RC2324DP/RC2424DP Modem Designer’s Guide

1. INTRODUCTION

1.1. SUMMARY

The Rockwell RC2324DP/1 and RC2424DP/1 (referred to
as the "DP/1") are each a single device, 2400 bps, full-du-
plex, modem data pump. The Rockwell RC2324DP/2 (re-
ferred to as the "DP/2") is a 2400 bps, full-duplex, modem
data pump two-device set. The term *“RC2324DP" refers
to both capabilities of both the RC2324DP/1 and
RC2324DP/2. In this document, the word "modem" refers
to capabilities existing in all three modem data pumps
unless otherwise stated.

The modem operates over the public switched telephone
network (PSTN), as well as on point-to-point leased lines.

The 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. Also, CCITT V.23 is supported in the RC2324DP/1
and RC2324DP/2 but not in the RC2424DP/1.

SDLC/HDLC support eliminates the cost of an external
serial input/output (S1O) device in products incorporating
error correction protocols.

Each modem includes two CMOS VLS| functions—a digi-
tal signal processor (DSP) and an integrated analog func-
tion (IA). The DP/1 integrates these functions into a single
device. The DP/2 supplies these functions in separate
packages. The DP/1 modem inciudes the same hardware

interface functions of the DP/2 modem except that eleven
hardware signals are not provided on the DP/1: four serial
control, two talk/data relay interface, two baud clock, and
two internal test.

The DP/1 is available in a 68-pin plastic leaded chip carrier
(PLCC). .

The DP/2 is available as either a PLCC set or a quad
in-line package (QUIP) and dual in-line package (DIP) set.
The DSP is packaged in either a 68-pin PLCC or 64-pin
QUIP. The |Ais packaged in either a 44-pin PLCC or 40-pin
DIP.

This document supports the following devices:

RC2324DP/1:
68-Pin PLCC R6634-12 ("D" code)
RC2424DP/1:
68-Pin PLCC R6634-13 ("D" code)
RC2324DP/2:
68-Pin PLCC DSP C5312-16 (*C* code)
68-Pin PLCC DSP (C5312-20 ("D" code)
44-Pin PLCC IA 10464-21
64-PinQUIP DSP C5312-15 ("C" code)
64-PinQUIP DSP C5312-19 (*D" code)

40-PnDIP 1A

10464-20

Figure 1-1. RC2324DP/1 Modem in 68-Pin PLCC

851C1

1-1




RC2324DP/RC2424DP Modem Designer’s Guide

1.2. FEATURES

s+ CMOS DSP and A functions
» 2-wire full-duplex operation

« Compatible configurations:

—CCITT V.22 bis, V.22A/B. V.21
—Bell 212A and 103
~CCITT V.23 (RC2324DP only)
 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%, —2.5%
2.3% extended overspeed ("D" code only)
(PSK modulation)
0-300 bps (V.21 and Bell 103)
75, 1200 bps (V.23 - RC2324DP only))
» Parallel data both synchronous and asynchronous

~-8ynchronous:
Normal sync: 8-bit data for transmit and receive
-SDLC/MHDLC support:
Transmitter: Flag generation, 0 bit stuffing,
CCITT CRC generation
Receiver: Flag detection, 0 bit un-stuffing,
CCITT CRC checking
--Agynchronous:
5, 6, 7, or 8 data bits per character
QCdd/even parity generation/checking
(or 9™ data bit)
2400, 1200, 600 bps +1% (or 2.3%), -2.5%
(PSK modulation)
75, 300, 1200 bps (FSK modulation)
» Programmable ring detect
—Min and max frequency range
» Programinable dialer

~-Make/break times for puise dialling
—~DTMF on time for touch-tone dialling
~Interdigit times for both pulse and tone dialling

~DTMF Level: high tone level is 2.0 dB + 0.5 dB
above low tone level
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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 an 8086 micropro-
cessor bus

« Serial data interface (TTL compatible)
» 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%

—525 mW typical

1.3. GENERAL INTERFACE

The modem, with the addition of a few external filter
components, interfaces easily to a data access arrange-
ment (DAA). The modem general interface is illustrated in
Figure 1-2.
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1.4. 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 1-1. 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
Figure 3-1 and Table 3-1).

TONE GENERATION

Answer Tone: A CCITT (2100 + 15 Hz) or Bell (2225 =
10 Hz) answer tone is generated depending on the se-
lected 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, respec-
tively. 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 re-
duced 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 settoa 1,
dual tone multi-frequency (DTMF) tones can be gener-
ated. The specific DTMF tone generated is specified by the
host loading the Transmitter Data Buffer (TBUFFER) with
the appropriate digit code shown in Table 1-2. (See Tone
1 Amplitude and Tone 2 Amplitude in Section 3.3.)

User Defined Tones: When Tone Generator/Tone Detec-
tor configuration is selected (CONF bits = 80), a user-de-
fined 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
frequency can be sent by setting the GTE bit with GTS =
0and ORG = 0.

Table 1-1. Configurations, Signaling and Data Rates

- Transmitter Carrier Data Rate
‘ Frequency (H2) £0.01% (ps) Baud Bits Per Constellation
Configuration Modulation!| Answer? Originate® + 0.01% (Symbols/Sec.) Symbol Polnts
IV.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
Bell 2124 DPSK 2400 1200 1200° 600 2 4
Beli 103 FSK 2225 M 1270 M 300* 3004 1 1
2025 S 1070 S
V.21 FSK 1650 M 960 M 300* 300* 1 1
1850 S 1180 S
V.23 Forward Channel® | FSK 1300 M 1300 M 1200 1200 1 1
21008 2100 S
V.23 Backward Channel®| FSK 390 M 390 M 75 75 1 1
450 S 450 S
Notes: 1. Moduiation legend: QAM Quadrature Amplitude Modulation
DPSK  Differential Phase Shift Keying
FSK Frequency Shift Keying
2. Mindicates a mark condition; S indicales a space condition.
3. Synchronous accuracy = =0.01%; asynchronous accuracy = -2.5% 1o +1.0% (+2.3% if extended overspeed is selected).
4. Value is upper limit for serial (e.g., 0-300).
5. RC2324DP only.
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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 Hz 10 640 =
5 Hz (status bit: TONEA)

Answer tones (2100 = 15 Hz or 2225 + 10 Hz) or Bell
FSK originate tone (1270 + 10 Hz) [status bits: ATV25,
ATBELL (ORG=1), BEL103 (ORG=0)]

Detection range: 0 dBm to —43 dBm
Default detection threshold: —43 dBm
Response time: 25 + 2 ms

Tones are detected as energy above a certain thresh-
old within a digital bandpass filter. The pass band of the
dual bi-quad infinite impulse response (IIR) filter {Call
Progress) or the single bi-quad IIR filter (answer tone
or Bell FSK originate) can be changed by writing new
coefficients to DSP RAM. The tone detect threshold
can also be changed in DSP RAM.

V.23 (RC2324DP only) 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) (RC2324DP only)

V.23 backward channel mark: 390 = 10 Hz (status bit:
TONEB) (RC2324DP only)

V.21 high band mark (1650 = 10 Hz) or low band mark
(980 + 10 Hz) (status bit: TONEC)

Detection range: 0 dBm to —43 dBm
Default detection threshold: —43 dBm
Response time: 25 + 2 ms

Tones are detected as energy above the threshold within
a digital bandpass fiter. These filters are single bi-quad IIR
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.

Zero Crossing Detector: A zero crossing detector is
always 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.

851C1
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"Automatic Adaptive Equalizer.

EQUALIZERS

Equalization functions are incorporated that improve per-
formance when operating over low quality lines.

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 bit). The
equalizer taps can aiso be reset (EQRES bit).

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 aliowance for the nominal specified compro-
mise equalizer characteristic, the transmitted line signal
has a frequency spectrum shaped by a square rootof a 75
percent raised cosine fifter. Similarly, the group delay of the
transmitter output is within + 150 microseconds over 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-
temal clock is selected, the external clock rate must equal
the desired data rate +0.01% with a duty cycle of 50 =+ 20%.

Tabile 1-2. Dial Digits/Tone Pairs

Hex Dial Tone Pair

Code Digit Hz) 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
oC Spare (C) 770 1633
0D Spare (D) 852 1633
OE # 941 1477
OF Spare (F) | 941 1633
10 1300 Hz Caliing Tone
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SCRAMBLER/DESCRAMBLER

- ~Asgelfsyhchronizing scrambleffdescrambler satisfying the

applicable CCITT recommendation or Bell specification is
incorporated. The scrambler and descrambler can be en-
abled or disabled (SDIS and DDIS bits, respectively).

RECEIVE LEVEL

The receiver satisfies performance requirements for re-
ceived line signals from —9 dBm to —43 dBm. The received
line signal is measured at the Receiver Analog (RXA)
input.

RECEIVER TIMING

The modem can track a + 0.03% frequency error in the
associated transmit timing source.

CARRIER RECOVERY

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

SERIAL DATA INTERFACE

The serial data interface is supported by four bits in the
DSP interface memory: CTS, DSR, RTS, and RLSD). In
the DP/2, four hardware signals are also supported: CTS,
DSR, RTS and RLSD.

RXD Clamping -

Received Data (RXD) is clamped to a constant mark when
the RLSD status bit is off (0).

RTS - CTS Response Time
The response times of CTS relative to a comresponding

transition of RTS are listed in Table 1-3 for both constant . - ~

carrier and controlled carrier mode (CC bit).

The CTS output follows the CTS bit by up to 4 baud in PSK
synchronous modes.

For V.23 half-duplex mode (1200 bps), it is recommended
that the RTS ON to CTS ON timing be extended by the
host from 11 ms te 20-40 ms (RC2324DP only).

Table 1-3. RTS-CTS Response Time

Constant | Controlled
CTS Transition | Configuration| Carrler Carrler
OFF to ON V.22 bis =2 ms 270 ms
v.22 =2 ms 270 ms
- Bell 212A =2 ms 270 ms
va1 2-5ms 2-5ms
Bell 103 2-5ms 2-5ms
Va3 11 ms 11ms
ON to OFF All =2 ms =2ms
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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 syn-
chronous 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
signalling rate, no more than one stop bit will be deleted
per 8 consecutive characters. When operating at the ex-
tended rate, no more than one stop bit will be deleted per
4 consecutive characters.

Paraliel Mode Signalling Rate Range. Two ranges of
signalling rates are provided in parallel mode (selectable
by the EXOS bit):

Basic range: +1% to -2.5%
Extended overspeed range: +2.3% to —2.5%

Extended overspeed in V.22 and V.22 bis parallel data
modes is fully supported up to 2.3% (CCITT limit). How-
ever, if the host relies totally on the Transmitter Data Buffer
Empty bit (TDBE) interrupt timing for the host data input
timing, then the actual data rate may exceed the 2.3%
limit, which is not permitted. Therefore, in this mode the
host must keep the speed within the 2.3% tolerance.

Note: The above discussion does not apply to the normal
overspeed (1.0%) case. For this mode, TDBE interrupt
timing can be relied on to input data to the modem, in

“which case the modem will transmit at the overspeed rate.

The host can enable extended overspeed in the receiver
while transmitting data at the basic overspeed rate by
setting the SPLIT bit.

Serial Mode Signalling Rate Range. Two ranges of sig-
nalling rates are provided in serial mode (selectable by the
EXOS bit):

Basic range: +1% to —2.5%

Extended overspeed range: +2.3% 10 -2.5%

("D* code only)
Break. Break is handled in the transmitter and receiver as
described in V.22 bis. If the modem transmitter detects M
to 2M + 3 bits of "start" polarity from the DTE, where M is
the number of bits per character, the modem 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 modem receiver will output the 2M + 3 or more bits of
start polarity on RXD and will set the BRKD bit.
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POWER REQUIREMENTS
The power requirements are specified in Table 1-4.

ENVIRONMENTAL SPECIFICATIONS
The environmental specifications are listed in Table 1-5.

Table 1-4. Modem Power Requirements

Current (Typ.) | Current ( Max.)
Voltage | Tolerance @ 25°C @ 0°C
+5VDC 5% 85 mA 130 mA
-5VDC 25% 20 mA 40 mA

Note: input voltage ripple < 0.1 volts peak-to-peak. The am-
plitude of any frequency between 20 kiHz and 150
kHz must be less than 500 microvolts peak.

Table 1-4. Modem Environmental Specifications

Parameter

Specification

Temperature
Operating
Storage

Relative Humidity

Altitude

0°Cto + 70°C (32°F to 158° F)
—40°Cto + 80°C (—40°F to 176°F)
Up 1o 90% noncondensing, or a
wet bulb temperature up to 35°C,

whichever is less.

— 200 feet to +10,000 feet

851C1
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1.5. COMPATIBILITIES

1.5.1. RC2324DP/2 TO R2424DS COMPATIBILITY

A high performance modem engine, the RC2324DP/2 is
the functional and performance equivalent of Rockwell’'s
R2424DS modem with the following enhancements: -

—2-device implementation in CMOS
-V.21 interface
— V.23 (RC2324DP only) interface
—Asynchronous/synchronous parallel data transfer
over the microprocessor bus interface
—BExtended 2.3% overspeed in asynchronous,
DPSK/QAM modes
—SDLC/MDLC 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 modem to
meet a wide variety of functional requirements.

1.5.2. RC2324DP/1 TO RC2324DP/2 COMPATIBILITY
The RC2324DP/1 is the functional and performance
equivalent of the RC2324DP/2 with the following differ-
ences:

—Single device rather than two-device set

—The host must initialize the PKGSEL bit in the DSP
interface memory to a 1 during reset processing
(see Table 3-1).

—Serial data transfer hardware control signals (CTS,
DSR, RTS, and RLSD) are not available (equiva-
lent bits in DSP interface memory are available).

—Talk/Data relay driver output and control input hard-
ware signals are not available.

—RBCLK and TBCLK output hardware signals are
not available.
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2. HARDWARE |NTERFACE Table 2-1. RC2324DP/1 and RC2424DP/1 Pin Signals
- Pin Number Signal Name VO Type
2.1. PIN ASSIGNMENTS 1 RS2 1A
RC2324DP/1 and RC2424DP/1. The DP/1 pin assignments § RSt ::
are shown in Figure 2-1. The pin assignments are listed by pin 4 %
number in Table 2-1. 5 R OB
. 6 RD 1A
RC2324DP/2. The RC2324DP/2 pin assignments are shown 7 EYEY o8
in Figure 2-2. The pin assignments are listed by pin number in g EE‘!'%!NC g
Tables 2-2 and 2-3 for the DSP and IA devices, respectively. 10 RESET 1A
1" XTL! [
12 XTLO o]
13 +5V
14 EYECLK OA
15 Mmi2
18 XTCLK 1A
17 DGND1
18 TXD 1A
19 TOCLK OA
20 MI2A TO MI2B(38)
21 MI3A TO MI3B(37)
2 MIdA TO MI4B(34)
23 MISA TO MISB(52)
24 MIGA TO MIEB(48)
25 MIA TO MI1B(40)
26 MIBA TO MI8B(S0)
27 MIZA TO MI7B(51)
28 RDCLK oA
29 RXD OA
30 -SVA
31 M0
32 Mi11
33 AGND1 .
g . 34 MI4B TO Mi4A(22)
855 [Escan Da‘h 3 DaND2
088 o BaaarinEes: % TRAN OUT o (oD)
OOONONNNO00ANNRRQANQN 37 misB TOMIBA 1)
J/ coronTnN-gEROIRN S N 38 Mi2B TO MI2A (20)
RESET - 10 60 b D2 39 +5VA
XTU o 11 o 59 b D3 40 M8 TO MI1A (25)
XTLO d 12 $8 b D4
d 13 s7 |5 Ds “ AGND2
;’gﬁ'ﬁf = :g §; = OHRELAY 44 REC OUT O (DA)
mS% 3 A p pak
MizA o 20 0 [ wieB 46 AGND3
MI3A o] 21 49 | MmieB 47 NC
i o 3 i B R - e
Miea cf 24 46 |5 AGND3 49 MieéB TO MIEA (24)
Misa o gg :i S =2c out 50 Misg TO MigA 26)
ARRABSHRIBESRZSLY g; ;g_g__ ;83:;:(2?
CUU0CUC00000000000G0 / 53 OHRELAY oD @3)
L2005 8830p8eE 54 DGND3
Rty s & wos
< L] D& IAJOB
E 57 D5 IA/0B
68-PIN PLCC 58 D4 IA/0B
59 D3 IA/OB
60 D2 1A/OB
81 D1 IA/OB
62 Do_ tA/oB
63 nQ oC
64 WRITE 1A
65 [ 7
66 READ 1A
67 RS4 1A
88 fS3 1A
Notes: 1. Ml = Modem Interconnection (e.g., Mi7), see Figure 8-1.
2. N.C. = No Connection, leave pin disconnecied (open).
C RC 3. 1/O Type:_See Tables 2-5 and 2-6.
Figure 2-1. RC2324DP/1 and RC2424DP/1 Pin Signals 4. Connect TESTT input to +5V through a 10 KA resistor.

851C2 21



RC2324DP/RC2424DP Modem Desigrer's Guide
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RS4 ] 14 $6 1 EYECLK
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RS2 f 17 53 [ M8 -
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DGND 17 48— NC
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De 19 46— NC
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DaC—]22 43 [ RESET
Dz 2 @2F— NC
[ N — 7] 41 [ EYESYNC
Do [—J2s 4 [— EVEX
RG] 26 39 —— EYEY
WRITE 27 B[ TEMm
cS——28 7 E—R
READ 20 36 [0 DSk
RS4 30 35— T
RS3 [ 3 M [ Rso
RS2 ] 32 33— Rst
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T N ) 7 [ Mis
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AGND (] 6 35 [ REC OUT
DGND (] 7 34 | JRECIN

M5 e 33 [ BIAS
-5vA |9 32 [ AGND

RESETTC ] » [DOwmn

POR 1 30 [ +5vA
TOAC ] 12 29 [ M2

NC. T 313 28 [ w3

TLKRELAY (1 14 27 [T TRAN OUT
OHRELAY [ 15 26 [ONC.
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w3

TRAN OUT
N.C.

Figure 2-2. RC2324DP/2 Pin Signals
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Table 2-2. RC2324DP/2 DSP Pin Signals

i Nun

Pin QUIP
m umber

ﬂ nal

i

B E A ER s YRR L8N N BRI rtn 20 vevanswn-838828R2322922228

Mi1
mis
DGND
NC,___
EYECLK
RDCLK
RBCLK
BxXD

BLSD_
IDRC

5522289

-
o
3

WIRIIIBEEEEES
O

N3y
"

1P

g

2
0
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Mi = Modem Interconnection (e.g., MI7), see Figure 8-1,

N.C. = No Connection, leave pin disconnected (open).

. /O Type: See Table 2-5.
. Tie TEST1 and TEST2 inputs to +5V through a 10 KQ

resistor.
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Table 2-3. RC2324DP/2 IA Pin Signals
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Notes:

1. Ml =

Modem Interconnection (e.g., MI7), see Figure 8-1.

2. N.C. = No Connection, leave pin disconnected (open)
3. /O Type: See Tables 2-5 and 2-6.
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2.2. HARDWARE INTERFACE SIGNALS

The functional hardware interface signals for the DP/1 and
the DP/2 are shown in Figures 2-3 and 2-4, respectively.
In these diagrams, any point that is active low is repre-
santed 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).

Aclock 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
activates on a falling edge. If no circle is shown, the input
activates 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 2-4. The digital and
analog interface characteristics are defined in Tables 2-5
and 2-6, respectively.

The hardware interface signals are defined in Table 2-7.
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Figure 2-3. RC2324DP/1 and RC2424DP/1 Interface Signals
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Table 2-4. Hardware Interface Signais

Name VO Type' Description Notes

Overhead

XTL | Crystal In

XILo o Crystal Out

RESET [} Reset (DSP)

POR IAJOA  Power-On-Reset (IA) 2

RESET TC 1A Reeet Time Constant (1A) 2

+5V PWR +5 Volit Supply

-5V PWR -8 Voit Supply

AGND GND Analog Ground Retum

DGND GND Digital Ground Retum

TEST1 | Factory Test 5

TEST2 | ___Factory Test 25

DSP/Host Processor Paratie! Bus interface

D7 IA/OB  Data Bus Line 7

De IAVOB  Data Bus Line 6

Ds IAJOB  Data Bus Line 5

D4 IAJOB  Deta Bus Line 4

D3 IAJOB  Deta Bus Line 3

De IA/OB  Deata Bus Line 2

D IAJOB  Deta Bus Line 1

Do IA/OB  Deata Busline 0

RS4 1A Register Select Line 4

Rs3 1A Register Select Line 3

RS2 A Register Select Line 2

RS1 A Register Select Line 1

RSO 1A Register Select Line 0

cs 1A Chip Select

READ 1A Read Enable

WRITE IA Write Enable

IRQ OC - Interrupt Request

DSP/Serial Interface

™D 1A Serial Transmit Data

RXD OA Serial Receive Data

TDCLK OA Transmitter Data Clock

XTCLK 1A External Transmit Clock

RDCLK OA Receiver Data Clock

8 0B Ring Indicator
¢ ATS IA Request-To-Send 2
! CTs OA Clear-To-Send 2

DSR OA Data Set Ready 2
| RSD OA Received Line Signal Detector 2

26

Table 2-4. Hardware Interface Signals (Cont'd)

Name VO Type' Description Notes

|_Modem/External Filter Components

REC IN D8 1A Receiver Op Amp Input
REC OUT DA |A Receiver Op Amp Output
| TRANOUT DD IA Transmitter

JT_ r Anajog Output |
External Filtsr Components/Line interface

RXA DE Receive Analog Input

TXA DF Transmit Analog Output

Modem/Line interface

OHRELAY oD Off-Hook Relay Driver

| RD 1A Ring Detect

Modem/Anclilary Circults

TBCLK OA Transmit Baud Clock 2

BRBCLK OA Receive Baud Clock 2
1A Uncommitted Relay Control 2

TLKRELAY oD Uncommitied Relay Driver 2

DSP/Eye Pattern Generator (Diagnostic Circult)

EYEX oB Eye Pattem Data X-Axis
EYEY o8 Eye Pattern Data Y-Axis
EVECLK OA Eye Pattern Clock
EYESYNC OB Eye Pattern Sync

Notes:

1.1/O types are described in Table 2-5 (digital signals) and
Table 2-6 (analog signals).

2.RC2324DP/2 only.

3.RC2324DP/1 only.

4.Unused inputs tied to +5V or ground require individual
10K [ series resistors.

5.Tie TEST1 and TEST2 inputs to +5V through 10K Q re-
sistor.
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Table 2-5. Digital interface Characteristics

ﬁtamﬂor Symbol Min. Typ. Max. Units Test Conditions

Input High Voltage ViH Vdc

Types |Aand IB 20 - Vo

Type ID 0.8(Vce) - Veo
Input High Current W - - 40 pA Voo = 5.25V, Vin = 5.25V
input Low Voltage Vi -0.3 - 08 Vdc
Input Low Current ('R - - —-400 pA Veo = 5.25V
Input Leakage Current In - - 225 pA Vin = 010 +5V, Voo = 5.25V
Qutput High Voltage Vou Vde

Types OAand OB as - - lLoap = — 100 A

Type OD - - Veo loap = 0 mA
Output Low Voltage - VoL Vde

Types OA and OC - - 0.4 ILoap = 1.6 MA

Type OB - - 0.4 loap = 0.8 mA

Type OD - 0.75 loap = 15 mA
Three-State Input Current (OH) s - - =10 A VN =041t Vec -1
Power Dissipation Po - 5§25 850 mw

Table 2-6. Analog Interface Characteristics

Name Type Characteristic

RECOUT | DA | 1458 type op amp output
Dynamic range: -9 dBm to —43 dBm

REC IN DB {1458 type op amp input

TRANOUT| DD (1458 type op amp output:
Po (High Band) = ~0.5 dBm
Po (Low Band) = -2.5 dBm

RXA DE |inputimpedance: 23.7 KQ + 1%
Maximum receive level: -3 dBm

TXA DF | 1458 type op amp output
Maximum output level (unicaded):
0dBm =1 dB

851C2
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Table 2-7. Hardware Interface Signal Definitions

Label

VO Type

Signal/Definition

XTLO

RESET

RESETTC

+5V

DGND
AGND

IAJOA

A

OVERHEAD SIGNALS

Crystal In and Crystal Out. The DSP must be connected to an external crystal circuit consisting of
a24.00014 MHz crystal and two capacitors, a square wave generator, or a sine wave osclllator (see
Figure 8-1).

Reset. The active low RESET input resets the internal modem logic. Upon transition of RESET from
low-to-high, the DSP interface memory bits are set to the default values shown in Table 3-1. During
modem power turn-on, RESET must be held low for at least 1ms after Vcg attains operating voltage.
The modem is ready for use 350 ms after the iow-to-high transition of RESET.

Power-On-Reset (DP/2 Only). The IA Power-On Reset (POR) signal is a bidirectional signal 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 IA device.

The IA device_power-on reset circuit monitors the |A +5V supply and outputs a 100 ms to 300 ms
low puise on POR upon |A +5V turn-on. This pulse is generated regardiess of the 1A —5V supply
level. A 10 ms minimum low pulse on POR is also generated when the IA +5V supply drops below
35V

The DSP RESET input is usually tied to the IA POR line to have the |A POR output initiate a reset
upon modem power turn-on or if the |A detects a low power condition.

When DSP RESET and IA POR are tied together, the IA devices pulses POR low upon IA power
turn-on to begin 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 at least 3 us. POR is not pulsed low by the |A 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 initializa-
tion and operation.

IA Reset Time Constant (DP/2 Only). When IA_POR is used as described above, an external
discrete RC network must be connected to the RESET TC pin to generate the POR long time
constant (see Figure 7-1b).

In modem circuits not requiring the bidirectional POR signal, the RESET TC input can be used as
the active low reset input 1o the 1A 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 |A POR input should be left

open.

+ 5V Supply. +5V = 5% is required.
=8V Supply. -5V + 5% is required.
Digital Ground.
Analog Ground.

28 851C2
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Table 2-7. Hardware Interface Signal Definitions (Cont'd)

Labe! VO Type Signal/Definition
MICROPROCESSOR INTERFACE

Address, data, control and interrupt hardware interface signals implement an 8086-compatible
parallel microprocessor interface to a host processor. 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 read/write cycle timing requirements are listed in Table 2-8 and the timing waveforms are
ilustrated in Figure 2-5. The definitions of the control and status bits, along with the methods of data
interchange, are discussed in Section 3.

DO0-D7 IAJOA Data Lines. 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.

cs 1A Chip Select. The active low Chip Select (ES—) input selects the modem DSP for parallel data transfer
between the DSP and the host over the microprocessor bus.

RSO - RS4 1A Register Select Lines. The five active high Register Select inputs (RSO - RS4) address irterface
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 parallel data

bus (D0-D7).
READ, 1A Read Enable and Write Enable. Reading or writing is controlled by the host pulsing either READ
WRITE or WRITE input low, respectively, during the microprocessor bus access cycle (Figure 2-5a).

During a read cycle, data from the addressed DSP interface memory register is gated onto the data
bus by means of tri-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 tri-state drivers assume their high-impedance (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.

IRQ OA interrupt Request. The modem ‘Interrupt Request (IRQ) output may be connected to the host
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 the modem DSP device. The use of IRQ is optional depending upon modem applica-
tion. Refer to the Software Considerations Section for a summary of the modem interrupt bits,
interrupt conditions and interrupt clearing procedures.

The IRQ output structure is an open-drain field-effect-transistor (FET). The IRQ output can be
wire-ORed with other IRQ tines 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
interrupt 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 al!
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 acceptabie to each driver. If only the modem IRQ
output is used, a resistor value of 5.6K ohms +£20%, 0.25W, is sufficient.

851C2 2-9
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Table 2-7. Hardware Interface Signal Definitions (Cont’d)

Label

VO Type

Signal/Definition

TDCLK

XTCLK

RDCLK

RTS

OA

OA

oB

OA

SERIAL INTERFACE

In the DP/1, hardware interface circults implement a CCITT V.24-compatible serlal data interface
with control signals provided through the DSP interface memory. In the DP/2, hardware circuits
implement a V.24-compatible serial interface including control signals.

The hardware interface signals are TTL compatible and can drive the short wire lengths and circuits
normally found within stand-alone modem enclosures or equipment cebinets. For driving longer
cables, these signals can be easily converted to RS-232-C voitage levels using 1489 receivers and
1488 drivers, or their equivalents. The serial interface timing is illustrated in Figure 2-6.

In the DP/2, 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.
The hardware interface signals are complemented with respect to their corresponding interface
memory bits (e.g., RTS signal low = RTS bit setto a 1).

Transmitted Data. The modem obtains serial data to be transmitted from the host on the Transmit-
ted Data (TXD) input in serial mode, or from the interface memory Transmit Data Register (TBUF-
FER,) in parallel mode. (The TPDM bit selects serial or parallel mode.)

Received Data. The modem presents received serial data to the host on the Received Data (RXD)
output and to the interface memory Recetve Data Register (RBUFFER) in both serial and parallel
modes. RXD is clamped to mark in SDLC mode.

Transmit Data Clock. In synchronous communication modes, the modem outputs a Transmit Data
Clock (TDCLK). The TDCLK clock frequency is data rate £0.01% with a duty cycle of 50 = 1%.
Transmit 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. in synchronous communication modes, the host may supply the external
transmit data clock input (XTCLK). The clock supplied at XTCLK must exhibit the same character-
istics of TDCLK. The XTCLK input is reflected at TDCLK if the modem is set for external clock
(TXCLK bits = 11).

Recelve Data Clock !n synchronous communication modes, the modem outputs a Receive Data
Clock (RDCLK) in the form of 50 =1% duty cycie square wave. The low-to-high transitions of this
output coincide with the center of received data bits.

In asynchronous modes, RDCLK is clamped to mark.

Ring Indicator. Rl 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 recetved.

The RI 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-10-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 subsequent ON (OFF) transition of
Ri. The RI OFF-to-ON and ON-to-OFF transition response time is one period of the ring frequency.

Request To Send (DP/2 Only). RTS input ON (low) causes the modem to transmit data on TXD
when CTS becomes active.

Ciear To Send (DP/2 Only). CTS output ON (low) indicates that the modem will transmit any data
present on TXD. Hardware signal CTS follows the CTS bit in interface memory by up to 4 baud in
synchronous PSK modes. CTS response times relative to RTS are shown in Table 1-3.

2-10 851C2
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Table 2-7. Hardware Interface Signal Definltions (Cont’d)

Label

VO Type

Signal/Oefinition

DSR
RLSD

OA
OA

SERIAL INTERFACE (CONT'D)
Data Set Ready (DP/2 Only). DSR output turns ON (low) to indicate the start of a training sequeni:e.
Received Line Signal Detector (DP/2 Only). RLSDON (low) indicates that valid data is available

on RXD. The RLSD thresholds are programmable in DSP RAM. The | RLSD detault threshold values
for both high and low channeis are RLSD ON = 43 dBm and RLSD OFF s -48 dBm, respectively.

DE

DF

DAA INTERFACE

Receive Analog. RXA is an input to the oi(temal filter components from a data access arrangement
(see Figure 8-1). The input impedance at RXA is determined by R13 (see Section 8). R13 is selected
such that power at REC OUT is -8 dBm when the maximum signal is applied to RXA.

Transmit Analog. The TXA output from the external fitter components (see Figure 8-1) can drive a
data access arrangement for connection to either the PSTN or a leased line. The transmitter output
impedance is a 1458 type operational amplifier output. The maximum output level is determined by
R15 (see Section 8).

OHRELAY

RD

oD

DAA INTERFACE SIGNALS

Off-Hook Relay Driver. OHRELAY is an open drain output which can drive a normally 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 controlied 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.

Ring Detect. RD indicates to the modem by an ON (high) condition that a ringing signal is present.
The signal (a 4N35 optoisolator compatible output) into the RD input should not respond to
momentary bursts of ringing less than 126 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 and the R
bit.

T/DRC

TBCLK,
RBCLK

TLKRELAY

A

oD

OA

ANCILLARY SIGNALS

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.

Talk/Data Relay Driver. TLKRELAY is an open drain output which can drive a normally closed relay
with greater than 360 £2 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 atypical 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.)

Transmitter Baud Clock and Receiver Baud Clock (DP/2 Only). TBCLK and RBCLK outputs are
provided in synchronous communication modes. TBCLK and RBCLK have no counterpart 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 signais are active high. The high-to-low transition of
each baud clock coincides with a high-to-low transition of the respective data clock.

TBCLK and RBCLK are at 300 Hz for 1200 bps synchronous mode and 150 Hz for 600 bps
synchronous mode, which is not the baud rate.

851C2
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Table 2-7. Hardware Interface Signal Definitions (Cont'd)

EYEX,
EYEY

EYECLK

EYESYNC

OB

OA

OB

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 constellation. By observing this
constellation, common line disturbances can usually be identified. Timing of these signals is
illustrated in Figure 2-7.

Eye Pattern Data X and Eye Pattern Data Y. The EYEX and EYEY outputs provide two serial bit
streams containing data for display on the oscliloscope horizontal (X) axis and vertica!l (Y) axis,
respectively. This serial digital data must first be converied 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 B-bit words, shifted out most significant bit first. EYEX and EYEY are
clocked by the rising edge of EYECLK.

Eye Pattern Clock. EYECLK is a clock for use by the serial-to-parallel converters. The EYECLK
output is a 7200 Hz clock.

Eye Pattern Sync. EYESYNC is a strobe for word synchronization. The falling 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.

2412 851C2
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Table 2-8. Microprocessor Bus interface Timing

“Parameter Symbol | Min. | Max. | Units
CS Setup Time TCS 0 - | nms
RSi Setup Time TRS 25 - |{ns
Data Access Time TDA - 7% | ns
Data Hold Time TOHR 10 - | ns
Control Hold Time THC 10 - | s
Write Data Setup Time TWDS 20 - | ms
Write Data Hold Time TOHW 10 - | ns
READ WRITE
—{ TCS —| |Tcs
TRS — THC TRS — —| |e—THC
0 ORRX o XXX
(i=0-4) \ y

TWDS »

oy (X0
(i=0-7) 3

Figure 2-5. Microprocessor Bus interface Waveforms
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Figure 2-8. Serlal Interface Waveforms
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3. SOFTWARE INTERFACE

3.1 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 val-
ues 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.

3.1.1 INTERFACE MEMORY MAP

A memory map of DSP interface memory identifying the
contents of the 32 addressable registers is shown in Fig-
ure 3-1. 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 processor must
read a register then mask out unwanted data. When writ-

ing a single bit or group of bits in a register, the host
processor must perform a read-modify-write operation.
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 th
interface memory register. g

3.1.2 INTERFACE MEMORY BIT DEFINITIONS

Table 3-1 defines the individual bits in the interface mem-
ory. Bits in the interface memory are referred to using the
format Z:Q. The register number is denoted by Z (00
through 1F) and the bit number is located by Q (0 through
7, where 0 = LSB).

3.1.3 INITIALIZATION

The POR defautlt value for each configuration/control bit is
shown in Table 3-1. POR leaves the modem configured as
follows:

¢ 2400 bps

« Synchronous

» Constant carrier
» Serial data mode
+ Answer mode

7 [ ] s 4 3 2 1 0
|_Register I |
| [ NSIA LNCIA L - N IE_| — |NEWC]
| 1€ 1TDBIA TOBIE, — €] — |RDBF

12 XACC | XACK ;(—_ —_ — —_ XWT [ XCR |
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Figure 3-1. Interface Memory Map
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Table 3-1. Interface Memory Bit Definitions

Mnemonic

Memory
Location

Default
Value

Name/Description

ARC

ASYNC

ATBELL

ATVZ5

BEL103

BRKD

BRKS

CC

CEQ

03:3

0B:4

08:0

0E6

06:7

05.3

Automatic Rate Change Enable. When control bit ARC is a 1, an automatic on-line rate
change sequence is enabled. This aliows 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 01o a 1, the receiver’s synchronous to asynchro-
nous 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.

it an ASYNC connection is made immediately after POR, the host should write the value
$000F to YRAM address $4A (YCR = 1) after selecting ASYNC = 1 in order to properly ini-
tialize the transmitter. ("C* code only)

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 1o 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 1o 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 certain originate handshake
modes (ORG = 1), depending on the value of NV25.

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 continu-
ous space. When reset to a 0, continuous space is not being received.

Break Sequence. When control bit BRKS is a 1 in parallel asynchronous mode, the modem
will send continuous space. When BRKS is a 0, 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 controlled carrier
(i.e., the carrier is controlied 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
mode (LL = 1). Controlied carrier is not allowed in the V.23 configuration.

Controlled carrier allows the modem transmitter to be controiled by the RTS pin or the RTS
bit (see Table 1-3). When the RTS pin goes low, or the RTS bit set 1o 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)

RTS should be ON when controlied carrier mode is selected.

In PSK and QAM leased line, controlled carrier mode, the RTS delay between ON-to-OFF
transition and OFF-10-ON transition must be equal 1o or greater than 50 ms.

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 equal-
izer is not inserted into the transmit path.

3.2 851C3A




RC2324DP/RC2424DP Modem Desligner’s uide

Table 3-1. Interface Memory Bit Definitions (Cont'd)

Mnemonic

Memory
Location

Default
Value

Name/Description

CONF

CRCS

CRFZ

CTS

DATA

12:0-7

DA:0
04.0

OF.5

Modem Configuration Select. The CONF control bits setect the modem operating mode
from one of the following configuration codes:

Data Rate (bps) CONF
Mode Transmit  -Receive (Hex) Notes

V.22 bis 2400 2400 84 2,6
V.22 1200 1200 52

V.22 600 600 51 3
Bell 212A 1200 1200 62
Bell 103 0-300 0-300 60
V.21 ' 300 300 A0
v.a3 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

™~
@

[« ]

P
NNSNO

Notes:

1. The host must set NEWC to a 1 after changing CONF.

2. The modem supports automatic rate detection between V.22, V.22 bis, and Bell 212 con-
figurations. To allow the modem to transmit according to the negotiated data rate after
a handshake, the host should update CONF and set the NEWC bit after determining
the line speed (see SPEED). (See Section 7 to implement a more comprehensive rate
detection/reconfiguration scheme.)

3. InV.22 (600 bps) configuration, the host must toggle the DATA bit (and set NEWC each
time) after RLSD turns ON following a line hit.

4. When making a connection in any FSK mode with noise present above the threshold
the host should follow the procedure shown in Figure 3-2 to prevent false detection of
carrier. After the call Is disconnected, the host should restore the default value of
$2500 into the Max AGC Gain Word (XRAM address $3F, XCR = 0). (See Section 3.3.)

5. In V.23 75Tx/1200Rx configuration, the host must initialize the AGC Gain Slew Rate
(YRAM address $12, YCR = 0) with value $0200 (RC2324DP “C" code only).

6. When reconfiguring from any FSK mode to V.22 bis synchronous mode, the host should
change configuration with ASYNC = 1 before setting ASYNC = 0 in order to correctly
initialize the transmitter.

7. RC2324DP only.

8. RLSD ON-to-OFF time Is 29.5 ms rather than the recommended 5-15 ms.

CRC Sending. When set to a 1, status bit CRCS indicates that the transmitter is sending
the CRC (2 bytes) in SDLC/HDLC mode. A 0 indicates that the CRC is not being sent.

Carrler 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.

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 1-3. When resetto a 0,
data is not being transmitted.

CTS is independent of RTS when in analog loopback mode, and after exiting digital
loopback mode or retrain. Since the host controls the CTS signal to the DTE, the host must
set/reset the CTS bit conditioned upon the DTE RTS signal.

Data Mode. When control bit DATA is a 0, the modem s 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).
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Table 3-1. Interface Memory Bit Definitions (Cont’d)

Mnemonlic

Memory

’ Location

Default
Value

Name/Description

DDIS

DSR
DTMF

EQFZ

EQRES

EXOS

FLAGS

GTF

378

L2ACT

08:4

OF:4
09:5

04:3

04.7

06:6

OF.C

03:1

07:5

Descrambier Disable. When control bit DDIS is a 1, the receiver's descrambler circuit is dis-
abled; when a 0, the descrambiler circult is enabled.

Data Set Ready. Status bit DSR is set to a 1 at the start of a training sequence.

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 dia!
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 aliow either tone or puise dialing of consecutive
digits. When in dialing mode, the data piaced in the Transmitter Data Buffer (TBUFFER) is
treated as the digit to be dialed. The number to be dialed must be represented by two hexa-
decimal digits (e.g., if a 9 is to be dialed, then a 09 must be written to the TBUFFER). (See
TDBE)

Dialing timing is host programmable in DSP RAM.

Equalizer Freeze. When control bit EQFZ is a 1, updating of the receiver's adaptive equal-
izer 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 se-
lected in the transmitter async-to-sync converter and in the receiver sync-to-async con-
verter. When a 0, normal overspeed mode s 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 transmitted
is enabled according to the state of the GTS bit (CCITT configurations only). The guard tone
will be transmitied only by the answering modem. When set to a 0, guard tone transmission
Is disabled. (V.22 bis)

Guard Tone Seiect. 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, re-
spectively.

Leased Line. When control bit LL is set to a 1, the modem will enter the leased line data
mode when the DATA bit Is a 1. When a 0, the modem will enter the Handshake Mode when
the DATA bitisa 1.

The host should select the leased line mode by setting the LL bit (and the NEWC bit) after
handshake is completed in switched line mode. This sequence aliows incorporation of a car-
rier recovery algorithm in the leased fine mode.

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.
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Table 3-1. Interface Memory Bit Definitions (Cont'd)

Memory Default

Mnemonic | Location Value Name/Description

L3ACT 07:3 0] Loop 3 (Local Analog Loopback) Activate. When control bit LBACT 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
loopback, reset L3ACT to a 0 and then set NEWCtoa 1.

MHLD 07:0 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. '

NCIA 1F:6 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 1o 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.)

NCIE 1F:2 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.)

NEWC 1F:0 0 New Configuration. When control bit NEWC is set to a 1, the modem wili 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 foliowing control bits:

ASYNC Asynchronous Mode

CONF Configuration

DATA Data

EQRES Equalizer Reset

GTE Guard Tone Enable

GTS Guard Tone Select

L2ACT Loop 2 Activate

L3ACT Loop 3 Activate

L Leased Line Mode

ORG Originate Mode

PARSL Parity Select

PEN Parity Enable

RA Relay Activate

RDL Remote Digital Loopback Request

RDLE Remote Digital Loopback Enabie

RTRN Retrain

STB Stop Bit Number

SYNCMD Synchronous Mode Select

TLVL Transmit Level

WDS2z Word Size

NEWS 1F:3 - 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 compieted. 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))

NSIA 1F.7 0 NEWS Interrupt Active. When the new status interrupt is enabled (NSIE is a 1) and a
change of status occurs (NEWS is set 1o a 1), IRQ is assened and status bit NS|Ais 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.)
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Table 3-1. Interface Memory Bit Definitions (Cont'd)

Mnemonic

Memory
Location

Default
Value Name/Description

NSIE

Nva2s

OE

ORG

PARSL

' PE

P‘ 7'._ b |

PKGSEL

l R,

; BBUFFER

RDBF

ROBIA

1F:4

OE:3

094

06:.4,5

0E:5

071

00:0-7

1E:.0

1E:6

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 setto a 1 by the DSP. When NSIE isa 0
(interrupt disabled), NEWS has no effect on IRQ or NSIA. (See NEWS and NSIA.)

0 No. V.25 Answer Tone. When the modem is in answer mode and control bit NV25 is set to

a 1, the transmitter will not transmit the 2100 Hz CCITT answer tone when a handshake se-
quence is initiated. This bit should not be set if the modem is configured for Bell 212 answer
mode. NV25 should always be set if the modem Is configured for Bell 103 answer mode.

When the modem is in PSK originate mode and NV25 = 1, the modem will not be affected.
When the modem is in FSK originate mode and NV25 = 1, status bit ATV25 will not reflect
that the 2100 Hz answer tone is being received. NV25 shouid not be set if the modem is con-
figured for Bell 103 originate mode.

When NV25 is reset to a 0, the modem will transmit the answer tone in answer mode and
will detect 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 SOLC/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 parallet data mode (ASYNC = 1). The options are:

5 4 Parity Selected

Stuff Parity (“%th Data Bit") (see TXP, RXP)
Space Parity

Even Parity

Odd Parity

c Parity Error. When set to a 1, status bit PE indicates that a character with bad parity was re-
ceived in the asynchronous mode, or bad CRC was detected in the SDLC/HDLC synchro-
nous mode. When a 0, a character with good parity was received.

-_ —_ 0
-0 =0

0 Parity Enable. When set to a 1, control bit PEN enables parity generation and checking dur-
ing asynchronous paralle! data mode. When reset to a 0, parity generation and checking is
disabled.

0 Package Select. When set to a 1, control bit PKGSEL indicates that the single device imple-
mentation is selected. NOTE: This bit must be set to a 1 upon power-on-reset process-
ing. (RC2324DP/1 and RC2424DP/1 only)

0 Off-Hook Relay Activate. When control bit RA is set to a 1, the OHRELAY output is acti-
vated 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 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 10 0. (See RDBIE
and RDBIA))

0 Receiver Data Buffer Interrupt Active. When the receiver data buffer full interrupt is en-
abled (RDBIE is_a 1) and register 00 is written to by the DSP (RDBF is set tc 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 1o RDBF. (See RDBF and RDBIE.)
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Table 3-1. Interface Memory Bit Definitions (Cont'd)

Mnemonic

Memory
Location

Defautt
Value

Name/Description

RDBIE

RDL

RDLE

R

RLSD

RTDET

RTRN

1E:2

07:6

07.7

OF:3

OE:7

08:1

Receiver Data Butfer 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 settoa 1 bythe .
DSP. When RDBIE is a 0 (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 1o 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 bkt the modem sends the RDL terminating sequence. Figure 3-3 illustrates remote
digital loopback timing.

It a remote digital loopback request is initiated at the same time a retrain is requested from
the remote modem, the modem will remain in an indefinite state waiting for the request to be
acknowledged. in order to exit from this condition, the procedure shown in Figure 3-4 should
be foliowed.

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
loopback. 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.

The RDLE bit should only be set while the modem is in Idle mode (DATA = 0)

Ring Indicator. When set to a 1, status bit Rl indicates that a valid ringing signal is being de-
tected. Ringing is detected if pulses are present on the RD input inthe 15 Hz - 68 Hz fre-
quency range (defautt 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 Rl 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 de-
tected and receive data is valid. When a 0, the carrier is not being detected and RXD output
is clamped to mark. Note: RXD is also clamped to mark during retrain while the RLSD bit re-
mains on.

In V.23 controlled carrier mode, if RTS is turned OFF, RLSD is turned OFF momentarily from
400 ms to 1 second depending on whether the modem is receiving in the main or back chan-
nel (RC2324DP only).

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 a retrain request or retrain/fallback request is not acknowledged by the remote modem,
the modem will remain in an indefinite state waiting for the request to be acknowledged. In
order to exit this condition, the procedure shown in Figure 3-4 should be followed.
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Table 3-1. Interface Memory Bit Definitions (Cont'd)

Memory Default

Mnemonic » Location Value Name/Description
RTS 08:0 0 Request to Send. Control bit RTS is set to a 1 to request the transmitter to send data.
RXP 01:0 0 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,).

S1DET 0D:5 0 $1 Sequence Detected. Status bit SIDET is set to a 1 when the S1 sequence Is being de-
tected. This bit is reset to a 0 when the S1 sequence is not being detected.

SADET 0D:2 0 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 digi-
tal loopback request.

SCR1 0D:4 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.

SDIS 03:2 0 Scrambler Disable. When control bit SDIS is a 1, the transmitier scrambler is disabled:;
when SDIS is a 0, the scrambler is enabled.

SPEED OE:0-2 0 Speed Indication. The SPEED status bits indicate the data rate at the completion of a hand-
shake:

Data Rate (bps)

0

0 Default
1 600
0 1200
1 2400

In leased line mode (LL = 1), the host must delay 300 ms after RLSD is set before reading
the SPEED bits.

COO0CO N
A 200 =

SPLIT 03:5 0 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 rate while the receiver recsives at
the extended overspeed rate,

STB , 06:2 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.
SYNCD |  OF:1 0 Sync Pattern Detected. When set o 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 de-
tected. This bit is valid only in SDLC/HDLC mode (SYNCMD = 01).

SYNCMD 03:6,7 0 Synchronous Mode. Configuration bits SYNCMD select the synchronous mode (ASYNC =
0} from the following:
76 Synchronous Mode
o0 Normal Sync
0 1 SDLC/HDLC Sync
TBUFFER 10.0-7 00 Transmitter Data Buffer. The host conveys output data to the transmitter in the parallel

mode (TPOM = 1) by writing a data byte to the TBUFFER when the TDBE bit is a 1. Bit 0 of
the data is transmitted first.

TDBE 1E3 - 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 10 0. (See TDBIE and TDBIA.)
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Table 3-1. Interface Memory Bit Definitions (Cont'd)

Mnemonic

Memory
Location

Default
Value

Name/Description

TDBIA

TOBIE

TLVL

TONEA

TONEB

TONEC

TPDM

TRFZ

1E:7

1E5

13:4-7

OF:2

0B.7

0B:6

0B:5

08.3

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 TDBIAto a 1 to indicate that TDBE being a 1 caused the interrupt.
Wiriting to register 10 or resetting TDBIE resets the TDBIA bit to a 0 and clears the interrupt
request due to TDBE. (See TDBIE and TDBE.)

Transmitter Data Buffer Interrupt Enable. When control bit TDBIE is a 1 (interrupt en-
abled), 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))

Transmit Level Attenuation Select. The TLVL control code selects the transmitter analog
output level attenuation at the TXA pin as foliows:

Transmhi Level Attenuation
(dB £0.5 dB)

0 dB
1 dB
2 dB
3 dB
4 dB
5 dB
6 dB
7 dB
8 dB
9 dB
10 dB
11 dB
12 dB
13 dB
14 dB
15 dB

The host can fine tune the transmit level 1o a value lying within a 1 dB step by changing a
value in DSP RAM.

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.

Tone Fliter 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 fitter in the Dial Configu-
ration (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.

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 config-
uration (CONF = 80). When reset to a 0, energy is not being detected. The bandpass filter
coefficients are host programmable in DSP RAM.

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 fitter in the Tone Detector configuration (CONF = B0). When reset to a 0, energy is
not being detected. The bandpass filter coefficients are host programmable in DSP RAM.

Transmitter Parallel Data Mode. When control bit TPDM is a 1, the transmitier accepts par-
aliel data from the host microprocessor interface via the TBUFFER register for transmission
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 paraliel data from TBUFFER.

- bk e -l w2 200000000 N
- a2 0000 4+ 4w~ 0000 O
-2 00~ 20044002~ 00 O
20 -0+ 024020 —-+-0+-0-=20 &

Timing Recovery Freeze. When control bit TRFZ is a 1, the updating of the receiver’s tim-
ing recovery algorithm is inhibited. When TRFZ is a 0, normal updating occurs.

851C3A
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Table 3-1. 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:

Transmit Clock

internal

Not Used {Internal)
Slave (RDCLK output)
External (XTCLK input)

When the external clock is chosen, the host supplied clock must be connected to the
XTCLK input pin. The external clock will then be refiected 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). -

™@P 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 Unscram-
bled 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)

—_ -t OO =A
-0 -0 O

wDsz | 06:0,1 0 Data Word Size. The WDSZ control field sets the number of data bits per character in asyn-
‘ chronous mode as follows:
i 10 Data Bits/Character
00 5
0 1 6
1 0 7
1 1 8
| The total number of bits/character depends on WDSZ, PEN, and STB bits.
XACC ©D7 0 X RAM Access Enable. When control bit XACC is a 1, the DSP accesses the X RAM asso-

g ciated with the address in XADD and the XCR bit. XWT determines if a read or write is per-
formed. The DSP resets XACC to a 0 upon RAM access completion.

t XADD . 1C07 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 L SB and MSB regis-
ters (addresses 18 and 19, respectively). (See Table 3-2.)

XCR 1 1D:0 0 X Coefficient RAM Select. When control bit XCR is a 1, XADD applies to the X Coefficient
i 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 3-2).

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 18:.0-7 00 X RAM Data MSB. XDAM is the most significant byte of the 16-bit X RAM data word used in
i reading or writing X RAM locations in the DSP.
XwT iD: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).

1B.7 0 Y RAM Access Enable. When control bit YACC is a 1, the DSP accesses the Y RAM asso-
' ciated with the address in YADD and the YCR bit. YWT determines if a read or write is per-
formed. The DSP resets YACC to a 0 upon RAM access completion.

YACC

3-10 851C3A
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Table 3-1. intertace Memory Bit Definitions (Cont'd)

Memory Default

Mnemonic | Location Value Name/Description

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) viathe Y RAM Data LSB and MSB regis-
ters (addresses 16 and 17, respectively). (See Table 3-2.)

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 3-2).

YDAL 16.0-7 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 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.

YwWT 18:1 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).

851C3A
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START COLLECTING
AGC DATA

1 —e DATA (09:2) $3F —» XADD
(1C:0-7)

¥ ¥

1—s NEWC (1F:0)

£

$81— REG$1D (SET XACC, XCR)

NEWC = 0? NO

YES YES
COLLECT AT LEAST READ XDAM

10 MILLISECONDS OF AGC TO OBTAN M)é%AL
VALUES, SEE SUBROUTINE LSB '
“COLLECTING AGC DATA" (19:0-7, 18:0-7)

¥

CALCULATE
AVERAGE AGC
VALUE

¥

CALCULATE MAX G
MAXG=[(6dB/
0.087656d8)+ 64]

+ AVERAGE AGC

¥

MSB (MAXG) —s XDAM
(19:0-7)

LSB (MAXG) —e XDAL
(18:0-7)

$3F —» XADD
(1C:0-7)

¥

$82 — REGISTER
1D

XACC = 0?

YES

Figure 3-2. FSK Connection with Noise Above Threshold
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Figure 3-3. V.22 bis Remote Digital Loopback Timing
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3.2 DSP RAM ACCESS

The DSP contains four sections of 16-bit wide random
access 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
access (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.

3.2.1 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
Address registers (i. ., XADD and YADD) by the host, in
conjunction with the data or coefficient RAM bits (i. e., XCR
and YCR) determine the DSP RAM addresses for data
access.

One or two 16-bit words can be transferred between DSP
RAM and DSP interface memory once each receiver sam-
ple. Two RAM access bits (XACC and YACC) in the DSP
interface memory tell the DSP to access the X RAM and/or
Y RAM. The DSP tests these bits each receiver sample
period (1/7200 Hz).

3.22 HOST PROGRAMMABLE DATA

The parameters available in DSP RAM are listed in
Table 3-2 along with the X RAM or Y RAM address and
corresponding XCR or YCR bit value. The scaling for the
host programmable data is described in Section 3.3

851C3A
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3.23 HOST DSP READ AND WRITE PROCEDURES

DSP RAM Write Procedure

The flowchart in Figure 3-5 shows the host procedure for
performing a DSP RAM write to XRAM addresses. The
same method may be used to write to YRAM addresses.

After the DSP has transferred the contents of the interface
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.

ifthe NSIE bitis a 1, IRQ is also asserted and NSIA is set
to a 1 when NEWS is setto a 1. NSlA is cleared by writing
a 0 into the NEWS bit, which also causes IRQ to return
high if no other interrupt requests are pending.

DSP RAM Read Procedure

The flowchart in Figure 3-6 shows the host procedure for
performing a DSP RAM read from XRAM addresses. The
same method may be used to read from YRAM addresses.

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.

ifthe NSIE bitis a 1, IRQ is also asserted and NSlA 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.
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Table 3-2 DSP RAM Parameters

No. YCR* Addr

XCR/ XRAM YRAM

Addr

Parameter

0
10

16
SF
"

@ NN A WGNN = =

'EMINS

6F

CO0OO0O00O00000D0O0 O = = & -

73

—
(]
o

74

12

15
16
3F
1F

2D
2F

B g | L L SOy

1st Equalizer Tap, Rea!

Lest Equalizer Tap, Real

1t Equalizer Tap, Imaginary

Last Equalizer Tap, Imaginary
Rotated Error, Real

Rotated Error, Imaginary

Max AGC Gain Word

Pulse Dial Interdigit Time

Tone Dial Interdigit Time

Pulee Dial Relay Make Time

Pulse Disl Relay Break Time

DTMF Duration

Tone 1 Angle increment Per Sample
Tone 2 Angile Increment Per Sample
Tone 1 Amplitude

Tone 2 Amplitude

Max Samples Per Ring Frequency
Period

Min Samples Per Ring Frequency
Period

Real Part of Error

Imaginary Part of Error

Rotation Angle for Carrier Recovery
Rotated Equalizer Output, Real
Rotated Equalizer Output, Imaginary
Lower Part of Phase Error

Upper Part of Phase Error

Upper Part of AGC Gain Word
Lower Part of AGC Gain Word
Average Power

Phase Error

Tone Power (ATBELL, BEL103 or
TONEA

Tone Detect Threshold (Call

Progress Energy)
Tone Power (ATV25 or TONEB)

3-16

Table 3-2. DSP RAM Parameters (Cont'd)

XCR/ XRAM YRAM

No. YCR* Addr

Addr

Parameter

3 1
32 1

[= I = I e i e e e T T Y Y SRV Sy S S S S S S S S e Gy -

R2BELAILEXBVN2888285200288884988¢%

o

70

address is listed.

ICEEEREEEREEREEEEEE-F B I

21
1C
10

Tone Power (TONEC)

Tone Detect Threshold (ATBELL,
BEL103, or TONEA)

Tone Detect Threshoid (ATV25 or
TONEB)

Tone Detect Threshold (TONEC)
Zero Crossing Counter

Eye Quality Montior (EQM)

Filter 1 Coefficient a0

Filter 1 Coefficient a1

Fiter 1 Coefficient a2

Filter 1 Coefficient p1

Filter 1 Coefficient p2

Filter 2 Coefficient a0

Filter 2 Coefficient at

Filter 2 Coefficient a2

Filter 2 Coefficient p1

Filter 2 Coefficient p2

Filter 3 Coefficient a0

Filter 3 Coefficient a1

Filter 3 Coefficient a2

Filter 3 Coefficient 1

Filter 3 Coefficient p2

Filter 4 Coefficient a0

Filter 4 Coefficient a1

Filter 4 Coefficient a2

Filter 4 Coefficient p1

Filter 4 Coefficient p2

Tum-on Threshold (PSK)
Tum-off Threshold (PSK)

RLSD Tum-off Time (PSK)
Turn-on Threshold (FSK)
Tum-off Threshold (FSK)
Transmit Level Output Attenuation

¢ XCR if an XRAM address is listed; YCR if a YRAM

851C3A
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START

STORE RELEVANT
ACCESS CODE N
XADD (1C:0-7)
{SEE TABLE 3-2)

!

[Mse—» XDAM (18:0-7)
LSB —» XDAL (18:0-7)

v

XCR=10R0AS
APPROPRIATE (1D:0)
(SEE TABLE 3-2)

1 XWT (1D:1)

1-» XACC (1D:7)

XACC = 07
(1D:7)

NOTE:

1) ALSO APPLICABLE FOR YRAM ACCESS.

2) XCR, XWT, AND XACC BITS CAN ALL BE
CONFIGURED DURING THE SAME
REGISTER ACCESS (1D).

Figure 3-5. XRAM Write Routine
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START

STORE RELEVANT
ACCESS CODE N
XADD (1C:0-7)
(SEE TABLE 3-2) ~

1

XCR=10R0AS
APPROPRIATE
(10:0)

(SEE TABLE 3-2)

0 - XWT (1D:9)

1 -+ XACC (1D:7)

READ XDAM
AND XDAL

NOTE:

2) XCR, XWT, AND XACC BITS CAN ALL BE
CONFIGURED DURING THE SAME
REGISTER ACCESS (1D).

1) ALSO APPLICABLE FOR YRAM ACCESS.

Figure 3-6. XRAM Read Routine

3-18
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3.3 DIAGNOSTIC DATA SCALING

The scaling of the host programmable parameters listed in
Table 3-2 is described in this section.

No. 1 - Equalizer Tap Coefficients, Real XCR: 1 XRAM Addr: 0-10

The adaptive equalizer is a transversal filter (Figure 3-7). The filter is tuned by varying the weighting coefficients, Co ﬂ"urough
Cn. The modem has 17 taps. Since the baseband signal is complex it requires both X and Y coefficients for each tap. The
delay between taps is 1/2 baud time. The adaptive process attempts to adjust all coefficients to minimize the mean squared
efror.

. Figure 3-7. Equalizer Structure
No. 2 - Equalizer Tap Coefficients, Imaginary YCR: 1 YRAM Addr: 0-10

These values represent the imaginary component of the equalizer tap coefficients. (See above.)
No. 3 - Rotated Error, Real XCR: 0 XRAM Addr: 16

The Rotated Error vector is the angle and magnitude difference between an actual received signal point (P2) and the nearest
ideal point (P1) in the baseband signal plane (Figure 3-8) after the signal has been corrected for rotational error. The real and
imaginary components are calculated once per baud time. See Real Part of Error (No. 17) and Imaginary Part of Error (No.
19).

Py o= x5 + iy,
Py = x2 + iyz
Pr=Py = (xp- %y + iyz - ¥) .
= REAL ERROR + IMAGINARY ERROR

-
-~
- BOUNDARY

- ~ - -~ " L I ) - L J

P T A A
T 6 % 10 nt

Figure 3-8. Rotated Error
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No. 4 - Rotated Error, Imaginary YCR: 0 YRAM Addr: 16

These values represent the imaginary component of the Rotated Error vector. (See No. 3.)
No. 5 - Max AGC Gain Word XCR: 0 XRAM Addr: 3F

Default: $2500 (31.95 dB)
This value represents the maximum AGC gain, and can be varied by the host.

Formula:
Max AGC Gain Word = (46.4 - Max AGC Gain (dB)) x 32768/50
Convert value to hex to store in RAM.
No. 6 - Puise Dial Interdigit Time XCR: 0 XRAM Addr: ra

Defautlt: $1518 (750 ms)
This value represents the amount of delay in samples between digits dialed when in pulse dial mode (DTMF = 0).

Formula:

Interdigit time (samples) = Interdigit time (sec) x 7200 (samples/sec)
Convert sample value to hex to store in RAM.

No. 7 - Tone Dial Interdigit Time XCR: 0 XRAM Addr: 7C

Default: $01F8 (70 ms)
This value represents the amount of delay in samples between digits dialed when in tone dial mode (DTMF = 1).
Formuta:
interdigit Time (samples) = Interdigit Time (sec) x 7200 (samples/sec)
Convert sample value to hex to store in RAM.

No. 8 - Pulse Dial Relay Make Time XCR: 0 XRAM Addr: 72
Detauit: $0120 (40 ms)

This value represents the time (in number of samples) that the OHRELAY will close for each digit dialed.

Formula:

Puise Make Time (samples) = Pulse Make Time (sec) x 7200 (samples/sec)
Convert sample value to hex to store in RAM.
No. 9 - Pulse Dial Relay Break Time XCR: 0 XRAM Addr: 7D

Default: $01BO (60 ms)
This value represents the time (in number of samples) that the OHRELAY will open for each digit dialed.

Formuia:
Puise Break Time (samples) = Pulse Break Time (sec) x 7200 (samples/sec)
Conveit sample value to hex to store in RAM.
No. 10 - DTMF Duration XCR: 0 XRAM Addr: 7E

Default: $01F8 (70 ms)
This value represents the time duration of each DTMF digit dialed.

Formula:

DTMF duration (samples) = DTMF duration (sec) x 7200 (samples/sec)
Convert value to hex to store in RAM.
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No. 11- Tone 1 Angle Increment per Sample XCR: 0 XRAM Addr: 6D

" No. 12 - Tone 2 Angle Increment per Sample YCR: 0 YRAMAddr: 1)
Default: $00-

When the host enters Tone Generation/Detection mode (CONF = 80), the transmitter immediately begins sending the dual
tone frequencies specified by addresses XRAM 6D and YRAM 6D with amplitudes specified by XRAM 6F and YRAM 6F,
respectively. The tones will remain on as long as Tone Generation/Detection mode is specified and the amplitudes are greater
than zero. If the host reconfigures to Tone Generation/Detection mode after dialing a digit in Dial/Call Progress mode, the
modem will send the dual tone of the last digit dialed until the values in XRAM 6F and YRAM 6F are setto 0.

Frequencies from 0 Hz to 1675 Hz can only be sent when the ORG bit is set, and frequencies from 1925 Hz to 2875 Hz can
only be sent when the ORG bit is cleared. 1800 Hz frequency can be sent by setting the GTE bit with GTS=0 and ORG = 0.

To calculate the frequency value to store in RAM, follow the steps below:
1. Find Phase Angle Increment in degrees/sample:
Angle (degrees/sample) = Frequency (Hz) x (360 degrees/cycle)/7200 (samples/second)
2 Scale result as follows:
Angle Increment (increment/sample) = Angle (degrees/sample) x (32768/180 degrees)
3. Round off Angle Increment.
4. Convert to hex and store in RAM.
Example: For 1300 Hz,
1. Angle (degrees/sample) = 1300 Hz x 360 (degrees/cycle)/7200 samples/sec = 65 (degrees/sample).
2. Angle Increment (increment/sample) = 65 (degrees/sample) x (32768/180 degrees) = 11832.9 increment/sample.
3. Value to store in RAM = $2E39 (11833).
Note: The ORG bit must be set to generate 1300 Hz tone.

No. 13 - Tone 1 Amplitude XCR: 0 XRAM Addr: 6F
No. 14 - Tone 2 Amplitude YCR: 0 YRAM Addr: 6F
Defautlt: $00

These values determine the amplitude of the two tones that are immediately sent when the host enters into Tone
GeneratioryTone Detection mode. The amplitude of each tone can range from 9.1 dBm down to approximately —50 dBm. The
relationship between the output in dBm and the RAM amplitude value for a single tone frequency is shown in Figure 3-9 for
a TLVL (13:4-7) value of 0. Changing TLVL further adjusts the output tone level. Setting one of the two amplitudes to zero
selects single tone frequency.

The DTMF levels and the transmit level of the 1300 Hz calling tone is 6 dB under the data transmit level. The modem loads
the value $1800 into Tone 1 Amplitude (XRAM address $6F, XCR = 0) to generate a calling tone that is 6 dB less than TLVL.
if the host wishes to generate a calling tone that is at the same level as the data transmit level, the host must write a value
of $3000 into this location. The procedure is:

1. Wait until TDBE signals that the previous digit is dialed.
2. Write to XRAM address $7C (XCR = 0) and XRAM address $7E (XCR=0) to control the tone Off and On time, respec-
tively. '
Write $3000 into XRAM $6F, XCR = 0.
Write the digit to be dialed into TBUFFER.
Poll XRAM address $6F until the $3000 value is changed to $1800 by the modem.
6. Write $3000 again into XRAM $6F, XCR = 0.
Repeat steps 1 - 6 each time a digit is loaded into TBUFFER.

LA
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Figure 3-9. Tone Output Level versus Tone Amplitude

No. 15 - Maximum Samples per Ring Frequency Period XCR: 0 XRAM Addr: 73

Default: $0202 (71.4 ms)

This value determines the maximum period of the signal on RD that will be indicated on Rl and RI. The defautt value of 71.4 ms
corresponds to a minimum ring frequency of 14 Hz. This allows proper detection of frequencies as low as 15 Hz.

Formula:
Maximum period samples = 7200 (samples/sec)/minimum ring frequency (Hz)
Convert maximum sampiles to hex to store in RAM.
No. 16 - Minimum Samples per Ring Frequency Period XCR: 0 XRAM Addr: 74

Defzuit: $0064 (13.9 ms)

This value determines the minimum period of the signal on RD that will be indicated on Rl and RI. The detault value of 13.9 ms
corresponds to a maximum ring frequency of 72 Hz. This allows proper detection of frequencies as high as 68 Hz.

Formula:

Minimum period samples = 7200 (samples/sec)/maximum ring frequency (Hz)
Convert minimum samples to hex to store in RAM.

No. 17 - Real part of Error XCR: 0 XRAM Addr: 12
No. 18 - Imaginary Part of Error YCR: 0 YRAM Addr: 12

The Enor Vector is thé angle and magnitude ditference between the received signal point and the nearest ideal point before
the signal has been corrected for rotational error (see Rotated Error, No. 3 and No. 4). Rotational error is caused by phase
and frequency differences between the transmitter and receiver carrier signals.
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“No. 19 - Rotation Angle for Carrier Recovery YCR: 1 YRAM Addr: 14

The Rotation Angle represents correction for both absolute phase differences and continuously changing phase differences.
Formula:

Rotation Angle (degrees) = [(Rotation Angle Word/$FFFF)pec x 360
Where 0° < Rotated Angle s 360°

No. 20 - Real Rotated Equalizer Output XCR: 1 XRAM Addr: 15
No. 21 - Imaginary Rotated Equalizer Output YCR: 1 YRAM Addr: 15

These values represent the received points after decoding by the decision logic. The points are compared to the ideal points
stored in ROM. Figures 3-10 through 3-12 show the locations of the ideal baseband points. The machine unit values represent
signal scaling for all baseband signals.

No. 22 - Lower Part of Phase Error ' XCR: 1 XRAM Addr: 16
No. 23 - Upper Part of Phase Error YCR: 1 YRAM Addr: 16
This Phase Error value is the intermediate output of the second order carrier recovery ioop.

No. 24 - Upper Part of AGC Gain Word XCR: 1 XRAM Addr: 3F
No. 25 - Lower Part of AGC Gain Word YCR: 1 YRAM Addr: 3F

This information represents the gain of the AGC ampilifier. The upper part of the AGC gain uses the same formula as the Max
AGC Gain Word (No. 5). The lower part of the AGC gain can be used for better precision.

Formula:

AGC Gain (dB) = 46.4 - (Upper part of AGC Gain word)pec x 50/32768
No. 26 - Average Power XCR: 1 XRAM Addr: iF

This value represehts the average received signal power. It can be scaled from engineering units to units of dBm. Use AGC
Gain Word (No. 24 and No. 25) to calculate the pre-AGC gain.

Formula:

Post-AGC Average Power (dBm) = 10 LOG [(Power Word)/(2 x $889)]peC
Pre-AGC Gain Average Power (dBm) = Post AGC Gain Power - AGC Gain

XRAM Address 1C is also used to measure call progress energy detect power in the call detection mode for the Tone A bit.

No. 27 Phase Error XCR: 1 XRAM Addr: 2D
This Phase Eror is the input to the second order carrier recovery loop.

No. 26 - Tone Power (TONEA/CALL PROGRESS MODE) XCR: 1 XRAM Addr: 1F
No. 28 - Tone Power (ATBELL, BEL103, or TONEA/TONE MODE) XCR: 1 XRAM Addr: 2F
No. 30 - Tone Power (ATV25, TONEB) XCR: 1 XRAM Addr: 30
No. 31 - Tone Power (TONEC) XCR: 1 XRAM Addr: 31

These values represent Post-AGC tone power measurement. Since the tone filters are available only in certain modes, these
RAM locations are shared for tone power. Table 3-3 lists the tone power locations for each mode.

Formula:
Post-AGC Tone Power (dBm) = 10 LOG [(Tone Power Word)/(2 x $889)]oec
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No. 29 - Tone Detect Threshold (Call Progress Energy) YCR: 1 YRAMAddr: oF
No. 32 - Tone Detect Threshold (ATBELL, BEL103, or TONEA) XCR: 1 XRAM Addr: 36
No. 33 - Tone Detect Threshold (ATV25 or TONEB) XCR: 1 XRAM Addr: 7
No. 34 - Tone Detect Threshold (TONEC) XCR: 1 XRAM Addr: 38

Some RAM locations are shared for the tone detect threshold in different modes. Table 3-3 lists the tone detect thresho%d
locations for each mode. The threshold word is defined as a function of the change in threshold level.

Formula:
New Threshold Word = (Old Threshold Word)pec EXP (change in dB/10)
Convert value to hex to store in RAM

The host has only limited control of the tone detect threshold with these access codes. To vary the threshold to a greater
degree, the host must write to the Max AGC Gain Word (No. 5).

Table 3-3. Digital Filter Access Codes

Tone Detect Tone Filter
Mode Threshold Address | Power Address | Filter Status Bit Coefficient Default Tone Detect (MH2)
Dial/Call Progress 2F 1F TONEA 1,2 335-645
36 2F ATBELL (ORG=1) 3 2225
36 2F BEL103 (ORG=0) 3 1270
37 30 ATV25 4 2100
Tone Generation/ 36 2F TONEA 1 1300
Detection 37 30 TONEB 2 390
38 31 TONEC 3 980 (ORG=0},1650 (ORG=1)
Handshake 36 2F ATBELL (ORG=1) 3 2225
36 2F BEL103 (ORG=0) 3 1270
: 37 30 ATV25 4 2100
Note: The host should set/clear the ORG bit before entering Tone Generation/Detection mode or Dial/Call Progress mode. When re-
configuring from Dial/Call Progress mode to Tone Generation/ Detection mode, the host must first configure the modem for V.22 bis
mode (CONF = 84) 1o initialize the tone detect filters.

No. 35 - Zero Crossing Detector XCR: 1 XRAM Addr: 3B

The zero crossing detector is always available. The detector can measure tone frequencies between 100 Hz and 3000 Hz,
and increments for both positive and negative zero crossings. To use the detector, the host writes $00 to the detector at
location 38, delays for some amount of time, and then reads the value at location 38. The value read is 1 crossing of the
actual value. Note that the zero crossing detector will increment any time the received signal crosses zero.

No 36 - Eye Quality Monitor Output XCR: 1 XRAMAddr: 52

The error vector formed by the decision logic can be used to indicate relative signal quality. As signal quality deteriorates, the
average error vector increases in magnitude. By calculating the magnitude of the error vector and filtering the results, a
number inversely proportional to signal quality is derived. This number is called the Eye Quality Monitor (EQM). Because of
the filter time constant, EQM should be allowed to stabilize for approximately 700 baud times following RLSD going active.

The EQM value is the filtered squared magnitude of the error vector and represents the average signal power contained in
the error component. The power is directly proportional to the probability of efrors occurring in the received data and can be
used to implement a discrete Data Signal Quality Detector circuit (circuit 110 of CCITT V.24 or circuit CG of RS-232-C ) by
comparing the EQM value against experimentally determined criteria (bit error rate curves). (See Figure 3-13.)

illustrates the relationship of the EQM number to an eye pattern created by a four-point signal structure (e.g., Bell 212A/1200
bps) in the presence of high level white noise. The EQM value is proportional to the square of the radius of the disk around
any ideal point. The radius increases when signal-to-noise ratio (SNR) decreases. As the radius approaches the ideal points’
boundary values, the bit error rate (BER) increases. Curves of BER as a function of the SNR are used to establish a criteria
for determining the acceptability of EQM values. Therefore, from an EQM value, the host processor can determine an
approximate BER value. If the BER is found to be unacceptable, the host may cause the modem to fall back to a lower speed
to improve BER.
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It should be noted that the meaning of EQM varies with the type of line disturbances present on the line and with the various
configurations. A given magnitude of EQM in V.22 bis/2400 does not represent the same BER as in V.22/1200. The former
configuration has 16 points that are more closely spaced than the four signal points in the latter, resulting in a greater
probability of error for a given level of noise or jitter. Also, the type of line disturbance has a significant bearing on the EQM
value. For example, white noise produces an evenly distributed smearing of the eye pattern with about equal magnitude and
phase error while phase jitter produces phase error with little error in magnitude.

Since EQM is dependent upon the signal structure of the modulation being used and the type of line disturbance, EQM must
be determined empirically in each application.

EQM MAGNITUDE

IDEAL POINT

EYE PATTERN DISPERSION

i

Figure 3-13. Relationship of EQM to Eye Pattern

Nos. 37 - 56 Digital Fiiter Coefficients YCR: 1 YRAM Addr: (See Table 3-2)

The digital fiiters in all modes are fully programmable single biquad IR filters, except for the Call Progress Monitor - Tone A
in Dial/Cali Progress mode which is a dual biquad IIR fiiter. All of the biquad filters follow the following transfer function:

H(2) = 2 (ao+ a1 2+ 02 Z72)/(1 - p1Z7" - 2p2272)

Table 3-3 shows which filter coefficients correspond to the tone detect status bits in each mode. The modem will load default
values each time the host changes modes. Table 3-4 shows calculated coefficient values for default tone detect filters. These
values are scaled so that the coefficients of the transfer function are divided by the maximum register value. For example,
ap for 2225 Hz is (0666/7FFF)pec = 0.04999. Coefficient values greater than 7FFF represent twos complement negative
numbers.

Table 3-4. Calculated Tone Detect Values

Frequency Coefticient Values
Detected (Hz) g | ay a2 B1 B2
2225 0666 | 02A6 | 0418 | D28BA | C289
2100 0666 | 0386 | 0418 | DF89 | C289
1650 O44E | FD17 | 02C1 | 105F | C28A
1300 05D1 | FA77 | 03B9 | 3502 | C289
1270 05D1 | FA77 | 0388 | 37F8 | C289
980 0572 | FC52 | 037C | 524B | C28A
390 O6EC | F4F3 | 046E | 763D | C28A
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No. 57 - Turn-on Threshold (PSK) XCR: 1 XRAM Addr: 1C
No. 60 - Turn-on Threshold (FSK) YCR: 0 YRAM Addr: 1C

The Tum-on Threshold Word determines the receive level at which carrier is detected (RLSD turns on). The Threshold Word
is a function of the change in threshold level. The host has only limited control of the Turn-on Threshold through this parameter.
To vary the threshold to a greater extent, write to the Max AGC Gain Word (No. 5).

Formula:

New Threshold Word = (Old Threshold Word)pec EXP (Change in dB/10)
Convert value to hex to store in RAM.

No. 58 - Turn-off Threshold (PSK) XCR: 1 XRAM Addr: 32
No. 61 - Turn-off Threshold (FSK) YCR: 0 YRAM Addr: 10

The Turn-off Threshold Word determines the receive level at which carier is not detected (RLSD turns off). The Threshold
Word is a function of the change in threshold level. The host has only limited control of the Tum-oft Threshold through this
parameter. To vary the threshold to a greater extent, write to the Max AGC Gain Word (No. 5).

Formula:
New Threshold Word = (Old Threshold Word)pec EXP (Change in dB/10)
Convert value to hex to store in RAM.
No. 59 - RLSD Turn-off Time (PSK) YCR: 1 YRAM Addr: 21

Default: $0002

The RLSD Turn-off Time is the time (in number of samples) between when the received carier falls below the Turn-off
threshold and when RLSD tums off.

RLSD Turn-off Time (Samples) = RLSD Turn-off Time (sec) x 7200 (Samples/sec)
Convert value to hex to store in RAM.

No. 62 - Transmit Level Output Attenuation XCR: 0 XRAM Addr: 70

Default: $7200

When TLVL (13:4-7) is set to an odd number, the value in this location determines the change in attenuation from the next
highest even TLVL value.

Formula:
New Level Attenuation Word = (Old Level Attenuation Word)pec EXP (Change in dB/10)
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3.4 SOFTWARE INTERFACE
CONSIDERATIONS

3.4.1 POWER-ON/RESET DSP TEST MODE

After Power-on or Reset, the modem enters into a test
mode and calculates checksum on ROM. The result of the
checksum verification is written to interface memory bytes
15 and 14. The valid checksum is a constant $412B.

At the same time, ASCIl values corresponding to the
“device part number" are written to interface memory byte
13 and 12, and ASCI! values for the "code revision letter"
are written to interface memory bytes 11 and 10. For
example, for the C5312-16 “C" code device, the number
*12" is the part number and the letter "C" is the code
revision letter. The values written into interface memory
would be: '

Register  Value Contents

15 $41 Checksum upper word
14 $2B Checksum lower word
13 $31 ASCI| value for "1"

12 $32 ASCII value for "2*

11 $20 ASCIl value for **

10 $43 ASCII value for "C"

If the host reads the revision letter after Power-On-Reset,
then the host should select analog loopback mode imme-
diately after the POR sequence and read the RBUFFER in
order to clear the character loaded into the TBUFFER.

After the DSP writes to b}te 10, the TDBE bit is set. This
indicates to the host that the self-test information can be
read. The DSP will wait 20 ms or until the host reads or
writes interface memory byte 10. After this the DSP exe-
cutes the initialization sequence.

3.4.2 INTERRUPT REQUEST HANDLING

DSP interface memory registers 00, 10, 1E, and 1F have
unique hardware connections to the interrupt logic. Regis-
ter 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 fiag bit is set. This interrupt flag
can be reported to the host either by the host polling the
interrupt fiag bits (i.e., not using IRQ) or by being inter-
rupted by IRQ. When an interrupt enable bit and the
corresponding interrupt flag are both set to a 1, IRQ is
asserted and the corresponding interrupt active bit set to
at.

The interrupt flag setting conditions are status changed
detected, configuration changed acknowledged, receive
buffer full and transmit buffer empty. Table 3-5 identifies
the interrupt conditions and bits, and describes the inter-
rupt clearing procedures.

Table 3-5. 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 froma0to 1)| Host writes a 0 into NEWS
a RAM read or RAM write occurred (Clears NSIAto 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 froma 1to a 0) (Clears NClAto a 0)
TDBIA TDBIE TDBE Transmitter Data Buffer is empty and can be written Host writes to register 10
(TDBE transitioned from a O to a 1) (TBUFFER)
(Clears TDBE and TDBIA to 0)
or host resets TDBIE
(Clears TDBIA to a 0)
RDBIA RDBIE RDBF Receiver Data Buffer is full and can be read Host reads from register 00
(RDBF transitioned fromaOto a 1) (RBUFFER)
(Clears RDBF and RDBIA 10 0)

3-28
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- 3.4.3 DIAL PROCEDURE

The host dial procedure is the same as outputting data to
be transmitted using TBUFFER (Figure 3-14). The modem
timing accounts for the DTMF tone duration and ampli- START
tude, pulse make/break ratio, and interdigit delay. These
dialing parameters are host programmable in DSP RAM.

. . 1-> RA (7:1)
The level of the high DTMF tone is 2 dB greater than the _—
TIVATE OHRELAY
level of the low DTMF tone. AC l
The dialer default parameters are given in Table 3-6.
1 > ORG (9:4)
Tabile 3-6. Dial Default Parameters J
Parameter Default Value
DTMF Tone Duration 70 ms 81 --> CONF (12:0-7)
DTMF Intetrdigit Delay 70 ms
DTMF Total Output Power Level 0dBm l
DTMF Low Band Power Level -4 dBm
DTMF High Band Power Level -2dBm 1 --> NEWC (1F:0)
Pulse Relay Make Time 40 ms
Puise Relay Break Time 60 ms F
Puise Interdigit Delay 750 ms
CHECK DIAL TONE
OR DELAY 5 SEC

T
-

< TDBE (1E:03) = 17 N
vl

1 (TONES) --> DTMF (9:5)
0 (PULSES) --> DTMF (9:5)

B

WRITE DIGIT IN
TBUFFER (10)

|

N LAST DIGIT? S

—
Y

< TDBE (1E:03) = 17 N

Y]
REQUIRED CONFIGURATION

~> CONF (12:0-7)
1 --> NEWC (1F:0)

Figure 3-14. Dial Sequence
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4. HDLC FEATURES

The HDLC (High Level Data Link Control) protocol is a
standard procedure used for data communications. SDLC
(Synchronous Data Link Control) is a bit-oriented protocol
which is a subset of HDLC. The same format is used in
both protocols although all SDLC fields must be eight-bit
octets. The modem uses the SDLC protocol but it is
referred to as HDLC to avoid confusion.

4.1. HDLC FRAMES

Data and control information on a HDLC link are transmit-
ted via frames. These frames organize the information into
a format specified by an ISO standard that enables the
transmitting and receiving station to synchronize with each
other. This format is shown in Figure 4-1. Flags and the
frame check sequence are distinguished from the other
fields by status bits in the modem interface memory.

FLAG| ADDR | CONTROL INFORMATION 16-BITFCS |FLAG
L FRAME STARTS FRAME ENDS
Figure 4-1. HDLC Frame
FLAGS

All frames start and end with a flag sequence. The begin-
ning flag and the ending flag are defined by the bit pattern
01111110 (7E). The ending flag for one frame can also
serve as the beginning flag for the following frame. If
separate ending and beginning flags are used, the final
zero in the ending flag of one frame may also serve as the
first zero of the beginning flag in the following frame. This
process is known as “zero-sharing”. The zero-sharing bit
pattern is 011111101111110.

ADDRESS FIELD

The address field informs the receiver where the informa-
tion is to go (if the primary station is transmitting) or where
the message originated (if a secondary station is transmit-

ting). This field is eight bits in length for the “basic” format.

For the “extended” format, the length is N number of
octets, each octet having the first bit a binary zero with the
exception of the last octet that begins with a binary one.

CONTROL FIELD

The control field defines the function of the frame. It may
contain a command or response. The control field might
- also contain send or/and receive sequence numbers. This
field can be in one of the following formats:

1. Information Transfer Format
2. Supervisory Format
3. Unnumbered Format

851C4
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This field is normally eight bits in length. Certain protocols
allow for an extended control field of 16 bits in length.

INFORMATION FIELD

The modem does not distinguish between the address
field, the control field, or the information field. The informa-
tion field does not have a set length; however, this field
follows the SDLC protocol in being in the format of eight bit

bytes.

ZERO INSERTION

Since flags mark the beginning and ending of a frame,
some method must be implemented to inhibit or alter the
transmission of data that appear as flags. The method
used is called “zero insertion”. HDLC procedures require
that a zero be transmitted following any succession of five
continuous ones. This includes all data in the address,
control, information and Frame Check Sequence fields.
Use of zero insertion denies any pattern of 01111110 to
ever be transmitted between beginning and ending flags.

The modem transmitter always performs zero insertion
when in HDLC mode.

ZERO DELETION

When transmitting flags, zero insertion is disabled. During
reception of data, after testing for flag recognition, the
receiver removes a zero that immediately follows five
continuous ones. This is termed “zero deletion”. A one that
follows five continuous ones signifies either a frame abort
(i.e., at least seven ones with no zero insertion) or a flag
(i.e., 01111110). The sixth one is, therefore, not removed.

The modem receiver always performs zero deletion when
in HDLC mode.

FRAME CHECK SEQUENCE

The purpose of the Frame Check Sequence (FCS) is to
give a shorthand representation of the entire transmitted
information field and to compare it to the identically gener-
ated shorthand representation of the received sequence.
If any difference occurs, the received frame was in error
and should be re-transmitted.

The FCS computation is done on all fields within the frame
but does not include the flags. Cyclic Redundancy Check
(CRC) is the method used. The polynomial is specified in
SDLC and X.25 as follows:

x‘s+x12+x5+1

The polynomial is implemented as shown in Figure 4-2.

The Frame Check Sequence is sent as two bytes of data
immediately preceding the ending flag of the frame. The
FCS register is first preset to all binary ones. The register
is then modified by shifting in the data (no flags) contained
in the address, control, and information fields. Following
the last bit of data, the ones complement of the FCS



RC2324DP/RC2424DP Modem Designer’s Guide

register is transmitted as the 16-bit FCS. The FCS is
transmitted with the highest order bit (x'®) first

FRAME ABORTION, FRAME IDLE, AND TIME FILL

Frame abortion prematurely finishes transmission of a
frame. This occurs by sending at least seven consecutive
ones with no zero insertion. This abort pattern terminates
a frame immediately and does not require a FCS or an
ending flag.

An abort pattern followed by a minimum of eight additional
consecutive ones idles the data link. Thus, seven to four-
teen ones establish the abort pattern; fifteen or more ones
constitute an idle pattern.

Interframe time fill is accomplished by transmitting contin-
uous flags. Therefore, the transmitter must be capable of
sending mukhiple flags to maintain the active state in the
receiver if any time fill is required.

4.2

IMPLEMENTATION

A representation of the HDLC process is shown in Figure
4-3. The events are numbered in order of occurrence from
one to four.

The beginning flag is transmitted. The receiver sees
the flag and now becomes aligned with the transmit-
ter. Both the receive and the transmitter FCS regis-
ters are preset to FFFF (hex).

The information field is transmitted. The data is also
run through the FCS register before zero insertion. At
the receive end, after the zero deletion algorithm, the
data is presented to the user and then run through
the FCS register.

The FCS is inverted and then transmitted. The trans-
mitted FCS is passed through the receiver's FCS reg-
ister. The shift register will contain

1111000010111000 if the frame has been received
correctly.

The ending flag is transmitted,

TRANSMITTER AND RECEIVER SETUP
In order to use HDLC in the modem, the host must:

1. Set up the modem configuration.

2 Set the Transmitter Parallel Data Mode bit (TPDM). Re-
ceived data is always available in parallel.

3. Switch into synchronous mode by resetting the
ASYNC bit, if not already in synchronous mode.

4. Set the SYNCMD bits for SDLC/HDLC mode (01).

Note: The host should enter into SDLC/HDLC mode only
after the handshake is complete.

HDLC transmission cannot be performed using the serial
interface. The format of the data input to the modem is in
groups of 8-bit bytes. As in the normal synchronous paral-
lel data mode, the least significant bit of the byte is trans-
mitted first.

TRANSMISSION AND RECEPTION RATE

The HDLC as implemented in the modem can be used in
all transmitter and receiver data modes except the FSK
modes.

FLAG TRANSMISSION AND RECEPTION

Once in HDLC mode, the modem will send continuous
flags with no zero sharing (i.e., 0111111001111..) until the
user loads data into the transmit data buffer TBUFFER
(register 10). Thus, the transmitter defaults to transmitting
time-fill and keeps the recsiving link station active. The
status bit FLAGS (OF:0) indicates that the modem is trans-
mitting the flag sequence.

When in HDLC mode, the modem receiver continually
searches for the flag data pattern. When one or more flags
are detected, status bit SYNCD (OF:1) is set. The flags
themselves are not presented to the host through the
receiver data buffer RBUFFER (register 00).

The modem also has the capability to detect consecutive
flags with zero-sharing.

o Hemrr -

Xo

XOR

X, Xy

X1o

xﬂ

Xss

Figure 4-2. CRC Polynominal inplementation
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INFORMATION FIELD TRANSMISSION AND
RECEPTION

The host must load the data into TBUFFER and then wait
for the Transmit Data Buffer Available bit TDBE (1E:3) to
be set by the modem before loading in the next byte of
data. If the next byte is not loaded into TBUFFER within
the next eight bit times, the modem interprets this as the
end of a frame and sends the CRC sequence.

In the receiver, data between flags is passed to the host
through the RBUFFER register by the use of the hand-
shaking bit RDBF (1E:0). The host must wait for RDBF to
be set by the modem and then take the data. If the host
does not read the data within eight bit times, the data in
RBUFFER will be overwritten by the next byte and the
Overrun Error bit (OE:3) will be set. The flag sequence and
abort/idle sequence are not presented to the user. The
receiver determines where the FCS field is by detecting
the ending flag. There is at least a 16-bit time delay in the
reception of data.

FCS AND ENDING FLAG TRANSMISSION AND
RECEPTION

Following the detection of no new data loaded into the
TBUFFER register within the next eight bit times, the
modem automatically sends the FCS and ending fiag.
Status bit CRCS (0A:0) in the interface memory is set just
before the highest order bit (x'®) is sent to indicate that the
FCS is being transmitted. Once the host sees this bit set,
the first byte of the next frame can be loaded. In this case,
the ending flag serves as the beginning flag for the next
frame. The CRCS bit is reset when the ending flag is
transmitted. At the same time, the FLAGS bit is set.

Upon the receipt of an ending flag in the current frame
(which may also be the beginning flag of the next frame),
the receiver checks the data in the FCS register. Ifthe FCS
register remainder is correct, the PE bit (OE:S5) is left a
zero. if the remainder is incorrect, the PE bit is set. The
FCS field is also passed to the host, in case the host
wishes to do his own CRC checking. The receiver will set
the SYNCD bit and the PE bit (if the modem detected a
frame with a bad CRC) after sending the FCS to the host.
The modem does not change the PE bit until the end of the
next frame when a correct or incorrect frame is deter-

RECEIVING LINK STATION BEGIN

END TRANSMITTING LINK STATION

MESSAGE POLYNOMIAL\

| PREMULTIPLY BY x*¢ |

\
‘ [ |
GENERATING POLYNOMIAL
PRESET TO ALL 18

(1) TRANSMIT FLAGS (4)
FLAG FLAG - FLAG FLAG
(2) TRANSMIT MESSAGE
aAlc I ZERO DELETE |= ZERO INSERT Alc 1

(3) TRANSMIT FCS

MESSAGE POLYNOMIAL

[ PREMULTIPLY BY x'¢ |

FCS REGISTER

GENERATING POLYNOMIAL
PRESET TO ALL 18 INVERT

1111000010111000 ‘—| ZERQ DELETE [

CONTENTS OF SHIFT REGISTER
AT END OF FRAME.

SHIFT REGISTER CONTAINS ABOVE VALUE
AT END OF FRAME IF TRANSMISSION IS
ERROR FREE.

ZERO INSERT FCs

WHEN ENTIRE FRAME TRANSMITTED, FCS
REGISTER CONTAINS REMAINDER OF

MESSAGE POLYNOMIAL
GENERATION POLYNOMIAL

THE QUOTIENT IS DISCARDED.

Figure 4-3. HDLC Process
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mined. However, the host can reset this bit anytime. The
modem presets the FCS register to all ones after one or
more flags are received.

After the FCS transmission (immediately following bit x%),
one flag is sent to signify the end of the current frame and
the beginning of the next frame. After the final zero in a flag
is transmitted, the modem looks to see if the host has
loaded new data into TBUFFER. If no new data is loaded
before this time, another flag is sent. Therefore, if more
than one flag between frames is desired, the host must
wait N-1 multiples of eight bit times after FLAGS is set by
the modem to load new data into TBUFFER, where N is
the number of flags. The host then has seven bit times in
which to load new data and thus prevent another flag from
being sent. For example, if three flags are desired between
frames, the host must wait at least 16 bit times and not
more than 23 bit times after FLAGS is set by the modem.

ABORT/IDLE SEQUENCE TRANSMISSION AND
RECEPTION

An abort/idle sequence can be sent by the host setting the
MHLD bit (07:0) in the interface memory. This stops any
normal frame transmission, as well as continuous flag
transmission, and sends continuous ones. After the setting
of MHLD is detected, the modem first completes the trans-
mission of the current byte of data. Immediately after this
transmission, the modem sends seven consecutive ones.
After these seven bit times, if MHLD is still set, the modem
continues to send ones until MHLD is reset. To discontinue
this sequence, MHLD must be reset. Then, if no new data
is loaded into TBUFFER, continuous flags are sent. If new
data is loaded into TBUFFER, the modem sends a begin-
ning flag and then the data in TBUFFER.

The modem receiver not only continually searches for
flags, but aiso continually searches for an abort/idle se-
quence. When the receive modem encounters this data
pattern, it sets the FE bit (OE:4). After the modem sets the
FE bit, it does not change the bit until the end of the next
frame when the abort/idle sequence is again determined.
However, the host can reset the FE bit anytime. Then, if an
abort/idle sequence is detected during the next frame, the
modem will again set the FE bit. The reception of data
following the abort/idle sequence is treated as invalid data
and is not prasented to the host. Therefore, to re-establish
transmitter and receiver synchronization, the receiver
must see at least one flag. Remember, the abort/idie
sequence is not output through the RBUFFER register.

4-4

4.3. EXAMPLE APPLICATION

Refer to Table 3-1 for a description of the bits associated
with the HDLC functions. Figure 4-4 illustrates the timing
of these bits.

TRANSMITTER EXAMPLE

1. After handshake, reset the ASYNC bit. Then set the
SYNCMD bits for SDLC/HDLC and set RTS.

2. The modem starts transmitting flags immediately and
continues with flags until the first byte of data is
loaded into TBUFFER.

3. Place the first byte of data into TBUFFER. The modem
- finishes transmitting the current flag followed by this
byte of data.

4. As soon as TDBE is set, load in the next byte of data.
This must occur within eight bit times of TDBE being
set.

5. After all information but the last byte is given to the
modem, load in the last byte of data in the frame as
in step 4.

6. Wait until CRCS is reset to load in the first byte of the
next frame. The modem follows the last byte of the
current frame with the 16-bit FCS and a flag.

7. Repeat steps 4 through 6 for all frames to be transmit-
ted.

RECEIVER EXAMPLE
The steps to perform a typical HDLC reception are:

1. After handshake, reset the ASYNC bit. Then monitor,
through interrupts, the RDBF, OE, SYNCD, PE and
FE bits in the interface memory.

2. Wait for an interrupt. if it is caused by the modem set-
ting RDBF (RDBIA is also set by the modem), read
the data in RBUFFER. The modem will set the
NEWS and NSIA bits if any of the other bits caused
the interrupt. An interrupt caused by OE indicates
that RBUFFER was loaded with new data before the
host read the old data. SYNCD indicates that the
modem is receiving flags. PE indicates that the FCS
had an incorrect CRC. FE indicates that an aborvidle
sequence is detected, and the frame that was
aborted is invalid. The modem does not set the
SYNCD bit or the PE bit in this case since no FCS
checking is done.

3. Continue waiting for interrupts and take appropriate ac-
tion when the interrupts are received.
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TRANSMIT
DATA

O)
////////j FLAG l FLAG lunulmmzlmusl CRC l FLAG |Mrnlmnzl : CONTINUOUS ONES l FLEJ

TDBE

e [ ] —

@ ®
LT U I N 1

@

MHLD

l L

1. The host enters HDLC mode by setting SYNCMD = 01 after a connection is established.
2. The modem sets FLAGS prior to sending the first bit of the first 7E flag.
3. Hf the host loads the first data byte into TBUFFER while FLAGS Is being sert, the data will not be sent

4. After TDBE is set, the host has 8 bit times to load new data into TBUFFER.
5. CRCS is set as soon as the last bit of the last data byte is sent and prior to sending the first bit of the

6. CRCS is reset and FLAGS is set when the last bit of the CRC sequence Is sent.
7. If MHLD is set anytime during the data, CRC, or flag transmission, the byte transmitted is interrupted

RECEIVE DATA 1

RDBF

SYNCO

FE

1. Timing refers to when received data is presented to the host. Flags and the abort sequence are not pre-

2,
3,
4,

until the flag is completely sent.
CRC sequence. As soon as CRCS is set, a new data byte of the next frame can be loaded.

and the abort sequence is started.

a. Transmitter

®
%//A FLAG I FLAG ]DATA!JDATA2IDATA3] CRC l FLAG lDATA1|DATA2I i CONTINUOUS ONES I FLMSJ

L L1 | ]
._Cj)——\ —

L

sented to the host.

SYNCD will turn on 8-15 bit times after entering SDLC/HDLC mode, when 7E flags are detected.
PE is set only if a bad CRC is detected by the modem.

FE will turn on when seven consecutive 1s are detected.

b. Recelver
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5. TONE DETECTOR FILTER
TUNING

This section describes a method of tuning the filters in the
modem for tone detection. The modem includes four inde-
pendently programmable filters in Dial/Call Progress
mode, three filters in Tone Generation mode, and three
filters in Handshake mode. Handshake mode occurs when
the modem is configured for V.22 bis or V.22, DATA= 1, LL
= 0, and RLSD = 0. Consult Diagnostic Data Scaling in
Section 3 for the RAM addresses corresponding to each
filter. Table 3-3 shows which status bits, tone detect thresh-
old, and Tone Power addresses correspond to each filter
in each mode.

Status bit TONEA in Call Progress mode represents the
output of two cascaded second-order biquadratic filters.
The default frequency response of this filter is shown in
Figure 5-5. This filter can be used to detect a range of call
progress tones. All other status bits represent single sec-
ond-order biquadratic filters. This section presents a
method of tuning the call progress filter to any range in the
400 Hz-3 kHz band.

Note: When reconfiguring from Dial/Call Progress mode
to Tone Generation/Detection mode, the host must first
configure the modem for V.22 bis mode (CONF = 84) to
initialize the tone detect filters.

5.1. COMPUTATION OF TONE DETECTOR
COEFFICIENTS

The call progress tone filter (TONEA) consists of two

second-order filters in cascade, an energy averaging filter

and a threshold comparator. A diagram of the tone detector

is shown in Figure 5-1.

Filter 1 has a transfer function:

2(c0 + a1Z 14 a2z '2)
H = 1
I(Z) 1—2ﬂ1z_1—2ﬁ2z_2 (Eq )
Filter 2 has a transfer function:
2Aa'o + 012 + a'22 2
Ho2) = 220+ o1 ! Eq2

1-2pnZ 7" - 22272
The energy averaging filter has a transfer function:

H3@2) = ?—_ﬂF (Eq. 3)

The output of the energy averager is fed to a threshoid
comparator that sets interface memory bit TONEA if the
output is equal to or greater than 1/8 of tull scale, other-
wise, the bits are reset.

BIQUADRATIC FILTER 1

BIQUADRATIC FILTER 2

INPUT hy (1) ny ()
_I = o - B 2 o'y 1 L ™ 2 | -l ABS| \
! 4
r z"
ay | 61 «'y 8’
1
z" 2"’ r 3
\* oy _J L— Ba A o'y _J L B’l
ENERGY AVERAGING FILTER
ouTPUT hy(t) )
THRESHOLD £ P
TONEA

COMPARATOR

F 4

=

Figure 5-1. Modem Tone Detection Diagram
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Given the transfer functions H1(Z) and Hz2(Z), an analytical
method is required to compute their coefficients for any
frequency in the 400 Hz — 3 kHz band. First, consider
H1({2). This transfer function can be rewritten as:

2 cu)Z2 +a1Z + a2
Hi2) = ( )
22 - 2p12-2p2
which has a conjugate pair of poles:

P1 =1+ V(B1% + 22)

(Eq. 9)

and

P2 = B1 - V(B1° + 2p2)

Upon power up, these poles lie on a circle of radius
0.994030884 on the Z-plane. The radius of the tone detec-
tor circle was chosen so that each filter has a high Q
without being unstable (i.e., poles must lie inside the unit
circle for stability). Figure 5-2 shows a Z-plane pole-zero
diagram for an arbitrary conjugate pole pair on the tone
detector circle. The angle 6 = 360° fo/fs, where fo is the
desired center frequency and fs is the sampling rate (fs =
7200). Inthis design, a double zero is placed at the origin.
This is obtained by setting a1 = a2 = a'1= a'2= 0. Amore
sophisticated filter design may be used to place zeros
using a1, a2, o'y, and a'2.

The following equations are derived from the angle and
magnitude of the position vector pointing to a pole pair
focated at the desired angie:

cos”'(B1/) =0=360"x folfs  (Eq. 5)
V[B1? + (-B12 - 2B2)] = r = 0.994030884 (Eq. 6)
Solving for p: and B2:
B1 = r cos (360° x fo/fs) (Eq. 7)
p2= -2 (Eq. 8)

in deriving ihese equations, only H1(Z) was considered.
However, the tone detector consists of two identical filters
in cascade. Shifting filter 1 and filter 2 above and below the
desired center frequency, a response with the desired
bandwidth is achieved. ag controls the amplitude re-
sponse, and one may set ao = a'o to uniformly raise or
lower the overall cascade response.

From Equation 8, we see that:
B2 = P2 = —*/2 = -0.494048699

Rewriting Equation 7 in terms of the offsets fa and f'a we
obtain:

p1 = rcos [360° (fo - fa)/fs] (Eq. 9)
p'1 =rcos [360° (fo+ fa)fs] (Eq. 10)

The frequency offset is approximately 72% of B/2 (half the
bandwidth) for most applications:

fa=0.72 (B/2) (Eq. 1)

The value of fa should be equal to ' However, fa may
be chosen 1% smaller than f'a to compensate for the fact
that the overall cascade response Is not perfectly symmet-
rical, i.e., near D.C. (see Figure 5-3).

The values for the coefficients ao and oo that set |H(fo)|
= 0 dB in equations 1 and 2 were measured and plotted
versus center frequency fo as shown in Figure 5-4. Three
equations corresponding to three linear approximations
result:

. (104/319)fo - 78.62
=ao= 32767
400 < fo s 1100 Hz
., (44/275)fo + 104
a0 =0a0= 32767
1100 < fo s 1650 Hz

, (4/45)fo + 221

@p = @'o = 32767
1650 s fo = 3000 Hz (Eq. 120)

The call progresé filter default response is shown in Fig-
ure 5-5.

5.2 ENERGY AVERAGING FILTER

The coefficients of the energy averaging filter are deter-
mined by a Z-domain approximation to an RC circuit of
transfer function H(S) = 1/1 + St.

i 1
a = 1+fst (Eq. 13)
., —1
p"- (1 + 1fis7) Eq. 14)

Upon power up, a” and g” are set for t= 0.1 seconds.
These values can not be changed by the host.

(Eq. 122)

(Eq. 12b)
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Im2
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TONE DETECTOR
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ZERO
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Figure 5-2. Z-Plane Pole-Zero Diagram
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6. HANDSHAKING

6.1. V.22/V.22 bis HANDSHAKING
PROCEDURES

CCITT recommendations V.22 and V.22 bis define opera-
tion on both the GSTN and two-wire point-to-point leased
circuits. The means for obtaining synchronization for both
modes is described in this section.

6.1.1. Point-to-Point Leased Circuits (Controlled
Carrier)

Once an ON condition has been applied to RTS by the
DTE, the modem transmits a synchronizing signal corre-
sponding to binary 1 applied to TXD. The ON condition is
applied to CTS 210 to 275 ms after starting to transmit the
synchronizing signal. The receiving modem establishes
timing and descrambler synchronization and then tums
RLSD ON in 40 to 65 ms.

6.1.2, GSTN Handshake Sequence

The means of achieving synchronism between the calling
modem and the answering modem on GSTN connections
is shown in Figures 6-1 through 6-6. Both calling and
answering modems may be conditioned to operate either
in the synchronous modes or in the start-stop modes. If
both calling and answering modems are V.22 bis modems,
the handshake will normally condition both modems to
operate at 2400 bps. If, however, one or both of the
modems has been set to operate at 1200 bps, then the
handshake will condition both modems to operate at 1200
bps. The signaling rate is communicated to the DTE by the
SPEED bits in the interface memory. The handshake se-
quence is independent of whether the calling or answering
modem is connected to the line first. Figure 6-7 shows a
Bell compatible 2400 bps handshake which is also impie-
mented when the modem is the originate modem. It is
identical to V.22 bis 2400 bps except the 2225 Hz replaces
2100 Hz and unscrambled ones sequence.

The V.25 automatic answering sequence is transmitted
from the answer modem on GSTN connections. The V.25
answer sequence can optionally be selected off by setting
the NV25 bit (09:7). The transmission of the sequence is
omitted in connections on point-to-point leased circuits.

The host should select the leased line mode by setting the
LL bit (and the NEWC bit) after handshake is completed in
switched line mode. This sequence allows incorporatation
of a carrier recovery algorithm in leased line mode.

851Cs

6-1

INTERWORKING AT 2400 BPS V.22 bis

Calling Modem

1. On connection to line, the calling modem receives sig-
nals in the high channel and is ready to transmit sig-
nals in the low channel. The modem tums on DSR
(circuit 107) but initially remains silent.

2. After 155 +10 ms of unscrambled binary 1 has been
detected, the modem remains silent for a further 456
+ 50 ms, then transmits an unscrambled repetitive
double digit pattern of 00 and 11 at 1200 bps for 100
+ 3 ms (S1 sequence). Following this, scrambled bi-
_nary 1s are transmitted at 1200 bps.

3. Ifthe modem detects scrambled binary 1 in the high
channel at 1200 bps for 270 + 40 ms, the handshake
continues in accordance V.22 A/B. However, if un-
scrambled repetitive double dibit 00 and 11 at 1200
bps is detected in the high channel, then at the end
of receipt of this signal the modem tums ON circuit
112 (Data Signalling Rate Selector).

4. 600 + 10 ms after circuit 112 has been turned on, the
modem begins transmitting scrambled binary 1 at
2400 bps, and 450 = 10 ms after circuit 112 has
tumed ON the receiver begins making 16-way deci-
sions.

5. Following transmission of scrambled binary 1 at 2400
bps for 200 + 10 ms, CTS is conditioned to respond
to RTS and the modem is ready to transmit data at
2400 bps.

6. When 32 consecutive bits of scrambled binary 1 at
2400 bps have been detected in the high channel,
the modem is ready to receive data at 2400 bps and
applies an ON condition to RLSD.

Answering Modem

1. On connection to the line, the answering modem trans-
mits signals in the high channel and receives signals
in the low channel. After the transmission of answer
tone in accordance with V.25, the modem applies an
ON condition to DSR and then transmits unscram-
bled binary 1 at 1200 bps.

2. If the modem detects scrambled binary 1 in the low
channel at 1200 bps for 270 £ 40 ms, the handshake
continues in accordance with V.22A/B. However, if
unscrambled repetitive double dibit 00 and 11 at
1200 bps is detected in the low channel, at the end of
receipt of this signal the modem tums circuit 112 ON
and then transmits an unscrambiled repetitive double
dibit pattern of 00 and 11 at 1200 bps for 100 £ 3ms
(S1 sequence). Following these signals the modem
transmits scrambied binary 1 at 1200 bps.



1C2324DP/RC2424DP Designer’s Guide

"NO G3INHNL N338 SVH (S1H) S0L LINDJHID STNNSSY .

AHVNIS ITANVHOSNN

swEF 004
viva (+ AMVYNIS) + AHVNIG O4 IINNVHO HO4 S/LI8 00Z1 1V bt ANV
O3JNVIONN *0L | G3dwviD ror HIMOT NI IVNDIS 00 L1610 318n0a QI T@NYHISNN = IS
axu axy IS 40 aN3 103430
Y3AI303Y L
NI SNOISID3a —
asw - AVA9L NID36 41} usa
601 201
_ f —
S19 S/118 00¥T _ I sw 0L ¥ 0S¥
901 1V | AHVYNIG 30 S118
E— JAILNDASNOID ZE 193130
s 0L F SW 009 sw 0SE ¥ 0SIZ
o SweT swozF g2  3ONIUS
W 01 F sw 002
004 h h
S/119 00¥Z LV $/116 0021 IV | sw 00LF 00EE
QLA wHO 1
S/Li1g 00Z1 1V | AHVYNIB QI TENVHIS S Noa h oone

viva I AHVNIG G3T8NVHOS

1v | AHVNIE 40 S118
JAILNDISNOD € L3130

§/11G 00vC

viva _

QG3dWVYIONN 0L

.8'

(. AuvNig) _- auvnig o |

TINNVYHI
H3ddN NI TYNDIS —=
IS 40 GN3 103130

H3AI303Y
NI SNOISIJ30
AVM-9i NID38

axy axy

asd
601

Q34NVT1D YOI _4

sw oL ¥ OSYy

ch

|-

" swoLT swogz

sw Q1 ¥ sw 009

3NN 04 1LO3NNOD

W3OONW ONIHIAMSNY

usa
201

SW 01 F SSI NI | AHVNIG
Q3718WVHOSNN 103130

[t

wmes | swoss 9sr | INIT 0L 193INNOD
001 : _

viva

S$/118 0092 LV
} AHVYNIG G318NVYHOS

S/11@ 00T} 1v | AHVNIE GITANVYHIS

1]
_

W3IAONW ONNTIVO
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Figure 6-7. Bell Compatible 2400 bps Handshake - impl.
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- 3. 600 = 10 ms after S1 has been detected the modem
begins transmitting scrambled binary 1 at 2400 bps,
and 450 = 10 ms after circuit 112 has been turned
ON the receiver begins making 16-way decisions.

4. Following transmission of scrambled binary 1 at 2400
bps for 200 = 10 ms, CTS is conditioned to respond
to RTS and the modem is ready to transmit data at
2400 bps.

5. When 32 consecutive bits of scrambled binary 1 at
2400 bps have been detected in the low channel, the
modem is ready to receive data at 2400 bps and ap-
plies an ON condition to RLSD.

Modem Compliance with 2400 bps Connect Sequence.

The modem complies with the handshake interworking
defined in V.22 bis with the deviations noted below. Hand-
shake timing for V.22 bis recommendation and as imple-
mented is shown in Figures 6-1 and 6-2, respectively.

1. Unscrambled mark is detected in 180-223 ms in the
calling modem, at which time DSR turns on.

2. The amount of time to wait to transmit the S1 se-
quence in the calling modem is shortened to 350 ms
to compensate for the late detection of unscrambled
ones.

3. The modem indicates a data rate of 2400 bps by set-
ting the SPEED bits in interface memory (0E:0-2)
rather than turning circuit 112 ON.

4. The answer modem requires 80-83 ms to detect S1.

5. The answer modem detects the beginning of scram-
bled binary 1s in the upper channel rather than the
end of the S1 sequence.

INTERWORKING AT 1200 BPS, V.22

Calling Modem

1. On connection to line, the calling modem receives sig-
nals in the high channel at 1200 bps and is ready to
transmit signals in the low channel at 1200 bps. The
modem turns ON DSR (circuit 107) but initially re-
mains silent.

2. After 155 = 10 ms of unscrambled binary 1s have
been detected the modem remains silent for a further
456 + 10 ms, then transmits scrambled binary 1 at
1200 bps (a preceding V.22 bis signal will not affect
the operation of a V.22 answer modem).

3. On detection of scrambled binary 1s in the high chan-
nel at 1200 bps for 270 + 40 ms, the modem is ready
to receive data at 1200 bps and applies an ON condi-
tionto RLSD.

4, 765 + 10 ms after RLSD has been tumed ON, CTS is
conditioned to respond to RTS and the modem is
ready to transmit data at 1200 bps.

851C6
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Answering Modem

1. On connection to line, the answering modem follows
Recommendation V.25 by remaining silent for 2150 <
350 ms, then sends 2100 Hz answer tone for 3300 =
700 ms.

2 After transmitting answer tone, the answering modem
transmits signals in the high channel at 1200 bps.
The modem applies an ON condition to DSR and
then transmits unscrambled binary 1 at 1200 bps.

3. On detection of scrambled binary 1s in the low chan-
nel at 1200 bps in 270 + 40 ms, the modem transmits
- scrambled binary 1s at 1200 bps.

4. After scrambied binary 1s have been transmitted at
1200 bps for 765 + 10 ms, the modem is ready to
transmit and to receive data at 1200 bps, conditions
CTS to respond to RTS and applies an ON condition
to RLSD.

Modem Compliance with V.22 1200 bps Connect
Sequence

The modem complies with the handshake interworking
defined in V.22 with the deviations noted below. Hand-
shake timing for V.22 recommendation and as imple-
mented is shown in Figures 6-3 and 6-4, respectively.

1. Unscrambled mark is detected in 180-223 ms in the
calling modem, at which time DSR tums on.

2. The amount of time to wait to transmit scrambled bi-
nary ones in the calling modem is shortened to
350 ms to compensate for the late detection of scram-
bled ones.

3. Scrambled binary ones are detected earlier in both the
calling modem and the answer modem.

4. RLSD tumns on 450 + 10 ms after scrambled binary
ones have been detected in both the calling and an-
swering modem.
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6.2. BELL 212A HANDSHAKING
PROCEDURES

6.2.1. Bell 212A Handshaking Sequence

The Bell 212A handshaking sequence is designed to 100-
series modem specifications when the modem is operated
in the low-spead mode (Bell 103). In the high-speed mode
(Bell 212), the events still occur in the same sequence
except for an extra delay of approximately one secord
during the handshaking procedure. This is because extra
time is required to acquire information in the high-speed
mode of operation.

Specifically, the originating modem places a call to the
answering modem which, upon receiving the call, places
the modem (manually or automatically) into the data
mode. In the data mode the channel is kept quiet for two
seconds, then the transmitter (answering station) sends a
2225 Hz answer tone while the receiver listens to the low
band for reply. The originating modem can be a 100-series
modem or a 212A modem operating in the low-speed
mode (Case A), or a 212A modem operating in the high-
speed mode (Case B).

In Case A {low speed), the calling party detects the answer
tone via the the telephone and places the modem into the
data mode manually; or in the case of an automatically
originated call, the originating modem automatically goes
into the data mode. Once in the data mode, the originating
modem waits 456 + 10 ms to allow the disabling of echo
suppressors, then sends a 1270 Hz tone (mark) for 756 =
10 ms, and raisaes CTS to signal the customer to send
data. The answering modem, upon detecting the low band
mark decides it is talking with a 100-series modem, selects
the low-speed mode of operation, and tumns CTS and
RLSD ON

in Case B (high speed), upon detecting the answer tone
and waiting 456 + 10 ms, the originating modem sends a
jow band mark in the form of a PSK signal through the
transmitter scrambler (designated as scrambled mark).
The answering modem requires < 310 ms to detect scram-
bled mark after which the answering modem selects the
high-speed mode of operation. The answering modem
then terminates the 2225 Hz answer tone and transmits
scrambled mark in the high band, waits 756 = 10 ms to
allow the originating modem to acquire timing information,
and then raises CTS to the customer for data transmis-
sion. The originating data set requires < 310 ms to detect
scrambled mark, 450 = 2 ms for the equalizer to adapt,
then tums RLSD ON. The originating modem raises CTS
765 » 10 ms after scrambled mark is detected.

The customer interface timing for high-speed and low-
speed connect sequences are shown in Figures 6-7
through 6-11.

6.2.2. Modem Compliance with Bell 212A Connect
Sequence 7

The modem is compatible with the Bell 212A connect
sequence, with the deviations noted below. The timing for
the high-speed standard and as implemented is shown in
Figures 6-8 and 6-9, respectively. The timing for the low-
speed standard and as implemented is shown in Figures
6-10 and 6-11, respectively.

High Speed (1200 bpe)

1. Inthe originating modem, DSR tums ON 60-130 ms
after detecting answer tone rather than 100-200 ms.

2. Inthe originating modem, RLSD tums ON 510-610 ms
after P2M is being received. This allows the receiver

adaptive equalizer to train.

3. In the answer modem, P1M is sent 120-130 ms after
P1M is received instead of 231-308 ms. Also, RLSD
tums ON 450 ms after P2M is sent instead of 774 ms.

4. In both the originate and answer modem, CTS tumns
ON 9 ms early.

Low Speed (300 bps)

1. Inthe originating modem, CTS turns on 853-856 ms
after RLSD, instead of 755-774 ms.

2. In the answer modem, CTS turns on 426 ms after
RLSD turns ON, instead of tuming ON concurrently
with RLSD.

6.3. V.21 HANDSHAKING PROCEDURES
CCITT Recommendation V.21 does not specify a hand-
shake procedure. The modem handshake timing for this
mode has been designed to be compatible with other V.21
modems. This timing is described in figure 6-12.

6.4. V.23 HANDSHAKING PROCEDURES
CCITT Recommendation V.23 does not specify a hand-
shake procedure. The modem handshake timing for V.23
differs slightly depending on whether the modem is config-
ured for 1200 bps half-dupiex, 75 bps half-duplex, or
asymmetric mode (1200 bps one direction, 75 bps in the
opposite direction). The handshake timing for these
modes is shown in Figures 6-13 through 6-15.
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6-17

851C6



RC2324DP/RC2424DP Designer’s Guide

NIAOW ONIHIMSNY JHL A8 INIS Sl INOL HIMSNY ZH 0042 ‘SISYD HLOE NI
ONILLIWSNVHL SI N30ON ONITIVD NIHM SHNIDO0 8 ISVYD

ONLULLINSNVHL Sl W3GON ONIHIMSNY NIHM SHNDOO V 3SYD 310N

IN3S viva

SW G6 - €8

s 054€

QEm.wI'_ fe—

ZH 0012

INOL HIMSNV

—T

sw 0Zs - oSy

G3AI13034 viva

IN3IS Viva

—

sw 02S - 0SY fe—

Q3AI13034 viva

SW Oy - 8¢ —

HILLINSNVHL

{v
S10

—

asiy

(a
axy

—

usa

HILLINSNVHL

{8

asy
(v

axy

usa

Figure 6-15. V.25/V.23 Call Estab. - 75 bps Half-Duplex

851C6

6-18



RC2324DP/RC2424DP Modem Designer’s Guide

7. AUTOMATIC MODE
DETECTION
RECONFIGURATION

The modem supports CCITT recommendations V.22 bis,
V.22, V.21, and V.23, as well as Bell 212 (1200 bps) and
Bell 103. V.22 bis, V.22, Bell 212, and Bell 103 define
handshake sequences for modems using those configura-
tions. In instances where the host does not know what type
of modem is located at the remote end, a method of
automatic detection and reconfiguration is needed.

Several methods of automatic mode detection and recon-
figuration are possible.

One method makes use of the zero-crossing counter
(available at XRAM address 3B, XCR = 1) to determine the
frequency of the incoming signal.

A second method, presented in the section, makes use of
the digital filters available in each mode. More information
on the digital fiters and the default frequency detection
values can be found under "Diagnostic Data Scaling” in
section 3. An automatic mode detection/reconfiguration
scheme is shown for both originate and answer modes in
Figures 7-1 and 7-2, respectively. This scheme can be
used to detect and configure all supported CCITT and Bell
modes.

Note: In V.22 bis (2400 bps), some modems require
scrambled Mark in addition to the amount aliowed by the
CCITT V.22 bis handshake. Additional scrambied Marks
can be provided by the host by not raising CTS to the DTE
until an amount of time after connection is established.
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START

CLEAR VARWBLES

I

1 — ORG (09:4)

]

PROCEDURE
“SETDWAL"

o

NOTE 1.

"ANS.DET™:

NOTE 2.

NOTE 3.

THE FOLLOWING VARIABLES ARE USED
IN THIS PROGRAM:
“CONNECT": SETS TO t IF ACONNECTION

IS ESTABLISHED.

*TMER.SET": SETS TO 1 IF THE CALL PROGRESS

COUNTDOWN TIMER IS SET.
SETS TO 1 F ANSWER TONE HAS
BEEN DETECTED. THIS ALLOWS
THE vV.23.75.DET PROCEDURE TO
AVOID TESTING FOR FALSE
DETECTION DURING CALL
PROGRESS.

“G#.T0.0N’: SETSTO 1 IF A RINGBACK SIGNAL

FROM OFF TOON IS DETECTED.

“LAST.DET™ SETSTO 1 IF CALL PROGRESS

ENERGY WAS DETECTED IN THE
PREVIOUS LOOP.

THE MODEM NEEDS TO BE RECONFIGURED FOR
V22 BIS BEFORE TONE GENERATION MODE

SO THAT THE TONE DETECT FLTERS GET

SET PROPERLY.

THE RAM LOCATIONS THAT DETERMINE TONE
GENERATION AMPLITUDE SHOULD BE
CLEARED BEFORE ENTERING TONE MODE .

PROCEDURE NO

SEE NOTE 1
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*SET.TONE"
PROCEDURE
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"CALL.PROGESS"

Figure 7-1. Auto Detection/Reconfiguration-Originate
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Figure 7-1. Auto Detection/Reconfiguration-Originate (Cont)
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Figure 7-1. Auto Detection/Reconfiguration-Originate (Cont)
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Figure 7-1. Auto Detection/Reconfiguration-Originate (Cont)
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Figure 7-1. Auto Detectior/Reconfiguration-Originate (Cont)
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Figure 7-1. Auto Detection/Reconfiguration-Originate (Cont)
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Figure 7-2. Auto Detection/Reconfiguration-Answer
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Figure 7-2. Auto Detection/Reconfiguration-Answer (Cont)
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