








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I®ATC 29C48

ADVANCE INFORMATION

. EeN PROGRAMMABLE
BALANCE NETWORK
GAIN (1 OR 2)
EBN1
S el R
EBN2 : :
-t o
EBN3/TI ﬂ\o_l $
1 283 | N

Q_

Figure 7. Balance Networks

= TG10 TG2 0

“—"-L(>‘L——

Figure 8a. Transmit Frequency Compensation

logical one, the 29C48 will encode and transmit the

- signal present at the SAl input. The 29C48 will switch

back to transmission of the voice signal as soon as
the SAIE bit is set back to a logical zero.

TONE INJECTION

When specified by the feature control memory, an
audio frequency signal applied to the EBN3/TI pin will
be added to the receive voice signal at the power
amplifier. This feature allows easy implementation of
DTMF feedback and side tone injection in digital tele-
phone applications, as well as injection of call waiting
or metering tones in line card applications. A typical
application is shown in Figure 9. Here VFR is the
combination of the receive voice signal (V0) and two
tones (V1 and V2).

VFR = 2V0 + (V1 + V2)2

CHANNEL ASSIGNMENT

Two 29C48s can be attached to the same SLD line
to exchange information with the line card controller
during each SLD frame.

The B/A pin of the 29C48 is used to assign a voice
channel of the SLD frame to the device. When the
B/A pin is tied low, the 29C48 operates as an A-
channel combo, receiving and transmitting voice dur-
ing the first and fifth bytes of the SLD frame. When
this pin is tied high, the 29C48 operates as a B-
channel combo, receiving and transmitting voice dur-
ing the second and sixth bytes of-the SLD frame.

e

ZR1
4
IZRZ I

Figure 8b. Receive Frequency
" Compensation

20c48
- _VFR
RO
EBN3/TI
2R0
Vi
2R0
v2

Figure 9. External Tone Injection
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The feature control receive and transmit channels of
the SLD frame are shared by the two 29C48s. A
29C48 will accept or return feature control information
only if it has been instructed to do so during the first
byte of a feature control frame. This is accomplished
by setting the logic level of the channel selection bit
in feature control byte #1 to match the logic level of
the B/A pin of the appropriate 29C48. The selected
29C48 will keep exchanging feature control infor-
mation with the line card controller until a new framing
byie makes a new selection. The status of the channel
select bit is sent back to the line card controller during
the seventh byte of each SLD frame, making it pos-
sible to determine which channel is transmitting fea-
ture control information.

The 29C48 does not process data received in the
signaling channel. However, it generates chip select
signals during the appropriate time slots in order to
facilitate the SLIC interface. (See section on SLIC
Chip Select.) The 29C48 enters into a high imped-
ance state during the signaling transmit channel, the
eighth byte of the SLD frame.

SLIC Chip Select

In order to facilitate interfacing to an SLD compatible
SLIC, especially when two SLICs share the same
SLD line, the 29C48 includes a programmable chip
select signal.

During the receive cycle of the SLD frame, the SCS
pin of the 29C48 whose channel selection pin (B/A)
has the same logic state as the channel selection bit
(see previous section on Channel Assignment) is
pulled low during the receive signalling byte.

During the transmit cycle of the SLD frame, the SCS
signal can operate in two modes. In the first mode,
called ‘byte mode,’ the SCS pin of the selected 29C48
is pulled low during the transmit signaling byte, as
described above for the receive direction.

A second mode, called the ‘half-byte mode,’ is pro-
vided to take full advantage of the last look change
detection logic of the 2952 line card controller. In this
mode, during the transmit cycle of the SLD frame,
the SCS pin of the channel A combo is pulled low
during the least significant four bits (last four bits) of
the transmit signaiing byte. During the same frame,
the SCS pin of the channel B combo is pulled low
during the most significant four bits (first four bits) of
the transmit signaling byte. This allows signaling data
from both A and B channel SLD compatible SLICs to
be processed by the 2952 during the same frame.

To minimize power consumption, operation of the
SCS signal during the receive half of the SLD frame

can be disabled through the feature control memory.
Operation of this signal in the transmit direction re-
mains unaffected to allow continued monitoring of
subscriber status by the 2952. The SCS signal re-
mains active in the power down mode.

The six possible sequences for SCS are shown in
Figure 10.

Precision Voltage References

Voltage references are generated on-chip and are
trimmed during the manufacturing process. Separaie
references are supplied for both the transmit and re-
ceive sections of the chip, each trimmed indepen-
dently. These references determine the gain and dy-
namic range of the device and provide the user a
significant margin for error in other board
components.

SLD Interface

The 29C48 is intended for use with the 2952 Line
Card Controller which manages the transfer of ail
voice and feature control data to and from the Feature
Control Combo and the system backplane. The in-
terface between the two consists of just three leads,
two of which are clock signals and the third a unigue
serial bus for communication. Up to sixteen 29C48
feature control combos per line card can be controlled
by one 2952, all sharing common clock signals, SCL
and SDIR.

The subscriber direction (SDIR) lead provides an 8
kHz signal which divides each frame into transmit and
receive halves. During the first half when SDIR is high
(RCV half-cycle), data is transmitted from the 2852
to the 29C48 and in the second (XMIT half-cycle)
transfer is from the 29C48 back to the 2952. Frame
synchromzauon and all internal timing for the digital
circuitry is derived from the rising edge of the SD:R
signal.

The subscriber clock (SCL) input generated by the
2952 is a fixed 512 kHz clock signal allowing 64 biis
(8 bytes) of data to be transferred on the SLD lead
during each 125 usec frame. Depending on 2952
master clock frequency, the SCL duty cycle can be
either 50% or 33%.

The Subscriber Line Datalink (SLD) is a bi-directional
serial bus that transfers four bytes of serial daiz to
and from the 29C48 each frame. During the first half
of each frame, RCV channel information is expected
by the 29C48 as two bytes consisting of voice and
feature control information, while the other two bytes
of the RCV half frame are simply ignored. Similary,
during the second half frame, one byte of voice and,
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if so instructed by the line card controller, one byte
of feature control information is sent by the 29C48.
The 29C48 places its SLD lead in a high impedance
state while the other device connected to the SLD
line transmits its own information. The most signifi-
cant bit (bit 7) of each byte is sent first on the SLD
line. The data format of an SLD frame is shown in
Figure 11.

Upon power supply application, the 29C48 enters into
a power on reset sequence. At the end of the reset
sequence, it is prevented from transmitting data for

ADVANCE INFORMATION

four SLD frames, and it is unable to process data
from the line card controller for eight SLD frames.

PROGRAMMABLE FEATURES

The 29C48 is configured by the 2952 line card con-
troller by a set of five feature control bytes (FCB).
These bytes of information are stored in internal reg-
isters which are serially multiplexed to and from the
SLD interface in the third and seventh byte locations.
The first two bits of each byte consist of a multiframe

— THE CHANNEL SELECTION BIT (SEE SECTION ON CHANNEL ASSIGNMENT) IS ZERO/BYTE MODE —

l‘— RECEIVE HALF—FRAME————P’ <@——TRANSMIT HALF-FRAME—PI

| a [ 8 [ ¢ [ s a8 | c ]| s |
A-CHANNEL SCS

| — ./
B-CHANNEL SCS ‘

- — THE CHANNEL SELECTION BIT IS ONE/BYTE MODE —

|<—— RECEIVE HALF-FRAME ——-»I‘—— TRANSMIT HALF-FRAME —>|

| ~ |l 8] ¢ ] s ] a6 e | s |
A-CHANNEL SCS ‘
B-CHANNEL SCS )

) /7

— THE CHANNEL SELECTION BIT IS ZERO/HALF-BYTE MODE —

I‘—— RECEIVE HALF-FHAME*—»I‘——-— TRANSMIT HALF-FRAME ————|

| a l e { e[ s | af e | c] s
A-CHANNEL SCS :
-/ /
B-CHANNEL SCS ‘
/"

- Figure 10. SCS Timing Diagram
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synchronization and write enable code. The framing
bit (bit 7, MSB) establishes the beginning of a feature
control frame when set to a logical zero, and incre-
ments the feature control counter when set to one.
The second (bit 6) enables the writing to the 29C48
when it is the logical complement of the framing bit.
In addition to the two header bits, feature control byte
#1 also includes a channel selection bit (bit 0, LSB).
This bit is used to designate one of the two 29C48s
sharing an SLD link for feature control information
exchange. (See previous section on Channel
Assignment.)

When writing new feature control information to the
29C48, the first byte should contain a framing (F) and
write enable (WE) header of 01 (F=0 and WE=1),
and an appropriate channel selection bit. This des-
ignates a new frame of information to transfer. The
subsequent bytes should each have F =1 to advance
the counter, and WE =0 to enable the write operation.

The controller can also request to verify the feature
control register contents by sending a 00 or 11 at the
beginning of the byte to be read. To read the first
byte, a 00 F/WE code and an appropriate channel

— THE CHANNEL SELECTION BIT IS ONE/HALF-BYTE MODE —

ld— RECEIVE HALF-FRAME -——b|<———— TRANSMIT HALF-FRAME _-|

| a | 8 | ¢ [ s [ a] 8] c] s |
A-CHANNEL SCS
—/
B-CHANNEL SCS
\— \/

— MINIMUM SCS GENERATION/BYTE MODE —
|<—— RECEIVE HALF-FRAME —————8»!<——— TRANSMIT HALF-FRAME ——>

B-CHANNEL SCS SELECTED

[ a l B | c | s A | B ] c | s
A-CHANNEL SCS SELECTED
/[

— MINIMUM §C_§ GENERATION/HALF-BYTE MODE —
I‘— RECEIVE HALF-FRAME ——————#»} <@—— TRANSMIT HALF-FRAME —.l

/7

[ a8 ] e s a8 | <] s |
A-CHANNEL SCS '
./
B-CHANNEL SCS .
./

Figure 10. SCS Timing Diagram (continued)

14-169



L] ® .
intel iSATC 29C48 ADVANGE INFORMATION
I ! !
! RECEIVE HALF-CYCLE |~ TRANSMITHALF-CYCLE |
i 2952->29C48 I 20482952 i
LI
SDIR | !
A B c A B c s
SLD | |
I voice A ! voice A !
l VOICE B i VOICE B i
I CONTROL ! CONTROL !
} SIGNALING | SIGNALING |
| 1 FRAME i
e (125 S) >
| 512 KBPS |

VOICE A, VOICE B: A AND B CHANNEL VOICE BYTES RESPECTIVELY.

CONTROL:

FEATURE CONTROL INFORMATION. THIS INFORMATION IS EXCHANGED WITH THE 29C48 WHOSE CHANNEL SELEC-

TION PIN MATCHES THE CHANNEL SELECTION BIT OF THE LATEST FRAMING FEATURE CONTROL BYTE.
SIGNALING: SIGNALING INFORMATION WHICH CONTROLS THE SUBSCRIBER LINE. THE 29C48 ENTERS INTO A HIGH IMPEDANCE
STATE DURING THIS TIME SLOT, AND GENERATES A CHIP SELECT SIGNAL (SEE SECTION ON SLIC CHIP SELECT).

Figure 11. 29C48/2952 Interface

selection bit should be sent while each subsequent
byte should have a 11 header. An internal six-stage
counter is set on the first byte verified then incre-
mented once each 125us frame. It is reset only upon
detection of a 01 or 00 F/WE. Once the counter is
greater than five, neither read nor write modes may
be selected by sending the 29C48 a 11 or 10 framing
and write enable code. While in this state, the 29C48
will then echo in byte 7 the data it received in byte 3.
Another feature control information exchange cycle
can only be initiated by establishing a new feature
control frame (sending F=0).

FCB #1 — Power Up/Down, Loop Back
Mode, w/A-Law, Channel Select Register

POWER UP AND DOWN

The 29C48 can be instructed to go into the power
down or standby mode for reduced power consump-
tion. In this mode, all analog inputs and outputs are
placed in a high impedance state, inhibiting voice
signals. A code of all ones will be output in the voice
byte on the SLD. Signaling and feature control infor-
mation will continue to be processed to allow the
29C48 to be read or reprogramed.

The 2952 can change the state of the feature controi
combo from standby to active by sending the first
feature control byte only. All other register contents
will be preserved during power down provided the
power supplies remain connected.

LOOP BACK MODE SELECT

Three modes of remote testing are incorporated in
the 29C48 and can be selected by appropriate coding
in this register. The loopback features allow a number
of tests to be performed to determine line quality and
balancing. These include digital loop back, analog
loop back, and subscriber loop back.

In the digital loopback mode, the combo retransmits
the PCM word it receives in the voice A or, B byte of
the SLD back to the line card controller in the same
frame. This feature allows path verification and testing
of the circuit up to the combo.

When the anzlog loopback mode is selected, the an-
alog output VFR is internally connected to the analog
input VFX. This feature allows functiona! testing of
the combo as well as gain adjustment.
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MSB ) L8
Bit Number —=|7[68|5[4|3|2]|1|0
Bit Name
w ]|
no change ;; F
write enable 01 WE

power down [}
power up 1

PUP

normal operation o
digital loop back 1

oLB

normal operation [}

analog loop back ALB

-

normal operation 0

subscriber loop back S8

-

A-Law 0
p-Law

3

ABS

In the third test mode, subscriber loopback, the digital
output of the A/D converter is internally connected to
the input of the D/A converter. The analog signal input
to VFX is sent through the transmit filter, encoded,
then decoded, filtered and output to VFR. This mode
is used primarily for simplifying analog to analog test-
ing from the subscriber side of the line card. Simul-
taneous selection of more than one loop-back mode
is prohibited.

CONVERSION LAWS

The 29C48 can be selected for either u-law or A-law
operation. A user can select either conversion law by
assigning the corresponding bit. A logical 1 in bit 1
would select u-law while a logical 0 would select
A-law conversions. Both conversions follow CCITT
recommendation G.711.

FEATURE CONTROL EXCHANGE
CHANNEL SELECT

The LSB of feature control byte #1 is the channel
selection bit. It is used to select one of the two 29C84s
sharing an SLD link for feature control information
exchange. A logical zero will select the channel A
combo, and a logical one will select the channel B
combo.

FCB #2 — Receive Programmable Gain
Register

The receive gain levels can be adjusted by applying
external resistors as mentioned earlier, or by selective

programming of this register. A 'range fromOto —15.5
in 0.5dB increments can be realized for the receive
channel.

Bit Number —s— ﬂﬂﬂnﬂﬂnn
Bit Name
#76
no change 11
write enable 10
Gain(dB) #12345
° 00000 RGN1
-05 00001 RGN2
-1.0 00010 RGN3

-15 00011 RGN4
. . RGNS

-15.0 11110
=155 1111

FCB #3 — Secondary Analog Channel, -
Chip Select, and Tone Injection Register

SECONDARY ANALOG INPUT

The 29C48 can be instructed to switch the input of
its encoder to the secondary analog input by setting
the SAIE bit to a logical one. Transmission of the voice
signal will resume as soon as SAIE is set back to a

- logical zero.

PROGRAMMABLE SLIC CHIP SELECT

Although the 29C48 does not process signaling in-
formation, it generates chip select signals in order to
help in interfacing to SLD compatible SLICs.

During the transmit half frame, the chip select works
in two possible modes determined by the CSM bit. In
the byte mode, the SCS pin of the 29C48 selected
by the chip select bit in feature control byte #1, will
be pulled low during the XSIG byte. In the half-byte
mode, the SCS pin of the A-channel 29C48 will be
pulled low during the four least significant bits of the
XSIG byte, and the SCS pin of the B-channel 29C48
will be pulled low during the four most significant bits
of the XSIG byte.

Generation of chip select signals during the receive
half frame can be disabled by setting the CSD bit to
a logical zero.

TONE INJECTION

When the TIE bit is set to a logical one, audio signal
applied at the EBN3/TI pin will be added to the output
of the receive programmable gain module. This fea-
ture can be used for easy implementation of side tone
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injection and DTMF feedback, as well as injection at
the line card of call waiting tones, ringing or metering
pulses.

MSB LsB8

Bit Number 3| 7 6|5|4 3'2'1'0'

Bit Name —; J
no change

write enable 1 0 WE }

Secondary Analog Input
disabled 0 .
enabled 1 SAIE

SCS mode
byte [}
half-byte 1 CSM

SCS  S0%active 0
SCS  100% active 1 csD

EBNS3 pin enabled 0
T! pin enabled 1 TIE

reserved

don't care

FCB #4 — Transmit Programmable Gain
Register

The gain setting of the transmit section of the chip
operates in the same manner as the receive gain
register. A 12dB range from —6.0dB to +6.0dB in
0.5dB increments is available.

MSB LsB

BI(Number-)i7 6|5|4I3|2 1[0'

Bit Name -
#76 -1

no change 11 F don't
write enable 10 WE care
Gain(dB)  #12345
+12.0 00000 XGN1
+11.5 00001 XGN2
+11.0 00010 XGN3
+105 00011 XGN4
. . XGN5
+0.0 11000
+0.0 11XXX

FCB #5 — Balance Network Select and
Gain Register

BALANCE NETWORKS

Three external balance networks can be used with
the 29C48. Feature control allows the selection of
network EBN1, EBN2, and EBN3 individually or in
combination in order to best suit a particular
application.

EBNS3 selection is not effective when TIE is set to a
logical one.

GAIN SETTING

An additional 6dB gain in the balance signal path can
be realized by coding this bit to a logical one. A logical
zero provides unity gain.

mMsB LSB
BltNumbsf—>76543210

Bit Name
#76 —1
no change 11
write enable 10 WE

Balance Network
disabled 0
enabled 1 BNE
432 .
SBN3

no selection 000
EBN1/3 selected 001
EBN3  selected 010
EBN1 selected 011 SBN2
EBN2 selected 100
EBN1/2/3 selected 101
EBN2/3 selected 110
EBN1/2 selected 111 SBNf1

Balance Network Gain
0dBgain 0 RNG
6dB gain 1

don't care
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ABSOLUTE MAXIMUM RATINGS
Temperature Under Bias . . . .. —10°C to +80°C
Storage Temperature . . . . . . —-65°C to +150°C
All Input and Output Voltages

with Respectto Vgg . . . . . . ... —0.3V to 13V
All Input and Output Voltages

with Respectto Vg . . ... . . .. —13V to 0.3V
Power Dissipation . .. ............. 1.35W

D.C. CHARACTERISTICS

*NOTICE: Stresses above those listed under “Ab-
solute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only
and functional operation of the device at these or any
other conditions above those indicated in the oper-
ational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods may affect device reliability.

(Ta = 0°C to 70°C, Vg = +5V £5%, Vgg = —5V £5%; SCL (50% duty), SDIR, SLD applied GNDD = OV
GNDA = 0V.) Typical values are for T, = 25°C and nominal power supply values

DIGITAL INTERFACE )

Symbol Parameter Min | Typ | Max | Units Test Conditions
I Input Leakage Current | £10 | mA |0=<Vin=<Vg

Vi Input Low Voltage 08 v

Vi Input High Voltage 2.0 \

Voo Output Low Voltage 0.4 V. |lg.= —1.6mA, 1 TTL load
Vou Output High Voltage 24 V. |{loy < 50uA, 1 TTL load
POWER DISSIPATION

Symbol Parameter Min Typ | Max | Units Test Conditions
leoL V.. Operating Current 9 mA | RCV Signaling Byte =
lasL Vgg Operating Current 9 mA | RCV Signaling Byte = 0
leco V.. Standby Current 0.8 mA

lsgo Vgg Standby Current 0.8 mA

Ppo Standby Power Dissipation 8 | mwW

Ppy Operating Power Dissipation 20 |. mwW

A.C. CHARACTERISTICS — TRANSMISSION PARAMETERS

(TG1 = TG2, Transmit Programmable Gain =
GAIN AND DYNAMIC RANGE

6dB. Receive Programmable Gain =

0dB)

Symbol Parameter Min | Typ | Max | Units Test Conditions
EmW | Encoder Milliwatt Response +0.15 dB | Signal input of 0dBm0
Tolerance f = 1.02KHz

DmW | Digital Milliwatt Response +0.15 dB |f = 1.02KHz
Tolerance
DmW,, | Digital Milliwatt Response VFR, 6.14 dBm
u-law 1.571 Vrms .
DmW,y | Digital Milliwatt Response VFR, 6.17 dBm | R, = 600Q Signal input per
A-law 1.576 Vrms | CCITT G.711
OTLP x| Zero Transmission Level Point 0.12 dBm | u-law
Transmit Channel (0dBm0) .785 Vrms | Referenced to 600Q)
OTLP,x | Zero Transmission Level Point 0.15 dBm | A-law
Transmit Channel (0dBmO0) .788 Vrms | Referenced to 600Q)

14-173



H ®
intel | I9ATC 20C48 ADVANCE INFORMATION

GAIN TRACKING
Reference level = 0dBmO at 1.02KHz, TG1 = TG2, Transmit
Programmable Gain = 6dB, Receive Programmable Gain = 0dB

Symbol Parameter Min | Typ | Max | Units Test Conditions
GTy Transmit Gain Tracking Error +.25 dB | +3 to —40dBmo0
Sinusoidal Input; u or A-law +.50 .| dB | —40to —50dBm0
+1.2 dB | —50 to —55dBm0
GTy Receive Gain Tracking Error +.25 dB | +3 to —40dBm0
Sinusoidal Input; u or A-law +.50 dB | —40to —50dBm0
+1.2 dB | —50to —55dBm0
AT&T PUB43801 and
CCITT G.712 — Method 2

ANALOG INTERFACE, RECEIVE CHANNEL

Symbol Parameter Min | Typ | Max | Units | Test Conditions
Ror Output Resistance, VFR - 1 Q

Vosri | Output Offset, VFR 50 .| mV |Relative to GNDA

Cir Load Capacitance, VFR ) 100 pF |’

Vori Max Output Voltage Swing +3.2 Vp | R =300

across R, VFR -

ANALOG INTERFACE, TRANSMIT PRIMARY AND SECONDARY CHANNELS

Symbol Parameter Min | Typ | Max | Units Test Conditions
lsx Input Leakage Current, EBN, -| 100 nA | —1.6V<VFX<1.6V
TG1, Tl - :
Rix1 Input Resistance, VFX 100 KQ | —1.6V<VFX<1.6V
Rixs Input Resistance, EBN, TG1, Tl 10 MQ | =1.6V<VFX<1.6V
TGmax | Max Transmit Gain Adjust - ’ 20 dB
Vore Max Output Voltage Swing TG2 +3.2 v | R=10KQ!
Cix Load Capacitance, TG2 1 20 pF
Rux Load Resistance, TG2 10 , KQ.
‘| Reno | On Resistance to GND, EBN1, 600 Q
EBN2, EBN3 :
Note:

1: Transmit Programmable Gain should be set to 0.0dB in order to avoid clipping in later stages
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DISTORTION (Primary Channel)

Symbol Parameter Min | Typ | Max | Units Test Conditions
SDy, Signal to Distortion, u or A-law 35 dB 0 to —30dBm0
SDg Sinusoidal input; CCITT G.712 —| 29 dB | —30to —40dBm0
Method 2 Half Channel 25 dB | —40to —45dBm0
DPy, Single Frequency Distortion -50 | —46 | dB |Input = 1.02kHz 0dBmO
DPg Products in Band (2nd or 3rd AT&T Advisory #64 (3.8)
Harmonic Half Channel)
IMD, Intermodulation Distortion, End to —40 | dBmO | CCITT G.712(7.1)
End Measurement
IMD Intermodulation Distortion, End to —-50 | dBm0 | CCITT G.712(7.2)
End Measurement
SOS Spurious Out of Band Signals, —27 | dBmO | CCITT G.712(6.1)
End to End Measurement
SIS Spurious in Band Signals, End to —40 | dBmO | CCITT G.712(9)
End Measurement
Dax Transmit Absolute Delay 180 us | 0dBmO, 1.02kHz
Includes delay through A/D
Dpx Transmit Differential Envelope’ 170 us |f= 500-600 Hz
Delay; Relative to minimum 95 us |f= 600-1000 Hz
envelope delay (1.4kHz) 45 us | f = 1000-2600 Hz
105 us |f = 2600-2800 Hz
Dar . | Receive Absolute Delay 125 us | 0dBmO, 1.02kHz
Includes delay through D/A
Dor Receive Differential Envelope 45 us |f = 500-600 Hz
Delay; Relative to minimum 35 us |f= 600-1000 Hz
envelope delay (300 Hz) 85 ws | f = 1000-2600 Hz
110 us |f = 2600-2800 Hz
NOISE (Primary Channel)
i Symbol Parameter Min Typ | Max | Units Test Conditions
Nyc1 Transmit Noise, C-Message 12 dBmCO| Transmit Gain Adjust = 0dB
Weighted
Nypq Transmit Noise, Psophometrically -78 dBmOp | Transmit Gain Adjust = 0dB
Weighted
Ngcs Receive Noise, C-Message 10 dBmCO| Unity Gain; Idle Code
Weighted
Ngpy Receive Noise, Psophometrically —-80 dBmOp | Unity Gain; Idle Code
Weighted
PSRR, | V¢ Power Supply Rejection, -35 dB | Idle channel; 200mV P-P
Transmit or Receive Channel signal on supply DC to 50
KHz; Note 1.
PSRR, | Vgg Power Supply Rejection -30 dB | Idle Channel; 200mV P-P
Transmit or Receive Channel signal on supply DC to 50
KHz; Note 1.

“Note:
1. Measured at SLD Voice bytes for transmit channel. Measured at Vg for receive channel.
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CROSSTALK v :
Symbol - Parameter Min | Typ | Max | Units Test Conditions
CTtr | Crosstalk, Transmit Voice to -75 dB | Input = 0dBmoO, unity gain
Receive Voice 1.02 KHz; idle code on SLD
voice byte
CTar | Crosstalk, Receive Voice to -75 dB | 0dBmoO, 1.02 KHz signal at
Transmit Voice SLD receive voice byte; VFX
: = GNDA
TRANSMIT VOICE FREQUENCY CHARACTERISTICS
TG1 = TG2, Transmit Programmable Gain = 6dB
Symbol Parameter Min Typ | Max | Units Test Conditions
Gpx Gain Relative to Gain at 1.02kHz , 0dBmO Signal Input at VFX
16.67Hz -30 | dB -
50Hz - -25 dB
60Hz -22 | dB
200Hz -1.8 -0.125| dB
300 to 3000Hz -0.125 +0.125| dB
3400 Hz -0.70 -0.10| dB
4000Hz -14 | dB
4600Hz and Above -32 dB .
AGpy | Programmable Gain +.10 dB |freq. = 1.02kHz for all steps
§ 2208 P
ok 60 Hz dm
ok = e ] .
L B

. Figure 12. Transmit Voice Frequency Characteristics
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RECEIVE VOICE FREQUENCY CHARACTERISTICS
Receive Programmable Gain = 0dB

Symbol Parameter Min | Typ | Max | Units Test Conditions
Ggr Gain Relative to gain at 1.02kHz 0dBmO input on SLD
Below 200Hz +0.125| dB
200Hz -0.5 +0.125| dB
300 to 3000Hz -0.125 +0.125| dB
3400Hz —-0.70 —-0.1 dB
4000Hz -14 | dB
4600Hz & Above -30 dB
AGpr | Programmable Gain Accuracy +.10 dB |f = 1.02kHz all steps
Liol | .

FREQUENCY (Mz)

NOTES

1 TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER AS A SEPARATE COMPONENT

2 TYPICAL TRANSFER FUNCTION OF THE RECEIVE FILTER DRIVEN BY THE SAMPLE AND
HOLD OUTPUT OF THE INTEL 2910A AND 2911A CODECS THE COMBINED FILTER/CODEC
RESPONSE MEETS THE STATED SPECIFICATIONS

Figure 13. Receive Voice Frequency Characteristics
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A.C. CHARACTERISTICS — TIMING PARAMETERS

Symbol Parameter Min { Typ | Max | Units Test Conditions

TsoL SCL Pulse Width 550 1076 |  ns

Toc SCL Duty Cycle 28 33 38 % | 2952 CLK Clock = 1.544 or

1.536MHz
45 50 55 % | 2952 CLK Clock =

2.048MHz

Tac Rise, Fall Times, SCL 50 ns

Tee :

Tap Rise, Fall Times, SLD 50 ns

Teo '

Torr | SCL to SDIR Delay -150 150 ns

Tome . | SCL to SDIR Delay -150 +420 | ns

Too SCL to SLD Delay 0 200 ns | 29C48 Transmitting

Tsp Set-up Time, SLD to SCL 100 ns | 2952 Transmitting

Tuo Hold Time, SCL to SLD 100 ns .

Tzt SDIR to SLD Active 0 100 ns | Byte 1, Bit 1 29C48
Transmitting, Channel A

Tuzo SCL to SLD High Impedance 0 100 ns | After last bit of Channel A,

B, or Feature Control as
Appropriate (Channel A/B
Operation)

Thzs SCL to SLD Active 0 100 ns | Channel A or B, Feature
Control, Signaling as
Appropriate (Channel A/B

Operation)
1 Tss Set-up time, signaling inputs to 1 J7c) -
SLD Byte #3, Bit 0
Ths Hold time, SLD Byte 4 Bit 7 for 1 us
. all signaling inputs
Tos Delay SLD Byte 5 to signaling 1 S
outputs
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TIMING PARAMETERS (CLK = 1.544 MHz, 33% DUTY CYCLE)

RECEIVE CYCLE

tscL
ANV ARYANYAW
scL
tDIRR |<- P

LA
SDIR J .

’ 1D —»| |«— tRD,tFD
|- tHD ->|

SLD ——{ ﬂ ' x :2 X E'_
TR’ANSMIT CYCJLE

IR/ Y W i WV VW W/
Y| Yo

tHZ1 —»- -— — tHZ2
SLD (A) ———

ol L
77

|/
lan —={tDD |-—-—
—=! tHZ3 |- ]
SLD (B) = 1 :>§ > xla
i~ ‘—I/——/

A.C. TESTING INPUT, OUTPUT WAVEFORM

INPUT/OUTPUT

24

20 20
>TEST POINTS<
08 0.8
0.45

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4VFOR A LOGIC “1"and 0.45V FORA
LOGIC“0". TIMING MEASUREMENTS ARE MADE AT 2.0VFORALOGIC“1"AND
0.8V FOR A LOGIC *0".
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iATC 2952 |
INTEGRATED LINE CARD CONTROLLER

'm Provides vCompIete Backplane Interface s Implements HDLC Protocol to
for 8 Subscribers Guarantee Integrity of all Signaling and

m Performs all Timeslot Assignments Control Information
® Supports Four Control Options Local or

" 2 Full-Duplex, Serial TDM Highways Global Microprocessor Direct or
® Serial, Bidirectional Packetized highway Interleaved HDLC Control

for Signaling Control ® Designed for 24, 32, 48 or 64 Timeslot
® Standard MCS uP interface with two Systems

channel DMA and interrupt = Common Backplane Interface Supports
- ISDN Upgradability

The Intel iATC 2952 Line Card Controller (LCC) is a special purpose /O controller optimized for use in all types
of telecommunication switching systems. The 2952 is intended for use with up to eight subscriber devices in
both analog and digital line circuits. It is also useful as a general purpose I/O controller for other applications.

The 2952 represents the continuation of a trend to intelligent flexible line cards. With its modular design, the
2952 provides a graceful upgrade path from analog line circuits to an all digital system. Analog line board
density can be greatly increased using the LCC with the 29C51 or 29C50A Feature Control Combos. The 2952
handles the transfer of voice, feature control, and signaling information between the backplane and up to 8
29C51’s, or 16 29C50A’s. The 2952 will interface with and control all Intel SLD compatible slave devices. The
2952 emphasizes highly serial interfaces, thus reducing the number of digital interconnections both to the
subscriber device and to the backplane.

stoal]1 ~ sw[sos
stos [ 2 39 [ sLo2
sLoe [] 3 38 [ sLo1
. swo7 4 a7 21 sLoo
pbr1 ] 5 36 |1 RESET
pro[] 6 35 [JINT :
oxi1[]7 34 ] DACK1
DXiE[] 8 33 [] DACKO
pxo ] 9 32 [ WR
DXOE [] 10 2952 31[Jvce
Fs 1 30 [ AD7
scL [] 12 29 [ AD6
SGS/DMIR [] 13 28 7] ADS
SDIR/DMOR [] 14 27 [ AD4
psx ] 15 26 [] AD3
DSE [] 16 25 [] AD2
DSR [] 17 24 [} AD1
cs]1s 23 [7] ADO
ALE ] 19 2[R
GNDD ] 20 21 [ ek

. Figure 1. Pin Configuration .
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ScL S
*SDIR CLOCKS AND CONTROL ciK
*SGS RESET
SLDO ~— J
SLD1 > PROCESSOR l<— DRO
SLD2 <= |— Dx0 -} pcm
aiSinien ) 503 o] s rou [ 65 { Tk
uN:s SLo4 INTERFACE <:> AND
SLDS <] INTERFACE  |o— ppy | RECEIVE
SLDE <>} > DX1 HIGHWAY
SLD7 <—»] |—» DX1E
CONTROL
. XFF BFF
X REGISTERS
L'ffcfﬁ.?é :> HOLC [<+— DSR ) SIGNALING
CAM — psx § AND HOLC
» CONTROLLER |—» DSE ) HIGHWAY
l MICROPROCESSOR INTERFACE l ?
Vee GNDD
'DM!R—1 ED AD(G-7)
*DMOR +—— L W
INT L WR
DACKO —————— s
DACK1 ALE

*Dual Function pin

Figure 2. 2952 Block Diagram
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Table 1. Pin Description
Symbo!l | Pin No. Function Symbol | Pin No. - Function
GNDD 20 Ground: OV. RD 22 Read Strobe. (Active low
o ) input). When input is low,
vee 3 %?ts;g%ois;nies\s/uptpslx/;i nput data is transferred from
- selected register on to uP
SLDO-7 37-40 | Subscriber Data Link. There bus. When no local uP is
1-4 are eight bidirectional pins - connected, this pin should be
that transfer serial connected to GNDD..
e nei RO | 2550 | Addessiata s, Stancar
devices (e.g. 29C51). el DUS used [0 transter
address and data between

SCL 12 Subscriber Clock. This is a the uP and internal registers
512kHz signal generated by of the 2952. When no local
the 2952 with 50% or 33% uP is connected, the unique
duty cycle clock. Can be ID is hardwired on pins
connected up to 8 slave AD(0-7).
devices. —

— WR 32 Write Strobe. (Active low

SGS/DMIR 13 Signaling Strobe. Can be input). When WR transitions
used to strobe signaling bits from low to high, data on
or voice bytes for enabling pins AD(0-7) are latched into
external logic. In the DMA the selected register. When
mode DMIR functions as no local microprocessor is
DMA input request for HDLC. connected, this pin should be

SDIR/ 14 Subscriber Direction. This is connected to GNDD.

DMOR an 8kHz signal generated by DACKO 33 DMA Acknowledge. DACKO
the 2952 to serve as both a DACK1 34 is used to acknowledge the
direction indicator and a DMA output, and DACK1 is
slave frame sync. When used for DMA input. When
high, the SLD bus becomes no local microprocessor is
an output and data is connected, these pins are
transferred from the 2952 to used to hardwire mode
the slave. When low, the information.
glll.tgur:irl: l:g eerngr;'teh:asrl‘zvgata INT 35 lngerrupt Requegt. A standafd
is transferred from the slave microprocessor interrupt, with
to the 2952. In the DMA active low output.
mode, DMOR functions as DR1 5 Receive PCM Highway 1.
DMA output request for Serial words are received on
HDLC. PCM highway 1 at this

cs 18| Chip Select. Enables RD or interface.

WR.A low level at this input DRO 6 Receive PCM Highway 0.
allows the 2952 to accept Serial words are received on
commands or data from a PCM highway 0 at this
microprocessor within a write interface.

cycls, or to transmit data DX1 7 | Transmit PCM Highway 1.
during a read cycle. When no . Serial words are transmitted
local uP is connected this pin onto PCM highway 1 at this
should be connected to interface.

GNDD. DXIE 8 T it PCM Highway 1

ALE 19 |Address Latch Enable. DX1E Erabo Used to ooty
(Active high input). On falling external tristate buffers to
edge of this input signal, data drive signals onto the PCM
on AD(0-7) is Ia_!chedv:mo highway. The signal goes low
the selected register. When while the 2952 is transmitting
no local microprocessor is onto PCM highway 1
connected, this pin should be -
connected to GNDD.
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Table 1. Pin Description

Symbol

Pin No.

Function

DX0

9

Transmit PCM Highway 0.
Serial words are transmitted
onto PCM highway 0 at this
interface.

DXOE

10

Transmit PCM Highway 0
Enable. Used to enable
external tristate bufiers to
drive signals onto the PCM
highway. The signal goes low
while the 2952 is transmitting
onto PCM highway 0.

DSX

15

Transmit Signaling Highway.
Serial signaling and control
data is transmitted on this
dedicated HDLC highway.

16

Transmit Signaling Highway
Enable. Used to enable
external tristate buffers to
drive signals onto the
transmit signaling highway.
The signal goes low while
the 2952 is transmitting an
HDLC packet onto DSX.

DSR

17

Receive Signaling Highway.
Serial signaling and control
data is received on this
dedicated HDLC highway.

FS

1

Frame Synchronization
System sync puise indicating
beginning of a 125 usec
frame.

CLK

21

Master Clock. System input
clock provides basic timing
for the 2952 and is
synchronous to the PCM
clock. The clock rate
determines the number of
timeslots on the transmit and
receive PCM highways,
ranging from 24, 32, 48 cr 64
per frame.

RESET

36

Reset. (Active high input).
When high, 2552 internal
circuitry is reset. The
minimum reset puise must be
16 complete CLK clock
cycles wide.

ADVANGE INFORMATION

FUNCTIONAL DESCRIPTION

The 2952 s a highly integrated line card controlier
which concentrates and multiplexes all digitai infoi-
mation that passes between a line card and the next
switching or contrel level in a digital telecomimuni-
cations system. it controis time switching funciions
between the individual subscriber line devices and
the system backplane Time Divisicn Multinlexsd
(TCM) highways. In addition, it manages the transfer
of ail signaling and ccntrol messages, sither to an
optional local microprocessor or to a central contrsi
processor. The 2952 implements all protocel contrel
functions using the HDLC format for all information
transmitted between the line card and the central
processor.

EXTERNAL INTERFACE

The 2952 LCC supports interfaces for the subscriber
line devices, an optional local microprocessor, and
the backplane PCM and HDLC highways. Each is
described briefly below.

Subscriber Line Interface

The LCC provides 8 serial, bidirectionai ports for the
digital transmission of voice, data, controi, and sig-
naling information to and from the subscriber. These
leads, SLDO-SLD7, can be used to interface to both
analog and digital line card subscribers (Sze Figure
3).

The Slave Clock SCL, is a fixed 512 kHz signal outpuit
used to transfer all signals between the subscriber
device and the 2952. Data is received and transmitted
upon the rising edge of SCL.

Data transmission direction is controlled by the Slave
Direction clock, SDIR. This 8 kHz signal divides the
frame transfer into transmit and receive halves ref-
erenced to the subscriber as shown in Figure 3. When
SDIR is high, (RCV half-cycle), information is trans-
mitted from the 2952 to the subscriber in four bytes
consisting of voice, data, feature control, and signai-
ing information. In the second haii (XMIT-half cycle),
the subscriber circuit sends four bytes of XMIT data
back to the 2952.
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RECEIVE HALF-CYCLE
2952 — SUBSCRIBER

o]

TRANSMIT HALF-CYCLE
SUBSCRIBER — 2952

-

SDIR
L]
A B c [ A B c s |
SLD i |
[ | I |
:VOICE/DATA VOICE/DATA
|
| CONTROL | CONTROL
: SIGNALING | SIGNALING |
I 1 FRAME !
[ (125 uS) >
I 512 KBPS |

Figure 3. SLD Interface

Backplane Interface

The LCC supports dual TDM voice/data highways as
well as a separate high speed serial highway for sig-
naling and control information. This information is
packetized and protected in HDLC format for trans-
mission to a central processor.

The system clock (CLK) provides data rate transfers
for both the TDM and HDLC links. The 2952 can
operate in 24, 48, 32 or 64 timeslots systems. Any
subscriber has access to any timeslot on either TDM
highway. The 2952 allows the flexibility of program-
mable rising or falling edge latching of data onto the
highways. Additionally, PCM highway delays can be
compensated for by programming a phase shift in
both transmit and receive timeslots as referenced to
the frame synchronization pulse. The starting point
of the bytes can be shifted up to 7 CLK clock cycles
for both transmit and receive directions in half clock
increments.

Microprocessor Interface

The microprocessor interface provides a communi-

cation path for a local uP and the backplane and/or
slave devices. The 2952 is designed to operate with
standard Intel 8-bit parallel microprocessors, such as
the MCS-48, MCS-51, MCS-85, and iAPX-86 fami-
lies. Interrupt capability, direct-memory-access re-
quest and acknowledge signals and a full feature mul-
tiplexed address data bus are incorporated into this
interface.

Alternatively, the 2952 can operate in a stand alone
mode on the line card in systems using a more cen-
tralized processing architecture. In this mode, the in-
dividual 'line board address and initialization infor-

- mation is hardwired onto the mlcroprocessor interface

pins.
2952 BASE ARCHITECTURE

The 2952 can be partitioned into three functional
blocks, according to the type of data transfers that
each provides. The synchronous portion comprises
the subscriber and PCM highway interfaces. Included
in this section is also the Master Timing Unit, a CAM
(Content Addressable Memory) for timeslot matching,
a MODE register to configure the 2952 and for the
determination of the type of HDLC data exchange,
and the internal bus for a communication link between
the various interfaces and registers. The PCM Inter-
face Unit and the Subscriber Interface Unit with Last
Look logic are also grouped into this segment. The
Last Look logic monitors the status of signaling in-
formation received from each subscriber every frame.
Any change of status is reported to the local uP or
to the LCC bus control unit.

The asynchronous portion includes the local micro-
processor interface and the serial HDLC signaling
and control interface. The HDLC controller is com-
patible with ISO/CCITT recommendation X.25, and
is designed for either point-to-multipoint configura-
tions as a primary station, or in point-to-point as a
secondary station. Each 2952 is accessed through
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an 8-bit address, allowing up to 255 secondaries to
be addressed on one HDLC serial line. The logic level
of the HDLC implementation and the distribution and
compilation of the data packages are handled in a
separate command unit contained in this portion.

The synchronous and asynchronous portions are
linked to one another by a set of buffers and a control
unit for the LCC internal bus. Two 16-byte by 8-bit
FIFO's are used for intermediate storage of mes-
sages. The XFF, or Transmit FIFO buffers data pack-
ages for transmission to the central processor through
the HDLC interface. The type of data loaded is either
from the Last Look logic or from the uP in package
form with direct addressing to the 2952. The BFF, or
bidirectional FIFO, is used for data exchange be-
tween the central controller (via the HDLC interface),
the local microprocessor (via the uP bus), and the
LCC (via the LCC bus).

MODES OF OPERATION

The 2952 may operate in either a primary or sec-
ondary command mode within a single system. When

instructed as a primary station, a local microproces-
sor must be used to instruct the 2952 and to generate
control messages for other stations. This mode is
used primarily by unit or group controllers to com-
mand secondary 2952's. When' in the secondary
mode, the 2952 executes received HDLC commands
from the group controller. Additionally, a transparent
command mode may be configured in which all HDLC
messages received from the backplane are passed
directly to the local microprocessor. This allows a sec-
ondary 2952 to execute user defined protocol and
commands.

The 2952 can operate in one of two HDLC commu-
nication modes — dedicated HDLC or interleaved
HDLC. In the dedicated configuration, HDLC mes-
sages are received on DSR and are transmitted on
DSX. The interleaved mode reserves up to two time-
slots per frame for transmission of signaling and con-
trol messages on the PCM highways. The HDLC
packets are disassembled and interleaved into pro-
grammed timeslots on either of the two highways.
Alternatively, the microprocessor can communicate
directly to the central controller via a direct connec-
tion, bypassing the 2952 HDLC interface completely.

=

SYNCHRONOUS
SUBSCRIBER INTERFACE

SERIAL
512 kHz

ASYNCHRONOUS
MICROPROCESSOR AND
CONTROL INTERFACE

LOCAL uP READ/WRITE
ALL INTERNAL REGISTERS

PARALLEL HDLC
uP BUS PORT

SYNCHRONOUS
PCM INTERFACE

SERIAL
1.536-4.096 MHz

(=~

Ly

Figure 4. Architectural Diagram
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ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias ...... .. —10°C to +80°C

Storage Temperature ...........ccenee —585° to 125°C

All Input and Output Voitages
with raspect to GNDD .................. -0.3Vio +7V

Total Power Dissipation ..., 1.5W

DC CHARACTERISTICS

(Ta = 0°C to 70°C, Vgc = +5V * 5%; GNDD = 0V

Typical values are for T, = 25°C and nominal power supply value

Symbol Parameter Min | Typ | Max | Units Test Conditions
i Input Leakage Current -10 +10 nA  |GND =< V) < Vg
loL Output Leakage Current -10 +10 uA  |GND =< Vgyr < Ve -
Vi input Low Voltage -05 0.8 \" i
Viy nput High Voltage 2.0 Vee \ :
VoL Output Low Voltage 0.45 V. |lgo= +1.6mA
Voy  [Cutput High Voltage 24 V  |loy = —400 pA
lec Ve Supply Current 85 120 mA | Vge = 5V
Pp; Operating Power Dissipation 425 mW

CAPACITANCE (T, = 25°C; Voc = GNDD, 0V)

Symbol Parameter Min | Typ | Max | Units Test Conditions
Cn Input Capacitance 5 10 pF |fc = 1 MHz

Cic Input/Output Capacitance 10 20 pF-

Cour | Output Capacitance 8 15 pF | Unmeasured pins

returned to GNDD
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A.C. CHARACTERISTICS
(Tp = 0°C to 70°C; Vg = 5V +5%, GNDD = OV)

SLD Interface Timing

Symbol Parameter Min Max Units
CLK System Backplane Clock Frequency ' 1.536 4.096 MHz
CLK Duty Cycle ' 45 55 %
CLKRise, Fall Times 10 ns
Frame Synchronization Pulse Period 125 uS
tes Frame Synchronization Pulse Width 60 tok ns
tars Pulse Delay to CLK 10 ns
tses Set-Up Time to CLK 50 ns
SCL Slave Clock SCL Frequency 512 512 kHz
tascL SCL Delay Time From CLK 100 165 ns
SDIR Slave Direction SDIR Frequency 8 8 kHz
tiom SDIR Delay Time to CLK 120 190 ns
tysto SLD Data Delay ‘ © 160 300 ns
| toer Data Enable Receive ; 100 180 ns
toor Data Disable Receive 100 180 ns
tpex Data Enable Transmit 0 ns
toHx Data Hold Transmit ‘ 0 ns
tosx Data Set-Up Transmit ?(2?( + 200 ns
tosic Signaling Strobe Delay 110 160 . ns
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A.C. CHARACTERISTICS
(Ty = 25°C, Vg = GNDD = 0V)

MICROPROCESSOR INTERFACE

READ CYCLE
Symbol Parameter Min Max Units
taL Address Set-Up to ALE 30 ns
tia Address Hold After ALE ) 20 ns
taa ALE Pulse Width 60 ns
tap Data Delay From RD 150 ns
tor Data Float After RD 25 ns
tsr - | RD Pulse Width ‘ 150 107 ns
tey RD control interval' 0% ns
.CLK
tay RD control interval2 100 ns
WRITE CYCLE
Symbol Parameter Min Max Units
tow Data Set-Up to WR - 50 ns
two Data Hold After WR 25 ns
tww WR Pluse Width 100 ns
twi WR control interval' o x ns
.CLK
twi WR control interval? 50 ns
NOTES: :

1. Read or Write' of BFF and XFF.
2. Read or Write of all other registers.’
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DMA READ
Symbol | . - Parameter Min Max Units
toma DMA Read Time A 7 x 1 ns
.CLK
ton DMOR Hold Time 75 ns
tar Address Stable before RD 0 ) ns
tao Data Delay from RD ‘ 150 ns
ton Data Hold after RD 20 ns
tra Address Hold after RD 0 ns
trm RD Pulse Width 150 104 ns
DMA WRITE
Symbol ' Parameter - |" Min Max Units,
toma DMA Write Time 7 x 1 . ns
.CLK
th DMIR Hold Time 80 ns
taw Address Stable before WR 0 ns
twa Address Hold after WR 0 ns
"tow Data Set-Up to WR 30 ns
two Data Hold after WR 25 ns
tww WR Pulse Width 100 ns
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' System Backplane Timing Parameters

PCM INTERFACE — RECEIVE TIMING

Symbol Parameter Min Max Units Test Conditions
tosRR Receive Data Set-Up DCR = 0' |[. 40 ns 60ns for Interleaved Mode
tonRR Receive Data Hold DCR = 0' 10 ns

tosre | Receive Data Set-Up DCR = 12 20 ns

tonrF Receive Data Hold DCR = 12 40 ) ns

PCM INTERFACE — TRANSMIT TIMING

Symbol Parameter Min Max Units Test Conditions
tozxr Data Enable DCX = 0 80 160 ns C_ = 200pF

tonxR Data Hold Time DCX = 0 45 160 ns C_ = 200pF

tozxr Data Enable DCX = 1 40 100 ns C. = 200pF

tonxF Data Hold Time DCX = 1 40 100 ns C_ = 200pF

thzx Data Float After CLK TS 35 80 ns C_ = 150pF

tsonm Timeslot x to enable DCX = 0 70 130 ns C_ = 150pF

tsonF Timeslot x to enable DCX = 1 40 100 ns C_ = 150pF

tsorF Timeslot x to disable 40 100 ns C_ = 150pF
HDLC INTERFACE TIMING

Symbol Parameter Min Max Units Test Conditions
tos Receive Data Set Up 40 ‘ ns

ton Receive Data Hold 10 ns

tro Transmit Data Delay 40 100 ns C_ = 200pF

thHzx Data Float on TS Exit 35 80 ns C_ = 200pF

tson Timeslot X to enable 40 95 ns C, = 150pF

tsorF Timeslot X to enable 35 90 ns C_ = 150pF
NOTE:

1. DCR = 0 data latched on rising edge of CLK.
2. DCR = 1 data latched on falling edge of CLK.
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WAVEFORMS

SLD-Interface Timing

<> tFs
FS _% X
{SFS €| le—tdFs
ax ) ]
o — V|
SDIR e
—»{ He—tdDIR ™ tdDIR
SLD
ot )_ 5§ VALID
. tDEX — l——
sb - tDSX —|
[ S T VALID VALID tDHX
o : X, )
<> tDER tdSLD —>» ([«—1DDR
SGS \- L
77
<-:dS|G->| > tDSIG

Microprocessor Interface

READ CYCLE

tAL —>|

AD BUS
WRITE CYCLE

WR

AD BUS DATA] &5
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DMA READ

DMOR Zl‘ )
) <—>{ tDH

lq—— tAR —-»l |<«———1tRR tRA

5 B
——tRD ——> E— tDF
AD BUS . DATA )
DMA WRITE
: b {DMA. -
DMIR / \
! t1H

DACKA1 S .
\ |<—mw—>| l———— tWww tWA
' R

- 1DW— le—tWD

WR

DATA

AD BUS
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PCM INTERFACE RECEIVE TIMING

CLK

tDSRA =] {DHRR
o T

[<—tDSRF
——] |<—tDHRF

PCM INTERFACE TRANSMIT TIMING

LK _ju.——-—\__Jr——\ JF_—

£ ¢
77
DXon I(
- §
—>| [«—tz2XR —»| |<«—1DHXR —tHZX

f

DX0/ ﬂ }-—

,1 7

tDZXF—> [«— DHXF—> |

BXi2E —_T_L

ol o
7 7
—4 f«—tsonm — SOFF
DX1/2E X v
-4 %

tSONF [<—>{
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HDLC iINTERFACE RECEIVE TIMING

HDLC INTERFACE TRANSMIT TIMING

S B WY B VN B

F -
- 4
psX 4 K
/
7
<—»{ 1TD —>| [e—1tD T [ tHZX

DSE S
{
7

pa
— |=—tson 7 — AﬂtSOFF

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUT/QUTPUT »
: DEVICE
24 UNDER
= = . | test L ¢, = 1500F
A L
> TESTPOINTS < I
X 0.8 0.8
0.45 =
g €, = 150pF
A.C. TESTING INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1 L
AND 0.45V FOR A LOGIC “0". TIMING MEASUREMENTS ARE . CiINCLUDES JIG CAPACITANCE
MADE AT 2.0V FOR A LOGIC “i" AND 0.8V FOR A LOGIC “0".
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iATC-29C51/52 LINE CARD DEVELOPMENT KIT

m Single Board Line Card Plus Group ® Wire-Wrap Area for Custom Circuitry.

Controller. ® A Comprehensive User’s Manual.

® Minimal Assembling, Low Cost, Kit

Form. m Direct Interface with a CRT Terminal.

m Extensive System Software in ROM. " User's Manual.

The LCDK-29C51/52 contains most of the components required for a full feature line card. The kit consists of
primary and a secondary board, which with an addition of few components can be made to function as a PBX.
Included is a preprogrammed ROM containing a system monitor for general software utilities and system
diagnostics. The SLD LCDK-29C51/52 is designed to be operated with a dumb terminal; however, software is
provided to operate the kit from an Intellec Development System. This kit is an inexpensive and highly flexible
prototype system that has been designed to reduce system development time thereby leading to an increased
productivity. :

FUNCTIONAL DESCRIPTION

The LCDK-29C51/52 consists of two boards, namely form a signal path between two analog sources. The
a primary and a secondary. The kit supports up to LCDK comes completely assembled. The SLD
128 TDM timeslots and with a little additional hard- LCDK-29C51/52 secondary board functional block
ware, a full feature line card. The kit as supplied, diagram is shown in Figure 1, the primary board is a
without any additional components, can be used to subset of the secondary.

3 2048KHz
29651 COUNTERS | 8
[ | n
74LS157 4096KHz
SELECTOR
285C51 T
[ [es cLK
sip] F$
l —| 2052
20C51
8282 |
ROM/
RAM
29c51 |—
8031 l N
ROM/
RAM

Figure 1. LCDK-29C51/52
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29C51 Combo

The Intel IATC 29C51 Feature Control Combo is an
advanced user-programmable, fully integrated PCM
codec with transmit/receive filters fabricated in CMOS
technology. The 29C51 realizes the same excellent
transmission performance as the Intel 2913/2914
Combo while achieving the low power consumption
typical of CMOS circuits.

The 29C51 incorporates the Supervision, Coding, Hy-
brid and Testing Operations out of the normal

BORSCHT functions associated with an analog line
interface circuit. The 29C51 also offers a secondary
analog channel, programmable transmit and receive
gains, on chip or custom hybrid balancing network
selection and a flexible signalling interface. The
29C51 is intended for use with the 2952 Intergrated
Line Card Controiler in digital switching environ-
ments. A block diagram of the 29C51 Combo is
shown in Figure 2.
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Figure 2. 29C51 Combo Block Diagram
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2952 Line Card Controller

The Intel iATC 2952 Line Card Controller (LCC) is a
special purpose /0 Controller optimized for use in all
types of telecommunication switching systems. The
2952 replaces the traditional MSI circuits and rep-
resents the continuation of a trend to intelligent flex-
ible line cards.

The 2952 handles the transfer of primary voice, data,
feature control, and signalling information between
the backplane and up to eight 29C51’s; however, the
LCDK-29C51/52 will only be equipped for four
29C51’s per board. The 2952 and 29C51 communi-

cate across a Subscriber Data Link (SLD) interface.
The SLD is a three wire link comprising of a clock
signal a serial data stream and a read/write strobe.

The 2952 is equipped with a standard microprocessor
interface and independent transmit and receive DMA
channels. As well as this, the 2952 has two standard
PCM highways for connection to the backplane. An-
other feature of the 2952 is a fast serial interface to
the central processor. This serial interface is intended
for signalling and follows a subset of the HDLC pro-
tocol. Figure 3 shows a block diagram of the 2952.

SCL
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sLD2 —»0x0 ) pcm
SERIAL SLD3 SUBSCRIBER PCM DXOE TRANSMIT
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Figure 3. 2952 Block Diagram
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The 8031 CPU

The Intel 8031 belongs to the MCS-51 series of single
chip microcomputers, and is at the heart of the LCDK,
performing control and processing functions for both
the primary and secondary stations. The 8031 CPU
combines, on a single chip; a 128 x 8 data RAM, 32
input/output lines, two 16-bit timer/event counters, a
five source level nested interrupt structure, a pro-

grammable serial I/O port; and an on chip oscillator
and clock circuits. An 8031 block diagram is shown
in Figure 4.

For additional information on the 8031 see the 8051
User's Manual.

COUNTERS

REFERENCE
S -
|
|
OSCILLATOR 4096 BYTES TWO 16-BIT i
PROGRAM 128 BYTES !
! & TIMER/EVENT | !
N - MEMORY DATA MEMORY COUNTERS !
(8051 & 8751) i
|
[}
1 73 |
| [
i |
i [
8051 }
cPU |
i
i
P v |
I NN/ |
{ PROGRAMMABLE | |
SERIAL PORT |
| S v PROGRAMMABLE o FULL DUPLEX | |
, ANSION i
i CONTROL vo USART '
, * SYNCHRONOUS | !
! SHIFTER !
' |
| . 4 |
I O I B I o [ 0 1 e Y O N J

INTERRUPTS CONTROL PARALLEL PORTS, SERIAL  SERIAL

ADDRESS/DATA BUS, IN out
& 1O PINS

Figure 4. 8031 Block Diagram
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System Software

A compact but powerful system monitor is contained
in 8K bytes of preprogrammed ROM. The monitor
includes system utilities such as command interpre-
tation and interface controls. Table 1 summarizes the
LCD-29C51/52 monitor commands.

Table 1
Command Operation
(LCC reg) | Read or Write a 2952 register.
Half/Full [ Half or Full duplex terminal mode.
Help Displays a Help file.
Byte Read or Write any external data
memory address.
LCC Relocation of 2952 base address.
GO Execute user programs resident in
memory.
MEMORY

The memory is mapped via 4K byte pages; a maxi-
mum of 12K bytes are used allowing a user expansion
of memory up to 64K bytes. The memory can be
configured as 8K bytes of ROM/PROM plus 2K bytes
of RAM or alternatively 12K bytes of ROM/PROM.

USER INTERFACE

Communication with the outside world is accom-
plished over an RS-232-C compatible link. This serial
link will hook up a CRT terminal to the serial port on
the 8031. Alternatively an Intellec Development Sys-
tem can be connected to the LCDK, this can now be
used as either a dumb terminal or to transport user
developed programs to the LCDK, commands for
these functions are shown in Table 2. A large area
of the board is laid out as general purpose wire-wrap
for user custom interface.

Table 2

Command Operation

DTERM | Places Intellec development system
in dumb terminal mode.

Control-D | Transports user developed programs
from Intellec development system
to the LCDK.

ASSEMBLY

The LCDK-29C51/52 is supplied fully assembled and
is ready to go upon power up and terminal connection.

. The monitor is initialized by twice typing the return
key on user terminal.

Documentation

In addition to detailed information on using the mon-
itor, the LCDK-29C51/52 user's manual provides cir-
cuit diagrams, a monitor lisitng, and a description of
how the system works. The complete design library
for the LCDK-29C51/52 is shown in Figure 4 and
listed in the specification section under Reference
Manuals.

SPECIFICATIONS
Control Processor

Intel 8031 microcomputer.
12MHz clock rate

Memory

ROM — Socket for 256K bytes of program memory,
however, a 4K or 2K byte ROM may be in-
serted.

RAM — Socket for 2K bytes static RAM; user confi-
gurable as program or data memory. Alter-
natively a 4K EPROM such as 2732A may
be inserted.

Feature Control Combo

Sockets for four Intel iATC 29C51'’s.

Line Card Controller

Intel iIATC 2952.
User selectable 2.048MHz or 4.096MHz clock rate.

Interface

Ten line ribbon cable for interconnecting the primary
and secondary boards, all signals are TTL compati-
ble. Serial RS-232-C compatible interface for a ter-
minal. Terminal baud rate can be 300, 600, 1200,
1800, 2400, 3600 or 4800.

Software

System Monitor — Preprogrammed 2732 ROM.
Monitor I/O — CRT or Intellec Development System.
Physical Characteristics

Width — 12 inch

Height — 15 inch

Depth — 7% inch
Weight — 0.864 Ibs.
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Mounting
The two board may be:

— plugged into an Intel system rack

— or mounted on five horizontal legs.

Electrical Characteristics

DC Power Requirements

Voltage Current
+5V £5% 2.5A
-5V +5% 80mA

Environmental Characteristics

Operating temperature. . . . . .
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INTRODUCTION

Line balancing is a concept associated with the fre-
quency response matching of a line at its termination.
This matching allows a reduction of echos generated
within a telephone network. Bell Laboratories book
on Telecommunications Transmission Engineering
Volume 1 should be consulted for background on line
balance and telephone network impairments. This ap-
plication brief discusses line balancing implementa-
tion with the 29C51 and 2952 in a telephone network.
Finally test results are given to show the impedance
matching that can be expected. The telephony con-
vention of data directed towards the telephone being
the transmit and that coming from the telephone being
the receive is adhered to throughout this brief.

IMPLEMENTATION

The Line Card Development Kit 29C51/52 was used
to form the subscriber loop shown in Figure 1. The
line is terminated by the two-to-four wire hybrid, a
poor mismatch results in reflections at the hybrid
which appear as an echo to the subscriber. As well
as reflections, a portion of the received signal couples
back onto the transmit direction. The magnitude of
the coupled signal is determined by the rejection
through the hybrid, this rejection is referred to as the
transhybrid loss. A poor transhybrid loss can result
in oscillations or near oscillations, referred to as sing-
ing and near singing respectively. Note to maintain
stability, the gain through the four wire path must be
kept below unity. This brief discusses the implemen-
tation and optimization of the transhybrid loss.

Figure 2 shows a single and differential ended inter-
face between the 29C51 and the line. The differential
ended interface takes one more component than the
single-ended one, however; it can deliver twice the
signal level to the line. In principle, both interfaces -
operate in the same manner, so only the single-ended
will be further discussed. The 29C51 will drive loads
as low as 300Q; if the parallel combination of the
networks on Vig_ is below this, they may then be
scaled. The receive signal, Vi +, is divided between
Zo and the line impedance Z, seen looking down the
line from the transformer. The signal across Z, is fed
back onto the transmit direction through the Vy input.
The Vgg_ signal is divided between Zo and balance
network ZB1 or ZB2. The receive signals across ZB1
and ZB2 are weighted by the 29C51 summed and
added to the transmit direction. This cancelling signal
is given by:

@ Hi(F) + (1 — «) Hy(F)

— H,4(F) and H,(F) are signals across ZB1 and ZB2
respectively -

— a is the interpolation coefficient

The weighting is controlled by setting a to 0, 0.25,
0.5, .75 or 1 through the 2952. The end result is
interpolation between balance network one and two
which could correspond to two extreme line condi-
tions.

Figure 2A shows the interpolated impedance range
for the balance networks shown in Figure 3. Values
of a equal to 1 and 0 yield the external balance values;
fractional o values produce a better balance over the
frequency spectrum.

(A\o HYB | : 2 | : ‘ ___(&
HYB
pEa Eh H s e
L] 4 2 L

Figure 1
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TEST SET UP AND RESULTS

The gain through the 29C51 is externally set to unity
and programmed internally to be well below one.
Thus, the gain in the four wire path is kept below one.
Readings were taken to measure the internal can-
cellation performance of the 29C51, Vg, was tied to
Vers @and EBN1 to Veg_, o was set to 1. This ar-
rangement gives the rejection figures with perfect
impedance matching. Transhybrid loss is given by the
ratio of Vi, to the signal at TG1 or 2. Figure 4 shows
variation in transhybrid loss with frequency.

The 29C51 was then set up, as shown in Figure 2.
Measurements were taken on a single end line in-
terface. The transformer used was a T5115, this is a
line coupling transformer with a 1:1 ratio and has a

split winding. The split side is capable of handling
direct currents of up to 100mA.

Figure 3 shows the balance networks that were used.
These are the AT&T termination networks for loaded
and unloaded lines. The subscriber side of the line
was first terminated by balance network one with o
equal to one and then terminated by balance network
two with o equal to zero. Transhybrid loss results for
these networks are plotted in Figures 5 and 6.

Simulations were carried out to determine the opti-
mum balance networks for various unloaded 0.5mm
lines, these are shown in Figure 3A.

> > >
1000 3 16502 3 1000 3 8000 3

Sne R 505 R

ONE T™WO

1000 $ 78003 10000 3 4300 3
<

Sne 68yr 7
'NF

Figure 3. Balance Networks

Figure 3A
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Figure 7 shows transhybrid loss variations with fre-
quency for 0.5mm line lengths. Note again the inter-
face between the 29C51 and the line was single-
ended.

The non identical loading of the Vg outputs did not
create a voltage offset or a phase shift between Vgg .
and Vgg_. If this is a concern to the user, the imped-
ances on the Vg _ output may be scaled up to match
the load on the Vg, output.
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Figure 7. Simulated Transhybrid loss
with frequency for 0.5mm lines
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ARCHITECTURAL OVERVIEW
IATC 29C53 o
DIGITAL EXCHANGE CONTROLLER

e 4-Wire Digital Transceiver e SLD Interface Compatible
e 144 KB/S Data Transfer Rate (2B + D) o Full Interrupt Support
® Microprocessor Interface e Master/Slave Modes
o CCITT Compatible ISDN ‘S’ Interface ® Programmable Power Down Mode
e General Purpose Power Controller e Low Power CHMOS
Interface
FEATURES/BENEFITS

® 4-wire full-duplex digital point-to-point and multi-point baseband transceiver, can be used in public or PBX digital
subscriber or data communication applications.

® CHMOS; low power consumption.

® Power down modes; for lower power consumption when idling or not in use.

® 144K bits/sec effective data transfer rate at up to 1.0Km; supporting, voice/data, voice/voice or data/data transfers.
©® Master/slave modes of operation; same part can operate at both ends of subscriber loop.

o MitI:roprocessor interface; direct interface to MCS microprocessor family.

® SLD interface; directly compatible with iATC Telecom product family.

® CCITT compatible ISDN ‘S’ interface; the subscriber loop interface is compatible with pending CCITT recommendation
1.430.

® Power controller interface; provides four pins for control and accepts status from external devices.

@ Built-in HDLC packetizing/depackizing for D-channel.

CLOCK RESET POWER

sz
4-WIRE
.+
LINE INTERFACE 29C53
4 ——74 SLD INTERFACE

4
13
POWER UP INTERFACE

CONTROLLER
INTERFACE

Figure 1. 29C53 Overview Diagram
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GENERAL DESCRIPTION

The 29C53 Digital Equipment Controller is an advanced, multi-channel, multi-protocol iATC Telecom transceiver able
to interface with many types of equipment. In this capacity, the 29C53 allows the extension of digital functions, such
as digital voice and data, directly into subscriber equipment with a high speed, 4-wire digitally encoded serial interface.
The 29C53 is a-28-pin device, which, when used with a 29C51, 2952 and microprocessor, implements flexible point-
to-point and multi-point digital voice/data systems primarily intended for PBX applications and ISDN T1 type terminals.
This device in these modes provides a general data communication interface to a wide variety of terminals and work
stations. The 29C53 transceiver with its programmable digital interface functions may be incorporated at either end of
the subscriber loop interface (line card or digital telephone/terminal). As shown in Figure 1, the 29C53 has four separate
interfaces: a serial SLD iATC Telecom system interface, a parallel power controller interface, a parallel general purpose
microprocessor interface, and a 4-wire CCITT compatible S-interface (subscriber loop interface).

Figure 2 presents a general block diagram of the 29C53. Its three major blocks are interconnected by two buses. The
parallel bus is used to transfer status and control information while the serial bus is used to transfer data between the
subscriber loop interface and the system interface.
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[T N R S— POWER INTERFACE 1" |__CONTROL INTERFACE
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Figure 2. 29C53 Block Diagram
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SYSTEM INTERFACE (SLD interface)

The system interface’s primary function is to allow the 29C53 to transfer a B-channel datastream to other components
using the SLD interface. It also can pass the entire ‘S’ datastream using the ELD mode.

As shown in Figure 3, the SLD system interface consists of three lines: the SLD bidirectional data line, the 512KHz
SCL clock line and the 8KHz SDIR data direction line. The 29C53 can be operated as an SLD master or slave. As an
SLD master, the 29C53 generates the SCL and SDIR line signals. Data information is passed bidirectionally between
the master and slave using a TCM transmission technique. The transferred data is buffered in the 29C53, allowing
asynchronous transfer between the external and internal data. When in the SLD slave mode, the system interface may
be used to access the 29C53s internal registers.

DIGITAL
SUBSCRIBER LINE CARD
SLD s
20050 | SPIR 29C53 20053 |go2IR 2952
| scL scL
29C53 AS SLD MASTER 20C53 SLD SLAVE

Figure 3. SLD Block Diagram

MICROPROCESSOR INTERFACE

This standard parallel interface has the capability to monitor and contro! the 29C53 functions as well as handle data.
To the microprocessor, the 29C53 appears as an asynchronous peripheral. When the microprocessor accesses the 29C53,
the 29C53’s parallel internal bus becomes an extension of the microprocessor’s bus.

All registers interfacing to the 29C53’s internal parallel bus are double-butfered permitting single-cycle (direct) access.
The microprocessor read cycles are not synchronized with the 29C53; rather, the microprocessor immediately reads data
from the slave portion of the accessed register via the parallel bus. In a microprocessor write operation, the data to be
written into a 29C53 register is first latched at the microprocessor bus interface. Then, during a synchronized internal
parallel bus cycle, this data is transferred to the addressed register after the microprocessor operation is completed.

POWER CONTROLLER INTERFACE

The power controller interface, functioning as a general purpose interface, uses four pins to provide control to and accept
status from an external device used to transfer power over the CCITT compatible S or U interfaces. Two pins are inputs,
one is an output and one is configurable as either an input or output. The bidirectional line defaults to the input mode
on power-up. This interface also can be used to indicate SLD status.

SUBSCRIBER LOOP INTERFACE
The subscriber loop interface may be operated in either of its main modes; S or ELD. The primary mode is operating
as an S transceiver. In this mode the 29C53 provides an internal driver for transformer coupled interface for 4 wire

applications conforming to CCITT recommendation 1.430.

The subscriber loop interface in the S interface mode is coupled through external pulse transformers to standard telephone-
type twisted pair cables. One pair is used for transmit and the other for receive.
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The 29C53, functioning as a subscriber loop interface master in a multidrop application, can interface with up to eight
slave 29C53’s. In this multiplexing operation, when a slave wishes to initiate a data transfer to the master, it requests,
gains access, and transfers the data in accordance with the D-channel line access -protocol defined in CCITT recom-
mendation 1.440.

EXAMPLE: ISDN EXCHANGE OVERVIEW

The 29C53 transceiver can be used in a number of applications, in a digital PBX or central office system. In the typical
ISDN exchange illustrated in Figure 4, the 29C53 is used in the voice/digital work ‘station, on the digital line cards in
the PBX, in the local data multiplexer to the PBX, and in the network terminator NT1. These applications are typical
examples to illustrate potential uses of the 29C53 and are not intended to depict actual detailed applications.

4-WIRE
ISDN T1 DIGITAL v
VOICE/DATA LINE CARDS

WORK STATION s '—l /— INTERFACE
INTERFACE y
=

t

TERMINAL
< PBX |e—>
- ‘ CENTRAL
—> OFFICE
—
—>
—>]
L=
RS-232 INTERFACE
TERMINAL
NETWORK <
<4 TERMINATOR 2
4 (NT1)
ISDN T1
VOICE/DATA
" WORK STATION

Figure 4. Typical ISDN Exchange Configuration

4-WIRE DIGITAL LINE CARD

The digital line card interfaces up to eight digital subscribers with the PBX backplane. In this application, the line card
consists of up to eight 29C53 transceivers, a 2952 line card controller, and an 80C51 microprocessor.

The digital line card interfaces with two TDM highways and an HDLC line on the PBX backplane through the 2952.
The 2952 inserts its data in the assigned time slots on either TDM highway under software control and can accept data
from any time slot on either highway. The B1 and B2 channels, voice/data information from the TDM highways, are
directly coupled through the 2952 and 29C53 to the subscriber equipment. Control of the interface and time slot allocation
is determined by the PBX central processor, and central processor control information is coupled to the 2952 over the
HDLC backplane interface or interleaved on the TDM highways. In addition to making the TDM time slot assignments,
inputs from the central processor can be used to set up the 2952 and the 29C53s, to pass commands and data to the
80C51 and pass D-channel command information for the subscriber equipment through the 80CS51 to the 29C53. The
80C51 also can receive command information from the TDM backplane via the 2952 or directly from the central processor
through the backplane.
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The 2952 derives its timing from the PBX backplane and functions as the SLD interface master. In this capacity, the

2952 multiplexes up to eight digital subscribers to the PBX backplane through the generation of the SLD timing and
control signals.

The 29C53 provides a 4-wire CCITT ISDN S interface with the voice/data digital subscriber equipment. In this capacity,
it serves as the S subscriber loop interface master relaying the B1, B2, and D-channel information between the line card

and the subscriber equipment. This digital line card can also be used as a-multipoint control for data/data transfers
through B1 and B2 channels.

PBX
LINE CARD
BACK PLANE
SIGNAL USER
sLD TDM TDM HDLC DATA
S SUBSCRIBER INTERFACE HWY1 HWY2 HWY HDLC
LOOP INTERFACE L
B1 + B2
3 7 '
o T3 -
DIGITAL 20C53
SUBSCRIBER —3 £ — >
2052 [T
. [\[ — - >
o 3] | I
DIGITAL 29C53 5
SUBSCRIBER —_J C

y \
80C51 | 8274 |
D

Figure 5. 4-Wire Digital Line Card

VOICE/DATA WORK STATION

The 29C53 transceiver in a voice/data work station enables this work station to interface with a digital PBX. In this
example, as illustrated in Figure 5, the work station includes a 29C53, an 80186 microprocessor, RAM and ROM

memory, an 8274 multi-protocol serial controller, communication mterface logic, a 29C50 combo, and a VSDD video
color monitor controller.
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The 80816 serves as the heart of the work station as well as handling the data portion of the voice/data telecommunications

interface. In the transfer of digital data, the 8274 packetizes the digital data, provides the serial/parallel interface and

provides the DMA handshake interface with the 80186 for efficient data block transfers. In this operation the 8274

extracts the data from the B2 channel on the SLD highway and also places the data on the SLD B2 channel. In addition,

the 8274 buffers the data, performs the serial/parallel and parallel/serial conversions required to interface the 29C53

with the microprocessor bus, and notifies the 80186 when it is ready to transmit or has received data initiating a DMA .
transfer. The 29C53 power controller interface is programmed to provide status for the data on SLD; the interface logic

allows multiple slaves to share the SLD line. The 29C53 now frames the data (B2) for SLD highway insertion and

removal. The 29C50 interfaces the B1 voice channel with the subscriber handset on the workstation.

In the work station operations the 8255 and keyboard accept user inputs and enable the 80186 to store them until required.
The VSDD interfaces a color monitor with the microprocessor bus. In this operation the VSDD manages and controls
the data display refresh memory. It also provides the work station with pixel orientated, high resolution, color, alpha-
numeric and graphic display capability. The work station ROM memory stores the operating system while the RAM
memory stores programs and data.

The 29C53 serves as the S subscriber loop interface and it receives its instructions from the PBX digital line card via
the D-channel through the 29C53 parallel microprocessor interface to the 80186. On receiving a voice select command
the 80186 programs the 29C53 to pass B1 voice information to the 29C50. The 8274 also instructs the 80186 when the
29C53 is ready to transmit or receive digital data. During transmit, the 80186 transfers data from RAM memory to the
8274. During receive, the 80186 transfers data from the 8274 to the RAM memory.

SLD S
INTERFACE INTERFACE

A
A_____. 2950 o > 29C53 £ ‘
. 3 l 3 £

: B2 POWER
< CONTROLLER
INTERFACE -
< D
CcoMm
80186 <:> 8274 INTERFACE
3 LoGIC
COLOR
P e o R P =
MONITOR
DISPLAY
RAM <:>
REFRESH
RY
MEMO MEMORY
<:> 8255 l«—>1 KEVBOARD

A\

Figure 6. Voice/Data Work Station
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LOCAL DATA MULTIPLEXER

The local data multiplexer interfaces up to eight 19.2 kb/s terminals with the PBX over a single 4-wire S interface loop
without the need for statistical multiplexing. In this application, the local data multiplexer uses up to eight 8256 MUART’s,
a serial/parallel shift register, an 80186 microprocessor, RAM and EPROM memory and a 29C53 transceiver.

In this local data multiplexer, two blocks of memory are reserved for each terminal; a transmit buffer memory and a
receive buffer memory. The 80186 controls the data transfers between the MUART’s and the buffer memory. When a
MUART requires data for its terminal, it interrupts the 80186 and the 80186 transfers data from the appropriate data
buffer to the MUART. When a MUART receives a character from its terminal, the MUART interrupts the 80186 and
the 80186 transfers the character from the MUART to the appropriate buffer memory.

s
N sLp
RS-232 INTEREACE INTERFACE
SERIAL " B1+ B2 C
TERMINAL |e—>| 8256 ¢> (:::) I e B
. REGISTER j 3 C
= A A pPower
. _ b CON-
< TROLLER
d ‘ | INTER-
com FACE
® <:> 80186 INTERFACE
LOGIC
[ ]
* RAM
. MEMORY
TERMINAL je—>] 8256 <::> <::> ::::g:v
RS-232 <

Figure 7. Local Data Multiplexer

The serial/parallel register extracts data from and places data in the SLD Bl and B2 channels providing 128 kb/s
throughput. In addition, it buffers the data, performs the serial-to-parallel and parallel-to-serial conversions required to
interface the 29C53 with the microprocessor bus and notifies the 80186 when it is ready for a data transfer.

As in the voice/data work stations, the 29C53 serves as the S subscriber loop interface slave and receives its channel
selection commands from the 29C53 in the PBX digital line card. In this application, the 29C53 transfers data on both
B-channels across the SLD interface and the 80186 transfers data between the buffer memory and the 29C53, in the
same manner as in the previously described voice/data work station. D channel information and 29C53 commands are
passed across the 29C53 microprocessor interface.
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29C53 MULTIPOINT DATA MULTIPLEXING

The 29C53 transceiver also can be used to multiplex up to eight ISDN T1 terminal in a multidrop configuration to a
29C53 line card in accordance with CCITT recommendation 1.430. In this configuration, the 29C53 in each ISDN T1
terminal functions as the subscriber loop slave and the 29C53 in the digital line card serves as the subscriber loop master.
As illustrated in Figure 8, the eight terminals can be connection on a line up to approximately 200 meters long. The
eight terminals also can be connected on a line up to 500 meters long provided, the eight terminals are within 30 meters
electrically. from each other.

In transmitting information to the terminals the 29CS53 master transmits the information in a CCITT 1.440 LAP.D
environment. This protocol assigns the B1 annd B2 channels to the appropriate terminal.

The master 29C53 in addition to passing a D-channel message on to the line card controller, echoes the message back
to the slave 29C53 on the E-channel. The slave 29C53 compares this E-channel input with the transmitted D-channel
message. Should the slave detect an echo error, it halts the transmission, notifies the local microprocessor to retransmit
the message, and monitors the loop to initiate another transmit operation.

A slave 29C53 requests access to the master in accordance with D-channel line access protocol defined in CCITT
recommendation 1.440. When an ISDN T1 terminal wishes to transmit data to the line card, the slave 29C53 monitors
the received D-echo channel to determine if the D-channel is available. On determining that this channel is available,
the terminal requests and gains access of the subscriber loop. On gaining access, the terminal transmit the message
through its slave 29C53 to the master 29C53.

o 200M >
TE - - NT2
y
TE e o 0 0 0 TE
TE2
TE1 S > NT2
Yy
TE1, TE2, TE3,
- TE4 AND TE4 ARE
TEs WITHIN 30M
OF EACH OTHER
| 500 ]

Flgurels. Multipoint Data Multiplexing
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A variety of higher level protocols can be used to transfer data from the 29C53 master to the slaves. These protocols
may be packet switching or multiframing. In a packet switching protocol, each slave may be assigned a distinct address.
In accessing a terminal, this address is included in the message headers. In a multiframe protocol, the AF pulse can
serve as a start pulse. The master 2953 inserts the AF pulse in the first frame in a predetermined block of frames. Each
terminal is assigned a particular B-channel frame in the sequence. The protocol at the master 29C53 inserts the data for
each terminal in the appropriate frame and the terminals protocol extracts the date from the assigned frame.

NETWORK TERMINATOR (NT1)

The network terminator interfaces a voice/date workstation with a 2-wire digital central office or remote multiplexer unit
(RMU). This terminator consists of a U transceiver, a 29C53 transceiver and power control circuit.

The 29CS53 interfaces with the subscibers voice/data work station over its 4-wire S interface loop and interfaces to the
U transceiver via the ELD interface. The U transceiver interfaces with the existing 2-wire central office wire plant. The
central office transfers date (B1 + B2) and control information (D) through the U transceiver and 29C53. The control
information for the network terminator comes from the line terminator and end terminator (LT and ET respectively).
Remote control and status information may be transferred to and from this NT1 network termination over the U and
ELD interface’s C-channel under the control of the line card microprocessor.

- B1,B2,D —>
1]
s ELD INTERFACE
4 INTERFACE
INTERFACE — 29053 > TRANS%EIVEFI 72

LOOP
POWER A . ’
CONTROLLER
INTERFACE Y /
POWER

CONTROL
CIRCUIT

Figure 9. Network Terminator NT1
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IATC 29C55 CITC
COMMUNICATIONS INTERFACE
TRANSCEIVER/CONTROLLER

e 2 Wire Digital Transcelver o SLD Interface Compatible

e 144 KB/S Data Transfer Rate o Complete Interrupt Structure

e Microprocessor Interface e Master/Slave Modes

e Microprocessor FIFO Buffers ® Programmable Power Down Mode
e Synchronous Serial Port e Low Power CHMOS
FEATURES/BENEFITS

® 2 wire full duplex point-to-point digital baseband transceiver; can be used in telecom PBX/digital subscribers or
datacom point-to-point modem applications

® CHMOS; low power consumption

@ Power down mode; even lower power consumption when not operating.

@ Synchronous serial port; allows external protocol handling with the transceiver transparently receiving/transmitting.
® 144K bits/sec effective data transfer rate; high throughput voice/data, voice/voice or data/data information transfer
©® Master/slave modes of operation; same part opérates on both ends of line interface

@ Microprocessor interface; interfaces to MCS 48, 51, 85, and 86 families

® SLD interface; directly compatible with iATC Telecom product family

® FIFO buffers; buffers data transfers to and from the microprocessor for line interface D and B channel communication

® Complete interrupt structure; transceiver to microprocessor error and status information keeps system software updated
without the need for polling

CLOCK POWER

£ L

e 3 g 29C55 47?’ SLD INTERFACE
LINE INTERFACE

<€—~3 SERIAL PORT

4

Y

UP INTERFACE

Figure 1. 29C55 Overview Diagram
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GENERAL DESCRIPTION

The 29CS55 is the first transceiver in the iATC family, and the 29C55 allows the extension of digital functions such as
integrated voice and data, directly into the subscriber equipment with a high speed, 2-wire digitally encoded data transfer.
The 29C55 is a 28-pin device which, when used with the 29C51, 2952 and a uP, implements a flexible point-to-point
digital voice/data system primarily intended for PBX application. It also includes a terminal-to-terminal mode which
allows general data communication applications. The 29C5S incorporates transceiver and digital interface functions which
may be programmed for use at either end of the loop (PBX or telephone instrument). The 29C5S has four interfaces, a
digital SLD 29CX iATC Telecom interface, a 2-wire analog line interface, a general purpose digital synchronous serial
interface, and an MCS compatible microprocessor interface. The 29CS55 requires a line card based microprocessor
attached to its microprocessor interface to control loop acquisition and initialization. (Refer to overview diagram Figure
1.) The internal architecture has an MTU, master timing unit, that controls all internal information transfer on the parallel
data/control/address highway. Also the 29C55 has an internal loop acquisition control timing unit for automatic loop
acquisition.

TRANSMITTER
n#:: | | BiPHASE SCRAMBLER veo | f:;zl:""
NTER: DRIVER CODE
GENERATOR MASTER
CLOCK
7 SLD ‘3? SLD SLD
FILTER MEMORY MAPPED BUFFER ("::") <:> oo [ SR PORT
ECHO CANCELLOR <2 ot

i | | ™
SERIAL [
@, DATA | .| pEscramBLER <::> vo BurFer [*— RX ~ SIO

RECOVERY > CLK PORT
(s10) - ks
. RPLL
LOGIC
RECEIVER l}____‘l&_l

LOOP ACQUISITION MASTER TRAINING

CONTROL TIMING UNIT READ | | peqistens | | WRITE

UNIT (LAQ) (MTY) FIFO FIFO

P
PORT

Figure 2. 29C55 Block Diagram

LINE INTERFACE OVERVIEW

The 29C55 transfers data at 144kb/s over twisted pair loops. Line data over the twisted pair is formatted into two 64kb/
s B channels and a 16kb/s D (signaling or data) channel.

The line interface section of the 29C55 contains the transmitter and receiver which are used for communication over
the twisted pair. The transmitter section constructs the frame to be transmitted from the various programmed data ports,
encodes the data and drives the line. The receiver has a filter, a memory mapped echo cancellor, and a descrambler.
(Refer to block diagram Figure 2 for 29CS5 interface relationships.)

The scrambler/descrambler section guarantees data reception without accidental cancellation when both transmitted and
received data streams are identical. The memory mapped echo canceller cancels both near and far end echo’s caused
by wire gauge changes, bridge taps, and the terminating impedance. Penalties for wire gauges changes and bridge tap
limitations will be detailed in a future data specification.
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Chip timing is derived via a Xtal Controlled Phase Locked Loop which locks to either of two time bases, depending on
what mode the device is programmed in. The PLL signal choice is automatically selected when the transceiver is
programmed as a slave or master. When programmed as a slave, the VCO is locked to the SLD interface; when
programmed as a master, the VCO is locked to the line interface.

MICROPROCESSOR INTERFACE OVERVIEW

A standard parallel processor interface is provided for both control and monitoring of the 29C55 functions as well as
data handling. All control and configuration registers are directly addressed, and can be read from and written to.

The microprocessor interface has two FIFO buffers for both communication directions, each 18 bytes deep, and a
complete interrupt scheme. The FIFO’s are used to buffer B1+ B2 or B2 or D channel information, and the interrupt
scheme notifies the microprocessor of serial I/O, FIFO, and line interface status and error conditions.

SYNCHRONOUS SERIAL PORT OVERVIEW

The third port is a digital synchronous serial port controlled by the 29CS5. The serial I/O frame clock and bit clock are
generated on chip. The data rate is controlled by the selected channel (D, B2 or B1 +B2) at either 16kb/s, 64kb/s, or
128kb/s between an external device and the synchronized internal data structure.

SLD INTERFACE OVERVIEW

The SLD has a 512kb/s bi-directional serial interface which is used by the iATC component family and is the iATC
communication backbone. This interface is a three wire interface; a data lead (SLD), direction lead (SDIR), and clock
lead (SCL). (See SLD block diagram Figure 3 for details.)

The SLD interface is controlled by the master SLD device, that is, the master SLD device generates the SCL and SDIR
lead signals. Data information is passed bi-directionally using a TCM transmission technique to the slave device. This
digital port is double buffered, allowing asynchronous to/from data transfer. The 29C55 is a master on the SLD in the
digital subscriber, and an SLD slave on the line card. )

DIGITAL SUBSCRIBER LINE CARD

SLD ~_ SLD

comso | SDIR 29C55 29cs5 | SDIR 2952

sLave [ MASTER stave [ MASTER
sCL _ sCL

Figure 3. SLD Block Diagram
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APPLICATION OVERVIEW

The following application examples illustrate, in greater detail, the application overview example shown in Figure 4.
In an ISDN environment, the central office services, in the form of an intelligent remote multiplexer unit, will be
distributed to handle voice, as well as, growing digital data traffic. This implies that future central office architectures
will include a distributed, remote multiplexer to locally handle voice as well as data traffic. The RMU can handle both
public and private subscriber needs, and the 29C55 can handle both data/voice, as well as, data/data transmission
requirements. The RMU switch in this overview could also be a PBX switching system. These applications are typical
examples to illustrate potential uses of the 29C55 and are not intended to depict actual detailed applications.

" ISND
TERMINAL 2 WIRE \
, ﬂD ATRANSCEIVEH wmee |
PRIVATE - > -
SUBSCRIBER DATA/VOICE CARRIERS .
TERMINALS PUBLIC

SUBSCRIBER

A

a
T -

RS232C

DATA/DATA

* 2 WIRE TRANSCEIVER

LOCAL DATA — REMOTE MULTIPLEXER
MULTIPLEXER UNIT (RMU)

Figure 4. Applléatlon Overview
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REMOTE MULTIPLEXER UNIT DETAILS

The line card can handle up to eight digital subscribers in the RMU as well as general switching systems. The information
transferred to the subscribers can be voice/voice for three party conferring, or voice/data for ISDN terminal applications.
The 80C51 handles all D Channel encoding to the digital subscriber from the HDLC control highway, or from interleaved

information on PCM No. 1 or No. 2 highway. The 80C51 also initializes the 2952 and 29C55, and assists the 2952 in
time slot assignment management.

The call processing controller receives control and signalling information from the central office across a carrier’s time
slot(s) interleaved on one of the external carriers and then across internal PCM highways through a carrier synchronization

circuit. The 80186 manages all resources, and through the same 2952, passes control/signalling information to the line
card 80C51’s through the local line card 2952.

INTERNAL PLM
HIGHWAY
LINE CARD 81 B2
7O DIGITAL —
SUBSCRIBER o2 _—
B1
— SLo »| SYNC AND
B2 ; E 29c55 | ¢ 2052 |< >1 °oriver CARRIERS To
° 3 B > INTERFACE SWITCH
D
: . - > 2952 80186
: 80C51 -
PCM 1 < >
PCM 2 v
HDLC CALL PROCESSING
CONTROLLER

Figure 5. Remote Mulliplexer

At 4.096mb/s, the internal PCM highways can handle 128 time slots. Each 2952 can access all time slots on both of

the PCM highways, therefore, the RMU does not need a separate space/time switch card if the following design
requirements are met: :

o If the blocking ratio is 1:1, 128 analog subscribers or 64 digital subscribers can be connected minus any time slots
used for signalling, tones, music, etc.

® This implies five T1 carriers can be connected to the RMU, or four PCM 30 carriers for no transmission blocking.

® Both PCM’s transmit and receive paths must be tied together.
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LOCAL DATA MULTIPLEXER DETAILS

Eight 19.2kb/s RS232C terminals can be handled by one 29C55 transceiver without the need for statistical multiplexing.
Bandwidth considerations require that the 29C55 handle 16 bytes bi-directionally in the time that it takes 8 19.2kb/s
terminals to transfer one byte to/from the multiplexer. Eight terminals require that the 8256 MUARTS be polled every
0.5 msec when the character’s are 10 bits each, and the terminals’ are transmitting at 19.2kb/s. The 29C55 can transfer
2 bytes every 125 microseconds, or 8 bytes every 0.5 msec. Statistical multiplexing allows further terminal concentration
with one 29C55 based multiplexer. ‘

The 80186 has DMA capability, and this capability can be used to efficiently transfer data to/from RAM znd 8274. The
8274 can be used as a B1 + B2 channel data protocol handler, and can be synchronized by the 29C55 transceiver serial
port. D channel signalling and control is transferred through the 29C55 parallel interface, buffered by the internal FIFOs,
decimated/collated, and transferred/interlaced in the line interface. D channel bandwidth can be used for switch is then
further encoded by the 80186 and transferred to the terminals in the form of control command, and signalling messages.
The 80186 can be used as a message buffer controller between the terminals and the switch using the D channel.

VAN
TERMINALS <::> 8274
)
<] 8256 <___"> B1+B2
- _ b Y 128KB/S B1+B2
- DATA T0
: 2055
oo <::> , 16KBS D  SWITCH
msz2c  ° SIGNALLING
: CONTROL
. C:_:) 80186
:
T
= k===
. C:) EPROM

Figure 6. Load Data Multiplexer
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ISDN TERMINAL DETAILS

The 29CS55 used in this configuration is a telecom device with the SLD interface connected to a 29C50, the programmable
codec/filter. The 29CS5S5 is treated as a peripheral to the local microprocessor. The local microprocessor, 80C51, configures
the 29C50 through the 29C55 with information obtained from local memory or from the linecard via the line interface;
the 29C50 has the codec/filter functions and is the slave to the 29C55 SLD master.

B1 B1

RO sLD B2

A<—> 20050 |ers»f 29C55 }g . D ~
3

Lco D P‘LT @13 B2

pPB'S —»| 8044 — ] socst 4—:]

y KEYBOARD
LED'S ’ ? RS232C
TELEMETRY
TERMINAL

Figure 7. ISDN Terminal

The 8044 acts as a D channel programmable protocol controller, and provides an interface to LCDs, pushbuttons, keypad
matrixes, LEDs and telemetry inputs from a line card D channel controller. The 8044 has to be polled by a switching
system. The 8044 could handle a part of the HDLC LAP D protocol as a D channel protocol controller example.

The 80C51 is a data rate adapter for RS232C terminals and a keyboard interface. If high speed data rates (128kb/s with
B1+B2) are required for terminal data transfers the 80C51 can program the 29C55 to route both B1 +B2 through the
parallel port, temporarily rerouting B1 traffic away from the SLD interface. Likewise, if three party conferencing is
required, B1+ B2 can be routed through the SLD interface temporarily away from data services through either the serial
Or MiCroprocessor port. .
NOTE: This configuration has all CMOS parts, and could be powered by the PBX. Becaue some applications require
continuous voice information transfer regardless of local power failure, the RS232C serial information and the
29C55 serial port could be optically isolated and powered by the external terminal.
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IATC 29C53
DIGITAL LOOP CONTROLLER

B 4-Wire Full Duplex Digital Transceiver m Exceeds 1K Meter Range
m CCITT 1.430 “S” Interface Compatible W iATC Standard SLD Interface
m ISDN Basic Rate 144K Bit Per Second m MCS Standard Microprocessor
m D-Channel Processing Support Interface
m Point-To-Point or Point-To-Multipoint m Peripheral Interface/Status Port
Bus Configuration m Low Power, High Density CHMOS
[ ] Eame Device Used at Both Ends of m Single +5 Volt Supply
oop '

The Intel Advanced Telecommunication Component (iATC) 29C53 Digital Loop Controller (DLC) is a 4-wire

transceiver/controller that is CCITT 1.430 compatible and can function at either loop end. This part has
" integrated those features which are pertinent to the transceiver function; yet it offers efficient interfacing to
other system components such as combos, line card controllers and MCS microcontrollers through the SLD
and microprocessor interface ports. It is primarily intended for use in Integrated Services Digital Networks
(ISDN) as a basic rate digital data transceiver which transfers data at 144 Kbps as three separate channels—
two 64 Kbps digitized-voice/data channels (B-channels), and a 16 Kbps signaling/data channel (D-channel).
The B- and D-channel routing along with D-channel processing (packetization) is programmable through either
the microprocessor or SLD interface ports. The 29C53’s loop interface uses a 100% pulse-width pseudo-ter-
nary inverted line code similar to Alternate Mark Inversion, which meets CCITT’s “S” interface recommenda-

tions. It is capable of interfacing with up to eight 29C53s in a passive or extended bus configuration as well as
point-to-point.

Plastic Chip Carrier* 28-Lead Dual-In-Line Package
350 x 550 MILS

5 PP %%01 mdi — 2sfa0
sto} 2 273 D1
sceefs ° 2 T 2 T oshane ' csgs 2617 AD2
soR ] 5 25 A03 scL 4 25 AD3
= 249 A0s : soR] 5 247 AD4
resd 7 23 cLk AEC] 6 233 cLK
vecc]s  N29cs3  22[vss RESCH7  prgess 228 VSS
wrd o 2113 a0s ~ veerds 21305
R 10 2071 AD6 WR {9 203 AD6
pard 11 1ol8 b7 RoC] 10 193 a07

p3d] 12 iy . : Pag] 11 18P

13 14 15 16 17| p3C] 12 170 P2
X+ LR- P2 Lx+ ] 13 16 LR+
LX=" LR+ -0 14 15 LR=

270087-1

) 270097-2
*Call sales representative for availability

Figure 1. 29C53 Pin Configurations

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. October 1985

© Intel Corporation, 1985 Order Number: 270097-001
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Symbol

Pin No.

Function

Vee

POSITIVE SUPPLY: input voltage is + 5V +5%.

Vss

22

GROUND: 0V

CLK

23

MASTER CLOCK: The 3.84 MHz system clock input is the reference for the
loop and the SLD interface.

Res

RESET: (Active high input). A high level on this pin initializes most control
registers and places most interface outputs in a high impedance state.
Operation begins when the high level is removed.

LX+, LX—

13,14

POLARIZED TRANSMIT LOOP INTERFACE PINS: These pins will directly
drive the twisted pair line through a 2.5:1 line transformer. The transmitted line
code is similar to alternate mark inversion.

LR—, LR+

15,16

RECEIVE LOOP INTERFACE PINS: The receiver is not sensitive to polarity.

SLD

SUBSCRIBER LINE DATALINK: This pin transfers serial data between the
29C53 and other SLD based components (e.g., 29C51, 2952, 29C55, etc.).

SCL

SUBSCRIBER CLOCK: 512 KHz signal may be either generated or received by
the 29C53. This signal clocks the data on the SLD pin.

SDIR

SUBSCRIBER DIRECTION: An 8 KHz signal may be either generated or
received by the 29C53 to indicate SLD data direction and framing. A high level
indicates and enables master to slave transfer; a low level indicates slave to
master transfers.

CHIP SELECT: (Active low input). A low level on this pin enables the 29C53
bus interface for the next bus cycle. The value is latched by the falling edge of
ALE.

10

READ STROBE: (Active low input). When low, data is transferred from the _
selected register to the data pins AD (0-7). When no local microprocessor is
connected, this pin should be tied to Vgg.

WRITE STROBE: (Active low input). When WR changes from low to high, data
on pins AD (0-7) is latched into the 29C53. When no local microprocessor is
connected, this pin should be tied to Vggs.

AD (0-7)

19-21,
24-28

ADDRESS/DATA PINS: This is a standard MCS microprocessor bus used to
transfer address and data between the local microprocessor and the internal
registers-of the 29C53. When a local microprocessor is not used, these pins
should be tied to Vss.

ALE

ADDRESS LATCH ENABLE: Address is latched from AD(0-7) on falling edge
of this signal. State of CS is also latched at this time.

-

INTERRUPT REQUEST: This is an open drain active low output. (See text for
the interrupt conditions.)

P1, P2

18,17

PERIPHERAL INTERFACE INPUTS: These are standard CHMOS high
impedance inputs that are sampled at a 4 KHz rate (once per *‘s” frame). The
sampled data is stored in the LPS register (bits 5 and 6). If any peripheral input
bits have changed value since the previous frame, an interrupt condition is
indicated; only present status is available.

12

PERIPHERAL INTERFACE INPUT/OUTPUT PIN: When configured as an
input, this pin has the same characteristics as P1 and P2. The sampled data is
stored in the LPS register (bit 7). When programmed as an output, this pin
outputs the data stored in the PEC register (bit 1). The pin is configured by bit 2
of the PEC register. An alternate function of this pin and P4 is to indicate the
status of the SLD interface. See the section on the SLD interface.

P4

11

PERIPHERAL INTERFACE OUTPUT PIN: This pin outputs data stored in the
PEC register (bit 0) or SLD status.
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IATC 29C53

ADVANCE INFORMATION

29C53 FUNCTIONAL DESCRIPTION

The 29C53 Digital Loop Controller is a multi-channel
ISDN transceiver which provides a multiplicity of ad-
vanced communication functions and services. The
29C53 allows the extension of digital voice and data
directly to subscriber equipment over a 192 Kbps
baseband 4-wire serial interface. The 29C53 is a 28-
pin device which, when used with the iATC 29C51,
2952 and a microprocessor implements flexible
point-to-point or point-to-multipoint CCITT 1.430
compatible voice/data communications. It is primari-
ly intended for use in PBX's and ISDN terminal
equipment.

The 29C53 may be incorporated at either end of a
subscriber loop interface (at the line card or digital
telephone/terminal). As shown in Figure 2, the
29C53 has four separate interfaces: a serial SLD
iATC Telecom system interface; a parallel peripheral
interface; a parallel microprocessor interface and a
4-wire CCITT compatible S-interface (subscriber
loop interface).

THE BLOCK DIAGRAM

Figure 2 represents a block diagram of the 29C53.
Its three major blocks, the line interface unit, the
D-channel processor and the SLD interface unit are
interconnected by two buses. The parallel bus
(P-bus) is used to transfer processed D-channel
data and general status and control information
while the serial bus (S-bus) is used to transfer
B-channel data and unprocessed D-channel data
between the line interface unit and the SLD interface
unit.

The SLD interface unit consists of shift registers and
serial to parallel converters. Data from both the
S-bus and the SLD interface is stored here in appro-
priate parallel registers before it is loaded into shift
registers and passed on. All of the timing circuitry for
the SLD interface is located here. This block also
contains a command processor which is responsible
for controlling the functionality of the chip.

The D-channel processor has three major sections.
An HDLC section performs some of the basic LAPD
protocol functions such as zero insertion or deletion,
flag recognition or insertion for frame delineation,
abort flag recognition, idle state transmission, and
end of packet frame check sequence for both data
directions. The FIFO section consists of two 32-byte
buffers, one for transmit and one for receive. The
control and status section monitors the FIFO data
levels and the HDLC section for progress. Interrupts
or requests for service may be generated for condi-
tions such as a full or empty FIFO, loss of sync,
frame check error, overflows and aborts.

The line interface unit contains the line drivers and
receivers for the S interface. Connection is made to
the transmission lines through a 2.5:1 line transform-
er. Formatting, timing and synchronization are also
provided here. The receiver includes filters, AGC cir-
cuitry, threshold detectors and a loop delay shift reg-
ister. The loop delay shift register maintains the
proper internal frame relationship regardless of loop
length (it allows extra propagation delay time for
long loops or line repeaters). The received D-chan-
nel bits are logically looped back to create the
E-channel bits in an NT application through the
E-channel circuitry.

The. microprocessor interface circuitry allow$ the
29C53 to function as a peripheral to an MCS micro-
controller. The internal P-bus actually becomes an
extension of the microcontroller’s bus. All internal
registers are directly accessible.

The spare bits processing block provides access to
all the miscellaneous bits in the S frame except for
the framing bits and the balance bits. When spare bit
functions become defined, they can be easily moni-
tored and modified.

The peripheral interface circuitry provides an auxilia-
ry port for controlling auxiliary peripherals such as
power controllers, etc.

SLD INTERFACE

The SLD interface provides half-duplex 512 Kbps
communication with other devices incorporating
SLD interfaces (such as line card controllers and co-
dec/filters). Of the 256 Kbps in each direction, 128
Kbps is dedicated to voice/data channels B1 and
B2. The remaining bandwidth is used for the D-chan-
nel data and various control and status transfers de-
pending on the exact application.

As shown in Figure 3, the SLD interface consists of
three lines: the SLD bidirectional data line; the
512 KHz SCL clock line; and the 8 KHz SDIR data
directon line. SLD data is updated on the rising edge
of SCL and is latched on its falling edge. The 125 ps
SLD frame period consists of 32 bits transferred in
master to slave direction followed by 32 bits in the
slave to master direction. The 32 bits compose four
8-bit bytes in the following order: B1 and B2 (voice
or data bytes); C (control byte); and S (signaling or
status byte). Unprocessed D-channel data may be
transported over the S-byte in bits 0 and 1, or over
the B2 byte.

The 29C53 can be operated as an SLD master or
slave. As an SLD master, it generates the SCL and
SDIR signals. When SDIR is high, the SLD pin out-
puts data. As a slave, it receives SCL and SDIR sig-
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nals and SDIR enables the SLD output driver when it
is low. The SLD bus is always active; no powered-
down or inactive mode is defined.

In a network termination (NT) application (line card),
whether a microprocessor is connected to the
29C53 or not, the SLD control and signal bytes may
be used for 29C53 configuration and D-channel
transfers. The command bytes are interpreted and
executed by the 29C53’s command processor cir-
cuit. The command processor generates internal P-
bus cycles to carry out those commands. Internal
prioritization resolves P-bus collisions between mi-
croprocessor-interface generated and command-
processor generated cycles. In case of collisions,
the microprocessor interface has higher priority to
minimize access time but both cycles will be com-
pleted.

“S” TRANSCEIVER

The 4-wire “S” transceiver circuit in the 29C53 con-
forms to CCITT recommendation. 1.430. This trans-
ceiver provides the internal drivers for transformer
coupling to standard telephone type twisted pair ca-
bles.

The ““S” transceiver line code is 100% Pseudo-Ter-
nary Inverted code which is similar to Alternate Mark
Inversion, except that logical ones are transmitted
as spaces, logical zeros as marks. A space has a
nominal differential voltage of zero volts. Marks may
be either positive or negative differential signals,

. nominally 0.75 volts in amplitude.  Marks -alternate

polarity except when a “code violation” is created
for establishing frame reference timing.

The nominal bit rate is 192 Kbps. Figure 4 shows the
frame structure. The 250 us frame transfers two oc-
tets of B1, B2 and four bits of D data. The E bits in
the master to slave direction, echo received D-chan-
nel data. The “S” interface slave compares the re-
ceive E-channel data to its transmitted D-channel
data for D-channel contention as defined in CCITT
recommendation 1.440. If these bits do not agree,
then the slave will abort its transmission effort. The
S, FA, and N bits are all accessible and programma-
ble.

The activation protocol described in 1.430 is support-
ed by the 29C53. An inactive receiver can achieve
bit synchronization to an incoming signal with ap-
proximately 30 mark-mark transitions. Info 2 or 3
frame alignment is not officially recognized until re-
ception of 16 frames, to allow settling of the 29C53's
adaptive receive data thresholds. The full activation
sequence will complete in approximately 10 ms.

The 29C53 is not sensitive to the polarity of the wire
pair connected to LR+ and LR—. Marks are always
interpreted as zeros and framing relies on violations;
not on absolute polarity. System configurations may
dictate that care be taken in connecting the LX out-
puts. In a multi-drop bus configuration all TE trans-
mitters must be connected with the same polarity so
that positive mark to negative mark contention does
not take place in the framing and D-channel bits. -

SLD B1 B2 . C S

Bt B2 c S

MASTER ——— SLAVE

SDIR J
scL

B1 - 64KBPS DATA
B2 - 64KBPS DATA -8 BIT BYTE
C - CONTROL/DATA -8 BIT BYTE
S - SIGNALING/DATA - 8 BIT BYTE
ALL BYTES ARE MSB FIRST

-8 BITBYTE

125u8 ' - {

SLAVE —— MASTER

270097-4

Figure 3. SLD Interface
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@ MASTER TO SLAVE (NT T0 TE)
F Lk—s1-sers =/ € 0 A F, Nl—B2-8BTs—~{ € D St} B1-8BMs—|€ D s2l—B2-8BUS—~]E D L

T Lot CEEEET R (P P B CHEF

¥ ¥

® MASTER TO SLAVE (TE TO NT)
|————|

28BIT OFFSET
FLhk-si-sems =L o L Fy Ll-B2-8Bms—{L D Ll-Bi-sBrs—{L b Ll-B2-EBTS—{L D L

( HLHZH( O

0 [ ¢ O [ ¢
(@ngN (RN RRIQER RN RREQENEN

|-——————-——— 48 BIT WIDE FRAME — 250 MICRO SECONDS —I
270097-5
A - BIT USED FOR ACTIVATION - Fa - AUX. FRAME BIT
B1, 2 - 64 K BPS DATA L - DC BALANCING BIT
D - DCHANNEL BIT (16K BPS DATA) N-BIT = Fp
E - D CHANNEL ECHO BIT St, 2 - RESERVED FOR FUTURE STANDARDIZATION

F - FRAME BIT

Figure 4. The S-Interface Frame Structure

The 29C53, functioning as an “S” interface master
in a muiti-drop application, can interface with up to | |
eight slave systems. In this multiplexing operation a [ Tk |
~ slave initiates a data transfer to the master, by re- :
questing access and transferring the data in accord- TE } NT
ance with the D-channel line access protocol (1.440).
Figure 5 shows typical applications of the 29C53. PASSIVE BUS

1 |
| 150 M |

POINT=TO=POINT

The frame alignment timing diagram Figure 6(b)
shows the relationship of the “S” interface data to NT
the SLD data. Figure 6(a) shows the block diagram F | :
used for the timing diagram. The top timing diagram
shows the transmitted “S” data stream from the net- TEy T | @0 0| TEg
work terminator (master). The dotted lines depict up
to 20 us propagation delay to the “S” receiver at the
terminal equipment (slave) end. The terminal equip-
ment’s transmitted “S” interface frame is designed
to have a fixed 2-bit frame alignment delay from that | |
of its received frame. The adjustment for loop propa- _ | Soo M
gation delay is accounted for in the network termina-
tor's receive circuitry, (loop delay section of block
diagram). The loop delay circuitry will compensate
for up to 10 bit periods of round trip propagation
delay which allows line repeaters to be placed in a
loop that is several thousand meters long.

EXTENDED CLUSTER

NT

MICROPROCESSOR INTERFACE

This interface is designed to operate with standard
Intel 8-bit microprocessors such as the MCS®-48,
MCS-51, MCS-85 and iAPX-86 families. All of the
29C53's internal registers are accessible and most
are available by a single microprocessor cycle. ac-
Ccess.

270097-6

Figure 5. 29C53 Bus Configurations

14-229



. ,
intel ATc 20053 ADVANGCE INFORMATION
TE NT
RECEIVE TRANSMIT
'S' SLAVE|<—— DATA PATH DATA PATH <—]'S' MASTER
(8 ()
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DATA DATA
© TRANSMIT RECEIVE A
DATA PATH  DATA PATH —
© (E)
270007-7

Figure 6(a). Frame Alignment (Block Diagram)

The maskable interrupt pin, on this port, is activated
by the following interrupt status features: D-channel
errors; loss of sync on “S” loop; change in spare
bits or peripheral interface data; FIFO data transfer
requests.

Alternatively, the 29C53 can operate in the stand-
alone mode in line card and NT applications. This
mode is determined on a power-up condition or after
a reset, provided all the microprocessor interface
pins have been tied to Vgg, except for the interrupt
pin. .

PERIPHERAL INTERFACE

The peripheral interface uses four pins to provide
control to, and to accept status from, external devic-
es. Two pins are inputs, one is an output and one is
. configurable either as an input or an output. The

configurable pin defaults to the input mode on power
up.

The peripheral interface can also be used to indicate
SLD status. Figure 7 shows the timing diagram of P3
and P4. B1, B2 and D-channel data on the SLD pin
can be selected or gated by using these signals. As
noted on the P3 timing, the D-channel is imbedded
in the last two bits (0, 1) of the signaling byte.

INTERNAL CONTROL AND STATUS
REGISTERS |

All of the 29C53’s internal control and status regis-
ters may be accessed through the microprocessor
interface or through the SLD interface. When a mi-
croprocessor accesses a register, the address and
CS inputs are latched on the trailing edge of ALE.

/—ZBITS

SLD B1 B2

B1 B2 c

~

~,

SLAVE — MASTER

SDIR _I
P3 -_—I

MASTER ——= SLAVE

F4J ‘ 1

| ! |

NOTE:

- Status indicators are activated by the SST Bit in the PEC Register

270097-9

Figure 7. 29C53 SLD Status Indicators
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Op Code Table.
OpCode Operation Argument
- 000 Reserved For Status Poll (Call Verify) By Master -
001 Single Byte Transfer To Slave Reg Adr
010 Prepare Single Byte For Transfer To Master Reg Adr
011 Multiple-Byte D Data Transfer To Slave #Bytes
100 Multiple-Byte D Data Transfer To Master Max # Bytes
101 Multiple-Byte Configuration Transfer To Slave # Bytes
110 Multiple-Byte Status Transfer To Master # Bytes
111 Reserved For Status Poll (Call Verify) Tail & Idle —

In an SLD access, the 29C53 receives a control byte
containing an operation code and an argument. The
three most significant bits contain the operation
code and the remaining five bits contain the argu-
ment. The operation code defines eight transfer
types.

SLD Control Byte
7 BITS

[ 1
Op Code

Argument

The 3-bit operation code in the control byte from the
line card controller should normally be 111, indicat-
ing the idle state. The transferring of data to and
from the 29C53 is accomplished by indicating the
type and the number of bytes to transfer in a non-
idle control byte. When a polled response is request-
ed, the 29C53 responds to the poll operation code
000. This can be used for the transfer of one or sev-
eral bytes of information.

The register table below identifies the address of
each 29C53 register. The status registers are read-
only registers while all control registers are read/
write registers. Because all the register addresses
do not fit into the 5-bit address space, a register test
mode has been included which permits reading the
contents of control registers at addresses which nor-
mally are status registers. Where no register is as-
signed a location in the register test mode, the nor-
mal status register located at this address is read.

The D-channel block transfers from the 29C53 to
the line card controller preface the data bytes with a

byte header specifying the number of following bytes
(less than or equal to the maximum specified) and
the status of the packet they belong to. All trans-
ferred data bytes belong to the same packet; the
transfers occur until the selected number of bytes’

_are transferred or an EOP (end of packet) is detect-

ed. The EOP may occur even when there are addi-
tional bytes in the FIFO. The header byte contains
the byte count in the lowest five bits and the status
in' the upper three bits.

Data transfers within the 29C53 cannot be made in
both directions simultaneously. Multiple commands
and data bytes may follow each other directly from
the line card controller to the 29C53 if the previous
command has been fully executed.

It is possible to fully configure the 29C53 over the
SLD interface, as is done with analog per-line com-
ponents. Provisions are also made to perform this
transfer at a 2 byte-per frame rate using both the C
and S bytes of the SLD. The first control byte of a
configuration transfer to the 29C53 specifies the
type of operation to be performed and the number of
data bytes to follow. The system interface command
unit loads the internal registers with the information
as it is received. When the specified number of data
bytes have been transferred, the 29C53 assumes
the next input is a control byte.

The order of the bytes in a configuration or status
block transfer is determined by the addresses of the
internal registers. A multiple-byte transfer, beginning
with register 00H, transfers the data to or from that
register and increments the address counter.
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Table 1. 29C53 Registers

Address Access Symbol Name
00000 RD IXS Interrupt Status
00000 . WR(RT) IMR Interrupt Mask
00001 RD DPS D-Channel Processor Status
00001 WR (RT) DPC D-Channel Processor Control
00010 RD ‘ LPS  Loop and Peripheral Interface Status
00010 WR (RT) LCR Loop Interface Control
00011 RDWR PEC Peripheral Interface and E-Channel Control
00100 RD RFN Receive FIFO Status - # of Bytes Used
00100 WR (RT) SCR SLD Interface Control
00101 RD XFN Transmit FIFO Status - # of Free Bytes
00101 WR (RT) SDC SLD Data Transfer Configuration
00110 RD SBR Spare Bits Receive Status
00110 WR (RT) SBX Spare Bits Transmit
00111 RDWR - LLB Loop Interface Loopback Cont_roi
01000 RD RFO Receive FIFO Output
01001 WR XFi Transmit FIFO Input
01010 RDWR . GCR General Command Register
01011 ) RDWR DPR D-Channel Priority Counter
01100 RDW RFIL Receive FIFO Interrupt Level
01101 RDWR XFIL Transmit FIFO Interrupt Level
01110 RD PLENH Packet Length High Byte
01110 WR (RT) DUTH D-Channel Byte Counter Underflow

. and Overflow Threshold
01111 RD PLENL Packet Length Low Byte
01111 WR (RT) DOTH D-Channel Byte Counter Overflow Threshold
10000 RDWR AFD Auxiliary Frame/Multiframe Division
10001 RDWR PSR Position Selection
10010 RD RSR Receive Service Request
10011 RD XSR Transmit Service Request
11000 RDWR B1LS B1 Data in Loop to SLD Direction
11001 RDWR B2LS B2 Data in Loop to SLD Direction
11010 RDWR CR Control Byte from SLD
11011 RDWR SR Signaling Byte from SLD
11100 RDWR B1SL B1 Data in SLD to Loop Direction
11101 RDWR B2SL ' B2 Data in SLD to Loop Direction
11110 RDWR CX Control Byte to SLD
11111 RDWR SX Signaling Byte to SLD
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ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias........... —10°Cto +80°C
Storage Temperature .......... —65°Cto +150°C
Voltage on any Pin ....Vgg —0.5V to Vgg to +0.5V
Maximum Voltage on Vg :

with RespecttoVgg ........cocovvvnnn.n +7v -

Total Power Dissipation.................. 500 mwW

*Notice: Stresses above those listed under “Abso-
lute Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions above those indicated in the opera-
tional sections of this specification is not implied. Ex-
posure to absolute maximum rating conditions for
extended periods may affect device reliability.

NOTICE: Specifications contained within the
following tables are sub/ect to change.

D.C. CHARACTERISTICS Vcc = +5V £5%; Vgs = OV; Ta = 0°C to 70°C
Typical Values are at T = 25°C and Nominal Power Supply Values )

DIGITAL INTERFACES

- Test
Symbol ‘ Parameter Min Typ Max Units Conditions
o Input Leakage Current +10 pA Vss < VIN £ Ve
(Excluding LR+, LR—)
ViL Input Low Voltage —0.5 0.8 \
ViH Input High Voltage - 20 Voc + 0.5 \
VoL Output Low Voltage . 0.45 \ loL = +2.0mA
VoH1 Output High Voltage 2.4 \ loH = —400 pA
VoH2 Output High Voltage 0.9 Vce \ loH = —40 pA
POWER SUPPLY CURRENT (Averaged over 1 ms)
Symbol Parameter Min Typ Max Units Comments
Icc (P) Power Down (Standby) 4 mA SLD and CLK Active
lcc () Idle Operating Current 8 mA Receiver, SLD, OSC
Active
lcc (N) Normal Operating Current 20 mA Everything is Active
(Excluding (Current
for Output Loads)

A.C. Characteristics Ve = 5V +5%; Vgg = 0V; Ta = 0°C — 70°C; CLK = 3.84 MHz

RECEIVER
Symbol Parameter Min Typ Max Units Comments
VRmD Received Differential Mark Voltage 200 3000 | mV
ZIR LR+, LR~ Input Impedance 60 kQ Each Pin
CRr LR+, LR~ Input Capacitance 30 pF Each Pin
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TRANSMITTER

Symbol Parameter Min | Typ | Max | Units Comments

Vxp Transmit Differential Mark Voltage 1780 1980 | mV | 200Q <R <2.5kQ

Zox LX+, LX— Output Impedance 60 ’ kQ | Each Pin

Cox Output Capacitance 30 pF | Each Pin

Ry Resistive Load Between LX+, LX~— 200 Q

CL Capacitive Load Between LX+, LX— 1500 | . pF

tLp Load Time Constant 0.5 ps | Ry = 3009, C. = 1500 pF
MR Transmit Mark Rise Time 400 ns | Note1

to Damping Time Constant 1.5 us

Ixr Source, Sink Current Limit 18 mA

VxL Voltage Limiting 125 % Nominal Mark Voltage
TIMING

Symbol Parameter Min | Typ | Max | Units | Comments
J Timing Extraction Jitter (“S"' Slave Mode) -5 +5 % 1.4308.2.2

PD Total Phase Deviation LX with Respect to LR -7 +15 % 1.4308.2.3
NOTE:

1. Risetime is measured as 10% to 90% for space mark transitions and 90% to 0% and 0% to 90% for mark-to-mark
transitions with respect to final value.
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270097-11
Figure 8. SLD Interface Timing (29C53 As Master)
SLD INTERFACE TIMING (29C53 as Master)

.« Symbol Parameter Min Max Units
TKC CLK to SCL Delay 150 : ns
TKS CLK to SDIR Delay 150 ns
TKDE . CLK to SLD Driver Enabled 0 ns
TKDV CLK to SLD Data Valid 150 ns
TKDH SLD Data Hold After Clock Edge 0
TKDD CLK to SLD FLoat 150 ns
TDVS SLD Data Input Setup Time to SCL 50 ns
TSDV SLD Data Hold Time After SCL 80 ns
TSSH SLD Status Hold After SCL 80 ns
TSSS SLD Status Setup Before SCL 80 ns

NOTES:

1. 29C53 samples SLD input data on SCL falling edge.
2. 29C53 changes SLD output data on SCL rising edge.
3. 29C53 SLD out is enabled one CLK cycle after the SDIR rising edge and disabled one CLK cycle before the SDIR falling

edge (as master only).
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Figure 9. SLD Interface Timing (29C53 as Slave)
'SLD INTERFACE TIMING (29C530 as Slave)
Symbol Parameter Min Max Units
TCHDF SCL High to Data Out Float 50 ns
TSHDF SDIR High to Data Out Float 50 ns
TKDH Output Data Hold After SCL Edge 0
TKDV Output Data Valid After SCL Edge 100 ns
TDVS SLD Input Data Setup Time 50 ns
TSDV SLD Input Data Hold Time 80 ns
TCHDE Enable SLD Output After SCL 0 ns
TSLDE Enable SLD Output After SDIR 0 ns
TSSH SLD Status Hold After SCL 80 ns
TSSS SLD Status Setup Before SCL 80 ns
NOTES:

1. 29C53 samples SLD input data on SCL falling edge.
2. 29C53 changes SLD output data on SCL rising edge.
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Figure 10. Microprocessor Bus Timing
MICROPROCESSOR BUS TIMING
Symbol - Parameter Min " Max Units
TAL Address Setup Before ALE Trailing Edge © 40 ns -
TLA Address Hold After ALE Trailing Edge 20 ) ns
TWW Write Control Signal Width 100 ns
TDW Data Setup Before WR Trailing Edge 40 ns
TWD Data Hold After WR Trailing Edge 20 ns
TAA ALE Pulse Width 60 ns
TWI *Active CS Cycle Disallowed After WR 2 X 1/CLK
TRR Read Control Signal Width 100 ns
TRD : Access Time from RD Leading Edge 80 ns
“TAD Access Time from ALE Trailing Edge 260 ns
TDF Float Delay After RD Trailing Edge ‘ ‘ 40 ns
TCI Active CS Cycle Time for FIFO Access 3 X 1/CLK
NOTE: : '

1. * Allow 2 extra clock cycles for GCR commands to execute.
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Boulder 80301

Tel: (303) 442 8088

Intel Corp.

4445 Norlhpalk Drive
Suite 100

Colorado Springs 80907
Tel: (303) 594-6622

Intel Corp.*
650 S Cherry Street

Derwe
Tel: (303) 321 8086
TWX: 910-931-2289

CONNECTICUT

Intel Cor,

26 Mill glaln Road
Danbu 6 6810
Tel: (203) 748-3130
TWX: 710-456-1199

EMC c orp.
ummer Slreel
S|am¢ovd

Tel: (203) 327 2934

FLORIDA

intel Ce
242 N Weslmonle Drive
Suite 105

Altamonte Springs 32714
Tel: (305) 869-5588

inel, Corp
6363 N.W. 6ih Way. Suite 100
B L abderdais. 39300

Tel. (308) 771-0600

T 0i0-086.0407

DOMESTIC SALES OFFICES

FLORIDA (Cont'd)
Intel

||300 4lh Street North
Suite 170

St. Petersburg 33702
Tel: (813) 577-2413
GEORGIA

IntelCory
3260 Pome Parkway
200

uite
Norcross 30092
Tel: (404) 449.0541

ILLINOIS
Intel Corp.
30

0 N. Mamn ale Road. Suite 400

Schaumburg 60172
Tel: (312) 310-8031

INDIANA

intel_Corp.
g777 Purdue Road
Ind\anapohs 4621

_Tel: (317) 875 0623

IOWA

Intel Cor|

St, Andrews Building

1930 St Andrews Drive N.E
Cedar_Rapids 52402

Tel: (319) 393-5510

KANSAS

Inte! Corp.
8400 W. 110th Street
Suite 170

Overland Park 66210

Tel: (913) 345-2727
LOUISIANA

Industrial Digital Systems Corp.
Tel: (504) 899-1654
MARYLAND

Intel Corp.*
732 Parkway Drive South

Hano e
(301) 796 7500
'IWX 710-862-1944

Intel Corp.

7833 Walker Drive
Greenbelt 20770
Tel (301) 441-1020

MASSACHUSETTS
Intel Corp.*

Westford Covp Center
3 Carlisle Road

TWX: 710-343-6333

MICHIGAN

Intel Cory

gﬂﬂ (‘)vchavd Lake Road
ite

West Bloomfield 48033

Tel: (313) 851-8096

MINNESOTA

Intel Corp.

3500 W. 80th Street

Suite 360

Bloomlnglon 55431

Tel: (612) 835. 6722
TWX: 910-576-2867

MISSOURI

intel_ Corp.
4203 Eann City Expressway

13
Eavm cuy 63045
Tel: (314) 291-1990

NEW JERSEY

Intel Corp.*

Parkway 109 Office Center
328 Newman Springs Hoad

Red Bank 07701
Tel: (201) 747-2233

NEW JERSEY (Cont'd)

Intel Corp.
75 Livingston Avenue
First_Floor

Roseland 07068

Tel: (201) 740:0111

NEW MEXICO

intel

8500 Menua! Boulevard N.E.
Suile B 295

Albuquevque 87112

Tel: {505) 292-8086

NEW YORK

Intel Corp.*

300 Vanderbnl! Motor Parkway
Hauppauge 11788

Tel: (516) 231-3300

TWX: 510-227-6236

intel Corp.

Suite ZB "Hollowbrook Park

15 Myers Corners Road
Wapeinger Falls 12590

Tel (914) 297-6161
TWX: 510-248-0060
Intet Cory

211 Wh!le Spruce Boulevard

TWX: 510253"7391
NORTH CAROLINA

Intel Corp.
5700 Excutive Center Drive

uite
Charlotle 28212
Tel: (704) 568-8966
Intel Corp.
2100 Wych« Road

Ral
Tet: (919) 791~8022

OHIO

Inte! Corp.*

6500 Poe Avenue

Dayton 45414

Tel. (513) 890-5350
TWX: 810-450-2528

Intel Corp.*

GhagrinErainard Bidg.. No 300,

hagrin_Boulevard
Cleveland 44122
Tel: (216) 464-2736
TWX: 810-427-9298

OKLAHOMA

Intel Corp.

6801 N. Broadway
Suite 115

Oklahoma City 73116
Tel: (405) 848-8086

OREGON

intel Corp.
10700° SW. Beaverion
Hillsdale_ Highway

uite

Beaverlon 97005
Tel: (503) 641-8086
TWX: 910-467-8741

PENNSYLVANIA

Intel Cory

1513 Codar it Drive
Camphill_17011

Tel: (717) 737-5035

Intet Cor

455 Permsylvama Avenue
Fort Washmgmn 19034
Tel: (215) 641-1000
TWX: 510-661-2077

Intel Corp.*

400 Penn Center Boulevard
Suite 610

Pittsburgh 15235

Tel: (412) 823-4970

Q.E.D. Electronics

139 Terwood Road

ox
Willow Grove 19090
Tel: (215) 657-5600

PUERTO RICO

Intel

Microprocessor Corp.

South_Industrial Park

Las
Tel:

Piedras 00671
(809) 733-3030

TEXAS

intel
313
Suite

Corp.
E Anderson Lane

Auslm

Tet:
Intel

Tel
TWX:

“Inte!

7322
Suite

51 2) 454~3628

Corp.
|2300 Ford Road
Dallas

80

75234

(214) 241-8087
910-860-5617

Corp.*
s Fveeway

Houston

Tel

[713& 988-8086
881-2490

Industrial Digital Systems Corp

5925
Suite
Houst
Tel

Sovereign
|0|

ton

arone eaen

UTAH

Intel
5201
Suit

Corp.
Gveen Street

Murra

Tel:

(@D\) 263»8051

VIRGINIA

Intel
1603

Corp.
Sanla Rosa Road

Suite 109

Richmor

Tel:

nd
(804) 232 5668

WASHINGTON

Intel C

Ile ||glh Avenue N.E.
Bellevue 98004

Tel.
TWX:

. Intel Cor

03

Suite 1
Spoka

Tel.

{206) 453-8086
910-443-3002

N. EAuﬂan Road

ne 9921
(509) 928 8086

WISCONSIN

Intel
450
Suite
Chan

N Sunnyslope Road

cellory Park |

Brookfield 53005

Tel:

(414) 784-8087

CANADA
BRITISH COLUMBIA

Intet

Semiconductor of Canada. Ltd

301-2245 W. Bvozadway

Vanc
Tel

ouver VEK
(604) 738-6522

ONTARIO

Intel
2650
Suite
Ottay
Tel:
TELE!

Intel
190

uite
Rexd:
Tel

TELE:

Semiconduclor_of Canada, Lid
Queensview Drive

wa K2B 8H6
(613) 829-9714

X 053-4115

Semiconductor of Canada, Ltd
Allwell Drive

ale MQW 6H8
(416) -675-2105
X: 06983574

QUEBEC

intel
6:

Pointe
Tel:
TWX:

Semiconduclocl of Canada. Ltd.
Ive

0 St._Jean

e Claire HIR 3K3
(514) 694-9130
514.694-9134

*Field Application Location



ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road
Hunlsvnlle 35805

I: (205) 837-6955

‘tHamilton/Avnet Electronics
4812 Commercial Drive
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

tPioneer/Technologies Group Inc.
{825 Unwersiy Sauare

Hunlsvile 35805

Tel: (205) 837-9300

TWX: 810-726-2197

ARIZONA

THamuton/Avnel Electronics
S on Drive

7
Tel' l602) 231-5100
TWX: 910-950-0077

Kierultf_ Electronics
4134 E. Wood Street
Phoenix 85040

Tel: (602) 437-0750
TWX: 910-951-1550

‘Wyle Distribution Group

17855 N. Black Canyon Highway
Phoenix 85023

Tel: (602) 866-2888

CALIFORNIA

Arrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (818) 701-7500
TWX:  910-493-2086

Arrow_Electronics

9511 Ridgehaven Court
San Diego 92

Tel: (619) 565-4800
TLX: 888064

fArrow Electronics, Inc.
521 Weddell Drive

TWX: 910-339-! 9371

Arrow Electronics, Inc.
2961 Dow Avenue
Tustin_92680

Tel. (714) 838-5422
TWX: 910-595-2860

fAvnet Electronics
350 McCormick Avenue
Costa_Mesa 92626
Tel: (714) 754-6051
TWX:  910-595-1928

Hamillor\/Avnei Electronics
175 Bordea e

<

Sunnyvale 9406
Tel: (408) 743-3300
TWX: 910- 3395 332

‘tHamilton/Avnet Electronics
4545 Vewnd e Ave

an Dieg:
Te| (619) 571 7500
TWX: 910-595-2638

mamuuon/Avnel Eleclvonn:s
0501 Plummer

Chatswonh 9131 I

Tel: (818) 700-6271

TWX: 910-494-2207

tHamilton/Avnet Electronics
4103 Northgate Boulevard
Sacramento 3.

Tel: (916) 920-3150

Hamdmn/Avnel Electronics

Sniaia 013
Qo 1a) odo-aant

Hamitton/Avnet Electronics
19515 So. Vermont Avenue
Torrance 90502

Tel: (213) 615-3909

TWX: 910-349-6263

Hamilton Electro Sales
De Soto Avenue

Chatsworth 91311

Tel: (818) 700-6500

1Hanullon Electro Sales
950 W. Washington Boulevard
Culvel City 90:
Tel: (213) 558-2458
TWX: 910-340-6364

Hamitton Electro Sales
1361 B es( xgom Street
Gardena 9

Tel: (213) 5582!31

DOMESTIC DISTRIBUTORS

CALIFORNIA (Cont'd)

1Hamn|lon Electro Sales
3170 Pullm an Slreel

Costa_Mesa

Tel: (714) 641 4150

TWX: 910-595-2638

Kierulff Electronics

Cypress 90430
Tel: (714) 220-6300

Kierultf Electronics, Inc.
1180 Murphy Avenue
an Jose 95131

Tel: (408) 947-3471
TWX: 910-379-6430
Kierulff _Electronics, Inc
14101 Franklin Avenue
Tustin_ 9261

Tel: (714) 7315711
TWX: 910-595-2599

1Kierultf Electronics, Inc.
5650 Jillson_ Street
Commerce 90040

Tel: (213) 725-0325
TWX: 910-580-3666

Wyle Distribution Group
26560 Agouva Street
as 91302

Tel: (818) 880-9000
TWX: 818-372-0232

Wyle Distribution Group

l24 Maryiana_ Strect
eg undo 90245

Sel 13) 322810

TWX: 910-348- 7140 or 7M

1Wyle Distribution Group
7872 owan Avenue
IYVKM
Tel: (7'4) 843-9953
TWX: 910-595-1572
1nge Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

ngle Distribution Group

525 Chesapeake Orive

San Diego 92123

Tel: (619) 565-9171

TWX:  910-335-1590

tWyle Distribution Group
00 Bowers Avenue

Santa Clara 95051

Tel: (408) 727-2500

TWX:  910-338-0296

Wyle Milita
17810 Teller Avenue

2750
Tel (714) 851-9958
TWX:  310-371-9127

Wyle Systems

7382 Lampson Avenue
Garden Grove 92641
Tel: (714) 851-9953
TWX:" 910-595-2642

COLORADO

Arrow Electronics, Inc.
1390 S. Potomac Street
Suite 136

Aurora 80012

Tel: (303) 696-1111

1Wste Distiouion Group
451 E. 1241
Thomion' 50341

Tel: (303) 457-9953
TWX: 910-936-0770

Hamilton/Avnet Electronics
E. 807 chard Road

TWX: 910-935.0787

CONNECTICUT

fArrow  Electronics, Inc.
12 Beaumont Road
Wﬂlllng ford 06492

03) 265-7741
TWX:  710-476-0162

fHamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX:' 710-456-9974

1Pioneer Nonneasl Electronics
12 Mam

Norwalk

Tel: (203) 9534515

TWX:  710-468-3373

FLORIDA
tArrow Electronics, Inc.

TWX: 510-955.9456

1Anow Electronics, Inc.
S NW. 62nd Street
|

108
Ft. Lauderdale 33309
Tel: (305) 776-7790
TWX: 510-955-9456

tArrow Electronics, Inc.

50 Wo dlake Dnve W., Bldg. B
Paim Bay

Tel: (305) 7254480

TWX: 510-959-6337

tHamilton/Avnet Electronics
6801 N.W. 151h Way
Ft. Lauderdale 33309

Tel: (305) 971-2900
TWX:  510-956-3097

tHamilton/Avnet Electronics
3197 Tech. Drive North

Hamilton/Avnet Electronics
6947 University Boulevard
Winterpark 32792

Tel: (305) 628-3888
TWX: 810-853-0322

1P'oneer Electronics

221 N. Lake Boulevard
Suite 412

Alta Monte Spnngs 32701
Tel: (305)

TWX: 810 953 0284

tPuoméer Electronics

TWX: 510-955-9653

GEORGIA

tArrow_Electronics, Inc
3155 Norlwoods Parkway, Suite A

oss 30071
Tel. (404 449:6252
TWX: 810-766-0439

Hamilton/Avnet Electronics
5825 D. Peachiree Corners
Norcross 2 :
Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer Electronics
58358 Peaclalslee Corners E

092
(404) 448 1711
TWX: 810-766-4515

ILLINOIS

TArmw Electronics, Inc.
Alonqum Street

S hau g 60195

Tel: mz) 073440

TWX: 910-291-3544

Hamilton/Avnet Electronics
130 Thorndale Avenue
Bensenville 60106

el: (312) 860-7780

X: 910-227-0060

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA-

tArrow Electronics, Inc.
2495 Dllecto‘gszﬂow. Suite H

TWX: 810-. 341 3119

Hamilton/Avnet Electronics
485 Gladle Drlva
Carmel 4

Tel: (317) 3449333
TWX: 810-260-3966

tPioneer Electronics
6408 Caslleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS
1Hamsllon/Avne( Eleclronlcs

O 621
Tel: (913) 888-8900
TWX: 910-743-0005

KENTUCKY
Hammon/Avnet Elecuamcs
1051 D. ark
Lexington 40511
MARYLAND

Arrow Electronics, Inc.
8300 Gulford Road #H
Rivers Cenl
Colu bia

(301) 995 0003
TWX 710-236-9005

‘tHamilton/Avnet Eiectronics
6822 Oak Hall Lane

TWX: 710-862- 1361

tMesa Technology Corporation
16021 Industrial Drive
Gaithersburg 20877

Tel: (301) 948-4350

TWX: 710-828-3702

tPioneer Electronics
9100 Gaither Road
Gaithersburg 20877
Tel: (301& 948-0710
TWX: 710-828-0545

MASSACHUSETTS

tArrow Electronics, Inc.
rrow Drive

Woburn 01801

Tel: (617) 933-8130

TWX: 710-393-6770

tHamilton/Avnet Electronics
100 Cenlenmal Drive
Peabody 01960
Tel: (617) 5323701

TWX: 710-393-0382
Pioneer Northeas! Electronics
44 Hartwell Avenue
Lexington 02173
Tel: (617) 863-1200
TWX: 710-326-6617

MICHIGAN

Anow EIec!romcs, Inc.
55 oemx Dnve

Arbor
Tel: (3!3) 971-6220
TWX: 810-223-6020

tHamtIlon/Avnel Elecuomcs
2487 Schoolcraft Road

Lwom 481! 5
Tel: (313) 522.4700
TWX: 810-242-8775

Hamilton/Avnet Electronics
2215 20th Street S.E.
Space

Grand_Rapids 49508

Tel: (616) 243-8805
TWX: 810-273-6921

1Pmneer Eleclmmcs
ford

ia |50
Tel: (313) 525-1800
TWX: 810-242-3271
MINNESOTA
tArrow Electronics, Inc.
5230 W. 73rd Street
Edina 5543
Tel: (612) 830-1800
TWX: 910-576-3125
Hamlllon/Avnel Eleclronlcs
10300 B Roa
anelonka

o 9350600
TS50 585720

tPioneer Electronics
10203 Bren Road East
Minnetonka 5534

Tel: (612) 935-5444
TWX: 910-576-2738

MISSOURI
tArrow_ Electronics, Inc.

Tel: (314) 567-6888
TWX: 910-764-0882

tMicrocomputer System Technical Demonstrator Centers



MISSOUR! (Cont'd)

tHamilton/Avnet Electronics
13743 shorelvn Coun

045
Tel: (314) 344-1200
TWX: 910-762-0684

NEW HAMPSHIRE

fArrow_Electronics, Inc.
3 Perimeter Road

TWX 710- 220-|684
Hamllton/Avnel Electronics
E. Industrial Orive
Mancnsster 03104
Tel: (603) 624-9400

NEW' JERSEY

tArrow Electronics, Inc.
6000 Lincoln East

TWX: 7l0897 0829

tArrow Electronics, Inc.
2 Industrial R ad

Faml Id0700¢

Tel: (201) 575 5300

TWX: 710-998-2206

tHamilton/Avnet Electronics
1 Keystone Avenue
Bldg.” 36
Chen Hill 08003
Tel: 609) 424-0110
TWX: 710-940-0262
THamllton/Avnel Electronics
10 Indus!
Faml Id 0
(201) 575 3390
TWX: 710-734-4388
TPioneer Norlheasl Electronics
Plneb ao 058
(201) 575 3510
X 710-734-4382

tMTi Systems Sales
333 Hou 46 W

airfield 07006
Tel: (201) 227-5552
NEW MEXICO
Alliance Eieclromcs Inc.

TWX: . 910-989- ||5|

Hamilton/Avnet  Electronics
2524 Baylor Drive

NEW YORK
tArrow_Electronics, Inc.
25 Hub Dri

TWX: 510-224-6126
Arrow_ Electronics,

1
3375 Bnghton-Henneua Townllne Road

Roch
(716) 427 0300
TW)( 510-253-4766

Arrow Electronics, Inc.

7705 Maltage DOrive

Liverpool 13088

Tel: (315) 652-1000

TWX: 710-545-0230

Arvow Electronics, Inc.
0 Oser Avenue

Haupv uge

Tel: (516) 23| '000

TWX: 510-227-6623

Hamilton/Avnet Electronics
333 Metro Park
Rochester 14623

Tel: (716) 4759130
TWX: 510-253-5470
Hamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse

Tel: (315) 437-2641

TWX: 710-541-1560

tHamilton/Avnet Electronics
933 Motor Parlwa

Tel: 15'6) 231 9800
TWX: 510-224-6166

DOMESTIC DISTRIBUTORS

NEW YORK (Cont'd)

tMTI Systems Sales
38 Harbor Park Drive
P.O. Box 271

Port Washington 11050
Tel: (516) 621-6200
TWX: 510-223-0846

tPioneer Northeast Electronics
1806 Vestal Parkway East
Vestal 13850

Tel: (607) 748-8211

TWX: 510-252-0893

tPioneer Northeast E!ec!ronucs
arl

Woodbury, Lang |sland 1797
700

TWX: 510-221-2184

Pioneer Norineast Electrrics
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070

TWX: 510-253-7001

NORTH CAROLINA

Arrow Electronics, _Inc.
5240 Greendalvy Road
Raleigh 2760
Tel (919) 876 3132

: 510-928-1856

tHamilton/Avnet Electronics
351 Spnn Forest Drive

7604
Tel: (9|9 878-0819
TWX: 510-928-1836

Pioneer Electronics

9801 A-Southern Pine Boulevard
Charlotte 28210

Tel: (704) 524-8188

TWX: 810-621-0366

OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459
el. (513) 435-5563
TWX: 810-459-1611

tArrow _Electronics, Inc.
6238 Cochran Road
Solon 441,

Tel: (216) 248-3990
TWX: 810-427-9409

fHamnMon/Avnel Elecuomcs
954 Senale

5459
Tel (513 433-0610
TWX: 810-450-2531

tHamilton/Avnet Electronics

4588 Emery Industrial Parkway

Warrenswlle Hel hts 4412

T 12(6 831-3500
810-427-9452

tPioneer Electronics
4433 Inlerpom( Boulevard

ayton
Tel (5!3) 236-9900
: 810-459-1622

{Pioneer Electronics
4800 E. 13ist Street
Cleveland 44105

Tel 216) S87-3600

810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
4719 S. Memorial Drive
Tulsa 74145

Tel: (9'8) 665-7700

OREGON

tAlmac Electronics COrporanon
1885 N.W. 169th Place
Beaverton 97006
\'el 4503) 629-8090

TWX: 910-467-8746

Hamilton/Avnet Electronics
6024 S.W. Jean Road
Bidg. C. Suite 10

Lake Oswego 97034

Tel: (503) 635-7848
TWX: 910-455-8179

Wyle Dlstnbuuon Group
325 E. Elam Young Parkway
Hillsboﬂ:l 97!24

Tel: (503) 640-6000
TWX: 910-460-2203

PENNSYLVANIA
tArrow Electronics, Inc.
650 Seco Road
Monroeville 15146

Tel: (412) 856-7000

Pioneer Eleclromcs
2! appa Drive
Pnlsburgh 15238
Tel: (412) 782-2300
TWX: 710-795-3122

tPioneer Electronics
261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778
TEXAS

tArrow_Electronics, Inc.
3220 Commander Drive
Carroliton 75006

Tel; (214) 380-6464
TWX: 910-860-5377

tArrow Electronics, Inc.
10895 Kinghurst

s ton
Tel (713) 530 4700
TWX: 910-880-4439

Arrow  Electronics, Inc.
10125 Metropolitan
Austin 787

Tel: (512) 835-4180
TWX: 910-874-1348

tHamilton/Avnet Electronics
2401 Rutland

Austin_ 78757

Tel: (512) 837-8911

TWX: 910-874-1319

tHamallon/Avnel Electronics
W. Walnut Hill Lane

Irwng 75062

Tel: (214) 659-4100

TWX: 910-860-5929

tHamilton/Avnet Electronics
8750 West Parl
Hosuton 77063

Tel: (713) 780-1771
TWX: 910-881-5523

Pioneer Electronics

Tel: (5‘2) 835 4000
TWX: 910-874-1323

Pioneer_Electronics
13710 Ome: a Road
Dallas 752!

Tel: (2(4) 386 7300
TWX: 910-850-5563

Pioneer Electronics

5853 Point West Drive
ston 770:

Tel: (713) 988-5555

TWX: 910-881-1606

UTAH

fHamilton/Avnet Electr%mcs

TWX: 910-925-4018

Wyle Distribution Group :
1959 South 4130 Wesl Unit B
Salt Lake City 8

Tel: (801) 974- 9953

WASHINGTON

TAlmac Electronics Corporation
4360 S.E. Eastgate Way

98007

Tel: (206) 643-9992

TWX: 910-444-2067

Anow Electronics, Inc.
14320 N.E. 21st Street

Bellevue 980( 7
Tel: (206) 43-4800
017

Harnil(un/Avnet Electronics :
reet

Bellevue
(206) 453 5874

T S0.43 2000

WISCONSIN

fAnow Electrorics, Inc.
: 430 W. Rausson Avenue
ak

creel
Tel: (4!4) 764 6600
TWX: 910-262-1193

WISCONSIN (Cont'd)
tHamilton/Avnet Electronics
2975 Moorland Road
New Berlin_ 53151

Tel: (414) 784-4510
TWX: 910-262-1182

CANADA
ALBERTA

Hamilton/Avnet Electronics
2016 21st Street N.E.
Culgarz T2E 622

Tel: (403) 230-3586
TWX:" 03-827-642

Zenln'?“mcs

14th Avenue N.E.
Ca! 37 T2A 6J4
Tel: (403) 272-1021

BRITISH COLUMBIA

Hamillon/Avnet _Electronics
105-2550 Boundry Road
Burmalay V5M 323
Tel: (604) 272-4242

Zentronics

108-11400 Bndgepnﬂ Road
Richmond VX 1T2

Tel: (604) 273 5575
TWX: 04-5077-89

MANITOBA

Zentronics
590 Berryngneel
mmpeg
(204) 775+ 8661

ONTARIO
Arrow Electronics Inc.

Tel:_(416) 661-0220
TELEX: 06-218213

Arrow_Electronics Inc.
us quonnade Road
Nepean K2E 7.

Tel: (613) 226-6903

{Hamilton/Avnet Eleclronlcs
6845 Rexwood

Units

Mississauga L4V 1R2

Tel. (416) 677-7432

TWX: 610-492-8867

{Hamilton/Avnet Electronics
lonnade Road South

iepean L5
Tel. (613) 226-1700
TWX: 05-349-71

1Zentronics

8 Tnlbury Coun
Brampton L6T

Tel: (4'6) 451- 9600
TWX: 06-976-78

Zentronics

564/10 Weber Street North
Waterloo

Tel: (519) 884 5700

Zenlwmc
5 Colonnade Road

Kopea K2E 7
Ser o3} 5258840
TWX: 06-976-78

QUEBEC

Arrow Electronics Inc.
4050 Jean Talon Quest
Montreal H4P 1W1

Tel: (514) 735-5511
TELEX: 05-25596
Arrow_ Electronics Inc.
909 Charest Bivd.
Quebec 61N 269

Tel: (MB} 687-4231
TLX: 05-13388

Hamilton/Avnet Electronics

TWX: 610-421-3731
Zentronics

TWX: 05-827-535

tMicrocomputer System Technical Demonstrator Centers



BELGIUM

Intel Cavporanon SA
Parc Se

fua du Mouln a Papier 51
Boite 1

8-1160 Brussels

Tel: (02)66| 07 "

TELEX: 2481

DENMARK

Intel Denmark A/S*
Glentevej 61 - 3rd Floor
DK-2400 Copenhagen
Tel: (01) 19 80 ‘33
TELEX: 19567

FINLAND

Intel Finland OY
Ruosilantie 2
900390  Hielinki,
Tel: (0) 5

T 35" a8

FRANCE

Inlel Paris

Rue Edison, BP 303
78054 Saint-Quentin en Yvelines
Tel: (33) 1 30 64 60 00
TELEX: 69901677

EUROPEAN SALES OFFICES

FRANCE (Cont'd)

Intel Covpolahon SARL.
Immeuble BB
4 Quai des Etroits

n

69005 Lyor
Tel: (7) 842 40 89
TELEX: 305153

WEST GERMANY

Intel Semiconductor GmbH*
Seidistrasse 27

08000 Munchen 2

Tel: (89) 53801

TELEX: 0523177 INTL D

Intel Semiconductor GmbH*
Mainzerstrasse 75

0-6200 Wiesbaden l

Tel: (6121) 70 08

TELEX: 04168183 INTW 0

Intel Semiconductor GmbH
Bruckstrasse 61

7012 Fellbach

Stuttgart

Tel: (711) 58 00 8:

TELEX: 7254826 INTS D

Intel Semiconductor GmbH*
Hohenzollernsirasse 5
3000 Hannover 1

Tel: (511) 34 40 81
TELEX: 923625 INTH D

ISRAEL

Intel Semiconductors Ltd.*
Alidim Industrial Park

Telex: 371215
ITALY

il Corporation Hat Spa®
Milanofiori, Palazzo E
20094 Assago iano)
Tel: (02) 824 40 71
Telex Puitaas L

NETHERLANDS

Intel Semlconductor Nederland BV.*
Alexanderpoort ilding

Marten Meesweg 93

3068 Rotterdam

Tel: (10) 21 23 77

TELEX: 22283

NORWAY

Intel Norway A/S
P.O. Box 92
Hvamveien 4
2013

Skjetten

Tel: (2) 742 420
TELEX: 18018

SPAIN

Inte! Iberia
Calle _Zurbaran
28-1.

- .
28010 Madrid
Tel: (34) MIO 40 04
TELEX:

SWEDEN
Intet Swede;\ AB*

TELEX: 12261
SWITZERLAND

Intel Semiconductor AG.*
Talackerstrasse 17

8152 Glanbmgg postlach
CH-8065 Z

Tel: (01) 8

TELEX: 57989 ICH CH

UNITED KINGDOM

et ¢ Oorporanon (UK) Ld.*
iper

Swindon, Wilshire SN3 1RJ
Tel: (793)

TELEX: 444447 INT- SWN

*Field Application Location

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Elekonische Geracte GmoH
Rotenmuehigasse 26

Tel: (222) 83 56 46
TELEX: 11532 BASAT A

W. Moor GmbH
Slorchengasse n
A-1150 Wi

Tel: 2224 65 86 46

BELGIUM

|nelco Belgium S.
Ave. des Croix de Guerre 94
B1120 Brussels
Tel: (021) 216 01 60
TELEX: 25441

DENMARK

iTT Multikomponent A/S
Naverland 29

DK-2600 Gloskrup

Tel ( )4 6 45

FINLAND

Oy Fintronic AB
Melkonkalu 24 A
SF-00210 Helsinki 2|

Tel: (0) 692 60

TELEX: 124 224 Flmn SF

FRANCE

Generim
Z.\. de Courtaboeuf

Avenue de la Baltique
F-91943 Les Ulls CedexBPBS
Tel: (1) S

TELEX: FGQWOO

Jermyn S.A,

16, Avenuo de Jean-Jaures
F-94600 Chmsy~Le~Ro

Tel: (1) 8! 2 00

TELEX: 260 96

Metrologie
La Tour d' Asnieres
4, Avenue Laurent Cely
F-92606-Asnieres
Tel: (1) 790 62 40
TELEX: 611-448

FRANCE (Cont'd)

Tekelec Airtronic

Cle des Bruyeres

Rue Carle Vernet B.P. 2
F-92310 Sevres

Tel (1) 534 75 35
TELEX: 204552

WEST GERMANY

Computer 2000
Garmischer Strasse 4-6

YELEX 521 4562

Electronic 2000 Vennebs AG.
Stahlgruberring
DBO 0 Mumch 82
(89) 42 00 10
TELEX 522561 EEC D

Jermyn GmbH
Posﬂach 1" BO
Schulstrasse 84
77 Bad Camberg
Tel: (06434) 231
TELEX: 48‘426 JERM D

CES Computer Electronics Systems

Gulenbelgsuasse

-2359 Henstedt-Ulzburg
Tel: (04193) 4026
TELEX: 2180260

Metrologie GmbH
Hansastrasse 15
D-8000 Munich 21
Tel: (89) 57 30 84
TELEX: 5213189

.Proelectron Vertriebs GmbH
"Max Planck Strasse 1-3
D-6072 Dreieich

Tel: (6103) 33564

TELEX: 417983

IRELAND

Micro Marketing
Glenageary it Park
Glenageavy

5 () 85 62 88
TELEX: 31584

ISRAEL -

Eastronics Ltd.

1 Rozums Slmel
P.O. Box 39300
Tel Aviv 61390
Tel: (3) 47 51 51
TELEX: 33638

ITALY
Electra_3S S.P.A.

TELEX 332332

Intesi
Milanofiori Pal. E/S
1-20090 Assago
Milano

Tel: (2) 82470
TELEX: 311351
NETHERLANDS

Koning & Hartman
Koperwerf 30

P.O. BOX 43220

2544 EN's Gravenhage
Tel: 3| (70) 2!0‘
TELEX: 3152

NORWAY
Nordisk Elgkonic (Norge) A/S
Postoffice Box 122

Tel: (2) 846 210
TELEX: 17546

-, PORTUGAL

Ditram
Componentes E Electronica LDA
AV Mlgual Bombavda 133

Tor o)
TELEX 4T85 Breksp

SPAIN

ITT SESA
Miguel Ange! 21, 6 Piso
Madrid 1

a
Tel: (34) 14 1954 00
TELEX: 27461

Diode Espan

86
TELEX 42148

SWEDEN

Nordisk Electronik AB
Huvudstagatan 1

TELEX: 10547
SWITZERLAND

Industrade AG
Hertistrasse 31

CH-8304 Walllsellen

Tek (01) 830 50 4
TELEX: 56788 INDEL CH

UNITED KINGDOM
Bytech_Lid.

Unit 57

London _Road

Early, Reading
Berkshire RJ 12 1W

Tel:_(0734) 61031
TELEX: 848215

Comway Mccrosys!ems Ld.
Market Sl

Bracknel

Berkshxre RJ 12 1QP

Tel: (344) 55333

TELEX: 84720t

Jermyn Induslries Vestry Eslate
Oxford Ro: d
Seven_Oak:

Kent TN (4 SEU
Tel: (0732) 450144
TELEX: 95142
MED.L.

East Lane Road
North Wembley
Middlesex HA9 7PP
Tel: (190) 49307
TELEX: 28817

Rapid Recall, tid.
Rapid House/Denmark St
ml

TELEX 837921

YUGOSLAVIA

H. R. Microelectronics Enterprises
San JB:se California 95150

Tel: 408/978-8000
TELEX: 278-559




AUSTRALIA

Intel Australia Pty. L1d.*
{Maiing Address)

North Sydney NSW, 2060
{Stipping. Address)

Spectrum_Building
Eoo Pacific Highway

Cro NSW, 2065
Tel Oll 6' 2 957-2744
TELEX: 7

FAX: 0114 6‘ 2-957-2744

CHINA

intel PRC Corporation
15/F, Office 1, Citic Bidg.
Jian Guo Men Wai Avenue
Beijing, PRC

HONG KONG

Intel Semiconductor Ltd.*
1701-3 Connaught Centre
1 Connaught Road

Tel: 011-852-5-215-311
TWX: 60410 ITLHK

INTERNATIONAL SALES OFFICES

JAPAN

Intel Japan KK

5-6 Tokodai, Twosalo -machi
Tsukuba-gun, lbaraki-ken 300-26
Tel: 029747-8511

TELEX: 03656-160

Intel - Japan KK.*
Komeshin Bldg.

2-1-15 Naka- macm
Atsugi, Kanagawa 243
Tel: 0462-23-3511

Intel Japan KK.*
Daiichi Mnsugl Bldg
1-8889 Fuchu-cho
Fuchu-shi, Tokyo 183
Tel: 0423-60-7871

Intel Japan KK.*

Bldg. Kumagaya

2-69 Hon-cho
Kumagaya, Satama 360
Tel: 0485-24-6871

Intel Japan K.K.
Ryokuchi-Station Bldg
2-4-1 Terauchi
Toyonaka, Osaka 560
Tel: 06-863-1091

JAPAN (Cont'd)

Intel Japan_ KK.
Shinmaru’ BIdg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621

Intel Japan KK.

Flower Hill Shln<machl East Bldg.
1-23-9 Shi

Setagaya-! ku Tokyo 154

Tel: 03-426-2231

Intet Japan K.K.*

Mitsui-Seimei Musashi-Kosugi Bldg.
915-20 Shinmaruko, Nakahara-ku
Kawasaki-Shi, Kanagawa 211

Tel. 044-733-70‘

Intel Japan K.K

Mishima TokyoKaqo Bidg.
1-1 Shibahon-cho
Mishima-shi

Shizuoka-Ken 411

Tel: 0559-72- 4|2|

KOREA

Intel Semiconductor Asia Ltd.
Singsong Bidg. Bin Floor #8906
Dong YYoungdeungpo-Ku

Tel 0"~B2-2-784~8135 or 8286
TELEX: K29312 INTELKO

SINGAPORE

tetel Sermcnnduch)r ud.
101_Thomson

21-06 Goldhlll Square

Singapore

¥el on- 65 250 78"

TAIWAN
Imel Semlconduck)r L(d
in Chi

7¢e Mm Sheng Easl Road
Taipei

*Field Application Location

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA
gLC S.RL Bartalome Mitre 1711

1037 Buenos Aires
Tel: 011-54-1-4¢
Telex: 17575 EDARG AR

Agent:
Soimex International Corporallcn
15 Park Row, Room #1730
New York, New York 10038
Tel: (212) 406-3052

AUSTRALIA

Totat Electronics
(Mailing Addvess)
Private 250

Burwood, Vu:tona 3125

(Shipping Address)
9 Harker Street
W
Victoria 3
Tel: 011 5‘ 3 -288-4044
TELEX: AA 31261

Total Electronics
Box '39

2.0

Tel: 011 51 02 438 1855 '
TELEX: 26297

BRAZIL

Elebra Mlcroebec\mmca S/A
R. Flond 1821-8 ander

Sao F l S
Tel, 011-55»11-533-9977
TELEX: 1125957

CHILE

(Malllng Address)
VIC, MacKenna 204
Casnlla 05

Tel 0?' 56-2-277-564
TELEX: 352-0003

(Shipping Address)

A102" Greenville Center
3801 Kennett Pike
Wilmington,  Delaware 19807

CHINA

Novel Precision Machinery Co., Ltd.

Flat D 20 Kingsford Ind. Bldg.
Phase 1 26 Kwai Hei Street NT
Hong Kohg

Tel: "011-852-5-223222

TWX: 39114 JINMI HK

CHINA (Cont'd)

Schmidt & Co. Ltd
J8rF. Great Eagle Centre
Wa

Tel: 0||~852-5-622-0222
TWX: 74766 SCHMC HK

HONG KONG

Schmidt & Co. Ltd.
18/F. Gvea( Eagle Centre

anc)
Tel: 011-852-5~822-0222
TWX: 74766 SCHMC HK

INDIA

Micronic Devices
65 Arun Complex
D V G Road
Basavan Gudi

TELEX: 0115947 MDEV

Micronic Devices
\80411090 Nirmal Industrial Estate
o
Bombay
Tel. 01‘ 91 22-48 6(~70
TELEX: 011-71447 MDEV IN

Micronic Devices
R-694 New Rapnder Nager
New Delhi 110 O

Ramlak International, inc. (Agent)
Ma ilda  Avenue
Suu

Sunnyvale. CA 94086
Tel: (408) 733-8767

&S Covgoranon
PO Box
San Jose 95160-0160

JAPAN

Asahi Electronics Co le

KMM Bidg. Room

2-14-1 Asano, Kokuraklla Ku

Kllakyushu City 802

Tel: (093) 51!-6471

TELEX: AECKY 7126.16

C. itoh Micronics Corp.

QS 85 Bdg 2-6-5 Suda Cho
da rnyoda Ku Tokyo 101

Tel (03) 256-2211

TELEX: (03) 252 3774

JAPAN (Cont'd)

Ryoyo Electric Curporahon
Shuwa Sakurabashi Bldg.
4-5-4 Hatchobori
Chuo-Ku, Tokyo 104

Tel: (03) 555-4811

Tokyo Electron Ltd.
Shinjuky Nomura Bldg.
1-26-2 Nishi-Shinjuku
Shinjuku- Ku Tokyo 160
Tel. (03) 3:

TELEX: 232- 2220 LABTEL

KOREA
J-TEK_Corporation

2nd_Floor, Government Pension Bldg:
lo-Dong

24-3 Yoido-
YYoungdungpo-Ku

eoul 1

Tel: 011-82-2-782-8039

TELEX: KODIGIT K25299
Koram Digital USA (Agent)
14066 East Firestone Boulevard
Sante_Fe Springs, CA 90670
Tel: (714) 739-2204

TELEX: 194715 KORAM DIGIT LSA
Samsung

23rd FI. Dong Bang Bldg
1502-KA Taepyung-RU
Chung-Ku

eou
Tel: 777-78

TELEX 27970 KORSST K

Tristar _Semiconductor (Agent) A
5150 Great America Parkway .
Santa Clara, CA 950

(408) 980-1630

MEXICO

DICOPEL S.A.

Tochtli 368 Fracc. Ind. San. Antonio
Azcapo alco
02760-Mexico, D.F.
Tel 9011525561321
TELEX: 1773790 DICOME
NEW ZEALAND

Northrup lns(rumenls & Systems " Ltd.
459 Kyber Pas:

P.O. Box 9464 Newmarkel
Auckland 1 .

Te)7 011-64-9-501-219, 501-801, 587-
TELEX: NZ21570 THERMAL

Northrup Instruments & Systems Lid.
P.O. Box 2406

Welington 856658
TELEX: NZ3380

PAKISTAN

Computer Apphcanons Lid,
7D Gizri Boulevard
Defence

Karachi-46

Tel: 011.92-21-530-306
TELEX: 24434 GAFAR PK

Horizon Training Co., Inc. (Agent)
1 Lafayette Center

1120 20[h Street NW

Suite

Washlnglon D.C. 20036

Tel: (202) 887-1900

TWX: 248890 HORN

SINGAPORE
Egnetal Engineers Corporation Pty.
t
203 Henderson Road

derson Indus(nal Park 0315
Tel 0"065-2
TELEX: R523937 GENERCO
SOUTH AFRICA

E!ectwnlc Bulldmg Elements, Pty. Lid.
(Mailing Add 9

Box
Pretoria OODI
Tel: 011-27-12-469921
TELEX: 3-22786 SA

(Shipping Address)

Pine Square, IBlh Street
Hazelwood  Pretoria
TAIWAN

Mitac Carporanon
N 5 Ming Sheng E. Road

Tel: 011-96-2~50|-823|
TELEX: 11942 TAIAUTO

Mectel International, Inc. (Agent)
85 Vis ut

FAX: 408-380-9742
YUGOSLAVIA

H. R. Microelectronics Enterprises
P.O. Box 5604

San Jose, California 95150

Tel: (408) 978-8000

TELEX: 278-559

. *Field Application Location
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~UNITED STATES

Intel Corporation

3065 Bowers Avenue
San‘ Clara, CA 95051

JAPAN

Inte] Japan K.K.
5-6!\Tokodai Toyosato-machi

Tsukuba-gun, Ibaraki-ken 300-26
Japa?
NCE
Intel Paris
1 Rue Edison, BP 303
78054 Saint-Quentin en Yvelines
France
UNITED KINGDOM
Intel Corporation (U.K.) Ltd.
Piper’'s Way
Sw'1'ndon
Wilgshire, England SN3 1R]

T GERMANY
Intel Semiconductor GmbH
Seidlstrasse 27

D-8000 Munchen 2
- West Germany
\
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