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GENERAL DESCRIPTION

Intel 89C024XE is a highly integrated, low power,
high performance, intelligent modem chip set. This
two chip solution is composed of the 89027 Analog
Front End and 89CO026XE microcontroller. At
12.96 MHz the microcontroller is capable of execut-
ing error correction and data compression routines.
The system is compatible with the following CCITT
and BELL standards.

e CCITT V.22 bis

2400 bps sync and async

1200 bps sync and async

CCITTV.22A&B

1200 bps sync and async

CCITT V.21
0 to 300 bps anisochronous

BELL 212A
1200 bps sync and async
300 bps fali-back mode

BELL 103
0 to 300 bps anisochronous

The 89C024XE system consists of a 16 bit applica-
tion specific processor (89C026XE) and an analog
front end device (89027). The 89C026XE processor

In stand-alone modem applications, the 89C024XE
chip set along with a Data Access Arrangement
(DAA), a serial NVRAM, and RS-232 driver/receiv-
ers and EPROM with 8K x 8 static RAM represent
the circuitry required for implementing an auto-dial,

~ auto-answer, 300 to 2400 bps, MNP class 5 full du-

performs all “Digital Signal Processing” algorithm -

execution for processing the modem signals, as well
as providing all modem control functions typically
performed by an external processor. The analog
front end provides for 2 wire and 4 wire telephone
line interface, D/A conversion, and most of the com-
plex filtering functions required in QAM/PSK/FSK
modems. Refer to Figure 1 for a simplified block dia-
gram of the system.
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plex Hayes compatible intelligent modem.

A complete set of Industry Standard AT commands
is provided for modem configuration and user inter-
face. Virtually ali PC software written for the Hayes
Smartmodem 2400 can also be used with this chip
set. Alternatively, in applications where user proprie-
tary modem control commands and features are de-
sired, the user can replace the 89C024XE command
module with custom proprietary software.

The 89C024XE has a set of default features. Upon
power up, the modem configuration will be in ac-
cordance with these default options, unless a differ-
ent configuration has been saved in the external
NVRAM with the &W command.

The 89C024XE modem has built in auto-dialing and
auto-answering capabilities. It can be configured to
the proper line signaling mode (Tone or Pulse), and
to to the type (CCITT or Bell) and speed of the call-
ing or answering modem. It can also detect and
identify call set-up signals of telephone networks, al-
lowing unattended data call operation.

A full set of diagnostic loop-test features compatible
with CCITT V.54 is supported. The chip set aiso pro-
vides a line signal for audio monitoring of call prog-
ress, a comprehensive set of DAA control lines fora
simple interface to the telephone network, and a full
complement of TTL level RS-232/V.24 handshake
signals.
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PACKAGING
89027 is available in PLCC and standard plastic DIP packages. The 89C026XE is availabie in a PLCC pack-
age.
-
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CALL ESTABLISHMENT,
TERMINATION AND RETRAIN

The 89C024XE modem system incorporates all pro-
tocols and functions required for automatic or manu-
al call establishment. The modem system also incor-
porates all protocols and functions required for prog-
ress and termination of a data call.

The modem chip-set has a built-in auto-dialer, both
DTMF and Pulse type. The modem can detect the
dial, busy, and ringback signals at remote end, and
will provide call progress messages to the user. The
modem is capable of re-dialing the last number di-
aled, by one command.

The modem when configured for auto-answer, wili
answer an incoming call, remain silent for the two
second billing delay interval, before transmitting the
answer tones. Afterwards modem to modem identifi-
cation and handshaking will proceed at a speed and
operating mode acceptable to both ends of the link.

The data call can also be setup by manual dialing
with the modems set to data mode, or by voice to
data transfer by means of mechanical switch (exciu-
sion key), using the SH pin. Once set to data mode,
the modem handshaking will proceed before the
modems will be ready to accept and exchange data.

During data transmission, if one of the modems finds
that the received data is likely to have a high bit error
rate (indicated by a large mean square error in the
adaptive equalizer), it initiates a retrain sequence.
This automatic retrain feature is only available at
2400 bps, and is compatible with CCITT V.22 bis
recommendations.

Disconnection of the data call can be initiated by the
DTE at the local end or by the remote DTE, (if the
modem is configured to accept it). Whether DTR will
initiate a disconnect, depends on the last &D com-
mand. Receiving a long space from a remote mo-
dem will initiate a disconnect only after a Y1 com-
mand. The optional disconnect requests originated
by the remote modem, are of two types, (1) discon-
nect when receiving long-space, and (2) discon-
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nect when received carrier is dropped. The modem
chip-set can also be configured to transmit ‘long-
space’ just before disconnection, in each of the
aforementioned cases.

Because the CCITT and Bell modem connection
protocols do not provide recognition of remote mo-
dem type (i.e. V.22 bis to 212A), the Intel chip-set
provides the additional capability of identifying the
remote modem type. This feature is beneficial during
the migration phase of the technology from the 1200
bps to 2400 bps. In North America, where the in-
stalled base of 1200 bps modems is mostly made-up
of 212A type, this feature allows a “Data Base Serv-
ice Provider” to easily upgrade the existing 212A
modems to 2400 bps V.22 bis standard, transparent-
ly, to 212A users. Similarly, a user with a 89C024XE
based modem system can automatically call data
bases with either 212A or V.22 bis modems, without
concern over the difference. This feature’s benefits
are realized in smooth upgrading of data links, with
minimum cost and reduced disruption in services.
Refer to Table 1 for a detailed description of remote
modem compatibility.

SOFTWARE CONFIGURATION
COMMANDS

This section lists the 89C024XE commands and reg-
isters that may be used while configuring the mo-
dem. Commands instruct the modem to perform an
action, the value in the associated registers deter-
mine how the commands are performed, and the re-
sult codes returned by the modem tell the user
about the execution of the commands.

The commands may be entered in a string, with or
without spaces in between. Any spaces within or be-
tween commands will be ignored by the modem.
During the entry of any command, the ‘backspace’
key (CNTRL H) can be used to correct any error.
Upper case or lower case characters can be used in
the commands. Commands described in the follow-
ing paragraphs refer to asynchronous terminals us-
ing ASCI| codes.
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Table 1. Remote Modem Compatibility

Originating Answering Modem
89C024XE Belt Bell CCITT cCciTT (vellng
Modem 300 1200 300 1200 2400
Bell 300 300 300 — 300* 300*
1200 1200* 1200 — 1200 1200
CCITT 300 — — 300 - —
1200 1200* 1200 — 1200 1200
2400 1200* 1200 1200 2400
Answering Originating Modem
89C024XE Bell Bell CCITT CCITT CCITT
Modem 300 1200 300 1200 2400
Bell 300 300 1200 - 1200 1200
1200 300 1200 — 1200 1200
CCITT 300 — — 300 — —
1200 300* 1200 —_ 1200 1200
2400 300* 1200 — 1200 2400

* These connection data rates are obtained when connecting 89C024XE based modems end to end. The same results may
not be obtained when a 89C024XE based modem is connected to other modems.
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Command Set & Command Set (Continued)
AT Attention code. &C | DCD Options
A Go off-hook in answer mode &D | DTR Options
A/ Repeat previous command string &F | Fetch Factory Configuration Profile
Bn BELL/CCITT Protocol Compatibility at &G | Guard Tone
300 and 1200 bps &J | Telephone Jack Selection
Ds The dialing commands &L | Leased/Dial-up Line Selection
(09ABCD*#PRTSW,; @) &M | Async/Sync Mode Selection
En Echo command (En) &P | Make/Break Pulse Ratio
Hn Switch-Hook Control &R | RTS/CTS Options
If &J1 option is selected, H1 will also &S | DSR Options
switch the auxiliary relay &T | Test Commands
In Request Product Code and Checksum &W | Write Configuration to Non Volatile Memory
Ln Speaker Volume &X | Sync Clock Source
Mn Monitor On/Off &2 | Store Telephone Number
(0] On-Line
Qn Result Codes
Sn=x | Write S Register
Sn? Read S Register
vn Enable Short-Form Result Codes
Xn Enable Extended Result Code
Yn Enable Long Space Disconnect
V4 Fetch Configuration Profile
+ + + | The Default Escape Code
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CONFIGURATION REGISTERS Dial Modifiers

The modem stores all the configuration information P | PulseDial

in a set of registers. Some registers are dedicated to R | Originate callin Answer Mode

special command and function, and others are bit- T | Tone Dial

mapped, with different commands sharing the regis- S | Dial a stored number

ter space to store the command status. W | Wait for dial tone

s Delay a dial sequence

S0* |Ring to Answer ; | Returnto command state

S1 |Ring Count. (Read Only) ! | Initiate a flash

S2  |Escape Code Character @ | Wait for quiet

S3 Carriage Return Character

S4 |Line Feed Character Example:

S5 |Back Space Character Terminal: AT &Z T 1 (602) 555-1212

S6 Wait for Dial Tone Modem: OK

§7 | Wait for Data Carrier Resultt Modem stores T16025551212 in the ex-

S8 Pause Time for the Comma Dial Modifier ternal NVRAM.

S9 Carrier Detect Response Time

S10 | Lost Carrier to Hang Up Delay The number can be dialed from asynchronous mode

S11 | DTMF Tone Duration by issuing the following command:

S12 |Escape Code Guard Time Terminal: AT DS

S13 |Not Used Modem: T16025551212

S14 * | Bit Mapped Option Register . N

S15 |NotUsed or by turning on DTR when in Synchronous Mode 2.

S16 | Modem Test Options Up to 33 symbols (dial digits and gigl modifiers) may

S17 | Not Used be stored. Spaces and other delimiters are ignored
. ! and do not need to be included in the count. If more

§18 * | Test Timer than 33 symbols are supplied, the dial string will be

819 | Not Used truncated to 33.

820 |Not Used

S21 * | Bit Mapped Options Register

S22 * | Bit Mapped Options Register APPLICATIONS OVERVIEW

$23 * | Bit Mapped Options Register .

s24 |Not Used Lhe block dlagt%lm of adstanq-atljom’a ?Oé) to l2;}00 b%s
. ayes compatible modem is depicted in Figure 3.

:gg . g?‘;’;;oC?_;RDS:"i’i T:‘gu The DAA section shown in this diagram may be ob-
o ay Dup.) tained with FCC registration, or implemented using

$27 * | Bit Mapped Options Register the suggested diagram in Figure 4.

NOTE:

* These S registers can be stored in the NVRAM.
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Inter 89C024XE
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SYSTEM COMPATIBILITY SPECIFICATIONS

Parameter Specification
Synchronous 2400 bps +£0.01% V.22 bis
1200 bps £0.01% V.22 and BELL 21 2A
Asynchronous 2400, 1200 bps, character asynchronous.

0 - 300 bps anisochronous.

Asynchronous Speed Range

+1% —2.5% default. Extended +2.3% —2.5% range of CCITT
standards optional via software customization.

Asynchronous Format

10 bits, including start, stop, parity. 8, 9, 11 bits optional via S/W
customization.

Synchronous Timing Source

a) Internal, derived from the local oscillator.
b) External, provided by DTE through XTCLK.
¢) Slave, derived from the received clock.

Telephone Line Interface

Two wire full duplex over public switched network or 4 wire
leased lines.
On-chip hybrid and billing delay timers.

Modulation

V.22 bis, 16 point QAM at 600 baud.
V.22 and 212A, 4 point PSK at 600 baud.
v.21 and 103, binary phase coherent FSK

Output Spectral Shaping

Square root of 75% raised cosine, QAM/PSK.

Transmit Carrier Frequencies

V.22 bis, V.22, 212A Originate 1200 Hz £ .01%
Answer 2400 Hz + .01%

v.21 Originate 'space’ 1180 Hz + .01%
Originate 'mark’ 980 Hz + .01%
Answer 'space’ 1850 Hz + .01%
Answer 'mark’ 1650 Hz + .01%

Bell 103 mode Originate 'space’ 1070 Hz + .01%
Originate 'mark’ 1270 Hz + .01%
Answer 'space’ 2020 Hz *+ .01%
Answer 'mark’ 2225Hz + .01%

Receive Carrier Frequency Limits

V.22 bis, V.22, 212A Originate 2400 Hz = 7 Hz
Answer 1200 Hz £ 7 Hz

v.21 Originate 'space’ 1850 Hz + 12 Hz
Originate 'mark’ 1650 Hz + 12 Hz
Answer 'space’ 1180 Hz + 12 Hz
Answer 'mark’ 980 Hz + 12Hz

Bell 103 Originate 'space’ 2020 Hz + 12Hz
Originate 'mark’  2225Hz + 12Hz
Answer 'space’ 1070 Hz + 12 Hz
Answer ‘'mark’ 1270 Hz £ 12Hz

Typical Energy Detect Sensitivity

Greater than —43 dBm ED is ON. Less than —48 dBm ED is
OFF. Signal in dBm measured at AO2.

Energy Detect Hysteresis

A minimum Hysteresis of 2 dB for QAM scrambled mark.

Line Equalization

Fixed compromise equalization, transmit.
Adaptive equalizer for PSK/QAM, receive.

Diagnostics Available

Local analog loopback.
Local digital loopback.
Remote digital loopback.

Self Test Pattern Generator

Alternate 'ones’ and 'zeros’ and error detector, to be used along
with most loopbacks.
A number indicating the bit errors detected is sent to DTE.
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RECEIVER PERFORMANCE SPECIFICATIONS

Typical SNR for
Test Cases 10-5 BER Performance

Data Rx Level Answer Originate

Mode (dBm) (dB) (dB)
V.22 bis —30 16 16.5
Synchronous —40 16.5 18
V.22/Bell 212A —30 6.5 6.5
Synchronous —40 6.5 6.5
v.21 —30 9 7.5
Asynchronous —40 9 8
Bell 103 -30 10 11.5
Asynchronous . —40 10 115

Test Conditions:

— Receive Signal (Rx) measured at A02 (transmit level set at —9 dBm)
— Unconditioned 3002 Line

— 3 KHz Fiat-Band Noise

PERFORMANCE SPECIFICATIONS

Parameter Min Typ Max Units Comments

DTMF Level 4.0 dBm at AO1
DTMF Second Harmonic —-35 dB HYB enabled into 6000}
DTMF Twist (Balance) 3 dB
Default DTMF Duration 100 ms Software Controlled
Puise Dialing Rate 10 pps
Puise Dialing Make/Break 39/61 % us
33/67 % UK, Hong Kong
Pulse Interdigit Interval 785 ms
Billing Delay Interval 2.1 sec
Guard Tone Frequency 540 Hz
Amplitude -3 dB8 referenced to High
Channel transmit.
Frequency 1800 Hz QAM/PSK Modes Only
Amplitude -6 dB
Dial Tone Detect Duration 3.0 sec
Ringback Tone Detect
Duration 0.75 sec .
Cadence 1.5 Off/On Ratio
Busy Tone Detect
Duration 0.2 sec
Cadence 0.67 1.5 Off/On Ratio
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89C026XE OVERVIEW

The 89C026XE processor performs data manipula-
tion, signal processing and user interface functions.
It supports external ROM and RAM to perform asyn-
chronous, synchronous, and/or custom code with or
without high level protocol functions. These options
will allow proprietary modem control, functions, call
progress management applications to be imple-
mented. A block diagram of the 89C026XE is provid-
ed in Figure 5.

89C026XE contains a TTL compatible serial link to
DTE equipment, along with a full complement of
V.24/RS-232-C control signals. Alternatively, a
UART or USART may be used directly to transfer
data to and from a microcomputer bus. The industry
standard AT command set is supported by the
89C026XE, facilitating compatability between
89C024XE and most PC software written for the AT
command set.

During transmit operation, the 89C026XE synthe-
sizes DTMF tones and the 300 BPS FSK modem

signal and transmits them to the 89027 as digitized
amplitude samples. During 1200 and 2400 BPS op-
eration, DPSK and QAM is used to send 2 to 4 bits
of information respectively at 600 baud to the AFE.
Because the QAM coding technique is an inherently
synchronous transmission mechanism, in the case
of asynchronous QAM transmission, the asynchro-
nous data is synchronized by adding or deleting stop
bits. Following the synchronization process, the
89C026XE transmits digitized phase and amplitude
samples to 89027 over the high speed serial link.

In the receive operation, the information is received
by the 89C026XE from the 89027 as two signals
which are 90 degrees phase shifted from each oth-
er. These analog signals are then digitized by the
A/D converter resident on the 89C026XE. By using
DSP algorithms, the received signals are processed
using adaptive equalization for telephone line delay,
amplitude distortion and gain adjustment is executed
and the signal demodulated. Following demodula-
tion, the data is unscrambled, and if necessary, re-
turned to asynchronous format.
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Figure 5. 89C026XE Block Diagram
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89C026XE PINOUT

Symbol Function (89C024XE) Direction Pin No.
CLKIN 12.96 MHz master clock from 89027 In 67
CLKIN2 270 KHz from 89027 In 44
RST Chip reset (active low) In 16
| In-phase received signal In 11
Q Quadrature-phase received signal In 10
STR Symbol Timing from 89027 In 24
ED Energy Detect input In 9
TSYNC Transmitter sync pulse to 88027 Out 35
SDATA Serial Data to 89027 Out 17
SCLK Serial Clock to 89027 Out 18
OH Off-Hook control to DAA Out 33
SH Switch-Hook from dataphone In 5
RI Ring Indicator from DAA In 42
AR Aux Relay control to DAA Out 38
TCL1 NVRAM Data I/0 110 20
TCLO NVRAM CLK Out 19
B/C Reserved for future use (Voo)d) In 15
S/A NVRAM CE Out 21
D/S Dumb/Smart mode select In 6
CONFIG Reserved for future use (Vco)®) In 8
™ Test Mode Indicator Out 39
TXD Transmitted data from DTE In 27
RXD Received data to DTE Out 29
RTS Request to send from DTE : In 22
CTS Clear to Send to DTE Out 23
DSR Data Set Ready to DTE Out 30
DCD Data Carrier Detect to DTE Out 31
DTR Data Terminal Ready from DTE In 25
RCLK Received clock to DTE Out 34
TCLK Transmit clock to DTE Out 28
XTCLK External timing clock from DTE In 26
Si Speed Indicator to DTE Out 32
REMLB Remote Loopback Command from DTE In 7
LCLLB Local Loopback Command from DTE In 4
Vee Positive power supply (+5V) +5v 1
CDE Clock detect enable (Vgg)(1) GND 14
VREF A/D converter reference +5V 13
Vss1 Digital ground GND 36
Vss2 Digital ground GND 68
AGND Analog ground AGND 12
Vep (NC) @ In 37
EA External Memory enable In 2
ADO-AD15 External memory access address/data(4) 170 60-45
AA Auto Answer(4) Out 60
JS Jack Select(4) Out 59
CD Carrier Detect Indicator(4) Out 58
MR Modem Ready indicator(4) Out 57
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89C026XE PINOUT (Continued)

Symbol Function (89C026XE) Direction Pin No.

NMI No-maskable Interrupt(Vgg)(") in 3
X2 Crystal output(NC)(@) Out 66
CLKOUT Cik output ' Out 65
BUSWIDTH Bus Width in 64
INST External memory instruction fetch Out 63
ALE Address latch enable Out 62
RD External memory read Out 61
READY External memory ready In 43
BHE External memory bus high enable Out 41
WR External memory write Out 40

NOTES:

1. Pins marked with (Vgs) must be connected to Vss.

2. Pins marked with (NC) are to be left unconnected.

3. Pins marked with (Vcc) must be connected to Vo,

4. With internal ROM enabled, ADO-AD3 are used as AA, J§,

5. Pins with direction “IN” must not be left floating.

89C026XE PIN DESCRIPTION

XTCLK

Transmitter timing from DTE, when external clock
option is selected.

TXD

The serial data from DTE to be transmitted on the
line. A logic ’high’ is mark. In synchronous mode,
89026 samples this data on the rising edges of
TCLK.

TCLK

Clock output from 89026 as timing source for data
exchange from DTE to modem. Serial data is read
on the rising edges of the TCLK. This output is High
in asynchronous mode.

RXD

The serial data to DTE. 'Mark’ is a logic High. In
synchronous mode, the rising edge of RCLK occurs
in the middle of RXD.

RCLK

Synchronous clock output. Rising edge of RCLK oc-
curs in the middle of each RXD bit. This pin remains
High in asynchronous mode.

Vpp
This function is not used and shouid not be connect-
ed.

™
A Low indicates maintenance condition in the mo-
dem.
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D, and MR respectively.

DCD

In async operation, DCD remains Low regardless of
data carrier (default), or it can be programmed to
indicate received carrier signal is within the required
timing and amplitude limits. In sync operation Low
indicates the received carrier signal is within the re-
quired timing and amplitude limits.

DSR

Low indicates modem is off-hook, and it is in data
transmission mode, and the answer tone is being
exchanged. CTS Low indicates modem is prepared
to accept data.

RTS

In async mode RTS is_ignored. Under command
control, in sync mode RTS can be ignored, or the
modem can respond with a Low on CTS.

DTR

&D0 command will cause the modem to ignore DTR.
For &D1 the modem assumes the asynchronous
command state on a Low to High transition of the
DTR circuit. The &D2 command does the same as
&D1 except the state of DTR will enable/disable
auto answer. A Low to High transition of DTR after
the &D3 command will cause the modem to assume
the initialization state.
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TCL1, TCLO

These pins are used as the serial clock and data for
interface to an NVRAM. Refer to Figure 3. TCLO is
used to output a clock and serial data is transferred
in on TCL1.

AR
This Auxiliary relay control is for switching a relay for
voice or data calls. High is voice, Low is data.

RI

A Low signal from DAA indicates line ringing. This
input is ignored when the modem is configured for
leased line. This signal should follow the ring ca-
dence.

OH

Low sets an off hook condition, high indicates an on
hook. When dialing, this signal is used to pulse dial
the line.

SH

Used as a telephone voice to data switch or vice
versa. Any logic level transition will toggle the mo-
dem state. This input is ignored, if a software com-
mand attempts to switch the modem between voice
and data.

AA
Used as an indicator for Auto Answer status and
Ring indicator. Active low.

LCLLB

A Low will set the modem in the local analog loop-
back test mode. Logic Low levels applied simulta-
neously to REMLB and LCLLB pins, sets the modem
to the local digital loopback.

REMLB

A logic Low on this pin initiates a remote loopback
condition.

cD
A Low indicates the presence of carrier signal on the
line.
MR

A Low indicates the presence of the DSR signal.
Toggling indicates that a test mode is active.
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Sl

Selects one of the two data rates or ranges of rates
in the DTE to correspond to the rate in modem. Low
selacts the higher rate (2400 CCITT/1200 BELL) or
range of rates. High selects the Low rate or range of
rates.

D/S
A Low on this pin will indicate the smart mode which

will respond to all commands. A High will ignore all
commands.

VREF
Voltage reference for the analog to digital converter
should be connected to the 89027 AVcc.

CDE

This pin must be connected to Vgss.

S/A

The function of this pin is re-defined as external
NVRAM CE.

CONFIG

Reserved for future use. This signal should be pulled
high.

EA
When high, memory access from address 2000H to

4000H are directed to on-chip ROM. When low, all
Memory access is directed to off-chip memory.

Js
Low is used to pulse A and A1 leads to controi a 1A2
Key System jack.

BUSWIDTH

When high, external memory accesses are 16 bits
wide. When low, external memory accesses are 8
bits wide.

READY

When high, no wait states are inserted in external
memory accesses. When low, one wait state is in-
serted in each external memory access.
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89C026XE ABSOLUTE MAXIMUM
RATINGS*

*Notice: Stresses above those listed under "Abso-
Jute Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and

Temperature Under Bias ............ 0°Cto +70°C functional operation of the device at these or any
Storage Temperature .......... —40°Cto +125°C other conditions above those indicated in the opera-
Voltage from Any Pin to tional sections of this specification is not implied. Ex-
OV 9 or A?GND y Hl —0.5Vio +7.0V posure to absolute maximum rating conditions for

s W VIR e mr o e ) extended periods may affect device reliability.
Average Output Current from Any Pin ... 10 mA
Power DisSIPatioN . . . ...covneriarriannns 15wWatts  NOTICE: Specifications contained within the

following tables are subject to change.

OPERATING CONDITIONS

Symbol Parameter Min Max Units

TA Ambient Temperature Under Bias 0 +70 °C

Vee Digital Supply Voltage 4.75 5.25 \

VREF Analog Supply Voltage 475 5.25 \

fosc CLKIN Frequency 12.95870 12.96130 MHz
NOTE: '

The AGND and Vgg on both the 89C026XE and the 89027 must be nominally at the same potential.

DC CHARACTERISTICS

Symbol Parameter Min Typ(? Max Units| Test Conditions

ViL Input Low Voltage -0.5 +0.8 V'

Vi input High Voltage(!) 10.2vge + 0.9 Vec +05] V

Vg | Input High Voitageon CLKIN | 0.7 Ve Vec + 05| V

ViH2 Input High Voltage on RESET 22 Vec + 05( V

VoL | Output Low Voltage 0.3 V |loL = 200 pA

0.45 V |loL=32mA
1.5 V |loL=7mA

VOH Output High Voltage(4) Vee — 0.3 V |lop= —200pA
Vee — 0.7 V {lon= —3.2mA
Ve — 1.5 V |lon= —7mA

VOH1 Output High Voltage(®) Vge — 0.3 V |lon= —10pA
Voc — 0.7 V |[log= —30pA
Vec— 1.6 V |loy= —60puA

I Input Leakage Current(5) +10 pA |0 <V <Vge — 0.3V

ILit Input Leakage Current(6) +3 pA |0 < VN < VRer

i Logical 0 input Current(3) —50 pA VN = 0.45V

liL1 Logical O Input Current —850 pA | VIN = 0.45V

in RESET) (ALE, RD,
WR, BHE, INST, SCLK)
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DC CHARACTERISTICS (Continued)
Symbol Parameter Min | Typ(? | Max | Units Test Conditions
IREF A/D Converter 2 5 mA CLKIN = 12.96 MHz
Reference Current Vee = Vpp = VRer = 5.25
lcct Active Mode Current 45 60 mA CLKIN = 12.96 MHz
(Typical) '
RRrsT RESET Pullup Resistor 6K 50K Q
Cs Pin Capacitance 10 pF fresT = 1.0 MHz
(Any Pin to Vsg)
NOTES:

(Notes apply to all specifications)

1. All pins except RESET and CLKIN.

2. Holding these pins below V|, in RESET may cause the part to enter test modes.

3. TCLO, TCL1, S/A, RTS, c_TE| DSR, DCD, 8I, OH. _

4. BHE, INST, CLKOUT, RESET, TCLK, RXD, RCLK, TSYNC, TM, SCLK, SDATA. The Vo specification is not valid for
RESET.

5. CDE, EA, READY, BUSWIDTH, NM|, STR, DTR, XTCLK, TXD, B/C, CLKIN2, and RI.

6. S/D, SH, REMLB, LCLLB, 1, Q, CONFIG, ED.

7. Typicals are based on a limited number of samples and are not guaranteed. The values listed are at room temperature
and VRer = Ve = 5V.

A.C. CHARACTERISTICS (Over specified operating conditions)
Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fogc 12.96 MHz

This system must meet these specifications to work with 89C026XE:

Symbol Parameter Min Max Units Notes
Tavyv Address Valid to READY Setup 2Tosc — 85 ns
TLLyv ALE Low to READY Setup Tosc — 72 ns
TyLYH Non READY Time No Upper Limit ns
ToLyx READY Hold after CLKOUT Low 0 Tosc — 30 ns (Note 1)
TLLYX READY Hold after ALE Low Tosc — 15 2Tosc — 40 ns (Note 1)
TavGgy Address Valid to Buswidth Setup 2Tosc — 85 ns
Ty ALE Low to Buswidth Setup Tosc — 70 ns
ToLgx Buswidth Hold after CLKOUT Low 0 ns
TavDv Address Valid to Input Data Valid 3Tosc — 67 ns
TRLDV RD Active to input Data Valid Tosc — 23 ns
TcLov CLKOUT Low to Input Data Valid Tosc — 50 ns
TRHDZ End of RD to Input Data Float Tosc — 20 ns
TRXDX Data Hold after RD Inactive 0 ns
NOTE:

1. If max is exceeded, additional wait states will occur.
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A.C. CHARACTERISTICS (Continued)
Test Conditions: Capacitive ioad on all pins = 100 pF, Rise and fall tines = 10 ns, fosc 12.96 MHz

The 89C026XE will meet these specifications:

Symbol . Parameter Min Max Units | Notes
FoLkiN Oscillator Frequency 12.95870 12.96130 MHz

Tosc Oscillator Period 1/Forkingaxy | 1/ FOLKINGMIN ns

TXHCH FoLkin High to CLKOUT High or Low 40 110 ns (Note 1)
TcloL CLKOUT Cycle Time 2Tosc ns

TcHCL CLKOUT High Period Tosc — 10 Tosc + 10 ns

ToLLH CLKOUT Falling Edge to ALE Rising —5 15 ns

TLLCH ALE Falling Edge to CLKOUT Rising —-15 15 ns

TLHLH ALE Cycle Time 4Tosc ns

TLHLL ALE High Period Tosc — 10 Tosc + 10 ns

TAvVLL Address Setup to ALE Falling Edge Tosc — 20 ns

TLLax Address Hold after ALE Falling Edge Tosc — 40 ns

TLRL ALE Falling Edge to RD Falling Edge Tosc — 40 ns

TricL | RD Low to CLKOUT Falling Edge 5 30 ns

Trurn | RD Low Period Tosc — 5 Tosc + 25 ns

TRHLH RD Rising Edge to ALE Rising Edge Tosc Tosc + 26 ns {Note 2)
TRLAZ RD Low to Address Float 10 ns

TLLwL ALE Falling Edge to WR Falling Edge Tosc — 10 ns

TowL | CLKOUT Low to WR Falling Edge 0 25 ns

TovwH | Data Stable to WR Rising Edge Tosc — 23 ns

TcHwH | CLKOUT High to WR Rising Edge -10 10 ns

TwiwH | WR Low Period Tosc — 30 Tosc + 5 ns

TwHax | Data Hold after WR Rising Edge Tosc — 10 ns

TwHH | WR Rising Edge to ALE Rising Edge Tosc — 10 Tosc + 15 ns (Note 2)
TwHex | BHE, INST HOLD after WR Rising Edge | Tosc — 10 ns

NOTES:

1. Typical specifications, not guaranteed.
2. Assuming back-to-back bus cycles.
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WAVEFORMS
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READ —\ /
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f— L tLLAX RLOV |+ |=-tRHDZ
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L tavDv . :
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WRITE N /

[ tQVWH—={=-tWHax~]
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' ! .+ owHex—
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I-— tRHBX
ADB~15 ADDRESS OUT
290181-8
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= N /S

290181-11

Figure 6. Bus Signal Timings
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89027 OVERVIEW

The 89027 is a 28 pin CHMOS analog front end de-
vice, which performs most of the complex filtering
functions required in modem transmitters and re-
ceivers. A general block diagram of this chip is pro-
vided in Figure 7. Most of the analog signal process-
ing functions in this chip are implemented with
CHMOS switched capacitor technology. The 89027
functions are controlled by 89C026XE, through a
high speed serial data link.

During FSK transmit operation, the 89027 receives
digitally synthesized mark and space sinusoid ampli-
tude information ‘from the 89C026XE. The 89027
converts the signal to its analog equivalent, filters it,
and transmits it to the telephone line. For QAM
transmission, the signal constellation points are
transferred to the 89027. This information is modu-
lated into an analog signal, passed through spectral

shaping filters, combined with the necessary guard
tone, smoothed by a low pass filter, and transmitted
to the line. Prior to transmitting either FSK or QAM
signals to the telephone line, the 89027 adjusts the
signal gain through an on-board programmable gain
amplifier.

During the receive operation, the received FSK and
QAM signals are passed through anti-alias filters,
bandsplit filters, automatic gain control and carrier
detect circuits, a Hilbert transform filter, and the out-
put sent to the 89C026XE processor as analog sig-
nals.

Other functions provided by the 89027 are: an on-
board two wire to four wire circuit with disable capa-
bility, an audio monitor output with software configu-
rable gain, and a programmable gain transmit signal.

The 89027 is available in 28 pin plastic DIP and
PLCC packages.

1]
SDATA —&-p

SERIAL
SCLK =4 TONE

INTERFACE GEN.

TSYNC —L;

CONTROL 'y

ANTI=ALIAS
FILTER

ADDRESS

GEN. RoM

x1 CLOCK

CIRCUIT
AND
TIMING

il

X2

CLKOUT <=t
CLKOUTZ i
[ ]
€0«

STR STR
A 4 r W 3
MUX I

2
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A

ENERGY
DETECT

y

SMP/HOLD
LEVEL
SHIFT

-

v | smp/HoLD
oei—f LEVEL
' SHIFT

O R I R

Vee Ven AZ2

HILBERT
TRANSFORM

A A

AGC

IS P
13 ‘,,' L}
e |
[ ~ot

AUDIO
l AMP.

LowW v
BAND
FILTER

r 3

HIGH
BAND
FILTER

GUARD
TONES

SMOOTH
FILTER

OUTPUT LEVEL
TX3=TX0
290181-9

Figure 7. 89027 Block Diagram
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89027 PINOUT

Symbol Function (89027) Direction Pin No.
Vee Positive Power Supply (Digital) +5v 28
Ve Negative Power Supply -5V 15
Vss Digital Ground DGND 24
AGND Analog Ground AGND 21
AVee - Positive Power Supply (Analog) +5 7
X1 - Xtal Oscillator in 23
X2 Xtal Oscillator Out 25
CLKOUT 12.96 MHz Clock Output to 89C026XE Out 26
CLKOUT2 270 KHz Clock Output to 89C026XE Out 19
RST Chip reset (active low)(1) In 20
HYB Enable on-chip hybrid(1) In 10
AZ1 Auto-zero capacitor Out 16
AZ2 Auto-zero capacitor In 17
SDATA Serial data from 89C026XE In 2
SCLK Serial clock from 89C026XE in 1
TSYNC Transmitter sync from 89C026XE In 3
STR Symbol timing to 89C026XE Out 27
ED Recsiver energy detect to 89C026XE Out 18
! In phase received signal to 89C026XE Out 13
Q Quadrature-phase received signal to 88C026XE Out 14
AO1 Transmitter output Out 6
AO2 Receiver input In 12
AMP Output to monitor speaker Out 11
TX0 Transmitter level controt (LSB)(1) In 9
TX1 Transmitter level control(1) In 8
X2 Transmitter level control(1) In 5
TX3 Transmitter level control (MSB)(1) In 4
NC (Note 2) In 22

NOTE:

1. When held high, these pins must be connected through 10K resistors to Vgg.
2. Reserved Pin. Must be left No Connect.

89027 Pinout Description AO1

Transmitter output.
TX0-3
These four pins control the transmitted signal level. AOQ2

Refer to Transmit Level Table.
Receiver input.

HYB

This pin enables the on-chip hybrid. A line imped- AMP

ance matching network must be connected between  This output can be used to monitor the call progress
AO1 and AO2 when HYB is.enabled. If HYB is dis- tones and operation of the line.

abled and an external 4W/2W hybrid is used, the

hybrid receive path must be amplified by 6 dB.
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2 NOTES: o
ABSOLUTE MAXIMUM RATINGS() 1. Applies to pins SCLK, SDATA, TSYNC, RST,
Temperature UnderBias ............- Oto +70°C ’;Ygtr TXO-TX::) only.th isted und Absolut
o . esses above those lis under “Absolute
Storage Temperature ............ 40to +125°C Maximum Ratings” may cause permanent damage
Al Input and Output Voltages to the device. This is a stress rating only and func-
with Respectto Vgg ... - - -- —~0.3Vio +13.0V  tional operation of the device at these or any other
All Input and Output Voltages conditions above those indicated in the operational
with Respectto Vcc & AVce. - - - - —13.0Vt0 0.3V sections gf tlhis specification is not i?plied.fExpo-
 ccinati sure to absolute maximum rating conditions for ex-
Power Dissipation ...........coocooeeeenn 1.35W tended periods may affect device reliability.
Voltage with Respect
R 2 —0.3V106.5V

POWER DISSIPATION Ambient Temp = 0°to70° G, Vcc= AVec=5 * 5%, Vgg= AGND= 0OV.

Symbol Parameter Min Typ Max Units
Alceq AV Operating Current 15 21 mA
lccq V¢ Operating Current 5 6 mA
Ibb+ Vgg Operating Current -15 —21 mA
Alccg AV Standby Current 0.2 1 mA
Iccg V¢ Standby Current ‘ 5 6 mA
Ibbg Vgg Standby Current -0.6 -2 mA
Pdo Operating Power Dissipation 175 250 mw
Pds Standby Power Dissipation 30 50 mw

DC CHARACTERISTICS (Ta=0°C to 70°C, AVcc = Vo = SV +5%, Vgg = 5V £5%, AGND =
Vgg = OV), supply voltage must be at the same potential as the 88C026XE power supply. Typical Values are
for Ta = 25°C and nominal power supply values. Ve, and AVge. Voo, AVec and 89C026XE VRer must be
nominally at the same potential.

inputs: TX0, TX1, TX2, TX3, HYB, RST
Outputs: CLKOUT

Symbol Parameter Min Max | Units Test Conditions

lif Input Leakage Current -10 +10 nA Vgs < Vin < Veo

Vil Input Low Voltage Vsg 0.8 \

Vih Input High Voltage 2.0 Veo \

Vol Output Low Voltage 0.4 \ ol = —1.6mA,1 TTL load
Voh Output High Voltage 24 \ loh < 50ua, 1 TTL load
Veol CLKOUT Low Voltage 0.4 A Load Capacitance = 60 pF
Vcoh CLKOUT High Voltage 0.7Vce \ Load Capacitance = 60 pF
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AC CHARACTERISTICS (Ta = 25°C, Voo = AVgg = 5V, Vgg = AGND = OV, Vgg = —5V)

ANALOG INPUTS: AO2

Parameter Min Typ Max Units Test Condition
AO2 Receive Signal Level -9 dBm Hybrid Enabled
AO2 Input Resistance 10 MOhms —2.5V<Vin< + 2.5V
AO2 Allowed DC offset —30 +30 mV Relative to AGND
AUTO ZERO CAPACITANCE | 89027 l
Capacitance = 0.015 uF ,' - Re ‘L" ke E;‘X' ]
Tolerance = +20% X~
Voltage Rating = 10V L :l ” ” I:l
Type = Non-Electrolytic, low leakage. G $ ' 1 $c,_
1 Co i
b s i - &
290181-10

Figure 8. Crystal Equivalent Circuit
CRYSTAL REQUIREMENTS

Parameter Min Typ Max Unit Comments

Frequency Accuracy (0°C-70°C) -0.0035% 12.96 +0.0035% MHz Refer to
Figure 8

Rx 10 16 Ohms

Cx 0.024 pF

Co 5.1 5.6 6.1 pF

CL ~5% 33 +5% pF 2 Load
Capacitors

Crystal Type: Parallel Resonant

ANALOG OUTPUTS: A01, AMP

Parameter Min Typ Max Units Comments
Load Resistance
AO1 600 Ohms
AMP 10 kOhms
Load Capacitance
AMP 100 pF
Audio Amp Gain -9 dB Max
AO1 to Amp —-18 dB Mid
—26 dB Min ( Software )
—-70 dB Off Selectable
Audio Amp Gain(1) +12 dB Max
AO2 to Amp +3 dB Mid
—4 dB Min (Soﬂware )
—60 dB Off Selectable
NOTE:

1. Assumes on-chip hybrid is enabled. When on-chip hybrid is disabled, gain with respect to AO2 is reduced by 6 dB.
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REFERENCE MANUAL

For reference purposes please refer to the Modem
Reference Manual which contains a full description

of the AT commands and S-registers supported by
the 89C024XE Modem chip set.

Transmit Output Level()

TX 3,2,1,0 Typ Units
0000 +5 dBm
0001 +4 dBm

[ ] .
o [ ]
[ ] o [ ]
-9 dBm
-10 dBm
NOTE:

1. For PSK and QAM transmit signal. For FSK transmit sig-
nal levels, they are typically 1 dB lower. All signals are

measured at AO1.

2. The tolerance for the above transmit levels are +1 dBm.
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REVISION 003 HISTORY

The following differences exist between Rev. -002

and this version of the data sheet:

1. The MNP code for the 89C024XE has been re-
vised to the 5.3 software. The major changes and
improvements in 5.3 are listed below.

i. Expanded NVRAM (9346) support which al-

lows storage and retrieval of four phone num-
bers and two user profiles. Commands sup-
ported are &Zn, DS, &Wn and Zn.

i. S11 DTMF duration and spacing register sup-

port.

Factory defaults changed from &C0, &DO0 to
&C1, &D2 respectively.

iv. The B command can select between V.21

and Bell 103 modes for 300 bps connections.
The B/C pin on the 89C026XE is ignored.

. ATO from the call progress mode causes the

modem to go into originate mode instead of
answer mode. When off line, ATO gives “NO
CARRIER"” response, instead of going on
line.
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vi.

vii.

viii.

ix.

\S command is supported. This command
displays the state of the most important mo-
dem configuration parameters on the termi-
nal, 8 lines at a time.

If the modem is configured for both MNP and
Synchronous modes of operation, then the
modem will ignore the MNP parameters.

MR and CD LED drivers to write to Port 3, bits
2 and 3 are supported.

600 bps operation is not supported.

More detail on these enhancements is provided in
the modem reference manual.

2.

Receiver BER performance table has been ex-

panded.

3.

Frequency and Phase jitter specs have been re-

moved.

. 89024 reference manual has been superseded by

the modem reference manual. This is a single
manual for intel’s modem product line.



