal point.

Edge triggered inputs are denoted by a small triangle (e.g.,
TDCLK). Open-Collector (open-source or open-drain) out-
puts are denoted by a small half-circle (e.g., IRQ). Active
low signals are overscored (e.g., POR).

A clock intended to activate logic on its rising edge (low-
to-high transition) is called active low (e.g., RDCLK), while
a clock intended to activate logic on its falling edge (high-
to-low transition) is called active high (e.g., TDCLK). When
a clock input is associated with a small circle, the input ac-
tivates on a falling edge. If no circle is shown, the input ac-
tivates on a rising edge.

The functional interconnect signals shown in Figure 1 are
organized into seven functional groups: overhead,
microprocessor interface, V.24 interface, analog, line in-
terface, ancillary and diagnostic. These signals, along with
their connector pin numbers and interface circuit types, are
listed in Table 7. The digital and analog interface charac-
teristics are defined in Tables 8 and 9, respectively.

POWER-ON-RESET

When power is applied to the modem, the modem pulses
Power-On-Reset (POR) low to begin the POR sequence.
The modem is ready for use 350 ms after the low-to-high
transition of POR. The POR sequence is reinitiated any
time the +5V supply drops below +3.5V for more than 30
ms, or an external device drives POR low for at least 3 us.
POR is not pulsed low by the modem when the POR se-
quence is initiated externally. The POR sequence initial-
izes the modem interface memory (Table 12) to default
values. This action leaves the modem configured as fol-
lows:

+ V.22 bis synchronous 2400 bps
«  Serial data mode

«  T/2 equalizer

+  —43 dBm receiver threshold

. Constant carrier

+  Answer mode

+  —10 dBm transmit level

NOTE: If the modem is used in applications where the
supply voltage can drop below +4.75V but not low enough
to cause a POR sequence (i.e., <+3.5V), the host system
should generate a POR signal upon supply voltage
recovery to ensure proper modem initialization and opera-
tion.

l,. ———————— s

1 CTS
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Figure 1. R96QT Functional Interface Signals
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Table 7. R96QT Hardware Interface Signals

Table 7. R96QT Hardware Interface Signals (Cont’d)

1.1 Load = ~100 A
2.l Load = 1.6 mA
3.1 Load = 0.8 mA

4. Input waveform must be symmetric within 20%.
5. Loads on 12 MHz and 6 MHz outputs must be balanced within 20%.

/o DIP o DIP
Name Type Pin No. Description Name Type Pin No. Description
OVERHEAD V.24
GND(A) AGND 27,28 | Analog Ground Return XTCLK B - 5 External Transmit Clock
GND(D) DGND | 32,36,| Digital Ground Return TDCLK oc 6 Transmit Data Clock
51 RDCLK oc 38 | Receive Data Clock
+5V PWR g51 4, | +5 Volt Supply E B 10 RequestTo-Send
+12v PWR | 29 |+12VoltSupply c1s oc 8 | ClearTo-Send
—12v PWR | 31 |-12Voltsupply XD 1B 11| Transmit Data
POR IB/OB | 4 | Power-On-Reset BXD_ oc 35 | Reoeive Data
PROCESSOR RLSD ocC 37 Receiver Line Signal Detector
D7 1A0A | 50 | DataBusBit7 3;—':‘ o D o ;:;",:::L? eady
D6 IA/OA 49 Data Bus Bit 6 R oC 23 Ring Indicator
D5 IA/OA 48 Data Bus Bit 5 ANALOG ‘
D4 IA/JOA 47 Data Bus Bit 4 i
D3 |A/OA 46 Data Bus Bit 3 TXA AA 26 Transmit Analog Output
D2 JA/OA 45 Data Bus Bit 2 RXA AB 30 Receiver Analog Input
D1 IA/OA | 44 | DataBusBit1 LINE
Do IA/OA | 43 | DataBusBit0O RD 1B 22 | Ring Detect
RS3 1A 3 Register Select 3 OHRC oC 18 Off-Hook Relay Control
RS2 1A 58 Register Select 2 ANCILLARY
RSt ) 57 | Register Select 1 TBCLK oc 7 Transmit Baud Clock
R_SQ 1A 40 Register Select 0 RBCLK ocC 12 Receive Baud Clock
Ccso 1A 2 Chip Select Transmitter ORG B 17 Originate
cst 1A 42 Chip Select Receiver 1 K Ic 19 Talk
Ccs2 1A 60 Chip Select Receiver 2 DIAGNOSTIC
READ_ 1A 61 Hefid Enable EYEX oc 52 Eye Pattern Data X-Axis
WRITE 1A 59 Writs Enablo EYEY oc 56 Eye Pattern Data Y-Axis
IRQ o8 1 | Interrupt Request EYECLK OA 54 | Eye Pattern Clock
EYESYNC OA 53 Eye Pattern Synchronizing
Signal
NOTES:
1. Digital and analog I/O types are described in Tables 8 and 9.
2. DIP connector pins 24, 25, 33, 34, 39 and 41 are not used. Leave
these pins disconnected (i. e., open).
3. Unused inputs tied to +5V or ground require individual 10 KQ
series resistors.
Table 8. Digital Interface Characteristics
Input/OQutput Type
Symbol Parameter Units 1A B IC OA oB oc ob®
ViH Input High Voltage \ 2.0 min. 2.0 min. Vcc 0.5 max.
ViL Input Low Voltage \ 0.8 max. 0.8 max. 0.5 max.
Iin Input Leakage Current UWA | 25 max. 11 max.
Von Output High Voltage \Y 3.5 min.! 3.5 min.’
VoL Output Low Voltage v 0.4max2 | 0.4max® | 0.4max?
loH Output High Current mA —-0.1 max. - 0.1 max. —0.001 max.
loL Output Low Current mA 1.6 max. 0.8 max 1.6 max. 0.001 max.
IL Output Leakage Current UA +10 max. +10 max.
lpy Pull-Up Current — 240 max. — 240 max.
(Short Circuit) HA — 10 min. — 10 min,
CL Capacitive Load pF 5 20 10
Co Capacitive Drive pF 100 100 100 50
Circuit Type TIL TTL CLK TTL TTL T CLK
w/pull-up 3-state 3-state 3-state
NOTES:
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Table 9. Analog Signal Characteristics

Name Type Characteristic

AA

TXA The transmitter output impedance is
604 Q +1% with an output level of
0.488 VRMs. To obtain a— 10 dBm
output, an external 600 2 load to

ground is needed.

AB The receiver input impedance is
21K Q £1%. The receive level at RXA

must be no greater than —10 dBm.

MICROPROCESSOR INTERFACE

Eighteen address, data, control and interrupt hardware in-
terface signals implement an 8085 compatible parallel
microprocessor interface to a host processor.

This parallel interface allows a host processor to change
modem configuration, read or write channel and diagnos-
tic data, and supervise modem operation by writing control
bits and reading status bits. The significance of the control
and status bits, along with the methods of data inter-
change, are discussed in the Software Interface Section.

Data Lines (D0-D7)

Eight bidirectional data lines (D0O-D7) provide parallel
transfer of data between the host and the modem. The
most significant bit is D7. Data direction is controlled by the
Read Enable (READ) and Write Enable (WRITE) signals.

Chip Select (CS0-CS2) and Register Selects
(RS0-RS3)

Three active low chip select lines (CS0-CS2) select one of
three modem digital signal processor (DSP) devices. The
four active high register select lines (RS0-RS3) address in-
terface memory registers within the selected DSP inter-
face memory. All seven of these lines are typically
connected to the host bus address lines; the register select
lines to the four least significant lines (A0-A3) and the chip
select lines to the next two significant lines (A4-AS5)
through a decoder.

The selected DSP decodes RSO through RS3 to address
one of 16 internal interface memory registers (0-F). The
most significant address bit is RS3 while the least sig-
nificant address bit is RS0. The selected register can be
read from or written into via the 8-bit parallel data bus (DO
-D7).

Read Enable (READ) and Write Enable (WRITE)

During a read cycle, data from the selected DSP interface
memory register is gated onto the data bus by means of
three-state drivers in each DSP. These drivers force the
data lines high for a one bit, or low for a zero bit. When not
being read, the three-state drivers assume their high-im-
pedance (off) state.
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During a write cycle, data from the data bus is copied into
the selected DSP interface memory register, with high and
low bus levels representing one and zero bit states,
respectively.

The read/write timing waveforms are illustrated in Figure 2
and the timing requirements are specified in Table 10.

Interrupt Request (IRQ)

The modem Interrupt Request (IRQ) output may be con-
nected to the host processor interrupt request input in
order to interrupt host program execution for immediate
modem service. The IRQ output can be enabled in the
DSP interface memory to indicate immediate change of
conditions in any of the three modem DSP devices. The
use of IRQ is optional depending upon modem application.
Refer to the Software Considerations Section for a sum-
mary of the modem interrupt bits, interrupt conditions and
interrupt clearing procedures.

The DSP IRQ output structure is an open-drain field-effect-
transistor (FET). Each of the individual DSP IRQ_output
lines is wire-ORed to form the composite modem IRQ out-
put signal. The modem IRQ output can also be wire-ORed
with other IRQ lines in the application system. Any of these
sources can drive the host interrupt input low. The host in-

READ WRITE

TCS. f—
Cso-cs2
|+ feTcH TCs:

TCS:

leTCH

RS0-RS3

TCH
Y
> +-TWR

L» TWDS

WRITE

READ -—\\—/[

TDA-»|

Do-D7

TWDH

Figure 2. Microprocessor Interface Waveforms

Table 10. Microprocessor Interface Timing

Parameter Symbol Min. Max. Units
CSi, RSi setup time TCS 30 - ns
Data access time TDA - 140 ns
Data hold time TDH 10 50 ns
CSi, RSi hold time TCH 10 - ns
Write data setup time TWDS 75 - ns
Write data hold time TDHW 10 - ns
Write strobe pulse width TWR 7% - ns




R96QT

9600 bps QuickTurn Modem

terrupt servicing process normally continues until all inter-
rupt requests have been serviced (i.e., all IRQ lines have
returned high).

Because of the open-drain structure of IRQ, an external
pull-up resistor to +5V is required.at some point on the IRQ
line. The resistor value should be small enough to pull the
1RQ line high when all IRQ drivers are off (i.e., it must over-
come the leakage currents). The resistor value should be
large enough to limit the driver sink current to a level ac-
ceptable to each driver. If only the modem IRQ output is
used, a resistor value of 5.6K ohms +20%, 0.25W, is suf-
ficient.

V.24 INTERFACE

Eleven hardware circuits provide timing, data and control
signals for implementing a CCITT Recommendation V.24
compatible serial interface. These signals are TTL com-
patible in order to drive the short wire lengths and circuits
normally found within stand-alone modem enclosures or
equipment cabinets. For driving longer cables, the voltage
levels and connector arrangement recommended by EIA
standard RS-232-C are preferred.

Most V.24 hardware interface signals have a correspond-
ing bit in DSP interface memory. In general, the hardware
interface signals are complemented with respect to their
corresponding interface memory bits, e.g., RTS signal
low = RTS bitsettoa 1.

For full-duplex operation, the hardware control input sig-
nals (DTR, RTS, TLK, and ORG) are valid when the
modem is in the serial control mode (BUS = 0). Their state
is ignored when the modem is in the parallel control mode
(BUS = 1).

For_half-duplex operation, the modem logically ORs the
RTS input signal with the RTS interface memory bit to form
the resultant control signal regardless of the state of the
BUS bit.

Transmitted Data (TXD)

The modem obtains serial data to be transmitted from the
host on the Transmitted Data (TXD) input (transmitter
serial data mode) or from the Transmit Data Register
(TXDATA) register in interface memory (transmitter paral-
lel data mode).

Received Data (RXD)

The modem presents received serial data to the host on
the Received Data (RXD) outputs in both receiver serial
and parallel data modes) and to the Receive Data Register
(RXDATA) register in mterface memory in receiver parallel
data mode.

Request To Send (RTS)

Request to Send (RTS) input low causes the modem to
transmit data on TXD when CTS becomes active. In con-
stant carrier mode, RTS can be wired to DTR In control-
led carrier operation, independent operation of RTS turns
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the carrier ON and OFF. The responses to RTS are shown
in Table 5 (when the modem is in data mode).

Clear To Send (CTS)

Clear to Send (CTS) active indicates to the host that the
modem will transmit_any data present on TXD. CcTS
response times from RTS active are shown in Table 6.

Data Terminal Ready (DTR) (FDX only)

Data Terminal Ready.(DTR) active initiates the handshake
sequence when DATA = 1. In answer mode, the transmit-
ter willimmediately send answer tone. In data mode, deac-
tivating DTR causes the transmitter to turn-off and return
to the idle state.

Data Set Ready (DSR) (FDX only)

Data Set Ready (DSR) output low indicates that the
modem is in the data transfer state. DSR OFF is an indica-
tion that the DTE is to disregard all_signals appearing on
the intercharige circuits—except RI. DSR will switch to the
OFF state when in test state. The ON condition of DSR in-
dicates the following conditions:

1. The modem is not in the talk state, i.e., an
associated telephone handset i is not in control of
the line.

. The modem is not in the process of automatically
establishing a call via pulse or DTMF dialing.

. The modem has generated an answer tone or
detected answer tone.

. After Ring Indicator (RI) goes ON, DSR waits at
least two seconds before turning ON to allow the
telephone company equipment to be engaged.

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus
a maximum of 4 seconds when the SSD bit is enabled.

Received Line Signal Detector (RLSD)
RLSD Response

For Fast Train configurations, the receiver enters the train-
ing state upon detecting a significant increase in the
received signal power. If the received line signal power is
greater than the selected threshold level at the end of the
training state, the receiver enters the data state and RLSD
is activated. If the received line signal power is less than
the threshold level at the end of the training state, the
receiver returns to the idle state and RLSD is not activated.

Also, in Fast Train configurations, the receiver initiates the
turn-off delay upon detecting a significant decrease in the
received signal power. If the received signal power is less
than the selected threshold at the end of the turn-off delay,
the receiver enters the idle state and RLSD is deactivated.
If the received signal power is greater than the selected
threshold at the end of the turn-off delay, the receiver
returns to the data state and RLSD is left active.




R96QT

9600 bps QuickTurn Modem

The RLSD on-to-off response times are:

Configuration  Response Time

V.29 FT 6.5+ 1ms
V.29 30+9ms
V.27FT 8+1ms

V.27 ter 10+5ms

RLSD response times are measured with a signal at least
3 dB above the actual RLSD on threshold or at least 5 dB
below the actual RLSD off threshold.

RLSD Threshold

The RLSD thresholds are fixed in FDX and selectable in
HDX (see RTH bits):

Mode RLSD ON RLSD OFF
FDX 2—-43 dBm <—48 dBm
HDX1 =-43 dBm <-48 dBm
HDX2 2-33 dBm <-38 dBm
HDX3 =-26 dBm <-31dBm

RLSD will not respond to a guard tone or an answer tone.

For CCITT configurations, a minimum hysteresis action of
2 dB exists between the actual on-to-off transition levels.
In half-duplex modes, the threshold level and hysteresis
action are measured with an unmodulated 2100 Hz tone
applied to the Receiver Analog (RXA) input . In full-duplex
modes, regular data is used.

Ring Indicator (RI) (FDX only)

The modem provides a Ring Indicator (RI) output; its low
state indicates the presence of a ring signal on the line.
The low condition appears approximately coincident with
the ON segment of the ring cycle (during rings) on the com-
munication channel. (The ring signal cycle is typically two
seconds ON, four seconds OFF.) The high condition of the
Rl output is maintained during the OFF segment of the ring
cycle (between rings) and at all other times when ringing
is not being received. The operation of Rl is not disabled
by an OFF condition on DTR.

RI will respond to ring signals applied on RD in the fre-
quency range of 15.3 Hz to 68 Hz.
Transmit Data Clock (TDCLK)

The modem provides a Transmit Data Clock (TDCLK) out-
put with the following characteristics:

Frequency. Data rate +0.01%.
Duty Cycle. 50 +1%.

TDCLK is provided to the user in synchronous com-
munications. Transmit Data (TXD) must be stable during
the one ps period immediately preceding and following the
rising edge of TDCLK.

External Transmit Clock (XTCLK)

In synchronous communication, where the user needs to
supply the transmit data clock, the input XTCLK can be
used. The clock supplied at XTCLK must exhibit the same

1-195

characteristics of TDCLK. The XTCLK input is then
reflected at TDCLK.

Receive Data Clock (RDCLK)

The modem provides a Receive Data Clock (RDCLK) out-
put in the form of 50 +1% duty cycle squarewave. The low-
to-high transitions of this output coincide with the center of
received data bits. The timing recovery circuit is capable
of tracking a +0.01% (relative) frequency error in the as-
sociated transmit timing source.

RDCLK is provided in both asynchronous and
synchronous communications. RDCLK is not necessary in
asynchronous communications but it can be used to supp-
ly a clock for UART/USART timing. RDCLK is necessary
for synchronous communication.

ANALOG INTERFACE

Transient protection for TXA and RXA is recommended
when interfacing directly to a transformer. This protection
may take the form of back-to-back zener diodes or a varis-
tor across the transformer. The characteristics of signals
TXA and RXA are summarized in Table 9.

Transmit Analog (TXA)

The Transmit Analog (TXA) output can drive an audio
transformer or data access arrangement. TXA is a low im-
pedance amplifier output in series with an internal 604
ohm =1% resistor to match a standard telephone load of
600 ohms.

Receive Analog (RXA)

The Receive Analog (RXA) input can originate from an
audio transformer or data access arrangement. The input
impedance is nominally 21K ohms. The RXA input must
be shunted by an external 604 ohm +1% resistor in order
to match a 600 ohm source.

LINE INTERFACE

Ring Detect (RD) (FDX only)

RD indicates to the modem by an ON (low) condition that
aringing signal is present. The signal (a 4N35 optoisolator
compatible output) into the RD input should not respond to
momentary bursts of ringing less than 125 ms in duration.
The ring, if within 15 Hz to 68 Hz, is reflected on Rl (if this
method of ring detection has been selected, and ringing
detection is active.)

Off-Hook Relay Control (OHRC) (FDX only)

The OHRC output can be used as the input to an external
relay driver to drive the Off-Hook (OH) relay when control
bit RA is set high. OHRC high indicates the OH relay is to
be closed and the modem is to be connected to the
telephone line (off-hook). OHRC low indicates the OH
relay is to be opened (on-hook).
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ANCILLARY SIGNALS

Transmitter Baud Clock (TBCLK) and Receiver Baud
Clock (RBCLK)

Transmitter Baud Clock (TBCLK) and Receiver Baud
Clock (RBCLK) outputs have no counterpartin the V.24 or
RS-232-C recommendations since they mark the baud in-
terval rather than the data rate for the transmitter and
receiver, respectively. These baud clocks are useful in
identifying the order of data bits in a baud (e.g., for multi-
plexing data). Both signals are active high. The high-to-low
transition of each baud clock coincides with a high-to-low
transition of the respective data clock. These clocks are
held permanently high when the modem is configured for
V.21 channel 2 operation.

Talk (TLK) (FDX only)

TLK input low manually places the modem in idle mode.
TLK high manually initiates the handshake sequence and
places the modem in data mode.

Originate (ORG) (FDX only)

ORG input manually places the modem in the originate
mode (ORG low) or the answer mode (ORG high). To
manually originate a call set ORG low and TLK high. To
manually answer a call, set ORG high and TLK high.

DIAGNOSTIC SIGNALS

Four signals provide the timing and data necessary to
create an oscilloscope quadrature eye pattern. The eye
pattern is simply a display of the received baseband con-
stellation. By observing this constellation, common line
distrubances can usually be identified. Timing of these sig-
nals is illustrated in Figure 3.

EYEX and EYEY

The EYEX and EYEY outputs provide two serial bit
streams containing data for display on the oscilloscope X
axis and Y axis, respectively. This serial digital data must
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Figure 3. Eye Pattern Timing

EYEX,
EYEY

first be converted to parallel digital form by two serial-to-
parallel converters and then to analog form by two digital-
to-analog (D/A) converters.

EYEX and EYEY outputs are 15-bit words, each with 8-bits
of significance. The 15-bit data words are shifted out most
significant bit first with the seven most significant bits equal
to zero. EYEX and EYEY are clocked by the rising edge of
EYECLK. -

EYECLK

EYECLK is a clock for use by the serial-to-parallel con-
verters. The EYECLK output is a 288 kHz clock which is
internally divided to create the Receiver Baud Clock
(RBCLK). EYECLK is also a common multiple of all the
possible receiver data clocks. The low-to-high transitions
of RDCLK coincide with the low-to-high transitions of
EYECLK. EYECLK, therefore, can be used as a receiver
multiplexer clock.

EYESYNC
EYESYNC is a strobe for loading the D/A converters.
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SOFTWARE INTERFACE

Modem functions are implemented in firmware executing
in three DSP devices: a transmitter device, a receiver
sample rate device, and a receiver baud rate device.

INTERFACE MEMORY

Each DSP communicates with the host processor by
means of a dual-port, interface memory. The interface
memory in each DSP contains sixteen 8-bit registers,
labeled register 0 through F. Each register can be read
from, or written into, by both the host and the DSP. The
host communicates with the DSP interface memory via the
microprocessor bus shared between the three DSPs.

The host can control modem operation by writing control
bits to DSP interface memory and writing parameter
values to DSP RAM through the interface memory. The
host can monitor modem operation by reading status bits
from DSP interface memory and reading parameter values
from DSP RAM through interface memory.
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INTERFACE MEMORY MAPS

Memory maps of the 16 addressable registers in the
modem transmitter (chip 0), receiver sample rate (chip 1),
and receiver baud rate (chip 2) devices are shown in
Figure 4. These 8-bit registers may be read or written to
during any host read or write cycle. In order to operate on
a single bit or group of bits in a register, the host proces-
sor must read a register then mask out unwanted data.
When writing a single bit or group of bits in a register, the
host processor must perform a read-modify-write opera-
tion. That is, the host must read the entire register, set or
reset the necessary bits without altering the other register
bits, then write the unaffected and modified bits back into
the interface memory register.

INTERFACE MEMORY BIT DEFINITIONS

Table 12 defines the individual bits in the interface
memory. In the Table 12 descriptions, bits in the interface
memory are referred to using the format Y:Z:Q. The chip
number is specified by Y (0, 1 or 2), the register number
by Z (0 through F), and the bit number by Q (0 through 7,
0 =LSB).
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Transmitter Interface Memory Chip 0 (ﬁ)

Bit
7 6 5 4 3 2 1 [}
Register
F WRTO RAM ACCESS CODE CHIP 0 (ACCO)
E TIA |NSIEO [NEWSO| — [NEWCO| TIE — | TBA
D — _ —_ — — — — —
c — — — — — — - —
B TLVL - - — -
A - - — - — — |cts |DSR
9 NV25 | ASCR |RTRN | — | TCF |CDEQ |DATA [DTMF
8 BUS | — |ORG | GTE | — — |ssD | RA
7 RTS |TTDIS| SDIS |MHLD| EPT |TPDM TXCLK
6 TRANSMITTER CONFIGURATION (TCONF)
5 CHARO PENO [PARSLO| STBO |BRKSO [DIABT [CAEQ
4 ALO | RDLEO| STO | CC |asynco| RDLO | DLO | DTR
3 X RAM DATA MSB (XDAMO)
2 X RAM DATA LSB (XDALO)
1 FREQM/Y RAM DATA MSB (YDAMO)
0 DDR/TXDATA/FREQL/Y RAM DATA LSB (YDALO)
Note: (—) Indicates reserved for modem use only.
Receiver Interface Memory Chip 1 (@) Receiver Interface Memory Chip 2 (ﬁ)
Bit __Bit
7 6 5 4 fa 2 1 [} 7 6 5 4 3 2 1 [
Register Register
F WRT1 RAM ACCESS CODE CHIP 1 (ACC1) F WRT2 RAM ACCESS CODE CHIP 2 (ACC2)
E RIA1 [NSIE1 [NEWS1| — [NEWC1| RIE1 | — |RBA1 E RIA2 |NSIE2 NEWS2| — INEWC2| RIE2 | — [RBA2
D - — - - — — — — D — - - - - — — -
c - - - - - - — — c FR3 | FR2 | FR1 | — - — — |PNDET]
B - - - - — - — - B — - — - — — — -
A - - - - - - - - A - - - - - - — —
9 — |FED | — - PE |CDET |[TONE | — 9 — - — — - - - -
8 - - - — |pooET| — | FE | — 8 - — — — - - — -
7 RTH DDIS | — — | RCF |RDIS | — 7 — - — — — — — |FRzEQ)
6 RECEIVER CONFIGURATION (RCONF) 6 - — - - — - - -
5 cHAR1 | PEN1 [pansir] ste1 [reoM [eRKs1] — 5 — | — [roneal ™ | wmi SPEED
4 — | = = | = [|asvnen CEQSEL 4 ALz |rotez| st [ Rsp | oo [RoLe [or2 | oL
3 X RAM DATA MSB (XDAM1) 3 X RAM DATA MSB (XDAM2)
2 X RAM DATA LSB (XDAL1) 2 X RAM DATA LSB (XDAL2)
1 Y RAM DATA MSB (YDAM1) 1 Y RAM DATA MSB (YDAM2)
[] RXDATA/ Y RAM DATA LSB (YDAL1) 0 Y RAM DATA LSB (YDAL2)
Note: (—) Indicates reserved for modem use only. Note: (—) Indicates reserved for modem use only.

Figure 4. R96QT DSP Interface Memory Map
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Table 12. R96QT Interface Memory Bit Definitions

Default
Mnemonic Location Value (Hex)

Name/Description

ACCO

ACC1

ACC2

ALO

AL2

ASCR

ASYNCO

ASYNC1

BRKSO

BRKS1

BUS

CAEQ

Memory

0:F:0-7 0
1:F:0-7 0
2:F:0-7 0
0:4:7 0
2:4:7 0
0:9:6 0
0:4:3 0
1:43 0
0:5:1 0
1:5:1 -
0:8:7 0
0:5:0 0

RAM Access Code Chip 0. Register ACCO contains the RAM access code used in read-
ing RAM locations in the transmitter device.

RAM Access Code Chip 1. Register ACC1 contains the RAM access code used in reading
RAM locations in the receiver sample device.

RAM Access Code Chip 2. Register ACC2 contains the RAM access code used in reading
RAM locations in the receiver baud device.

Local Analog Loopback Chip 0.

Local Analog Loopback Chip 2. When both ALO and AL2 are 1, the modem will go
through an analog loopback according to recommendation V.54 loop 3. The modem may be
placed in analog loopback in either idle or data mode. However, when ALO or AL2isa 1 in
data mode, the connection is terminated. AL2 must be set first, followed by ALO. (V.22, V.22
bis, V.22 A/B, and Bell 212A) (FDX)

Append Scrambled Ones. When ASCR is a 1, one baud of scrambled mark is included in
the V.29 FT and V.27 FT training sequence. The RTS-CTS delay is thus extended by 1
baud period when ASCR is a 1. (HDX)

Asynchronous Mode Chip 0. When ASYNCO is a 1, asynchronous data mode is selected
in the transmitter. When ASYNCO is a 0, synchronous data mode is selected. (FDX)

Asynchronous Mode Chip 1. When ASYNC1 is a 1, asynchronous data mode is selected
in the receiver. When ASYNC1 is a 0, synchronous data mode is selected. (FDX)

Break Sequence Chip 0. When control bit BRKSO is a 1, the modem will send continuous
space. When BRKSO is a 0, the modem will transmit data from TXDATA (TPDM = 1). (FDX)
(Asynchronous operation only)

Break Sequence Chip 1. When status bit BRKS1 is a 1, the modem is receiving continuous
space. When BRKS1 is a 0, the modem is receiving data and outputting the data to
RXDATA (RPTM = 1). (FDX) (Asynchronous operation only)

Bus Select. When control bit BUS is a 1, the modem is in the parallel control mode; when
BUS is a 0, the modem is in the serial control mode. BUS can be in either state to configure
the modem. In either mode, the modem is configured by the host writing to interface
memory via the microprocessor bus. Note that the modem automatically defaults to the
serial mode at power-on. (FDX)

Serial Control Mode

In serial control mode, standard V.24 (RS-232-C compatible) signals are used to control the
transfer of channel data. The control signals used are DTR, RTS, TLK, and ORG. Outputs
such as RLSD and DSR are reflected both in the interface memory and the V.24 interface.
Once the BUS bit has been set to a 0, the state of the DTR, RTS, DATA, and ORG bits are
ignored.

Parallel Control Mode

In the parallel control mode, the modem is controlied by bits written to interface memory via
the microprocessor bus. Data transfer is also over the microprocessor bus. The control bits
are DTR, RTS, ORG, and DATA.

If the parallel control mode is to be used, it is recommended that the TK pin be tied to
ground. A floating TLK pin will assume a logic 1 which will immediately put the modem into
the data mode before the BUS bit is set.

Cable Amplitude Equalizer. When CAEQ = 1, an amplitude compromise equalizer is allo-
cated in the transmitter path. The NEWCO bit must be set after setting the CAEQ bit. (V.29
and V.29 FT modes only)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory Default
Mnemonic Location Value (Hex) Name/Description

CcC 0:4:4 0 Controlled Carrier. When control bit CC is a 1, the modem operates in controlled carrier;
when CC is a 0, the modem operates in constant carrier.

Controlled carrier allows the modem transmitter to be controlled by the RTS pin or the RTS
bit. Its effect may be seen in the descriptions of the RTS and CTS bits. (FDX)

CDEQ 0:9:2 0 Compromise Delay Equalizer Enable. When control bit CDEQ is a 1, an Infinite Impulse
Response (IIR) delay equalizer is placed in the transmitter path. (HDX)

CDET 1:9:2 0 Carrier Detector. Status bit CDET is set to a 0 when passband energy is being detected
and a training sequence is not in process.
CEQSEL 1:4:0,1,2 0 Compromise Equalizer Select. CEQSEL selects the type of equalizer to be placed in the
receiver path. (HDX)
Curve Matched 2 10
No Equalization 0 00
US - Long 0 0 1
Japanese 3-Link 0 10
Cable 1 0 11
Cable 2 1 00
Cable 3 1 0 1
CHARO 0:5:6,7 2 Character Length Select Chip 0. CHARO selects either 8, 9, 10, or 11 bit characters (in-

cludes data, stop, and start bits) for the transmitter in asynchronous data mode
(ASYNCO = 1). The bit representations are:

Bits Per Character 7 6
8 bits 0 0
9 bits 0 1
10 bits 10
11 bits 11
CHART1 1:5:6,7 2 Character Length Select Chip 1. CHAR1 selects 8,9,10 or 11 bit character length (in-

cludes data, stop, and start bits) for the receiver in asynchronous data mode (ASYNC1 = 1).
The bit representations are:

Bits Per Character 7 6
8 bits 0 0
9 bits 0 1
10 bits 1 0
11 bits 1 1

It is possible to change character length during the data mode. Errors in the data will be ex-
pected between change over and the resynchronization (which occurs on the next start bit
after the change is implemented).

CL 2:4:.0 0 Control Line. When CL is set to a 1, the receiver goes to data mode upon detection of 270
ms of energy after a loss of carrier. A retrain may be required once the modem is back in
data mode (see RTRN bit). Before CL is set to a 1, an initial handshake must be completed.

(FDX)

CTS 0:A:1 0 Clear-to-Send. When status bit CTS is a 1, the modem will transmit any data present at
TXD. (FDX)

DATA 0:9:1 0 Data Mode. When control bit DATA is a 0, the modem is in the idle mode and data is not

being transmitted. The modem is prevented from entering and proceeding with the hand-
shake (start-up) sequence and will ignore all V.24 interface signals. This bit should be set to
a1 by the host at a suitable time after completion of dialing or answering.

When cbntrol bit DATA is a 1, the modem is in the data mode. This bit allows the modem to
enter the data mode after the host counts a programmable number of rings by counting the
required number of Rl bit transitions. (FDX)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Default
Value (Hex)

Name/Description

Memory
Mnemonic Location
DDR 0:0-7
DDIS 1.7:5
DIABT 0:5:1
DLO 0:4:1
DL2 2:4:1
DSR 0:A:0
DTMF 0:9:0

Dial Digit Register. DDR is used to load the digits to be dialed when in transmitter Call Re-
quest mode (TCONF = 80). Example: If a 4 is to be dialed, a 04 (hex) should be loaded.
This action also causes the interrupt to be cleared. The modem automatically accounts for
the interdigit delay. Note: DDR is a write-only register. (FDX)

Descrambler Disable. When control bit DDIS is a 1, the receiver descrambler is disabled;
when DDIS is a 0, the descrambler is enabled. (HDX)

Disable Abort Timer. When DIABT is set to a 1, the 30 second abort timer in the modem in-
itializing a handshake is disabled. When DIABT is set to a 0, setting the DATA bit will initial-
ize the modem for a handshake (originating modem looks for tone or answering modem
sends tone and unscrambled 1s) for 30 seconds before it aborts the handshake. (FDX only)

Digital Loop Chip 0.

Digital Loop Chip 2. When DLO and DL2 are both a 1, the modem is manually placed in
digital loopback. DLO and DL2 should be set only during the data mode. The DSR and CTS
bits will be reset to 0. The local modem can then be tested from the remote modem end by
looping a remotely generated test pattern. At the remote modem, all interface circuits be-
have normally (as in the data mode).

At the conclusion of the test, DLO and DL2 must be reset to 0. The local modem will then
return to the normal data mode with control reverting to the DTR input. (DL2 must be set
first followed by DLO.) (V.22, V.22 bis, V.22 A/B, and Bell 212A). (FDX)

Data Set Ready. The ON condition of the status bit DSR indicates that the modem is in the
data transfer state. The OFF condition of DSR is an indication that the DTE is to disregard
all signals appearing on the interchange circuits - except RI. DSR will switch to the OFF
state when in test state. The ON condition of DSR indicates the following:

The modem is not in the talk state, i.e., an associated telephone
handset is not in control of the line.

The modem is not in the process of automatically establishing a call via
pulse or DTMF dialing.

The modem has generated or detected answer tone.

After ring indicate goes ON, DSR waits at least two seconds before turning ON to allow the
telephone company equipment to be engaged.

DSR will go OFF 50 ms after DTR goes OFF, or 50 ms plus a maximum of 4 seconds when
the SSD bit is enabled. (FDX)

Touch Tone/Pulse Dialing. When transmitter Call Request configuration is selected
(TCONF = 80) and control bit DTMF is a 1, the modem will auto dial using tones. When
DTMF is a 0, the modem will dial using pulses.

The timing for the pulses and tones are as follows (power-on timing):

Pulses — Relay open 64 ms
Relay closed 36 ms
Interdigit delay 750 ms

Tones — Tone duration 95 ms

Interdigit delay 71 ms

The DTMF bit can be changed during the dialing process to allow either tone or pulse dial-
ing of consecutive digits. The tone pairs and corresponding dial digits are shown in Table 3.
The output power level of the DTMF tones is:

-1 dBm £ 1 measured at TXA
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Default

Mnemonic Location Value (Hex)

Name/Description

Memory
DTR 0:4:0
EPT 0:7:3
FE 1:8:1
FED 1:9:6

FREQL 0:1:0-7
FREQM 0:0:0-7

FRZEQ 2:7.0

0

Data Terminal Ready. When set to-a 1, control bit DTR initiates the handshake sequence if
DATA = 1. In answer mode, the transmitter will inmediately send answer tone. In the data
mode, setting the DTR bit to a 0 causes the transmitter to turn off and return to the idle
state. (FDX)

Echo Protector Tone. When EPT is a 1, an unmodulated carrier is transmitted for 185 ms
followed by 20 ms of no transmitted energy at the start of the transmission. (HDX)

Framing Error. When set to a 1, status bit FE indicates that more than 1 in 8 (or 1 in
4) characters were received without a stop bit in asynchronous mode. When FE is
reset to a 0, no framing error is detected. (FDX)

Fast Energy Detect. When FED is a 0, energy above the threshold is present in the
passband. (HDX)

Frequency Number Least Significant Byte.

Frequency Number Most Significant Byte. The host conveys tone generation data to
the transmitter by writing a 16-bit data word to the FREQL and FREQM registers as
shown below (HDX):

FREQM Register (0:0)

Bit: 7 6 5 4 3 2 1 0

Data Word: 27 - 26 25 24 23 22 21 20
FREQL Register (0:1)

Bit: 7 6 5 4 3 2 1 0

Data Word:| 215 214 213 212 n 210 29 28

The frequency number (N) determines the frequency (F) as follows:
F = (0.146486) (N) Hz +0.01%

Frequency number (FREQM and FREQL) codes in hexadecimal for generally used tones
are:

Frequency FREQM FREQL
(Hz) (Hex) (Hex)
462 ocC 52

1100 1D 55
1650 2C 00
1850 31 55
2100 38 00

Freeze Equalizer Taps. When control bit FRZEQ is set to a 1, updating of the equalizer tap
values is inhibited. (FDX only)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Mnemonic Location Value (Hex)

Name/Description

FR1
FR2
FR3

LCD

MHLD

NEWCO0
NEWC1
NEWGC2
NEWSO0

NEWS1

NEWS2

NSIEO

NSIE1

NSIE2

NV25

Memory Default
2.C5 0
2:.C:6 0
2.C7 0
0:8:4 0
2:43 1
0:7:4 0
0:E:3 0
1:E3 0
2:E3 0
0:E:5 0
1:E:5 0
2:E:5 0
0:E:6 0
1:E:6 0
2:E:6 0
0:9:7 0

Frequency 1.
Frequency 2.

Frequency 3. The one state of FR1, FR2 or FR3 indicates reception of the respective tonal
frequency when the modem is configured for V.21 Channel 2. The default frequencies for
FR1, FR2 and FR3 are:

Bit Frequency (Hz)
FR1 2100
FR2 1100
FR3 462

Guard Tone Enable. When control bit GTE is a 1, an 1800 guard tone will be transmitted
(CCITT FDX configuration only). Note: The guard tone will only be transmitted by the
answering modem.

Loss of Carrier Disconnect. When control bit LCD is a 1, the modem terminates a call

when a loss of received carrier energy is detected after 400 ms. After_40 ms of loss of car-
rier, RLSD goes off. If carrier is not detected within the next 360 ms, CTS goes off, and the
modem goes to idle mode. If energy above threshold is detected during the 360 ms period,
RLSD will go on again. If further loss of energy occurs, the 400 ms time frame is restarted.

If LCD is set to a 0, RLSD will be a 0 when energy is above threshold, but will not force the
modem into idle mode when energy falls below threshold. In this case, it is necessary to re-
enable LCD in order to put the modem in idle mode. (FDX)

Mark Hold. When control bit MHLD is a 1, the transmitter input data stream is forced to all
marks (1s). (HDX only)

New Configuration Chip 0. When the host changes the transmitter configuration (TCONF),
the host must write a 1 to this bit. NEWCO goes to 0 when the change becomes effective.

New Configuration Chip 1. When the host changes the receiver configuration (RCONF),
the host must write a 1 to this bit. NEWC1 goes to 0 when changes become effective.

New Configuration Chip 2. When the host changes the receiver configuration (RCONF),
the host must write a 1 to this bit. NEWC2 goes to 0 when changes become effective.

New Status Chip 0. NEWSO is set to a 1 when any of the status bits in the transmitter
status register A (0:A) change state. The host must write a 0 into NEWSO to reset it. (FDX)

New Status Chip 1. NEWS1 is set to a 1 when any of the status bits in the receiver Chip 1
status registers 8 or 9 (1:8 or 1:9) change state. The host must write a 0 into NEWS1 to
reset it. (FDX)

New Status Chip 2. NEWS2 is setto a 1 when of the status bits n the receiver chip 2
status register 5 (2:5) change state. The host must write a 0 into NEWS2 to reset it. (FDX)

NEW Status Interrupt Enable Chip 0. When NSIEO is set to a 1, the modem sets the TIA
bit and asserts IRQ if NEWSO is a 1. The TIA bit is cleared by writing a 0 to the NEWSO bit.
(FDX)

NEW Status Interrupt Enable Chip 1. When NSIE1 is set to a 1, the modem sets the RIA1

bit and asserts IRQ if NEWS1 is a 1. The RIA1 bit is cleared by writing a 0 to the NEWS1
bit. (FDX)
NEW Status Interrupt Enable Chip 2. When NSIE2 is set to a 1, the modem sets the RIA2

bit and asserts IRQ if NEWS2 is a 1. The RIA2 bit is cleared by writing a 0 to the NEWS2
bit. (FDX)

No V25 Answer Tone. When NV25 is a 1, the modem will not transmit the 2100 Hz CCITT
answer tone when a handshake sequence is initiated and the modem is in answer mode.

(FOX)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory Default
Mnemonic Location Value (Hex) Name/Description

ORG 0:8:5 0 Orlginate/Answer. When ORG is a 1, the modem is in originate mode. When ORG is a 0,
the modem is in answer mode. (This is valid in manual originate/answer and analog loop
back). If ORG is a 1 in analog loopback, the modem will transmit in low band and receive in
high band. If ORG is a 0 in analog loop back, the modem will transmit in the high band and
receive in low band. (FDX)

PARSLO 0:5:4 Parity Select Chip 0.

PARSL1 1:5:4 Parity Select Chip 1. Control bits PARSLO and PARSL1 select the method by which parity
is generated in the transmitter (PARSLO) and checked by the receiver (PARSL1) during the
asynchronous mode (ASYNC1 and ASYNCO = 1). The options are:

Parity Selected 4
Even parity 0
Odd Parity 1
PE 1:9:3 0 Parity Error. When set to a 1, status bit PE indicates that a character with bad parity was

received in the asynchronous mode (ASYNC1 and ASYNCO = 1). When a 0, a character
with good parity was received.

PENO 0:5:5 0 Parity Enable Chip 0. When control bit PENO is a 1, parity generation is enabled in the
transmitter in asynchronous mode (ASYNCO = 1).

PEN1 0:5:5 0 Parity Enable Chip 1. When control bit PEN1 is a 1, parity checking is enabled in the
receiver in asynchronous mode (ASYNC1 = 1).

PNDET 2:.C:0 1 PN Sequence Detect. Status bit PNDET is set to a 0 when a PN sequence has been
detected. PNDET is set to a 1 at the end of the PN sequence. (HDX)

P2DET 1:8:3 1 Period 2 Sequence Detect. Status bit P2DET is set to a 0 when a period 2 sequence has
been detected. P2DET is set to a 1 at the start of the period N sequence. (HDX)

RA 0:8:0 0 Relay Active. When control bit RA is set to a 1, the OHRC output is activated causing the

relay to close (off-hook); when RA is reset to 0, the OHRC is turned off causing the relay to
open (on-hook). Note: The host has exclusive control of the OHRC output through the RA
bit except in pulse dial mode. (FDX)

RBA1 1.E:0 1 Receiver Buffer Available Chip 1. Status bit RBA1 is set to a 1 when the receiver writes
data to the Receiver Data Register (1:0). RBA1 resets to a 0 when the host reads data from
register 1:0.

RBA2 2:E:0 0 Receiver Buffer Available Chip 2. Status bit RBA2 is set to a 1 when the receiver writes

data to register 2:0. RBA2 resets to a 0 when the host reads from register 2:0.

RCF 1.7:2 0 Receiver Carrier Frequency. When set to a 1, control bit RCF selects 1800 Hz
demodulator carrier frequency; when a 0, 1700 Hz is selected. (HDX V.29 FT only)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory Default

Mnemonic Location Value (Hex) Name/Description

RCONF 1:6:0-7 84 Recelver Configuration. The host configures the receiver by writing one of the following
control codes into RCONF:

Mode RCONF (Hex)

No TOD (HDX)'

V.29 FT/9600 1C 9C
V.29 FT/7200 1A 9A
V.29 FT/4800 19 99
V.29 9600 14 94
V.29 7200 12 92
V.29 4800 11 91
V.27 FT/4800 0A 8A
V.27 FT/2400 09 89
V.27 4800 Long 22 A2
V.27 2400 Long 21 At
V.22 bis 2400 84 -
V.22 bis 1200 88 -
V.22 1200 52 -
V.22 600 51 -
Bell 212A 1200 62 -
Bell 103 0-300 60 -
Call Progress® 80 -

NOTES:

1. These configurations enable the train-on-data (TOD) algorithm to converge the equalizer if
the signal quality degrades sufficiently. When TOD configurations are selected, the
modem still recognizes a training sequence and enters the force train state. A BER of ap-
proximately 1072 for 0.5 seconds initiates train-on-date.

2. When Call Progress is selected, the receiver is placed in tone detect mode. Any energy
above threshold and in the 340 to 640 Hz bandwidth is reflected by the TONE bit. The
receiver configuration (RCONF) must be set to the desired receive mode (after last digit
was dialed and tone detection completed) before the answer tone is sent by the answer-
ing modem (after ringback is detected). Call Progress need not be used during auto dial-
ing, but may be used to provide call progress information as part of an intelligent auto
dialing routine.

3. RDIS bit must be set to 1 prior to reconfiguration in half-duplex mode.

4. When the modem shifts between half-duplex and full-duplex modes, 10 ms
initialization time is required before continued operation.

RDIS 1:71 0 Recelver Disable. When control bit RDIS is a 1, the receiver is disabled. When RDIS is a 0,
the receiver is enabled. RDIS must be set to a 1 prior to changing the receiver configuration.
(HDX)

RDLO 0:4:2 0 Remote Digital Loopback Chip 0.

RDL2 2:4:2 Remote Digital Loopback Chip 2. When RDLO and RDL2 are 1s, the modem sends a
remote digital loop request. When RDLO and RDL2 are Os, the modem sends a remote digi-
tal loopback termination. (V.22, V.22 bis, V.22 A/B, and Bell 212A) (FDX) (RDL2 must be
set first followed by RDLO).

RDLEO 0:4:6 0 Response to Remote Digital Loopback Enable Chip 0. When RDLEO is a 1, the transmit-

ter can respond to another modem'’s request for digital loopback. When RDLEO is a 0, no
response will be generated. (FDX)
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory Default

Mnemonic Location Value (Hex) Name/Description

RDLE2 2:4:6 0 Response to Remote Digital Loopback Enable Chip 2. When RDLE2 is a 1, the receiver
can respond to another modem’s request for digital loopback. When RDEL2 is a 0, no
response will be generated. (FDX)

RIA1 1E7 0 Recelver Interrupt Active Chip 1. Status bit RIA1 is set to a 1 when the receiver sample
rate device is driving IRQ low (see NSIE1 and RIE1).

RIA2 2:E:7 0 Receiver Interrupt Active Chip 2. Status bit RIA2 is set to a 1 when the receiver baud rate
device is driving IRQ low (see NSIE2 and RIE2).

RIE1 1E:2 0 Receiver Interrupt Enable Chip 1. When the RIE1 control bit is a 1, the RIA1 bit is setto a
1 and the IRQ output is asserted when RBA1isa 1.

RIE2 2:E:2 0 Receiver Interrupt Enable Chip 2. When the RIE2 control bit is a 1, the RIA2 bit is setto a
1 and the IRQ output is asserted when RBA2is a 1.

RI 2:53 0 Ring Indicator. When set to a 1, status bit R! indicates that a ringing signal is being
detected. The Rl bit follows the ringing signal with a 1 during the on time and a zero during
the off time coincident with the Rl signal. (FDX)

RPDM 1:5:2 0 Receiver Parallel Data Mode. When RPDM is a 1, the receiver is in parallel data mode.In
this mode, received data is output to the Receive Data Register (RXDATA) and to the RXD
pin. Diagnostics are not operational in the parallel data mode (i.e., DSP RAM can not be ac-
cessed).

When RPDM is a 0, the receiver is in serial data mode. In this mode, received data is output
to RXD only.

RSD 244 0 Receiver Space Disconnect. When configuration bit RSD is a 1, the modem goes to idle
mode after receiving approximately 1.6 seconds of continuous spaces. (FDX)

RTH 1.76,7 0 Receiver Threshold. The receiver energy detector threshold is set by the RTH field as fol-
lows: (see NEWCT1). (HDX only)

RTH RLSD ON RLSD OFF
0 =-43 dBm <-48 dBm
1 =-33 dBm <-38dBm
2 =-26 dBm <-31 dBm

RTRN 0:9:5 Retrain. When RTRN is a 1, the modem sends the training sequence. RTRN resets to 0
when the training sequence from the remote modem has successfully been received. If the
sequence has not been successfully received from the remote modem, CTS will remain off.
In order to put the modem back into data mode, It is necessary to write a 0 into the RTRN
bit, then repeat the retrain sequence. (FDX)

RTS 0:7:7 0 Request To Send. When RTS is a 1, the modem begins a transmit sequence. The transmit-
ter continues to transmit until RTS is a 0 and a turn off sequence has been completed.

RXDATA 1:0:0-7 0 Receive Data Register. The host obtains channel data from the' modem receiver in the
parallel data mode (RPDM = 1) by reading a data byte from RXDATA.

SDIS 0:7:5 0 Scrambler Disable. When control bit SDIS is a 1, the transmitter's scrambler circuit is dis-
abled; When SDIS is a 0, the scrambler is enabled.

SPEED 2:5:0-2 0 Speed Indicator. The SPEED status bits indicates the received rate at the completion of a

handshake (FDX).
The SPEED bit representations are:’

Data Rate 2 10
0-300 0 00
600 0 0 1
1200 010
2400 0 1 1
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory
Mnemonic Location

Default
Value (Hex)

Name/Description

SSD

STO
ST2

STBO

STB1

TBA

TCF

RIA" S

0:8:1

0:4:5
2:4:5

0:5:3

1:53

0:E:0

0:9:3

0:B:5-7

0

Send Space Disconnect. When DTR goes from an active to an inactive state and con-
figuration bit SSD is a 1, the modem transmits approximately 3.4 seconds of spaces before
disconnecting. (FDX)

Self Test Chip 0.

Self Test Chip 2. When configuration bit ST2 is a 1, receiver self test is activated. ST2 must
be a 0 to end the test. It is possible to perform self test in analog loopback with or without a
DTE connected. During self test, TXD and RTS are ignored. Self test does not test
asynchronous-to-synchronous converter circuits in the receiver. (FDX)

Error detection is accomplished by monitoring the self test error counter in DSP RAM. If the
counter increments during the self test, an error occurred. The counter contents are avail-
able in the diagnostic register when the RAM access code 27 is loaded in ACC2.

Self Test End-to-End (Data Mode)

Upon activation of self test, an internally generated data pattern of alternate binary ones and
zeros (reversals) at the selected bit rate are applied to the scrambler. An error detector,
capable of identifying errors in a stream of reversals are connected to the output of the
descrambler.

Self Test with Loop 3

Loop 3 is applied to the modem as defined in Recommendation V.54. Self test is activated
and DCE operation is as in the end-to-end test. DTR is ignored in this test.

Self Test with Loop 2 (Data Mode)

The modem is conditioned to instigate a loop 2 at the remote modem as specified in Recom-
mendation V.54. Self test is activated and DCE operation is as in the end-to-end test.

ST2 does not function in 300 bps.

Stop Bit Number Chip 0. When STBO is a 0, one stop bit is selected in the transmitter in
the asynchronous mode. When STBO is a 1, two stop bits are selected in asynchronous
mode. (FDX)

Stop Bit Number Chip 1. When STBH1 is a 0, one stop bit is selected in the receiver in the
asynchronous mode. When STB1 is a 1, two stop bits are selected in the asynchronous
mode. (FDX)

Transmitter Buffer Available. Status bit TBA is set to a 1 when the transmitter empties
Transmitter Data Register (0:0). TBA resets to a 0 when the host writes to the Transmitter
Data Register (TXDATA).

Transmitter Carrier Frequency. When TCF is a 0, the transmitter carrier is 1700 Hz. When
TCF is a 1, the transmitter carrier is 1800 Hz. The NEWCO bit must be set to a 1 after chang-
ing this bit. (HDX V.29 FT only.)

Transmit Level. The transmit level bits select the transmit level in steps of 2 dB, as follows:

Transmit Level (dBm) 7 65
0 0 0O

-2 0 0 1

-4 010

-6 0 1 1

-8 1 00

-10 1 01
-12 1 10
-14 1 11

At the power up, the transmit level defaults to —10 dBm.
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory Default

Mnemonic Location Value (Hex) Name/Description

TXDATA 0:0:0-7 00 Transmitter Data Register. The host sends channel data from the modem transmitter in
the parallel data mode (TPDM = 1) by reading a data byte from TXDATA when TBAis a 1.

TCONF 0:6:0-7 84 Transmitter Configuration. The host configures the transmitter by writing one of the follow-
ing codes into TCONF:

Note: When the modem switches between half-duplex and full-duplex modes,
10 ms initialization time is required before continued operation.
Mode TCONF (Hex)

V.29 FT/9600 1C

V.29 FT/7200 1A

V.29 FT/4800 19

V.29 9600 14

V.29 7200 12

V.29 4800 11

V.27 FT/4800 0A

V.27 FT/2400 09

V.27 4800 Long 22

V.27 2400 Long 21

V.22 Bis 2400 84

V.22 Bis 1200 88

V.22 1200 52

V.22 600 51

Bell 212A 1200 62

Bell 103 0-300 60

Call Request 80

Single Tone Transmit 04
When Call Request is selected, the transmitter is placed in auto dial mode. The data then
placed in the Dial Digit Register (DDR) is treated as the digit to be dialed. The format for the
data should be a hex representation of the number to be dialed (if a 9 is to be dialed then a
0916 should be loaded in DDR). The modem must be off-hook in this mode. (DTR must be
on when in auto dial mode.)

TIA 0E:7 0 Transmitter Interrupt Active. TIA status bit is a 1 whenever the transmitter is driving iRQ
signal low (see NSIEO and TIE).

TIE 0:E:2 0 Transmitter Interrupt Enable. When control bit TIE is a 1, the modem sets the TIA bitto a
1 and asserts the IRQ output when status bit TBAis a 1.

™ 2:54 0 Test Mode. When TM is a 1, test mode is active in the transmitter. When TM is a 0, test
mode is not active. (FDX)

TONE 1:9:1 0 Tone Detect. Tone is set to a 1 when energy is detected in the 340 to 640 Hz frequency
band. The host must determine which tone is present on the line by determining the duty
cycle of the TONE bit. TONE is active only when Call Progress is selected (RCONF = 80).
(FDX)

TONEA 2:55 0 Answer Tone Detected. When set to a 1, status bit TONEA signifies that the receiver
detected the answer tone. This bit is set 75 ms after the answer tone is first detected, and is
cleared to a 0 when the modem goes to idle mode. The host may clear the TONEA bit
manually after CTS is active.
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Table 12. R96QT Interface Memory Bit Definitions (Cont’d)

Memory
Mnemonic Location Value (Hex)

Default

Name/Description

TPDM

TTDIS

TXCLK

WRTO
WRT1
WRT2
XDALO

XDAL1

XDAL2

XDAMO

XDAM1

XDAM2

YDALO

YDAL1

YDAL2

'YDAMO

YDAM1

YDAM2

0:7:2

0:7:6

0:7:.0,1

0F:7
1:F7
2F7
0:2.0-7

1:2:0-7

2:2.0-7

0:3:0-7

1:3:0-7

2:3:.0-7

0:0:0-7

1:0:.0-7

2:0.0-7

0:1:0-7

1:1:0-7

2:1:.0-7

0

o o

00

00

00

00

00

00

00

00

Transmitter Parallel Data Mode. When TPDM is a 1, the transmitter parallel data mode is
selected. In this mode, the transmitter accepts data from the Transmitter Data Register (0:0)
rather than the serial TXD hardware data input. Diagnostics are not operational in this mode
(i.e., DSP RAM can not be accessed).

When TPDM is a 0, transmitter serial data mode is selected. The transmitter accepts data
from the TXD input. DSP RAM can be accessed in the serial data mode.

Transmitter Train Disable. When TTDIS is a 1, the transmitter does not generate a training
sequence at the start of transmission. With training disable, RTS/CTS delay is less than 2
baud times. (HDX)

Transmit Clock Select. TXCLK designates the origin of the transmitter data clock.

Clock Source 10

Internal 0 0 (HDX, FDX)
External 1 0 (HDX, FDX)
Slave 1 1 (FDX)

RAM Write Chip 0. When WRTO is a 1, the RAM write operation is enabled for Chip 0.
RAM Write Chip 1. When WRT1 is a 1, the RAM write operation is enabled for Chip 1.
RAM Write Chip 2. When WRT2 is a 1, the RAM write operation is enabled for Chip 2.

X RAM DATA LSB Chip 0. XDALO is the least significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 0.

X RAM DATA LSB Chip 1. XDALI1 is the least significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 1.

X RAM DATA LSB Chip 2. XDAL2 is the least significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 2.

X RAM DATA MSB Chip 0. XDAMO is the most significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 0.

X RAM DATA MSB Chip 1. XDAM1 is the most significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 1.

X RAM DATA MSB Chip 2. XDAM2 is the most significant byte of the 16-bit X RAM data
word used in reading or writing X RAM locations in DSP chip 2.

Y RAM DATA LSB Chip 0. YDALO is the least significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP chip 0.

Y RAM DATA LSB Chip 1. YDAL1 is the least significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP chip 1.

Y RAM DATA LSB Chip 2. YDAL2 is the least significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP chip 2.

Y RAM DATA MSB Chip 0. YDAMO is the most significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP Chip 0.

Y RAM DATA MSB Chip 1. YDAM1 is the most significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP Chip 1.

Y RAM DATA MSB Chip 2. YDAM2 is the most significant byte of the 16-bit Y RAM data
word used in reading or writing Y RAM locations in DSP Chip 2.
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DSP RAM ACCESS

DSP RAM Organization

Each DSP contains four banks of 16-bit wide random ac-
cess memory (RAM). This memory is divided into two
banks of 32-bit wide words of Data RAM (DRAM) and
Coefficient RAM (CRAM). Each 32-bit word is further
broken down into a 16-bit real part and a 16-bit imaginary
part.

RAM Access Codes

The DSP logic unit determines the DSP RAM address to
read from, or write to, by the code stored in the RAM Ac-
cess bits of interface memory register (0,1,2):F.

Data can be transferred from interface memory to DSP
RAM. When set to a 1, bit WRT (0,1,2) signals the DSP to
disable transfer of DSP RAM data to the interface memory,
and instead, to transfer data from interface memory to
DSP RAM. When writing into DSP RAM, 32 bits of data in
the XRAM and YRAM registers will be written into the ap-

propriate DSP RAM location as specified by the RAM ac-
cess code in Table 13.

To transfer data into the DSP RAM, first load the desired
access code into the appropriate RAM Access register
(ACCO0-2) and set the write bit (WRT0-2) to a one. Data
may then be written into registers 3, 2, 1 and O in that order.
If writing to registers 3 and 2 only, the data in registers 1
and 0 must be rewritten without modification in order for
the data transfer to occur. When the host processor writes
into register (0, 1, 2):0:0-7, the buffer available bit (0, 1,
2):E:0 is reset to zero. When the DSP reads data from
register (0, 1, 2):0:0-7, the buffer available bit (0, 1, 2):E:0
is set to a one, indicating the RAM write has been com-
pleted. After the RAM write is complete, reset the write bit
(WRTO0-2) to a zero.

When reading from DSP RAM, or writing to DSP RAM, the
bits in register 0, 1, 2:E can be used for handshaking or in-
terrupt functions as in parallel data mode.

Table 13. RAM Access Codes

RAM Access Code (Hex)
Function Read Write Chip Register
Half-Duplex Modem Operation

Demodulator Output

2400 baud 53 - 1 0,1,2,3

1600 baud 51 - 1 0,1,23

1200 baud 4F - 1 0,1,2,3
Low Pass Filter Output SF - 1 0,1,2,3
Input Signal to Equalizer Taps 40 - 2 0,1,2,3
AGC Gain Word 30 - 1 2,3
Equalizer Tap Coefficients 01-20 - 2 0,1,2,3
Equalizer Output 61 - 2 0,1,2,3
Rotated Equalizer Output 62 - 2 0123
Decision Points 68 - 2 0,1,23
Rotated Error 64 - 2 0,123
Rotation Angle 27 - 2 23
Phase Vector 21 - 2 0,1,23
Error Vecor 65 - 2 0,123
EQM 2C - 2 23
Frequency Correction 25 - 2 23

Full-Duplex Modem Operation

Demodulator 62 - 1 0,1,2,3
Low Pass Filter Output 63 - 1 0,123
Input Signal to Equalizer Taps 41-50 - 2 0,1,2,3
AGC Gain Word 02 - 1 23
Equalizer Tap Coefficients 01-10 - 2 0,1,2,3
Equalizer Output 56 - 2 0,1,2,3
Rotated Equalizer Output 14 - 2 0,123
Decision Points 54 - 2 0,1,2,3
Rotated Error 55 - 2 0,1,23
Rotation Angle 15 - 2 0,1
Phase Vector 13 - 2 23
Self-Test Error Counter 27 - 2 23
DTMF Tone Duration 02 82 0 0,1
DTMF Interdigit Delay 03 83 0 )
Pulse Interdigit Delay 03 83 0 0,1
Pulse Relay Make Time 04 84 0 :
Pulse Relay Break Time 04 84 0 0,1
Handshake Abort Counter 05 85 0 0,1
Handshake Abort Timer 06 86 0 2,3
CTS Off-Time 07 87 0 23
Checksum 3F - 0,1,2 0,1
DSP-ID 3F - 0,1,2 23
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PERFORMANCE GENERAL SPECIFICATIONS
BIT ERROR RATES

The Bit Error Rate (BER) performance of the modem is
specified for a test configuration conforming to that
specified in CCITT Recommendation V.56.

PHASE JITTER

At 9600 bps, the modem exhibits a bit error rate of 1076 or
less with a signal-to-noise ratio of 23 dB in the presence of
10° peak-to-peak phase jitter at 60 Hz. The modem ex-
hibits a bit error rate of 10~ or less with a signal-to-noise
ratio of 23 dB in the presence of 20° peak-to-peak jitter at
30 Hz.

Polling Success

In the 9600 bps fast train configuration the modem ap-
proaches a 98% success rate over unconditioned 3002
lines for a signal-to-noise ratio of 26 dB, with a received
signal level of —20 dBm.

HIGH SPEED

Bit Error Rate

Typical bit error rate (BER) curves for high speed opera-
tion are shown in Figure 5. The BER curves were prepared
from data obtained using a TAS1000 