




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































I®ATC 29C48 

For the receive section, the external gain can be set 
by the external resistors, RR1 and RR2. There are' 
two possible ways of implementing the gain control. 
The first is illustrated in Figure 6a, where the value 
of the receive gain is given by: 

A = RR2/(RR1 + RR2) 

RT2 RT1 

-= TG1 TG2 

The value of RR1 + RR2 should not be less than 
600 ohms to avoid degrading the output power 
stage's performance. The second way of imple­
menting the receive gain is shown in Figure 6b, where 
pin EBN3/T1 is used. The value of the receive gain 
in this configuration is given by: 

VFX 0-+------1 

A = 1 + RR1/RR2 

Hybrid Balancing Network 

Three external balancing networks can be applied to 
the 29C48 by the user to accommodate varying sub­
scriber loop characteristics (see Figure 7 for external 
connections). Feature control allows the grounding of 
any combination of these networks in order to best 
suit a particular application. Feature control also al­
lows the user to select a gain of 0.0 or + 6.0dB in the 
balance signal path to suit the type of SLiC used. 

FREQUENCY COMPENSATION 

The user may, if desired, compensate for the fre­
quency response characteristics of the SLiC by ad­
justing the frequency response of the transmission 
chain. This can be accomplished in the same way as 
the external gain setting is done in the transmit and 
receive directions. But, instead of using purely resis­
tive impedances, resistor and capacitor networks 
have to be used to achieve complex impedances. The 
two compensation schemes are shown in Figures 8a 
and 8b. The gains in the transmit and receive direc­
tions are respectively: 

for Figure 8a 

for Figure 8b 

A = 1 + ZT1/ZT2 

A = 1 + ZR1/ZR2 

SECONDARY ANALOG INPUT 

Although the main application of the 29C48 will be 
for voice transmission, it also offers a secondary un­
filtered input channel. Narrow band analog signals 

. can be supplied through this channel for remote loop 
testing and various control uses. 

The secondary analog input channel is accessed un­
der software control through the SAl input. When the 
SAlE bit in the feature control register is set to a 
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Figure 5. Transmit Gain Setting 

29C48 

VFR 

RR1 

RR2 

Figure 6a. Receive Gain Setting 

29C48 

VFR 

RR1 

EBN31T1 

RR2 

Figure 6b. Receive Gain Setting 
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VFX 

EBN 

Figure 1. Balance Networks 

Figure Ba. Transmit Frequency Compensation 

Figure Bb. Receive Frequency 
, Compensation 

logical one, the 29C48 will encode and transmit the 
. signal present althe SAl input. The 29C48 will switch 
back to transmission of the voice signal as soon as 
the SAlE bit is set back to a logical zero .. 

TONE INJECTION 

When specified by the feature control memory, an 
audio frequency signal applied to the EBN31T1 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 (VO) and two 
tones (V1 and V2). 

VFR = 2VO + (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. 
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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 BIA pin of the appropriate 29C48. The selected 
29C48 will keep exchanging feature control infor­
mation with the line card controller until a new framing 
byte 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 SUC 
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 
SLlC, especially when two SUCs 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 signaling 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 SUCs 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. Separate 
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 all 
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 unique 
serial bus for communication. Up to sixteen 29C46 
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 2952 
to the 29C48 and in the second (XMIT half-cycle) 
transfer is from the 29C48 back to the 2952. Frame 
synchronization and all internal timing for the digital 
circuitry is derived from the rising edge of the SDIR 
signal. 

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

The Subscriber Line Datalink (SLD) is a bi-directional 
serial bus that transfers four bytes of serial data 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 

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 ASSIGNMENn IS ZERO/BYTE MODE -

RECEIVE HALF-FRAME--~'--II4----TRANSMIT HALF-FRAME-....... .--II 

1 A B C S ABC sl 
A-CHANNEL SCS 

\'-_--1' \'-_--1,-----
II-C~ANNEL SCS 

- THE CHANNEL SELECTION BIT IS ONE/BYTE MODE -

I ..... ----RECEIVE HALF-FRAME --..... II~TRANSMIT HALF-FRAME --... -11 

IA B C S ABC sl 
A-CHANNEL SCS 

II-CHANNEL SCS 

\ , \'-_--1,---

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

I+-RECEIVE HALF-FRAME---I •• II4---- TRANSMIT HALF-FRAME __ I 
1 AI B 1 cl S 1 AI B 1 c 1 S 1 
A-CHANNEL SCS 

\ ., 
B-CHANNEL SCS 

u 

Figure 10. ScS Timing Diagram 
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synchronization and write enable code. The framing 
bit (bit 7, MSS) 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, LSS). 
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 FIWE code and an appropriate channel 

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

--_e*"'I----TRANSMIT HALF-FRAME~ 

B I cis I 

u 

- MINIMUM SCS GENERATION/BYTE MODE -

I~ RECEIVE HALF-FRAME "I~ TRANSMIT HAi..F-FRAME~ 

I 
A B C s 

I 
A 

I 
B 

I 
c 

I 
s 

I 

A-CHANNEL SCS SELECTED 

\ ~ 
B-CHANNEL SCS SELECTED 

- MINIMUM SCS GENERATION/HALF-BYTE MODE -

~ RECEIVE HALF-FRAME "I_TRANSMIT HALF-FRAME "I 
ABC S IA I B I c I s I 

A-CHANNEL SCS 

B-CHANNEL SCS 

u 

Figure 10_ i'Ci Timing Diagram (continued) 
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I I I 

: RECEIVE HALF-CYCLE I 'TRANSMIT HALF-CYCLE : 
I 2952-29C48 I 29C48-+2952 I 
I I I 

SDIR ~II !-___ --. ____ ~r-
r----r----r---~----+I----~--_,----,_--_;I 

SLD----~I ~--L-~-L~--L-~_+I--~~~~--r-~-r~I-----

I VOICE A : VOICE A : 
: I VOICEB I 
I CONTROL I CONTROL I 
I SIGNALING: SIGNALING: 

: 1~~ 1 
""'1 __ ------- (125,..6) -I 
I 512 KBPS I 

VOICE A, VOICE B: A AND B CHANNEL VOICE BYTES RESPECnVELY. 
CONTROL: FEATURE CONTROL INFORMAnON. 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 125/-15 frame. It is reset only upon 
detection of a 01 or 00 FIWE. 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=O). 

FCB #1 - Power Up/Down, Loop Back 
Mode, piA-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 te;> be processed to allow the 
29C48 to be read or reprogramed. 

The 2952 can change the state of the feature control 
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 digitalloopback 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 analog loopback mode is selected, the an­
alog output VFR is internally connected to the analog 
input VFX. This feature allows functional testing of 
the combo as well as gain adjustment. 
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MSB LSB 

-171 i 151413121' oj BIINumbel'_ 

BIINllm'l 

#78 

nochlnge 00 F 
wrlll,nlble 0 1 WE 

_down 
_up 

no,mll operation 
dlgllllioop bock 

no"",,1 operation 
.. alog loop bock 

normll ope .. llon 
aubocrlbel' loop back 

A-Law 
,..Law 

PUP 

DLB 

o ALI 

SLB 

ABS 

J 
-

In the third test mode, subscriber loopback, the digital 
output of the AID converter Is internally co~nected to 
the input of the DI 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 wlaw or A-law 
operation. A user can sele.ct eit~er con~ersion . law. by 
assigning the corresponding bit. A logical 1 In bit 1 
would select wlaw while· a logical 0 would select 
A-law conversions. 80th conversions follow CCITT 
recommendation G.711. 

FEATURE CONTROL EXCHANGE 
CHANNEL SELECT 

The LS8 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 8 
combo. 

FCB #2 - Receive Programmable Gain 
Register 

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

programming of this register. A ~ange from 0 to - 15.5 
in O.5dB increments can be realized for the receive 
channel. 

noah.ng. 
w,lII,nlblo 

Galn(dB) 

-0.5 
-1.0 
-1.5 

-15.0 
-15.5 

BIINllm'l 

#78 

11 
10 

#12345 

00000 
00001 
00010 
00011 

11110 
11111 

W:} 

M~} RGN2 
RGN3 
RGN4 
RGN5 

_'1 .... 

FCB #3 - Secondary Analog Channel, . 
Chip Select, and TC)ne 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 SAlE bit to a logical one. Transmission of the voice 
signal will resume as soon as SAlE 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 ieast significant bits of the 
XSIG byte, and the SCS pin of the B-ch.an~~1 29C~8 
will be pulled low during the four most slgmflcantblts 
of the XSIG byte. 

Generation of chip select signals ~uring the rec~ive 
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 E8N31T1 pin will b~ added to the ~utput 
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 LSB 

Bit Numb.r .... 17ISlsI41312111 0 1 

no change 
write enable 

·~~··l~ 
lOWE} 

nput 
0 
1 SAlE 

Secondary Analog I 
dlsabl.d 
enabled 

SCS mode 
byte 

half·byte 

SCS 50% actlv. 
ses 100% active 

EBN3 pin .nabled 
TI pin .nabled 

reserved 

don't care 

0 
1 CSM 

0 
1 CSD 

0 
1 TIE 

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 
O.5dB increments is available. 

no change 
write enable 

Galn(dB) 

+12.0 
+11,5 
+11,0 
+10.5 

MSB LSB 

Bit Number .... 171615141312111 0 1 

B~~;m·l J I ~ I 
11 F}~ don't 
10 WE, care 

#12345 

00000 

~'l 00001 XGN2 
00010 XGN3 
00011 XGN4 

XGNS 

+0,0 11000 
+0.0 llXXX 

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. 

EBN3 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. 

no change 
write enable 

Balance Network 
dls.bled 
enabled 

no selection 
EBN1/3 •• Ioctad 
EBN3 s.lected 
EBNl •• Iocted 
EBN2 selected 
EBN1/2/3 selected 
EBN2I3 •• Iected 
EBN1/2 .elected 

Balance Network Gain 

OdB glln 
6dB geln 

don't care 

MSB LSB 

Bit Numb.r __ 171 61 5 14 13 12 11101 

BltNI.m·1 J 
#76 

11 F} 
10 WE-

0 
BNE 

1 
432 

SBN3--'-
000 
001 
010 
011 SBN2 
100 
101 
110 
111 SBNl 

0 RNG 
1 

14-172 



I®ATC 29C48 

ABSOLUTE MAXIMUM RATINGS 
Temperature Under Bias . . . . . -10°C to + 80°C 
Storage Temperature . . . . . . - 65°C to + 150°C 
All Input and Output Voltages 

with Respect to Vee ......... -0.3V to 13V 
All Input and Output Voltages 

with Respect to Vcc ......... -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 = O°C to 70°C, Vcc = +5V ±5%, Vee = ~5V ±5%; SCL (50% duty), SDIR, SLD applied GNDD = OV, 
GNDA = OV.) Typical values are for T A = 25°C and nominal power supply values 

DIGITAL INTERFACE 

Sym"ol Parameter Min Typ Max Units Test Conditions 

III Input Leakage Current ±10 pA 0"" Vin "" Vcc 
Vil Input Low Voltage 0.8 V 

VIH Input High Voltage 2.0 V 

VOL Output Low Voltage 0.4 V 10l ~ - 1 .6mA, 1 TTL load 

VOH Output High Voltage 2.4 V 10H"" 50pA, 1 TTL load 

POWER DISSIPATION 

Symbol Parameter Min Typ Max Units Test Conditions 

Iccl Vee Operating Current 9 mA RCV Signaling Byte = 0 

leel Vee Operating Current 9 mA RCV Signaling Byte = 0 

Icco Vee Standby Current 0.8 mA 

leeo Vee Standby Current 0.8 mA 

Poo Standby Power Dissipation 8 mW 

P01 Operating Power Dissipation 90 mW 

A.C. CHARACTERISTICS - TRANSMISSION PARAMETERS 
(TG1 '= TG2, Transmit Programmable Gain = 6dB. Receive Programmable Gain = OdB) 

GAIN AND DYNAMIC RANGE 

Symbol Parameter Min Typ Max Units Test Conditions 

EmW Encoder Milliwatt Response ±0.15 dB Signal input of OdBmO 
Tolerance f = 1.02KHz 

DmW Digital Milliwatt Response ±0.15 dB f = 1.02KHz 
Tolerance 

DmWp.v Digital Milliwatt Response VFR, 6.14 dBm 
wlaw 1.571 Vrms 

DmWAV Digital Milliwatt Response VFR, 6.17 dBm Rl = 600n Signal input per 
A-law 1.576 Vrms CCITT G.711 

OTLP,.,x Zero Transmission Level Point 0.12 dBm wlaw 
Transmit Channel (OdBmO) .785 Vrms Referenced to 600n 

OTLPAX Zero Transmission Level Point 0.15 dBm A-law 
Transmit Channel (OdBmO) .788 Vrms Referenced to 600n 
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GAIN TRACKING 
Reference level = OdBmO at 1.02KHz, TG1 = TG2, Transmit 
Programmable Gain = SdB, Receive Programmable Gain = OdB 

Symbol Parameter Min Typ Max 

(3TT Transmit Gain Tracking Error ±.25 
Sinusoidal Input; p, or A-law ±.50 

±1.2 

GTR Receive Gain Tracking Error ±.25 
Sinusoidal Input; p, or A-law ±.50 

±1.2 

ANALOG INTERFACE, RECEIVE CHANNEL 

Symbol Parameter Min Typ Max 

ROR Output Resistal1ce, VFR 1 

VOSR1 Output Offset, VFR 50 
CLR Load Capacitance, VFR 100 

VORl Max Output Voltage Swing ±3.2 
across RL, VFR ' 

Units Test Conditions 

dB +3 to -40dBmO 
dB - 40 to - 50dBmO 
dB - 50 to - 55dBmO 

dB +3 to -40dBmO 
dB - 40 to - 50dBmO 
dB - 50 to - 55dBmO 

AT&T PUB43801 and 
CCITT G.712 - Method 2 

Units Test Conditions 

0 

mV Relative to GNDA 

pF 

Vp RL~300n 

ANALOG INTERFACE, TRANSMIT PRIMARY AND SECONDARY CHANNELS 

Symbol Parameter Min Typ Max Units Test Conditions 

lex Input Leakage Current, EBN, - 100 nA -1.SV<VFX<1.SV 
TG1, TI -

R'XI Input Resistance, VFX 100 KO -1.SV<VFX<1.SV 

R'XI Input Resistance, EBN, TG1, TI 10 MO ± 1.SV<VFX<1.SV 

TGmax Max Transmit Gain Adjust' 20 dB 

VOTG Max Output Voltage Swing TG2 ±3.2 v RL~10K!l1 

CLX Load Capacitance, TG2 20 .pF 

RLX Load Resistance, TG2 10 KO 

RGND On Resistance to GND, EBN1, SOO n 
EBN2, EBt-!3 

Note: 
1: Transmit Programmable Gain should be set to O.OdS in order to avoid clipping in later stages 
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DISTORTION (Primary Channel) 

Symbol Parameter Min Typ Max Units Test Conditions 

SOx, Signal to Distortion, J.t or A-law 35 dB o to -30dBmO 
SDR Sinusoidal input; CCITT G.712- 29 dB - 30 to - 40dBmO 

Method 2 Half Channel 25 dB - 40 to - 45dBmO 

DPx, Single Frequency Distortion -50 -46 dB Input = 1 .02kHz OdBmO 
DPR Products in Band (2nd or 3rd AT&T Advisory #64 (3.8) 

Harmonic Half Channel) 

IMD1 Intermodulation Distortion, End to -40 dBmO CCITT G.712(7.1) 
End Measurement 

IMD Intermodulation Distortion, End to -50 dBmO 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 

DAJ( Transmit Absolute Delay 180 J.tS OdBmO, 1.02kHz 
Includes delay through AID 

Dox Transmit Differential Envelope 170 J.tS f = 500;",600 Hz 
Delay; Relative to minimum 95 J.tS f = 600-1000 Hz ' 
envelope delay (104kHz) 45 J.tS f = 1000-2600 Hz 

105 J.tS f = 2600-2800 Hz 

DAR Receive Absolute Delay 125 J.tS OdBmO, 1.02kHz 
Includes delay through D/A 

DOR Receive Differential Envelope 45 J.tS f = 500-600 Hz 
Delay; Relative to minimum 35 J.tS f = 600-1000 Hz 
envelope delay (300 Hz) 85 'J.tS f = 1000-2600 Hz 

110 J.tS f = 2600-2800 Hz 

NOISE (Primary Channel) 

Symbol Parameter Min Typ Max Units Test Conditions 

Nxc1 Transmit Noise, C-Message 12 dBmCO Transmit Gain Adjust = OdB 
Weighted 

NXP1 Transmit Noise, Psophometrically -78 dBmOp Transmit Gain Adjust = OdB 
Weighted 

NRc1 Receive Noise, C-Message 10 dBmCO Unity Gain; Idle Code 
Weighted 

NRP1 Receive Noise, Psophometrically -80 dBmOp Unity Gain; Idle Code 
Weighted 

PSRR1 Vcc Power Supply Rejection, -35 dB Idle channel; 200mV Pop 
Transmit or Receive Channel sIgnal on supply DC to 50 

KHz; Note 1. 

PSRR2 Vee Power Supply Rejection -30 dB Idle Channel; 200m V Pop 
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 V FA for receive channel. 
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CROSSTALK 

Symbol Parameter Min Typ Max 

CTTR Crosstalk, Transmit Voice to -75 
Receive Voice 

CTRT Crosstalk, Receive Voice to -75 
Transmit Voice 

TRANSMIT VOICE FREQUENCY CHARACTERISTICS 
TG1 = TG2, Transmit Programmable Gain = 6dB 

Symbol Parameter 

GRl( Gain Relative to Gain at 1.02kHz 

16.67Hz 

50Hz 

60Hz 

200Hz 

300 to 3000Hz 

3400 Hz 

4000Hz 

4600Hz and Above 

AGpx Programmable Gain 

-.. 

-.. 

Min Typ Max 

-30 

-25 

-22 

-1.8 -0.125 

-0.125 +0.125 

-0.70 -0.10 

-,14 
-32 

±.10 

__ TVPICALFILTEA 
TRANSFER FUNCTION 

FREOUE~Y (Hf) 

Units Test Conditions 

dB Input = OdBmO, unity gain 
1.02 KHz; idle code on SLD 
voice byte 

dB OdBmO, 1.02 KHz signal at 
SLD receive voice byte; VFX 
= GNDA 

Units Test Conditions 

OdBmO Signal Input at VFX 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

dB freq. = 1.02kHz for all steps 

01 ... ····· SCA'" 

-, 

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

Symbol 

GRR 

.1GpR 

Parameter 

Gain Relative to gain at 1.02kHz 

Below 200Hz 

200Hz 

300 to 3000Hz 

3400Hz 

4000Hz 

4600Hz & Above 

Programmable Gain Accuracy 

;~z:,'B *,I25dB 
3DD •• 

Min Typ 

-0.5 

-0.125 

-0.70 

±.10 

Max 

+0.125 

+0.125 

+0.125 

-0.1 

-14 

-30 

"lSd' ""' .. , 

" ~ '~~~~~~~~~~ 

~ 

HOTES 
1 fnll;Al T .. ANSHII 'UNCTION OF 'H( IIICIIYE 'I~ Till lUI ... 5"A" ... n COMI'OIII'" 
2 TYPICAL "'ANSUII '!MetiON O. tHI 1I1C(''I1 FIL TEll alll,VEN • ., '"E U ..... L( AND 

HOLD OUf'UT OF 'HI INUL 2110 .. AND 211'''' CODleS 'HI COMI'NID ilL TUtn:ODIC 
IIISPQH$(IiIIUtS,HIUAUOSPICI'ICA'IOI'IIS 

-111da ""' .. 

Units 

dB 

dB 

dB 

dB 

dB 

dB 

dB 

Test Conditions 

OdBmO input on SLD 

f = 1 .02kHz all steps 

EX'ANDED 
SCALI 

Figure 13. Receive Voice Frequency Characteristics 
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A.C. CHARACTERISTICS - TIMING PARAMETERS 
Symbol Parameter Min Typ Max Units Test Conditions 

TSCL SCL Pulse Width 550 1075 ns 

Toc SCL Duty Cycle 28 33 38 % 2952 CLK Clock = 1.544 or 
1.536MHz 

45 50 55 % 2952 CLK Clock '" 
2.048MHz 

TRc Rise, Fall Times, SCL 50 ns 
TFC 
TRO Rise, Fall Times, SLD 50 ns 
TFO 

TOIRR SCL to SDIR Delay -150 150 ns 

T DlRF SCL to SDIR Delay -150 +420 ns 

Too SCL to SLD Delay 0 200 ns 29C48 Transmitting 

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

THO Hold Time, SCL to SLD 100 ns 

THZ1 SDIR to SLD Active 0 100 ns Byte 1, Bit 1 29C48 
Transmitting, Channel A 

THZ2 SCL to SLD High Impedance 0 100 ns After last bit of Channel A, 
B, or Feature Control as 
Appropriate (Channel AlB 
Operation) 

THz3 SCL to SLD Active 0 100 ns Channel A or B, Feature 
Control, Signaling as 
Appropriate (Channel AlB 
Operation) 

Tss Set-up time, signaling inputs to 1 fJS 
SLD Byte #3, Bit 0 

THS Hold time, SLD Byte 4 Bit 7 for 1 fJS 
all signaling inputs 

Tos Delay SLD Byte 5 to signaling 1 fJS 
outputs 
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TIMING PARAMETERS (ClK = 1.544 MHz, 33% DUTY CYCLE) 

RECEIVE CYCLE 

ClK 

tRC~~~~~ 
SCL 

tOIRR 

SOIR 

:jJ_ ISO 

tHO ~~>c:3t~.w' q 
SLO 

TRANSMIT CYCLE 

SOIR 

SLO(A) , 

:-1"[ : SLO (8) ____ --;:r}-+_IH_Z-(j3 -- ;=J>------i:Jf--------

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

2.4=X >C 2.0 2.0 

?TEST POINTS< 

0.8 0.8 
0.45 

A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC M1" andO.45Y FOR A 
LOGIC "0", TIMING MEASUREMENTS ARE MADEAT2.0VFOR A LOGIC M 1" AND 
O.BY FOR A LOGIC NO", 
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INTEGRATED LINE CARD CONTROLLER 

• Provides Complete Backplane Interface 
for 8 Subscribers 

• Performs all Timeslot Assignments 

• 2 Full-Duplex, Se.rial TOM Highways 

• Serial, Bidirectional Packetized highway 
for Signaling Control 

• Standard MCS ILP Interface with two 
channel DMA and Interrupt 

• Implements HDLC Protocol to 
Guarantee Integrity of all Signaling and 
Control Information 

• Supports Four Control Options Local or 
Global Microprocessor Direct or 
Interleaved HDLC Control 

• Designed for 24, 32, 48 or 64 Tlmeslot 
Systems 

• Common Backplane Interface Supports 
ISDN Upgradability 

The Intel iATC 2952 Line Card Controller (LCG) is a special purpose I/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. 

SLD4 SLD3 

SLD5 39 SLD2 

SLD6 3 38 SLDl 

SLD7 4 37 SLDO 

DRl 5 36 RESET 

ORO 6 35 INT 

DXl 7 DACKl 

DX1E 8 DACKO 

DXO 9 WR 

DxiiE 10 2952 31 vcc 
FS 11 AD7 

SCL 12 AD6 

SGSIDMIR 13 AD5 

SDIRIDMOR 14 AD4 

DSX 15 AD3 

DsE 16 AD2 

DSR 17 AD1 

CS 18 ADO 

ALE 19 RD 

GNDD 20 21 CLK 

. Figure 1. Pin Configuration 
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SCL~------------------------~;---------------I~------------------------FS 
'SDIR ~-------------------------l CLOCKS AND CONTROL I~-----------------------CLK 

·SGS ~--------------------------jL ____ -,.,.--____ I-------------------------RESET 

{ 

SLDO 
SLDl 

SLD2 
SERIAL SLD3 

SUBSCRIBER SLD4 
UNES SlDS 

SLOG 
SlD7 

"Dual Function pin 

DAC~-----------J 
DACK1 ______________ -" 

'---------------- ALE 

Figure 2. 2952 Block Diagram 
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Table 1. Pin Description 

Symbol Pin No. Function Symbol Pin No. Function 

GNDD 20 Ground: OV. RD 22 Read Strobe. (Active low 

VCC 31 Most positive supply; input 
voltage is +5V ±5%. 

SLDO-7 37-40 Subscriber Data link. There 
1-4 are eight bidirectional pins 

that transfer serial 

input). When input is low, 
data is transferred from 
selected register on to J.LP 
bus. When no local J.LP is 
connected, this pin should be 
connected to GNDD. 

information between the 
2952 and the subscriber 
devices (e.g. 29C51). 

AD(0-7) 23-30 Address/Data pins. Standard 
J.LP bus used to transfer 
address and data between 

SCL 12 Subscriber Clock. This is a 
512kHz signal generated by 

the J.LP and internal registers 
of the 2952. When no local 

the 2952 with 50% or 33% 
duty cycle clock. Can be 
connected up to 8 slave 
devices. 

SGS/DMIR 13 Signaling Strobe. Can be 
used to strobe signaling bits 
or voice bytes for enabling 
external logic. In the DMA 
mode DMIR functions as 
DMA input request for HDLC. 

J.LP is connected, the unique 
10 is hardwired on pins 
AD(0-7). 

WR 32 Write Strobe. ~tive low 
input). When WR transitions 
from low to high, data on 
pins AD(0-7) are latched into 
the selected register. When 
no local microprocessor is 
connected, this pin should be 

SDIRI 14 Subscriber Direction. This is connected to GNDD. 
DMOR an 8kHz signal generated by 

the 2952 to serve as both a 
direction indicator and a 
slave frame sync. When 
high, the SLD bus becomes 
an output and data is 
transferred from the 2952 to 

DACKO 33 DMA Acknowledge. DACKO 
DACK1 34 is used to acknowledge the 

DMA output, and DACK1 is 
used for DMA input. When 
no local microprocessor is 
connected, these pins are 
used to hardwire mode 

the slave. When low, the information. 
output buffer on the slave 
SLO pin is enabled and data 
is transferred from the slave 
to the 2952. In the DMA 

INT 35 Interrupt Request. A standard 
microprocessor interrupt, with 
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 9Jjp Select. Enables RD or interface. 

WR. A low level at this input ORO 6 Receive PCM Highway O. 
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. 
cycle, or to transmit data 
during a read cycle. When no 
local uP is connected this pin 
should be connected to 
GNDD. 

DX1 7 Transmit PCM Highway 1. 
Serial words are transmitted 
onto PCM highway 1 at this 
interface. 

ALE 19 Address Latch Enable. 
(Active high input). On falling 
edge of this input signal, data 
on AD(0-7) is latched into 
the selected register. When 
no local microprocessor is 
connected, this pin should be 

DX1E 8 Transmit PCM Highway 1 
Enable. Used to enable 
external tristate buffers to 
drive signals onto the PCM 
highway. The signal goes low 
while the 2952 is transmitting 
onto PCM highway 1. 

connected to GNDD. 
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Table 1. Pin Description 

Symbol Pin No. Function 

OXO 9 Transmit PCM Highway O. 
Serial words are transmitted 
onto PCM highway 0 at this 
interface. 

OXOE 10 Transmit PCM Highway 0 
Enable. Used to enable 
external tristate buffers to 
drive signals onto the PCM 
highway. The signal goes low 
while the 2952 is transmitting 
onto PCM highway O. 

DSX 15 Transmit Signaling Highway. 
Serial signaling and control 
data is transmitted on this 
dedicated HOlC highway. 

DSE 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 
HOlC packet onto OSX. 

OSR 17 Receive Signaling Highway. 
Serial signaling and control 
data is received on this 
dedicated HOlC highway. 

FS 11 Frame Synchronization 
System sync pulse indicating 
beginning of a 1251-'3ec 
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 01 
timeslots on the transmit and 
receive PCM highways, 
ranging from 24, 32, 48 or 64 
per frame. 

RESET 36 Reset. (Active high input). 
When high, 2952 internal 
circuitry is reset. The 
minimum reset pulse must be 
16 complete elK clock 
cycles wide. 

I 

1 

I 

fUNCTIONAllDESCRiPTION 

The 2952 is a highly integrated line card controller 
which concentrates and multiplexes all digitai infor­
mation that passes between a line card and the next 
switching or control level in a digiial telecommuni­
cations system. It controls time switching funciions 
between the individual subscriber line devices and 
the system backplane Time Division Multiplexed 
(TOM) highways. In addition, it manages the ti'ansfer 
of all Signaling and ccntrol messages, either to an 
optional local microprocessor or to a central control 
processor. The 2952 implements all protocol control 
functions using the HDLCformat 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 HOLC highways. Each is 
described briefly below. 

Subscriber Line Interface 

The LCC provides 8 serial, bidirectionai ports lor the 
digital transmission of voice, data, controi. and sig­
naling information to and from the subscriber. T:,ese 
leads, SLDO-SLD7, can be used to interface to bOth 
analog and digital line card subscribers (See Figure 
3). 

The Slave Clock SCL. is a fixed 512 kHz signal output 
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, SOIA. This 8 kHz signal divides the 
frame transfer into transmit and receive halves ref­
ei'enced to the subscriber as shown in Figure 3. When 
SOIA 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 signal­
ing information. In the second half (XMIT-half cycle), 
the subscriber circuit sends four bytes of XMIT data 
back to the 2952. 
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I I 
I I 
I RECEIVE HALF-CYCLE TRANSMIT HALF-CYCLE I 
I 2952 --+ SUBSCRIBER SUBSCRIBER -+ 2952 I 

FS Jl~ ___ -----:-___ ------,rL 
I 

SDIR~ I 
I I 

s I 
SLD----~~--~~-L~~L-~_+--r_~_r~--r_~~~I~---

I I I 
: VOICE/DATA I VOICE/DATA i 
I I I 
I CONTROL I CONTROL I 
I SIGNALING i SIGNALING : 
I 
I 1 FRAME i 
1-01 .. _------- (125 uS) --------~.I 
I 512 KBPS I 

Figure 3. SLD Interface 

Backplane Interface 

The LCC supports dual TOM 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 HOLC format for trans­
mission to a central processor. 

The system clock (CLK) provides data rate transfers 
for both the TOM and HOLC links. The 2952 can 
operate in 24, 48, 32 or 64 timeslots systems. Any 
subscriber has access to any timeslot on either TOM 
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 /.LP 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 microprocessor 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 MOOE register to configure the 2952 and for the 
determination of the type of HOLC 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 /.LP or 
to the LCC bus control unit. 

The asynchronous portion includes the local micro­
processor interface and the serial HOLC signaling 
and control interface. The HOLC 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 S-bit address, allowing up to 255 secondaries to 
be addressed on one HOLe serial line. The logic level 
of the HOLe 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 Lee 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 HOLe interface. The type of data loaded is either 
from the Last Look logic or from the p,P 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 HOLe interface), 
the local microprocessor (via the p,P bus), and the 
Lee (via the Lee 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 HOLe commands 
from the group controller. Additionally, a transparent 
command mode may be configured in which all HOLC 
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 HOLe commu­
nication modes - dedicated HOLC or interleaved 
HOLe. In the dedicated configuration, HOLe mes­
sages are received on OSR and are transmitted on 
OSX. The interleaved mode reserves up to two time­
slots per frame for transmission of signaling and con­
trol messages on the PCM highways. The HOLe 
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 HOLe interface completely. 

SYNCHRONOUS 
SUBSCRIBER INTERFACE 

ASYNCHRONOUS 
MICROPROCESSOR ANO 

CONTROL INTERFACE 

SYNCHRONOUS 
PCM INTERFACE 

SERIAL 
512 kHz 

LOCAL uP REAOIWRITE 
ALL INTERNAL REGISTERS 

PARALLEL HOLC 
uP BUS PORT 

Figure 4. Architectural Diagram 

14-185 

SERIAL 
1.536-4.096 MHz 



lATe 2952 

ABSOLUTe MAXiMUM RATINGS 
Temperature Under Bias ............. - 10°C to + ao°c 
Storage iemperature ...................... - 55°c to 125°C 
All Input and Output Voltages 

with respect to GNDD .................. - 0.3V to + 7V 
Total Power Dissipation ................................... 1.5W 

DC CHARACTERISTICS 
(TA = DOC to 70°C, Vcc = +5V ± 5%; GNDD = OV 
Typical values are for T A = 25°C and nominal pow~r supply value 

Symbol Parameter Min Typ Max Units Test Conditions 

ill Input Leakage Current -10 +10 /-LA GND .;;; VIN .;;; Vec 

10l Output Leakage Current -10 +10 /-LA GND .;;; VOUT .;;; Vee 

V1L Input Low Voltage -0.5 o.a V 

V1H Input High Voltage 2.0 Vee V 

VOL Output Low Voltage 0.45 V IOl = +1.6 rnA 

VOH Output High Voltage 2.4 V IOH = - 400 !-LA 
Icc Vee Supply Current 85 120 rnA Vcc = 5V 

POl Operating Power Dissipation 425 mW 

CAPACITANCE (TA = 25°C; Vee = GNDD, OV) 

Symbol Parameter Min Typ Max Units Test Conditions 

CIN Input Capacitance 5 10 pF fc = 1 MHz 

CliO Input/Output Capacitance 10 20 pF 

COUT Output Capacitance a 15 pF Unmeasured pins 
returned to GNDD 
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A.C. CHARACTERISTICS 
(TA = O°C to 70°C; Vcc = 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 jJ-S 

tFS Frame Synchronization Pulse Width 60 t.CLK ns 

tdFS Pulse Delay to ClK 10 ns 

tSFS Set-Up Time to ClK 50 ns 

SCl Slave Clock SCl Frequency 512 512 kHz 

~SCL SCl Delay Time From ClK 100 165 ns 

SDIR Slave Direction SDIR Frequency 8 8 kHz 

~OIR SDiR Delay Time to ClK 120 190 ns 

~SLO SlD Data Delay 160 300 ns 

tOER Data Enable Receive 100 180 ns 

tOOR Data Disable Receive 100 180 ns 

tOEX Data Enable Transmit 0 ns 

tOHx Data Hold Transmit 0 ns 

tosx Data Set-Up Transmit 1 
2 ClK + 200 

ns 

tOSIG Signaling Strobe Delay 110 160 ns 
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A.C. CHARACTERISTICS 
(TA = 25°C, Vee = GNDD = OV) 

MICROPROCESSOR INTERFACE 

READ CYCLE 

Symbol Parameter 

tAL Address Set-Up to ALE 

lLA AddressHold After ALE 

tAA ALE Pulse Width 

tAD Data Delay From AD 

tOF Data Float After AD 

tAA AD Pulse Width 

tAl AD control intervaP 

tAl AD control interval2 

WRITE CYCLE 

Symbol Parameter 

tow Data Set-Up to WA 

two Data Hold After WA 

tww WA Pluse Width 

tWI WA control intervaP 

tWI WA control interval2 

NOTES: 
1. Read or Write· of BFF and XFF. 
2. Read or Write of all other registers. 

Min Max Units 

30 ns 

20 
.. 

ns 

60 ns 

150 ns 

25 ns 

150 107 ns 

1 
2 x .ClK 

ns 

100 . ns 

Min Max Units 

50 ns 

25 ns 
100 ns 

1 
2 x .ClK 

ns 

50 ns 
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DMA READ 

Symbol Parameter Min Max Units 

tOMA DMA Read Time 1 
7 x .ClK 

ns 

tOH OMORHold Time 75 ns 

tAR Address Stable before RD 0 ns 

tRO Data Delay from RD 150 ns 

tOH Data Hold after RD 20 ns 

tRA Address Hold after RD 0 ns 

tRR AD Pulse Width 150 104 ns 

DMA WRITE 

Symbol Parameter Min Max Units. 

tOMA DMA Write Time 1 
7 x .ClK 

ns 

tlH DMIR Hold Time 80 ns 

tAW Address Stable before WR 0 ns 

tWA Address Hold after iNA 0 ns 

. tow Data Set-Up to WR 30 ns 

two Data Hold after iNA 25 ns 

tww iNA Pulse Width 100 ns 
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, System Backplane Timing Parameters 

PCM INTERFACE - RECEIVE TIMING 

Symbol Parameter 

toSAA Receive Data Set-Up OCR = 01 

toHAA Receive Data Hold OCR = 01 

toSAF Receive Data Set-Up OCR = 12 

toHAF Receive Data Hold OCR = 12 

PCM INTERFACE - TRANSMIT TIMING 

Symbol Parameter 

toZXA Data Enable DCX = 0 

toHXA Data Hold Time DCX = 0 

tozxF Data Enable DCX = 1 

toHXF Data Hold Time DCX = 1 

tHZX Data Float After ClK TS 

tSONA Timeslot x to enable DCX = 0 

tSONF Timeslot x to enable DCX = 1 

tSOFF Timeslot x to disable 

HDLC INTERFACE TIMING 

Symbol Parameter 

tos Receive Data Set Up 

toH Receive Data Hold 

tTD Transmit Data Delay 

tHZX Data Float on TS Exit 

tSON Timeslot X to enable 

tSOFF Timeslot X to enable 
NOTE: 
1. OCR = 0 data latched on rising edge of ClK. 
2. OCR = 1 data latched on falling edge of ClK. 

Min Max Units Test Conditions 

40 ns 60ns for Interleaved Mode 

10 ns 

20 ns 

40 ns 

Min Max Units Test Conditions 

80 160 ns CL = 200pF 

45 160 ns CL = 200pF 

40 100 ns CL = 200pF 

40 100 ns CL = 200pF 

35 80 ns CL = 150pF 

70 130 ns CL = 150pF 

40 100 ns CL = 150pF 

40 100 ns CL = 150pF 

Min Max Units Test Conditions 

40 ns 

10 ns 

40 100 ns CL = 200pF 

35 80 ns CL = 200pF 

40 95 ns CL = 150pF 

35 90 ns CL = 150pF 
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WAVEFORMS 

SLD Interface Timing 

FS 

ClK 

SCl 

SOIR 

SlO 
(Rc) 

SlO 
(Tx) 

IATC 2952 

l---------+-~,~~ "" 
----+---~ . ~ r;r~----------

f :J ~tOSIG SGS 

Microprocessor Interface 

READ CYCLE 

ALE 

AD BUS 

WRITE CYCLE IWW 

\j4:::_tW'~L,----. 

'~C'WD -----------€9--<! DATA I)o---------~ AD BUS 

14-191 



IATC 2952 

DMA READ 

tDMA 

DMOR 

tDH 

tRR---'I.---i~ tRA 

tRD~tDF 

AD BUS ---------------~-....:f DATA 50-----

DMA WRITE 

DMIR 

tlH 

1.---tWW--~ ""_-+-I tWA 

----------------~ 

AD BUS 

tDW~tWD 

---------------~-4 DATA --~----
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PCM INTERFACE RECEIVE TIMING 

CLK ~ \'----Jr 
DROll 

DROll 

PCM INTERFACE TRANSMIT TIMING 

CLK 

DXOll --1-0() 

DXOll --1---+---<1 

tDZXF 

tSONR tSOFF 

DXll2E 

tSONF bF--------I 
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HOLe INTERFACE RECEIVE TIMING 

ClK 

DSR 

HOLe INTERFACE TRANSMIT TIMING 

CLK 

DSX --+--<1 

DSE 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

INPUT/OUTPUT 

"J'.. 2.X= ). TEST POINTS < . 
0.6 O.B 

(1,'15 

A.C. TESTING INPUTS ARE DRIVEN AT 2.4\1 FOR A LOGIC "1" 
AND 0.45V FOR A LOGIC "0". TIMING MEASUREMENTS ARE 
MADE AT 2.0V FOR A LOGIC "1" AND O.BV FOR A LOGIC "0". 

ISOFF 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 
TEST 

CL = 150pF 

i cL = 150pF 

CL INCLUDES JIG CAPACITANCE 
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LCDK - 29C51/52 

iATC-29C51/52 LINE CARD DEVELOPMENT KIT 

• Single Board Line Card Plus Group 
Controller. 

• Minimal Assembling, Low Cost, Kit 
Form. 

• Extensive System Software in ROM. 

• Wire-Wrap Area for Custom Circuitry. 

• A Comprehensive User's Manual. 

• Direct Interface with a CRT Terminal. 

• 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 monito( 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 152 consists of two boards, namely 
a primary and a secondary. The kit supports up to 
128 TDM timeslots and with a little additional hard­
ware, a full feature line card. The kit as supplied, 
without any additional components, can be used to 

29C51 

llSC51 

29C51 

29C51 

form a signal path between two analog sources. The 
LCDK comes completely assembled. The SLD 
LCDK-29C51/52 secondary board functional block 
diagram is shown in Figure 1, the primary board is a 
subset of the secondary. 

ROMI 
RAM 

ROMI 
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 nor'mal 

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 Controller in digital switching environ­
ments. A block diagram of the 29C51 Combo is 
shown in Figure 2. 

TRANSMIT GAIN ADJUSTMENT 
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EBN1 
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SIGP(n) 
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VFR+ 
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SAO 

~ 
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SAl SELECTION SWITCH 

BALANCE 
NETWORK 
SWITCH 

r 
BALANCE 
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SELECTION AND 
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SCl J 
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_ SlD 
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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 I/O 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. 

seL -----------r-----'l~o-----------FS 
*SDIR CLOCKS AND CONTROl. 1~.o__---------eLK 
*SGS RESET 

{ 

SLOO 
SLD1 

SLD2 
SERIAL SLD3 

SUBSCRIBER SL 
LINES 04 

SLOS 

SLOO 
5LD7 

'Dual Function pin 

'----------ALE 

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 a031 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-

REFERENCE 

grammable serial 1/0 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 

r- ---- ------------------------------------~- -- -----, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L_ 

OSCILLATOR 

• TIMING 

8051 
CPU 

INTERRUPTS 

4096 BYTES 
PROGRAM 
MEMORY 

(8051 • 8751) 

64K-BYTE BUS 
EXPANSION 
CONTROL 

CONTROL 

128 BYTES 
DATA MEMORY 

PROGRAMMABLE 
I/O 

PARALLEL PORTS, 
ADDRESS/DATA BUS, 

• I/O 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 as8K 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 Interrec 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 iATC 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 - Pre programmed 2732 ROM. 

Monitor I/O - CRT or Interrec Development System. 

Physical Characteristics 

Width - 12 inch 
Height - 1 % inch 
Depth - 7% inch 
Weight - 0.864 Ibs. 
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Mounting Electrical. Characteristics 

The two board may be: DC Power Requirements 

- plugged into an Intel system rack Voltage Current 
- or mounted on five horizontal legs. ±5V ±5% 2.5A 

-5V ±5% BOmA 

Environmental Characteristics 

Operating temperature. . . . . . . . . . . .. 0 - 50°C 
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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 152 was used 
to form the subscriber loop shown in Figure 1. The 
line is terminated by the two-Io-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. 

2 
9 
C 
5 

2 
9 
5 
2 

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 300n; if the parallel combination of the 
networks on VFR - is below this, they may then be 
scaled. The receive signal, V FR +, is divided between 
Zo and the line impedance Zl seen looking down the 
line from the transformer. The signal across Zl is fed 
back onto the transmit direction through the VFX input. 
The VFR - 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: 

ex H,(F) + (1 - ex) H2(F) 

- H,(F) and H2(F) are signals across ZB1 and ZB2 
respectively 

- ex is the interpolation coefficient 

The weighting is controlled by setting ex 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 ex equal to 1 and 0 yield the external balance values; 
fractional ex values produce a better balance over the 
frequency spectrum. 

2 
9 
C 
5 

Figure 1 
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fm'" ' 200 Hz 
~f '200 Hz 
fma,,' 4 kHz 

Figure 2A 

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 , VFX was tied to 
VFR+ and EBN1 to V FR -, a was set to 1. This ar­
rangement gives the rejection figures with perfect 
impedance matching. Transhybrid loss is given by the 
ratio of VFR + 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 

I I 
1000 16500 1000 aooo 

SNF;:f:: SONF ;:: 

lONE I TWO 

Figure 3. Balance Networks 

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 a 
equal to one and then terminated by balance network 
two with a 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 O.5mm 
lines, these are shown in Figure 3A. 

I I 
1000 7aoo 10000 4300 

5NF ;:f:: 68NF ;::~ 

I I 

Figure 3A 
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Figure 7 shows transhybrid loss variations with fre­
quency for O.5mm line lengths. Note again the inter­
face between the 29C51 and the line was single­
ended. 
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Figure 4. Transhybrid loss 
with frequency for ideal Matching 
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Figure 6. Transhybrid loss 
with frequency 

The non identical loading of the VFR outputs did not 
create a voltage offset or a phase shift between V FR + 
and VFR -. If this is a concern to the user, the imped­
ances on the VFR - output may be scaled up to match 
the load on the VFR + output. 
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inter Architectural Overview 

ARCHITECTURAL OVERVIEW 
IATC 29C53 

DIGITAL EXCHANGE CONTROLLER 

• 4·Wlre Digital Transceiver 
• 144 KB/S Data Transfer Rate (2B+D) 
• Microprocessor Interface 
• CCITT Compatible ISDN'S' Interface 
• General Purpose Power Controller 

Interface 

FEATURES/BENEFITS 

• SLD Interface Compatible 
• Full Interrupt Support 
• Master/Slave Modes 
• Programmable Power Down Mode 
• Low Power CHMOS 

• 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. 

• Microprocessor interface; direct interface to MCS microprocessor family. 

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

• CCnT 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 HOLC packetizing/depackizing for D-channel. 

4-WIRE 

LINE INTERFACE 4 

CLOCK RESET POWER 

29C53 l---r- SLD INTERFACE 
3 

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 Tl 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 I, 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. 

LX+ 

LX-

lR+ 

LR- -. 

[).CHANNEl 

r-------------- -----------, PROCESSING 
I ~ I AND 

I 
I 
I 
I 
I LOOP 

I 
I 

I SERIAL 
: INTERFACE : L ________________________ ~ 

POWER ! ---- POWER 

CONTROllER :~==========:t __ ~C~O~N~TR~O~l~L;ER~~ INTERFACE INTERFACE 

RESET ClK 

UP INTERFACE 

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 uther 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. 

29C50 

DIGITAL 
SUBSCRIBER 

SLD 

SDIR 

SCL 

29C53 

29C53 AS SLD MASTER 

LINE CARD 

SLD 

29C53 
SDIR 

SCL 

29C53 SLD SLAVE 

Figure 3. SLD Block Diagram 

MICROPROCESSOR INTERFACE 

2952 

This standard parallel interface has the capability to monitor and control 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-buffered,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 an? 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 CCIlT 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 NT!. These applications are typical 
examples to illustrate potential uses of the 29C53 and are not intended to depict actual detailed applications. 

ISDN T1 
VOICE/DATA 

WORK STATION 

TERMINAL 

ISDN T1 
VOICE/DATA 

WORK STATION 

4-WIRE 
DIGITAL 

LINE CARDS 
S 

INTERFACE 

4 

PBX 

4 

NETWORK 
TERMINATOR 

(NT1) 

U 
~INTERFACE 

CENTRAL 
OFFICE 

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 80C5l 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 B! 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 TOM 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 
SOC5! and pass D-channel command information for the subscriber equipment through the 80C5l to the 29C53. The 
SOC5! 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 ccnT ISDN S interface with the voice/data digital subscriber equipment. In this capacity, 
it serves as the S subscriber loop interface master relaying the B I, 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 B I and B2 channels. 
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Figure 5. 4-Wlre Digital Line Card 
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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 interface logic, a 29C50 combo, and a VSDD video 
color monitor controller. 

14-211 



Architectural Overview 

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 B I 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 BI 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. 
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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. 
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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 Tl terminal in a multidrop configuration to a 
29C53 line card in accordance with CCITI recommendation 1.430. In this configuration, the 29C53 in each ISDN Tl 
terminal functions as the subscriber loop slave and the 29C53 in the digital line card serves as the subscriberloop 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 
electric8.Ily, from each other. 

In transmitting information to the terminals the 29C53 master transmits the information in a CCITI 1.440 LAP.D 
environment. Th!-s protocol assigns the B 1 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 Tl 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. 
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Figure 8. 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 digitai central office or remote mUltiplexer unit 
(RMU). This terminator consists of a U transceiver, a 29C53 transceiver and power control circuit. 

The 29C53 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 (Bl + 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 NTI network termination over the U and 
ELD interface's C-channel under the control of the line card microprocessor . 
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Figure 9. Network Terminator NT1 
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• 2 Wire Digital Transceiver 

Architectural Overview 

IATC 29C55 CITC 
COMMUNICATIONS INTERFACE 
TRANSCEIVER/CONTROLLER 

• SLD Interface Compatible 

• 144 KB/S Data Transfer Rate • Complete Interrupt Structure 

• Microprocessor Interface • Master/Slave Modes 

• Microprocessor FIFO Buffers • Programmable Power Down Mode 

• Synchronous Serial Port • 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 operates 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 ne,ed for polling 
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UNEINTERFACE 
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"""7":3~ SLD INTERFACE 

14-,10+ SERIAL PORT 
4 

Figure 1. 29C55 Overview Diagram 
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GENERAL DESCRIPTION 

The 29C55 is the first transceiver in the IATC family, and the 29CSS 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 29C5S is a 28-pin device which, when used with the 29CSI, 29S2 and a ,",P, 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 29CS5 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 29CSS requires a line card based microprocessor 
attached to its microprocessor interface to control loop acquisition and initialization. (Refer to overview diagram Figure 
I.) The internal architecture has an MTU, master timing unit, that controls all internal information transfer on the parallel 
data/control/address highway. Also the 29C5S has an internal loop acquisition control timing unit for automatic loop 
acquisition. 
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UNIT (LAQ) 
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Figure 2. 29C55 Block Diagram 
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The 29CSS transfers data at 144kb/s over twisted pair 10QPs. 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 29C5S 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 sCTambler/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 YCO is locked to the SLD interface; when 
programmed as a master, the YCO is locked to the line interface. 

MICROPROCESSOR INTERFACE OVERVIEW 

A standard parallel processor interf~ce 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 B 1+ B2 or B2 or D channel information, and the interrupt 
scheme notifies the microprocessor of serial 110, FIFO, and line interface status and error conditions. 

SYNCHRONOUS SERIAL PORT OVERVIEW 

The third port is a digital synchronous serial port controlled by the 29C55. The serial 110 frame clock and bit clock are 
generated on chip. The data rate is controlled by the selected channel (D, B2 or BI + 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 

COMBO SDIR 29C55 29C55 SDIR 2952 
SLAVE MASTER SLAVE 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 
p'ublic 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. 
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Figure 4. Application 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 8OC51 's through the local line card 2952. 
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Figure 5. Remote Multiplexer 
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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 
reqnirements are met: 

e, 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. 

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

e 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 ,.nd 8274. The 
8274 can be used as a B 1 + 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. 

l6KS/S 0 
L.... __ ..I SIGNALLING 

CONTROL 

Figure 6. Load Data Multiplexer 
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ISDN TERMINAL DETAILS 

The 29C55 used in this configuration is a telecom device with the SLD interface connected to a 29C50, the programmable 
codec/filter. The 29C55 is treated as a peripheral to the local microprocessor. The local microprocessor, SOC51, configures 
the 29C50 through the 29C55 with information obtained from local memory or from the Iinecard via the line interface; 
the 29C50 has the codec/filter functions and is the slave to the 29C55 SLD master. 

Figure 7. ISDN Terminal 

81 
82 
o 

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 S044 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 (I2Skb/s with 
B 1 + B2) are required for terminal data transfers the 80C51 can program the 29C55 to route both B I + B2 through the 
parallel port, temporarily rerouting B 1 traffic away from the SLD interface. Likewise, if three party conferencing is 
required, B I + 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 

• 4-Wlre Full Duplex Digital Transceiver • Exceeds 1 K Meter Range 

• CCITT 1.430 'IS" Interface Compatible • IATC Standard SLD Interface 

• ISDN Basic Rate 144K Bit Per Second • MCS Standard Microprocessor 

• D-Channel Processing Support Interface 

• Point-To-Point or Point-To-Multipoint • Peripheral Interface/Status Port 
Bus Configuration • Low Power, High Density CHMOS 

• Same Device Used at Both Ends of • Single + 5 Volt Supply 
Loop 

The Intel Advanced Telecommunication Component (iATC) 29C53 Digital Loop Controller (DLC) is a 4-wire 
transceiver/controller that is CCITI 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 CCITI's "5" 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. 
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Symbol PinNa. Function 

Vee 8 POSITIVE SUPPLY: Input voltage is + 5V ± 5%. 

VSS 22 GROUND:OV 
CLK 23 MASTER CLOCK: The 3.84 MHz system clock input is the reference for the 

loop and the SLD interface. 
Res 7 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 2 SUBSCRIBER LINE DATALINK: This pin transfers serial data between the 

29C53 and other SLD based components (e.g., 29C51 , 2952, 29C55, etc.). 
SCL 4 SUBSCRIBER CLOCK: 512 KHz signal may be either generated or received by 

the 29C53. This signal clocks the data on the SLD pin. 
SDIR 5 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. 

CS 3 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. 

RD 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 Vss. 

WR 9 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 Vss. 

AD (0-7) 19-21, ADDRESS/DATA PINS: This is a standard MCS microprocessor bus used to 
24-28 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 6 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. 

INT 1 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 interrup!condition is 
indicated; only present status is available. 

P3 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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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 CCITI 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 CCITI 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 prQcessor 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 allows 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. 

SLDINTERFACE 

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 pos 
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 5 (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 CCID 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, 

SLD B1 B2 c 

SDIR J 
MASTER ~ SLAVE 

SCL 

B1 • 64KBPS DATA . B BIT BYTE 
B2· 64KBPS DATA • B BIT BYTE 
c· CONTROL/DATA • B BIT BYTE 
S· SIGNALING/DATA· B BIT BYTE 

ALL BYTES ARE MSB FIRST 

S 

nominaIlY.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 f.Ls frame transfers two oc­
tets of 81, 82 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 CCID 
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. 

B1 B2 C S 

SLAVE ---- MASTER 

270097-4 

Figure 3. SLD Interface 

14-228 



inter IATC29C53 

• WASTER TO SLAVE (NT TO TE) 

F L ~-BI-B BITS -l E 0 A FA N I- B2-B BITS-j E 0 SII- BI-B BITS---/ E 0 S2I-B2-B BITS-l E 0 L 

:rw!~ IIIII H:H~ IIII EH~ IIII EHffiW 
• WASTER TO SLAVE (TE TO NT) 

f---I 
2 BIT OFFSET 

F L ~-BI-B BITS -I L 0 L FA L I- B2-B BITS-j L 0 L I- BI-B BITS---/ L 0 L I-B2-B BITS-l L 0 L 

:ruff tffi-RJ1fl [DlJill8JbW 8fl:fJ 
r ~B BIT WIOE FRAWE - 250 MICRO SECONDS ~ 

A· BIT USED FOR ACTIVATION 
B1, 2·64 K BPS DATA 
D· DCHANNEL BIT (16K BPS DATA) 
E • D CHANNEL ECHO BIT 
F· FRAME BIT 

FA' AUX. FRAME BIT 
L • DC BALANCING BIT 
N· BIT = FA 

270097-5 

Sl, 2· RESERVED FOR FUTURE STANDARDIZATION 

Figure 4. The S-Interface Frame Structure 

The 29C53, functioning as an "S" interface master 
in a multi-drop application, can interface with up to 
eight slave systems. In this multiplexing operatiQn a 
slave initiates a data transfer to the master, by re­
questing access and transferring the data in accord­
ance with the D-channelline access protocol (1.440). 
Figure 5 shows typical applications of the 29C53. 

The frame alignment timing diagram Figure 6(b) 
shows the relationship of the "S" interface data to 
the SLD data. Figure 6(a) shows the block diagram 
used for the timing diagram. The top timing diagram 
shows the transmitted "S" data stream from the net­
work terminator (master). The dotted lines depict up 
to 20 ,""S 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-· 
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. 

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
cess. 
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TE 

RECEIVE 
'S' SLAVE - DATA PATH 

(8) 

TRANSMIT 
DATA PATH 

(A) 
'S'MASTER 

NT 

'u' INTERFACE 
1-------,,<------1 29C53 

4 WIRE"S" 

TRANSMIT 
DATA PATH 
(D) 

RECEIVE 
DATA PATH 

(E) 

TO c.o. 

270097-7 

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 VSS, 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 

SLD 81 82 c S , 

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. 81, 82 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. 

82 c S , 

SDIR J 
MASTER - SLAVE 

SLAVE - MASTER r 
,I~ _____ -~ , , 

, , 
P3 ______ --'f: 

270097-9 

NOTE: 
Status indicators are activated by the SST Bit in the PEG Register 

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 RegAdr 

010 Prepare Single Byte For Transfer To Master RegAdr 

011 Multiple-Byte o Data Transfer To Slave !If Bytes 

100 Multiple-Byte 0 Data Transfer To Master Max !If Bytes 

101 Multiple-Byte Configuration Transfer To Slave !If Bytes 

110 Multiple-Byte Status Transfer To Master !If Bytes 

111 Reserved For Status Poll (Call Verify) Tail & Idle -

In an SLO 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. 

7 

I 
OpCode 

SLD Control Byte 
BITS 

I 
][ Argument 

The 3~bit operation code in the control byte from the 
iine 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 O-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 
SLO 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 SLO. The first control byte of a 
configuration transfer to the 29C53 specifies the 
type of operation to be performed and :he n!Jmber 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 !lssumes 
the next input is a control byte. 

Ttie 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 OOH, transfers the data to or from that 
register and increments the address counter. 
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Table 1 29C53 Registers 

Address Acc.as Symbol Name 

00000 RD IXS Interrupt Status 

00000 WR(Rn 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 Peripherl!!llnterface and E-Channel Control 

00100 RD RFN Receive FIFO Status - " of Bytes Used 

00100 WR(Rn SCR SLD Interface Control 

00101 RD XFN Transmit FIFO Status - /I of Free Bytes 

00101 WR(Rn SOC SLD Data Transfer Configuration 

00110 RD SBR Spare Bits Receive Status 

00110 WR(RT) SBX Spare Bits Transmit 

00111 RDWR LLB Loop Interface Loopback Control 

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 ROW RFIL Receive FIFO Interrupt Level 

01101 RDWR XFIL Tr~nsmit 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(Rn 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 ......... -1 O·C to + 80·C 
Storage Temperature .....•.•.. - 65·C to + 150~C 
Voltage on any Pin .... Vss - 0.5V to Vee to + 0.5V 
Maximum Vo.ltage on Vee 

with Respect to Vss ..................... + 7V 
Total Power Dissipation .................. 500 mW 

'Notice: Stresses above those listed under ':4bso­
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 subject to change. 

D.C. 'CHARACTERISTICS vee = +5V ±5%;Vss = OV;TA = 0·Ct070·C; , 
Typical Values are at T A = 25·C and Nominal Power Supply Values 

DIGITAL INTERFACES 

Symbol Parameter Min Typ ,Max Units Test 
Conditions 

I,L Input Leakage Current ±10 ,."A Vss s: Y,N s: Vee 
(Excluding LR+, LR-) 

V,L Input Low Voltage -0.5 0.8 V 

V,H Input High Voltage 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V IOL = +2.0mA 

VOH1 Output High Voltage 2.4 V IOH = -400,."A 

VOH2 Output High Voltage 0.9 Vee V IOH = -40~A 

POWER SUPPLY CURRENT (Averaged over 1 ms) 

Symbol Parameter Min Typ Max Units Comments 

lee(P) Power Down (Standby) 4 mA SLD and CLK Active 

lee (I) Idle Operating Current 8 mA Receiver, SLD, OSC 
Active 

lee(N) Normal Operating Current 20 mA Everything is Active, 
(Excluding (Current 
for Output Loads) 

A.C. Characteristics vee =,5V ± 5%; Vss = OV; T A = O·C - 70·C; CLK = 3.84 MHz' 

RECEIVER 

Symbol .. Parameter Min Typ. Max Units Comments 

VRD Received Differential Mark Voltage 200 3000 mV 

Z,R LR+, LR- Input Impedance 60 kO Each Pin 

C'R LR + , LR- InputCapacitance 30 pF Each Pin 
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TRANSMITTER 
Symbol Parameter Min Typ Max Units Comments 
Vxo Transmit Differential Mark Voltage 1780 1980 mV 200 0. < RL < 2.5 ko. 

Zox LX + , LX - Output Impedance 60 ko. Each Pin 

Cox Output Capacitance 30 pF Each Pin 

RL Resistive Load Between LX + , LX- 200 0. 

CL Capacitive Load Between LX + , LX- 1500 pF 

tLO Load Time Constant 0.5 /Ls RL = 3000., CL = 1500 pF 

tMR Transmit Mark Rise Time 400 ns Note 1 

to Damping Time Constant 1.5 /Ls 

IXL 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 ("5" Slave Mode) -5 +5 % 1.4308.2.2 

PO 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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ClK 

SCl 

P3.P4-+ __ ~ ____________ J~ __ ~ ____________ ~ r-~------------+--

/-TKS 

SDIR 

TKDV 

SlDOUT -----+i~======:lJ\C=====~ 
-TKDE TSDV-- t 

~S.t:=:LL 
SlD1N ::::::>)o----------------------------~s s-----<LLLX.--X 
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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 

TOVS 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 $lD out is enabled one ClK cycle after the SDIR rising edge and disabled one ClK cycle before the SDIR falling 
edge (as master only). 

14-236 



inter 

P3.P4 ____ _+' "+-___ _ 

SCL 

SDIR __ +-___ " 
TKDV_ 

TKDH_ 

iATC29C53 

SLDOUT X31 X X32 }---------- -~ ~-------------{'-~ --.;.~-
TSDV - 1-

TOVS -I -I -I - TSLDE 

SLD1N .- ------ -- ------<!!:)' / / ~ ~ ---- ------ ----. 
270097-'10 

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 AfterSDIR 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 Unit, 

TAL Address Setup Before ALE Trailing Edge 40 ns 
TLA Address Hold After ALE Trailing Edge 20 ns 

TWIN Write. Control Signal Width 100 ns 
TOW Data Setup Before WR Trailing Edge 40 ns 
TWO Data Hold After WR Trailing Edge 20 ns 
TAA ALE Pulse Width 60 ns 
TWI • Active C5 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 C5 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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2952 Reference Manual 

iATC 2952 Line Card 
Controller Reference Card 

RR-24 - 2910/2911 PCM Codec 
and 2912 PCM Filter 

AR-146 - A Second Generation 
Low Power NMOS' 
Capacitor Channel Filter 

AR-158 - A Precision Low-Power PCM 
Channel Filter With W/A 
Chip Power 

AR-241 - Session Ill: Linear 
Circuit Techniques 

14-239 

Order Number 

270065-001 

270059-001 

006785-001 

007555-001 

007565-001 

210809-001 



ALABAMA 

Intel Corp 
5015 Bradlord Drive 

. SUite 2 
Hunlsville 35805 
Tel: (205) 830-4010 

ARIZONA 

Intel Corp 
t1225 N, 28th Drive 
Suito 2140 
Phoenix 85029 
Tel' (602) 869-4980 

Inlel Corp 
1161 N. EI Dorado Place 
Suite 301 
Tucson 85715 
Tel: (602) 299·6815 

CALIFORNIA 

Intel Corp 
21515 Vanowen 'Street 
Suite lt6 
Canoga Park 91303 
Tel: (8t8) 704·8500 

Intel Corp 
§~~~ ~i8lmperial Highway 

EI Segundo 90245 
Tel: (213) 640·6040 

Intel Corp 
1510 Arden Way, Suile 101 
Sacramento 95815 
Tel: (916) 920·8096 

Intel Corp 
4350 Executive Drive 
Suile lOS 
San Diego 92121 
(619) 452·5880 

Intet Corp,' 
2000 Easl 4th Streel 
Suile 100 
Santa Ana 92705 
Tel: (714) 835·9642 
TWX: 910·595·1114 

Intel Corp,' 

11150 Vi~~or~~~~3 Way 
Tel: (415) 968·8086 
TWX: 910·339·9279 
910-338-0255 

COLORADO 

Intel Corp 
3300 Mllchell Lane, SUite 210 
Boulder 80301 
Tel: (303) 442·8088 

Intel Corp 
4445 Northpark Drive 
Sulle 100 
Colorado Spflngs 80907 
Tel: (303) 594·6622 

Intel Corp." 
650 S, Cherry Street 
Suite 91t> 
Oenver 80222 
Tel: (303) 321·8086 
TWX: 910·931-2289 

CONNECTICUT 

Inlel Corp 
26 Mill Plain Road 
Oanbury 06810 
Tet: (203) 748-3130 
TWX: 710·456·1199 

fMC Corp 
222 Summer Street 
Siamford 06901 
Tel: (203) 3n2934 

FLORIDA 

Inlel Corp 
242 N, Westmonte Drive 
Suile 105 

~~II~m$61~) ~~r~~~~Bl2714 
Intel Corp 
6363 NW, 6th Way. Suite 100 
Ft. Lauderdale 33309 
Tel: (305) 771·0600 
lWX: 510·956·9407 

DOMESTIC SALES OFFICES 

FLORIDA (Conl'd) 

Intel Corp 
11300 4th Street North 
Suile 170 
SI. Petersburg 33702 
Tel: (813) 577-2413 

GEORGIA 

Inlel Corp 
3280 Pointe Parkway 
Suite 200 
Norcross 30092 
Tel: (404) 449·0541 

ILLINOIS 

Intel Corp." 
300 N. Martinljale Road, SUile 400 
Schaumburg 60172 
Tel: (312) 310·8031 

INDIANA 

Inlel Corp. 
8777 Purdue Road 
Suile 125 
Indianapolis 46268 
Tel, (3171 875·0623 

IOWA 

Intel Corp 

fJ'3tn~t~e~~d~e~~InBrive N,E 
Cedar Rapids 52402 
Tel: (319) 393·5510 

KANSAS 

Intel Corp 
8400 W, 110th Street 
SUlle 170 
Overland Park 66210 
Tel. (913) 345·2727 

LOUISIANA 

~ne~ys15014) O~~I~~16~~slems Corp 

MARYLANO 

Intel Corp' 
7321 Parkway Drive South 
SUite C 
Hanover 21076 
Tel: (301) 796·7500 
TWX: 710·862·1944 

Intel Corp 
7833 Walker Drive 
Greenbelt 20770 
Tel. (301) 441·1020 

MASSACHUSETTS 

Intel Corp,' 
Westford Corp, Center 
3 Carlisle Road 
Wes!lord 01886 
Tel: (617) 692·3222 
TWX: 710·343·6333 

MICHIGAN 

Inlel Corp 
7071 Orchard take Road 
SUite 100 
Wesl Bloomfield 48033 
Tel: (313) 851·8096 

MINNESOTA 

Intel Corp 
3500 W, 80th Sireet 
SUite 360 
Bloomington 55431 
Tel: (612) 835·6722 
TWX: 910·576·2867 

MISSOURI 

Inlel Corp 
4203 Earth City Expressway 
SUite 131 
Earth City 63045 
Tel: (314) 291·1990 

NEW JERSEY 

Inlel Corp.' 
Parkway 109 Office Cenler 
328 Newman Springs Road 
Red Bank 07701 
Tel: (201) 747·2233 

NEW JERSEY (Cant'd) 

Inlel Curp 
75 Livingston Avenue 
First Floor 
Roseland 07068 
Tel: (201) 740'·0111 

NEW MEXICO 

Intel Corp 
8500 Menual Boulevard N ,E 
Suite B 295 
Albuquerque 87112 
Tel: (505) 292·8086 

NEW YORK 

Inlel Corp,· 
300 Vanderbilt Motor Parkway 
Hauppauge 11788 
Tel: (516) 231·3300 
TWX: 510·227·6236 

Intel Corp 
SUlle 2B Hollowbrook Park 
15 Myers Corners Road 
Wappinger Falls 12590 
Tel (914) 297·6161 
TWX: 510·248·0060 

Intel Corp,' 
211 White Spruce Boulevard 
Rochester 14623 
Tel: (716) 424·1050 
TWX: 510·253·7391 

NORTH CAROLINA 

Intel Corp 
5700 Executive Center Olive 
SUite 213 
Charlolle 28212 
Tel: (704) 568·8966 

Inlel Corp 
2700 Wycliff Road 
SUite 102 
Raleigh 27607 
Tel' (919) 781·8022 

OHIO 

Inle~ Corp," 
6500 Poe Avenue 
Dayton 45414 
Tel: (513) 890·5350 
TWX: 810-450·2528 

Inlel Corp." 

~~8§~lnc?~~~~~~d B~~~~~'ar~o 300 
Cleveland 44122 
Tet: (216) 464·2736 
TWX: 810·427-9298 

OKLAHOMA 

Intel Corp 
6801 N, Broadway 
Suite 115 
Oklahoma City 73116 
Tel: (405) 848·8086 

OREGON 

Inlel Corp 
10700 S W, Beaverton 
Hillsdale Highway 
Suile 22 
Beaverlon 97005 
Tel: (503) 641-8086 
TWX_ 910-467·8741 

PENNSYLVANIA 

Intel Corp 
1513 Cedar Clln DfI~e 
Camphlll 17011 
Tel: (717) 737·5035 

Intel Corp,' 
455 Pennsylvania Avenue 
Fori Washington 19034 
Tel: (215) 641·1000 
TWX: 510·661·2077 

Inlel Corp,' 
400 Penn Cenler Boulevard 
Suile 610 
Pittsburgh 15235 
Tel: (412) 823·4970 

Q,E.D. Electronics 
139 Terwood Road 
Box T 
Willow Grove 19090 
Tel: (215) 657·5600 

PUERTO RICO 

Intel Microprocessor Corp. 
South Indllstrial Park 
Las Pledras 00671 
Tel: (809) 733·3030 

TEXAS 

Intel Corp 
313 E Anderson Lane 
SUIte 314 
Auslln 78752 
Tel: (512) 454·3628 

Intel Corp." 
12300 Ford Road 
Suile 380 
Dallas 75234 
Tel: (214) 241·8087 
TWX: 910·860·5617 

Inlel Corp' 
7322 s.w. Freeway 
SUite 1490 
Houston 77074 

i~:x: (7J~6.8~~~2~~~6 
Industrial Dlg,tal Systems Corp 
5925 Sovereign 
SUile 101 
Houston 77036 
Tel' (713)988-9421 

UTAH 

Intel Corp 
5201 Green Sireet 
SUite 290 
Murray 84123 
Tel: (801) 263·8051 

VIRGINIA 

Inlel Corp. 
1603 Santa, Rosa Road 
Suile 109 
Richmond 23288 
Tel. (804) 282·5668 

WASHINGTON 

Intel Corp 
110 110lh Avenue N_E 
SUite 510 
Bellevue 98004 
Tel: (206) 453-8086 
TWX, 910·443-3002 

,Inlel Corp 
408 N. Mullan Road 
Suite 102 
Spokane 99206 
Tel. (509) 928·8086 

WISCONSIN 

Intel Corp 
450 N. Sunnyslope Road 
Suite 130 
Chancellory Park t 
Brookfield 53005 
Tel: (414) 784·8087 

CANADA 
BRITISH COLUMBIA 

Intel Semiconduclor of Canada ltd 
301·2245 W. Broadway 
Vancouver V6K 2E4 
Tel' (604) 738·6522 

ONTARIO 

Inlel Semicondllctor 01 Canada ltd 
2650 Queensview Drive 
Sllile 250 
Ollawa K2B 8H6 
Tel: (613) 829·9714 
TELEX' 053·4115 

Intel Semlconduclor of Canada, Lid 
190 Altwell Olive 
Suile 500 
Rexdale M9W 6H8 
Tel, (416) 675·2105 
TELEX: 06983574 

QUEBEC 

Inlel Semiconduclor 01 Canada. Ltd 
620 SI. Jean Blvd 
POinte Claire H9R 3K3 
Tel: (514) 694·9130 
TWX, 514·694-9134 

"Field Applicalion Localion 



intJ 

ALABAMA 

Arrow ElectrontCS, Inc. 
lOIS Henderson Road 
Huntsville 35805 
Tel: (205) 837·6955 

tHamlllon/Avnel Electronics 
4812 Commercial Drive N.W. 
Hunlsville 35B05 
Tel: (205) 837·7210 
TWX: 810-126-2162 

tPioneer/TechnologlBS Group Inc. 

~~~rsv~~1\13~~~5 Square 
Tel: (205) B37·9300 
TWX: 810-726-2197 

ARIZONA 

!~~m~~n~~d~s~n E~~~~niCS 
Tempe 85281 
Tel: (602) 231-5100 
TWX: 910-950-0077 

Kierullf Electronics 
4134 E. Wood Street 
Phoenix 85040 
Tet: (602) 437·0750 
TWX: 910-951-1550 

Wyle Distribution Group 
17855 N. Black. Canyon Highway 
Phoenix 85023 
Tel: (602) 866-2888 

CAUFORNIA 
Arrow Electronics, Inc. 
19748 DearbOl'n Street 
Chatsworth 91311 
TeJ. (818) 701-7500 
TWX: 910-493·2086 

Arrow Electronics 
9511 Ridgehaven Court 
San Diego 92123 
Tel: (619) 565·4800 
TlX: 888064 

tArrow Electronics, Inc. 
521 Weddell Dnve 
Sunnyvale 94086 
Tel: (408) 745-6600 
TWX: 910·339·9371 

Arrow Electronics, Inc. 
2961 Dow Avenue 
Tustin 92680 

t~:X:(7Jt~5~~~2~~~2 
tAvnet Electronics 
350 McCormick Avenue 
Costa Mesa 92626 
Tel: (714) 754-6051 
TWX: 910-595·1928 

Hamilton/Avnel Etectroni~' 
1175 Bordeaux Drive 
Sunnyvale 94086 

~X:(4~~3~~9~~go 
tHamillon/A:,net Electronics 

tHamillon/Avnel Electronics 
20501 Plummer Street 
Chatsworth 913tt 
Tel: (818) 700·6271 
TWX: 910-494-2207 

tHamillon/Avnel Electronics 
4103 Norlhgate Boulevard 
Sacramento 95834 
Tel: (916) 920·3150 

Hamil10n/Avnel Electronics 
3002 G Street 
Ontario 91311 
Tel: (714) 989·9411 

Hamitlon/Avnet Electroni~ 
19515 So. Vermont Avenue 
Torranco 90502 
Tel: (213) 615·3909 
TWX: 910·349·6263 

Hamilton Electro Sales 
9650 De Soto Avenue 
Chatsworth 91311 
Tel: (818) 700·6500 

TWX: 910·340·6364 

Hamilton Electro Sales 
1361 B West 190th Street 
Gardena 90248 
Tel: (213) 558·2131 

DOMESTIC DISTRIBUTORS 

CALIFORNIA (Cant'd) 

TWX: 910·595·2638 

Klerulft Electronics 
10824 Hopo Street 
Cypress 90430 
Tol: (114) 220·6300 

Kierulfl Electronics, Inc. 
1180 Murphy Avenue 
San Jose 95131 
Tel: (408) 947·3471 
TWX: 910·379·6430 

Kiorulft Electronics, Inc. 
14101 Franklin Avenue 
Tustin 92680 
Tel: (114) 731·5711 
TWX: 910-595·2599 

tKierul1t Electronics, Inc. 
5650 Jillson Street 
Commerce 90040 
Tet: (213) 725·0325 
TWX: 910·580·3666 

~J~o Dt~~~~°"st~~~up 
Calabasas 91302 
Tel: (818) 880·9000 
TWX: 818·372·0232 

tWyle Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel: (714) 843·9953 
TWX: 910·595·1572 

rrr~~e s~~trig~~f:r g~~~ 
Rancho Cordova 95670 
Tel' (916) 638·5282 

~~2!e g~~~~t~~~ %'r~ 
~:r (~~~~o 5~~~~;71 
TWX: 910·335·1590 

tWyle Oislrlbullon Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727·2500 
TWX: 910·338·0296 

Wyle Mihlary 
17810 Teller Avenue 
Irvine 92750 
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 5. Potomac Street 
Suite 136 
Aurora 80012 
Tel: (303) 696·1111 

tWyle Distribution Group 
451 E. 1241h Avenue 
Thornlol1 80241 
Tel: (303) 457·9953 
TWX: 910·936·0770 

Avnel Electroni~ 
rcltard Road 

80111 
740·1017 

TWX: 910·935·0787 

CONNECTICUT 

tArrow Electronics, Inc. , 

~~~I::~Ar~3~st7il:lct~~r~s 
Commerce Drive 
Danbury 06810 

~~:(2?,3J.4~~~9~~~0 
tPioneer Northeast Electronics 
112 Main Street 
Norwalk 06851 

~~:(2?m.4~~:31~~5 

tArrow Electronics, lne. 
1001 N.W. 62nd Street 
SUite 108 
Flo Lauderdale 33309 
Tel: (305) 776·7790 
TWX: 510·955·9456 

tArrow Eleclromcs. Inc. 
60 Woodlake Drive W., Bldg. B 
Palm Bay 32905 
Tel: (305) 725-1480 
TWX: 610·959-6337 

tHamilJon/Avnet Electronics 
6801 N.W. 15th Way 
Ft. lauderdale 33309 
Tel: (305) 971·2900 
TWX: 510·956·3097 

tPloneer Eleclronics 
221 N. Lake Boulevard 
Suile .4t2 
Alta Monte Springs 32701 
Tel: (305) 834·9090 
TWX: 810·853·0284 

GEORGIA 
tArrow Electronics, Inc 
3155 Northwoods Parkway. Suite A 
Norcross 30071 
Tel: (404) 449·8252 
TWX: 810-766-0439 

Hamilton/Avnet Electronics 
5825 D. Peachlree Corners 
Norcross 30092 
Tel: (404) 447·7500 
TWX: 810-766·0432 

Pioneer Electronics 
58358 Peachlree Corners E 
Norcross 30092 
Norcross 30092 
Tel: (404) 448·1711 
TWX: 810·766·4515 

ILLINOIS 

tArrow Electronics, Inc. 
. Sireel 

tHamillon/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (312) 860·7780 
TWX: 910·227·0060 

INDIANA. 

Hamilton/Avnel Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 844·9333 
TWX: 810·260·3966 

tPloneer Electronics 
6408 C8stleplace Drive 
Indianapolis 46250 
Tel: (317) 849·7300 
TWX: 810·260·1794 

KANSAS 

tHamlllon/Avnet Electronics 
9219 QUlVera Road 
Overland Park 6621!J 

~:x:(9J~6.7~~~O~~~0 
KENTUCKY 

Hamlllon/Avntlt Electronics 
1051 D Newlor. Park 
LeXIngton 40511 

MARYLAND 

Arrow Electronics, Inc. 
8300 Gultord Road tlH 
Rivers Center 
Columbia 21046 
Tel: (301) 995·0003 
TWX: 710·236·9005 

tHamilton/Avnel Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995·3500 
TWX: 710·862·1861 

f~o~;a 1~~~~t~IOg~riv~orporahon 
Gaithersburg 20877 
Tel: (301) 948·4350 
TWX: 710·828·9702 

IfASSACHUSEnI 

tArrow Electronics. Inc. 
I Arrow Drive 
Woburn 01801 

t~:x: (6ii6.3~~~6~'lg 
tHamillon/Avnel Electronics 
IOD Centennial Drive 

~:r~~r7) °19362~3701 
twX: 710·393·0382 

Pioneer Northeast Electronics 
44 Hanwell Avenue 
Lexington 02173 

:reJx:(6~i6.3~~~6'lIOf 
MICHIGAN 

Arrow Electronics, Inc. 
755 Pltoenix Drive 
Ann Arbor 48104 

~:(3J~6'2~~I.tglg 

tPioneer Electronics 
13485 Stamford 
livonia 48150 
Tel: (313) 525·1800 
twX: 810·242·3271 

MINNESOTA 

tPioneer Electronics 
10203 Bren Road East 
Minnetonka 55343 
Tel: (612) 935·5444 
TWX: 910·576·2738 

MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz 
Sl. Louis 63141 
Tel: (314) 567·6888 
TWX: 910·764·0882 

tMlcrocomputer System Technical Demonstrator Centers 



inter 
MISSOURI (COnl'd) 

tHamilton/Avnel Eleclronics 
13743 Shoreline Court 

f:rn (3~~~ fg~~~oo 
TWX: 910-762-0684 

NEW HAMPSHIRE 

tArrow Electronics, ,Inc. 
a Perlmeler Road 
Manchester 03103 
Tel: (603) 668-6968 
TWX: 710·220-1684 

Hamilton/Avnet ElectronICS 
444 E. Industrial Drive 
Manchester 03104 
Tel: (603) 624·9400 

NEW' JERSEY 

tArrow Electronics, Inc. 
6000 Uncoln East 
Marlton 08053 
Tel: (609) 596-8000 
TWX: 710-897-0829 

tArrow Eleclronics, Inc. 
2 Industrial Road 
Fairfield 07006 
Tel: (201, 575-5300 
TWX: 710·998·2206 

tHamillon/Avnel Electronics 
1 Keystone Avenue 
Bldg. 36 

~~1~(60~:" 4~~~~1O 
TWX: 710-940-0262 

tHamiiton/Avnel Electronics 
10 InduSlriaJ 
Falrileld 07006 
Tel: (201) 575-3390 
TWX: 710-734-4388 

tPioneer Northeast Electronics 
45 Route 46 
Pinebtook 07058 
Tel: (201) 575·3510 
TWX: 710-734-4382 

l~r A~~~:~~ ~Ies 
Fairfield 01006 
Tel: (201) 227-5552 

NEW MEXICO 

Alliance 8ectronics Inc. 
11030 Cochiti S.Eo 
Albuquerque 87123 
Tel: (505) 292-3360 
TWX: 910-989-1151 

Hamiiton'/Avnet Electronics 
2524 Baylor Drive SE 
Albuquerque 87106 
Tel: (50S) 765-1500 
TWX: 910-989-0614 

NEW YORK 

tArrow Electronics. Inc. 
25 Hub Drive 
Melville 11747 
Tel: (St6) 694-6800 
TWX: 510·224-6126 

Arrow Electronics, Inc. 
7705 MaHage Drive 
liverpool 13088 
Tel: (315) 652-1000 
TWX; 710·545-0230 

Arrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
TWX: 510·227-6623 

Townline Road 

Hamllton/Avnet Electronics 
333 Metro Park 
Rochester 14623 

~:(7J~~2~~~5~j3g 
Hamiiton/Mnel Electronics 
103 Twin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-2641 
iWX: 710-541·1560 

tHamiltoo/Avnet Electronics 
933 Motor Parkway 

~~~pr5~~e 21r:00 
TWX: .510-224-6166 

DOMESTIC DISTRIBUTORS 

NEW YORK (Cont'cf) 

~~T~a~6~~e~~rksa~r~ve 
P.O. Box 271 
Por1 Washinglon 11050 
Tel: (516) 621-6200 
TWX: 510-223-0846 

tPioneer Northeast Electronics 

~~al Vf~~~o Parkway East 

Tel: (607) 748·8211 
TWX: 510-252-0893 

tPioneer Norlheast Electronics 
60 Crossway Park West 

~r~~t~' 9L~,~j76~and 11797 
TWX: 510-221-2184 

Pioneer Nor1heast Electronics 
840 Fairpor1 Park 
Fairpor1 14450 
Tet: (716) 381·7070 
TWX: 510·253·7001 

NORTH CAROLINA 

Pioneer Electronics 
9801 A-Southern Pme Boulevard 
Charlotte 28210 
Tel: (704) 524-8168 
TWX: 810·621·0366 

OHIO 

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

tArrow 8ectronics. IfIC. 
6238 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

tHamllton/Avnet Electronics 
954 Senate Drive 
DaylOn 45459 

~:(5Jr6.4~~2~~\0 

tPioneer Electronics 
4433 Interpolnt Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
TWX: 810-459-1622 

tPioneer ElectroniCs 
4800 E. 131st Street 
Cleveland 44105 
Tel (216) 587-3600 
TWX: 810-422-2211 

OKLAHOMA 

Arrow Electronics, Inc. 
4719 S. Memorial Drive 
Tulsa 74145 
i!'el: (9ta) 665-7100 

OFIEGON 

tAlmac Electronics Corporation 
1885 N.W. 1691h Place 
Beaver10n 97006 
Tel: 1503) 629-8090 
TWX: 910-467·8746 

Hamillon/Avnet ElectroniCS 
6024 SW. Jean Road 
Bldg. C, Suite 10 
Lake Oswego 97034 
Tel: (503) 635-7848 
TWX: 910·455·8179 rt: ~O~~ib~~O~ ~~~~~ Parkway 

Hillsboro 97124 
Tel: (503) 640·6000 
TWX: 910-460-2203 

PENNSYLVANIA 

tArrow Electronics, Inc. 
650 Seco Road 
Monroeville 15146 
Tel: (412) 856-7000 

PIoneer Electronics 
259 Kappa Drive 
Plllsburgh 15238 
Tel: (412) 782-2300 
TWX: 710-795-3122 

tPioneer Eleclronics 
261 Gibraller Road 
Horsham 19044 

~:X: (2J~6:6~~~6~~~0 
lEXAS 

1~2'8w C;:=~~~' rJ;;;e 
Carrollton 75006 
Tel: (214) 380-6464 
TWX: 910-860·5377 

fArrow Electronics. Inc. 
10899 Kinghurst 
SUite 100 
Houston 77099 

~:X: (7J~6_8~~~4~~~0 
Arrrm Electronics. Inc. 
10125 Metropolitan 
Austin 78758 
Tel: (512) 835·4180 
TWX: 910·&74·1348 

tHamillon/Avnet EleCtronics 
2111 W. Walnut Hill lane 
Irving 75062 
Tel: (214) 659·4.100 
TWX: 910-860·5929 

tHamillon/Avnel Eleclronics 
8750 Wesl Park 
Hosulon 77063 
Tel: (713) 780-1711 
TWX: 910-881·5523 

Pioneer Electronics 
9901 Burnet Road 
Austin 78758 
Tet: (512) 835·4000 
TWX: 910-874-1323 

Pioneer Elec1ronics 

b~I~~ 9~2~4a Road 
Tet: (214) 386-7300 
TWX: 910-850-5563 

Pioneer Electronics 
5853 Poinl West Drive 
Houston 77036 

~: (7Jf6.8~~~1~g~S 
UTAH 

tHamilton/Avnet Eteclronics 
1585 West 2100 South 

~:I:t ::~,i ~~~'2~~~9 
TWX: 910·925-4018 

~~ ~~~~~u~~~o G~~ft. Unit B 
Sail Lake City 84104 
Tel: (801) 974-9953 

WASHINGTON 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
Bellevue 98007 
Tel: (206) 643-9992 
TWX: 910-444-2067 

Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue 98007 
Tel: (206) 643-4800 
TWX: 910-444·2017 

Hamilton/Avnet Eleclronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206) 453-5874 
TWX: 910-443-2469 

WISCONSIN 

tArrow Electronics, Inc. 
430 W. Rausson Avenue 
Oakcreek 53154 
Tel: (414) 764-6600 
TWX: 910-262-1193 

WISCONSIN (Cont'd) 

tHamiiton/Avnet Eleclronics 
2975 Moorland Road 
New Berlin 53151 
Tet. (414) 784·4510 
TWX: 910-262-1182 

CANADA 
ALBERTA 

Hamilton/Avnel Electronics 
2616 21st Street N.E. 

¥:I~a(70312~3~2586 
TWX: 03-827-642 

Zentronics 

~gbo Nl~1h I Avenue N.E. 

~:II:ga(70312~7g~'~21 
BFHTISH COWMEIIA 

Hamllton/Avnet Electronics 
105-2550 Boundry Road 
Burmalay V5M 313 
Tel: (604) 272-4242 

Zentronics 
108-11400 Bridgeport Road 
Richmond V6X 1T2 
Tel: (604) 273-5575 
TWX: 04·5077-89 

...... ITO .. 

Zentronics 
590 Berry Street 
Winnipeg R3H OSI 
Tel: (204) 775-8661 

ONTARIO 

Arrow Electronics Inc. 
24 Marlin Ross Avenue 
Downsview M3J 2K9 
Tel: (416) 661·0220 
TELEX: 06-218213 

Arrow Electronics Inc. 
148 Colonnade Road 
Napean K2E 7J5 
Tel. (613) 226--6903 

tHamilton/Avnet Electronics 
6845 Rexwood Road 
Unils G & H 
Mlssissauga L4V lR2 
Tel: (416) 677-7432 
TWX: 610-492-8867 

tZentronics 

Beclronics 
Road South 

15 
·1700 
1 

8 Tilbury Cour1 
Brampton L6T 3T4 
Tel: (416) 451-9600 
TWX: 06·976-78 

Zentronics 
564/10 Weber Street North 
Waterloo N2L 5C6 
Tel: (519) 884-5700 

Zentronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 7Kl 
Tel: (613) 225-8840 
TWX: 06-976-78 

QUEBEC 

Arrow Eteclronics Inc. 
4050 Jean Talon Quest 
Montreal H4P 1Wl 
Tel: (514) 735-5511 
TELEX: 05·25596 

Arrow 8ectronics Inc. 
909 Charest Blvd. 
Quebec 61N 269 
Tel: (418) 687-4231 
TLX: 05-13388 

Hamilton/Avnet Electronics 
2795 Rue Halpern 
SI. Laurent H4S IPS 
Tel: (514) 335-1000 
TWX: 6tO-421-3731 

lentronlcs 
505 Locke Slree1 
S1. laurent H4T lX7 
Tet: (514) 735-5361 
TWX: 05-827-535 . 

tMicrocomputer SYSIem T echnicat Demonstrator Centers 



BELGIUM 

Intel Corporation SA 
Parc'Seny 
Rue du Moulin a Papier 51 
BOlte 1 
B·1160 Brussels 
Tel: (02)661 07 11 
TELEX: 24814 

DENMARK 

Intal Denmark AlS' 
Glanlevej 61 • 3rd Floor 
DK·2400 Copenhagen 
Tel. (01) 19 80 '33 
TELEX: 19567 

FINLAND 

Intel Finland OY 
Ruosllanlie 2 
000390 Helsinki 
Tel: (0) 544 644 
TELEX: 123 332 

FRANCE 

Intel Paris 
1 Rue Edison, BP 303 
78054 Sainl·Quentin en Yvelines 
Tel: (33) 1 30 64 60 00 
TELEX: 69901677 

EUROPEAN SALES OFFICES 

FRANCE ICont'd) 

Inlel Corporation, S.A.R.L. 
Immeublo BBC 
4 Quai des Etroits 
69005 Lyon 
Tel: (7) 842 40 89 
TELEX: 305153 

WEST GERMANY 

Inlel Semiconductor GmbH" 
Seidlstrasse 27 
D·8000 Munchen 2 
Tel: (89) 53891 
TELEX: 05·23177 INTL D 

Intel Semiconductor GmbH" 
Mainzerstrasse 75 
0·6200 Wiesbadan 1 

t~tE~~I~'lula~888IJi'w D 

Intel Semiconductor GmbH 
8ruckstrasse 61 
7012 Fallbach 
Stuttgart 
Tel: (711) 58 00 82 
TELEX: 7254826 INTS D 

Intel Semiconductor GmbH" 
Hohenzollernstrasse 5" 
3000 Hannover 1 
Tel: (511) 34 40 81 
TELEX: 923625 INTH 0 

ISRAEL 

Inlel Semiconductors LId." 
Alidim Induslrial Park 
Neve Sharet 
OVOla Hanevia 
Bldg. No. 13, 4th Floor 
P.O. Box 43202 
Tel Aviv 61430 
Tel: 3·491099/8 
Telex: 371215 

ITALY 

Intel Corporation lIalia Spa' 
MllanoliOli, Palazzo E 
20094 Assago (Milano) 
Tel: (02) 824 40 71 
TELEX: 315183 INTMIL 

NETHERLANDS 

Intel Semiconductor Nederland BY' 
Alexanderpoort Building 
Marten Meeswcg 93 
3068 Rollerdam 
Tel: (10) 21 23 77 
TELEX: 22283 

NORWAY 

Intel Norway AIS 
P.O, Box 92 
Hvamveien 4 
N·2013 
Sklellen 
Tel: (2) 742 420 
TELEX: 1801B 

SPAIN 

Intel Iberia 
Calle Zurbaran 
28·1·IZQDA 
28010 Madrid 
Tel: (34) 1410 40 04 
TELEX: 46880 

SWEDEN 

Intel Sweden A.B," 
Da/vagen 24 
5·171 36 Soilla 
Tel: 817340100 
TELEX: 12261 

SWITZERLAND 

Intel Semiconductor A.G." 
Talackerslrasse 17 

~~.~o~~alt:~i~~ postlach 
Tel: (01) 829 29 77 
TELEX: 57989 ICH CH 

UNITED KINGDOM 

Inlel Corporation (U.K.) Lid." 
Pipers Way 
Swindon, Wiltshire SN3 IRJ 
Tel: (793) 696 000 
TELEX: 444447 INT SWN 

'FieldApplicallonLocalion 

EUROPEAN DIST.RIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bachar Erektronische Geraete GmbH 
Rolenmuehlgasse 26 
A 1120 Wien 
Tel: (222) 83 56 46 
TELEX: 11532 BASAT A 

W. Moor GmbH 

~~~;;~n~~snse 1/1/1 
Tel: 222·85 86 46 

BELGIUM 

tnelco Belgium SA 
Ave. des Croix de Guerre 94 
81120 Brussels 
Tel: (021) 216 01 60 
TELEX: 25441 

DENMARK 

iTT MultiKomponent AIS 
Naverland 29 
DK·2600 Gloskrup 
Tel: (02) 45 66 45 
TX: 33355 

FINLAND 

Oy Fintronic AB 
Melkonkalu 24 A 
SF·00210 Helsinki 21 
Tel: (0) 692 60 22 
TELEX: 124 224 Flron SF 

FRANCE 

Ganerim 
l.1. de Courtaboeul 
Avenue de la Baltique 
F·91943 Les Ulis Cedex·B.P.88 
Tel: (1) 907 78 78 
TELEX: F691700 

~~~mrvcn::' de Jean·Jaures 
F·94600 Choisy·Le·Roi 
Tel: (I) 853 12 00 
TELEX: 260 967 

Melrologie 
La Tour d' Asnieres 
4, Avenue Laurent Gely 
F·92606·Asnieres 
Tel: (1) 790 62 40 
TELEX: 611·448 

FRANCE (Cont'eI) 

Tekelec Airlronic 

~~~ ~:rleBr~~:~ B.P. 
F·9231O Sevres 
Tel: (1) 534 75 35 
TELEX: 204552 

WEST GERMANY 

Computer 2000 
Garmischer Strasse 4·6 
0·8000 Munchen 2 
Tel: (089) 519·96·0 
TELEX: 5214562 

Electronic 2000 Verlriebs A.G. 

g~~8OUbM~~~h 1~2 
Tel: (89) 42 00 10 
TELEX: 522561 EEC 0 

CES Computer Eleclronics Systems 
GmbH 
Gutenbergstrasse 4 
0·2359 Henstedl·Ulzburg 
Tel: (04193) 4026 
TELEX: 2180260 

Metrologie GmbH 
Hansastrasse 15 
0·8000 Munich 21 
Tel: (89) 57 30 84 
TELEX: 52131B9 

.Proeleclron Vertriebs GmbH 
Max Planck Sirasse 1·3 
0·6072 Dreieich 
Tel: (6103) 33564 
TELEX: 417983 

IRELAND 

MiCfO Marketing 
Glenageary OffICe Park 

~~na~~~ 
Tel: (1) 85 62 88 
TELEX: 31584 

ISRAEL 

Eastronics Ltd. 
11 ROlanis Street 
P.O. Box 39300 
Tel Aviv 61390 
Tel: (3) 47 51 51 
TELEX: 33638 

ITALY 

Electra 3S S.P.A. 
Viale Elvezla, lB 
I 20154 Milano 
Tel: (2) 34 97 51 
TELEX: 332332 

Inlesl 
Milanotion Pat. E/5 
'·20090 Assago 
Milano 
Tel: (2) 82470 
TELEX: 311351 

NETHERLANDS 

Koning & Hartman 

~~.ers;~ ig220 
2544 EN's Gravenhage 
Tel: 31 (70) 210.101 
TELEX: 3152B 

NORWAY 

Nordisk Elektronic (Norge) AIS 
Postoflice Box 122 
Smedsvingen 4 
1364 Hvalslad 
Tel: (2) 846 210 
TELEX: 17546 

'. PORTUGAL 

Oitram 
Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
P·1000 Llsboa 
Tel: (19) 545 313 
TELEX: 14182 Brieks·P 

SPAIN 

ITT SESA 
Miguel Angel 21, 6 Piso 
Madrid 10 
Tel: (34) 14 1954 00 
TELEX: 27461 

£~~~aEsB:n~asd 5 
28020 Madrid 
Tel: 455 36 86 
TELEX: 42148 

SWEDEN 

Nordisk Electromk AB 

~:4~'Ortan 1 
5·171 27 Solna 
Tet: (8) 734 97 70 
TELEX: 10547 

SWITZERLAND 

Industrade AG 
Hertistrasse 31 
CH·8304 Wallisellen 
Tet: (01) 830 50 40 
TELEX: 56788 INDEL CH 

UNITED KINGDOM 

By tech LId. 
Unit 57 
London Road 
Early, Reading 
Berkshire RJ 12 lW 
Tel: (0734) 61031 
TELEX: 848215 

Comway M!crosyslems Ltd. 
Market Street 
Bracknell 
Berkshire RJ 12 IQP 
Tel: (344) 55333 
TELEX: 847201 

Jermyn Induslfles Vest.y Estate 
Oxford Road 
Seven Oaks 
Kent TN 14 5EU 
Tel: (0732) 450144 
TELEX: 95142 

M.E.D.L. 
East Lane Road 
North Wembley 
Middlesex HA9 7PP 
Tel: (190) 49307 
TELEX: 28817 

Rapid Recall, Ltd. 
Rapid House/Oenmarl< SI 
High Wycombe 
Bucks HPll 2EA 
Tel: (494) 26 271 
TELEX: 837931 

YUGOSLAVIA 

H. R. Microelectronics Enterprises 
P.O. Box 5604 
San Jose, California 95150 
Tel: 408/978·BOOO 
TELEX: 278·559 



inter 

AUSTRALIA 

Intel Australia Ply L1d.· 

b~6~lin~O/~dgss) 
North Sydney NSW, 2060 

(Shipping Address) 
Spectrum Building 
200 Pacific Highway 
Level 6 
Crows Nesl, NSW, 2065 
Tel: 011-61-2-957-2744 
TELEX: 790-20097 
FAX: 011-61-2-957-2744 

CHINA 

Intel PRe Corporalion 
IS/F, Office t, Gllie Bldg 
JI8n Guo Men Wat Avenue 
Beijing, PRe 

HONG KONG 

Intel Semiconductor Ltd." 
1701·3 Connaught Centre 
1 Connaughl Road 
Tel: 01'-8~2-5-215-311 
TWX: 60410 ITlHK 

/ 

INTERNATIONAL SALES OFFICES 

JAPAN 

Inlel Japan KK 
5·6 Takodai, Toyos~lo·machi 
Tsukuba-gun, Ibarakl-ken 300-26 
Tel. 029747-8511 
TELEX: 03656·160 

Intel Japan KK." 
Komeshin Bldg 
2-1-15 Naka-machi 
Atsugi, Kanagawa 243 
Tel: 0462-23·3511 

Intel Japan KKo 
Oaiichi Mitsugi Bldg 
,·8889 Fuchu-cho 
Fuchu,shi. TokyO 183 
Tel: 0423·60·7871 

Intel Japan KX· 
Bldg. Kumagaya 
2·69 Hon·cho 
Kumagaya. Saitama 360 
Tel: 0485·24·6871 

Intel Japan K.K." 
Ryokuchi·Slation Bldg 
2·4·1 Terauchi 
Toyonaka. Osaka 560 
Tel: 06·863·1091 

JAPAN (Cant'd) 

Intel Japan K K 
Shinmaru Bldg 
'·5·1 Marunouchi 
Chiyoda·ku, Tokyo 100 
Tel: 03·201-3621 

Intel ,Japan K:K.· 
Flower-Hili Shln·machi Easl Bldg. 
1-23-9 Shinmachi 
Setagaya·ku, Tokyo 154 
Tel: 03-426·2231 

Intet Japan K.K· 
Mitsui-Seimei Musashi.Kosugi Bldg 
915-20 Shinmaruko, Nakahara-ku 
Kawasakl-Shl, Kanagawa 211 
Tel. 044·733·7011 

Inlel Japan K.K 
Mishima Tokyo-Kaijo Bldg 
I·, Shibahon·cho 
Mishima·shi 
Shizuoka¥en 411 
Tel: 0559·72-4121 

KOREA 

Intel Semiconductor Asia Ltd. 
Singsong Bldg. 8th Floor #906 
25.4 YOIdo·Dong, Youngdeungpo-Ku 
Seoul 150 
Tel, 011·82-2·784-8186 01 8286 
TELEX: K29312 INTELKO 

SINGAPORE 

Intel Semiconductor Ud 
101 Thomson Road 
21·06 Goldhlll Square 
Singapore 1130 
Tel: 011-65-250-7811 
TWX: RS 39921 

TAIWAN 

Intel Semiconductor Ltd 
Rm, 808. Min Chi Bldg. 
746 Min Sheng East Road 
Taipei 

·Field Application location 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

ARGEtmNA 

VLC S.R l Barlalome Mitre 1711 
3 Piso 
1037 Buenos Aires 
Tel: 011·54·1·49·2092 
Telex: 17575 EDARG-AR 

Agent' 
Soimex International Corporation 
15 Park Row, Room #1730 
New York. New York 10038 
Tel: (212) 406·3052 

AUSTRALIA 

Total Electronics 
(Mailing Address) 
Private Bag 250 
8urwood, Victoria 3125 

(Shipping Address) 
9 Harker Street 
Burwood 
VictOria 3125 
Tel: 011·61·3-288-4044 
TELEX: AA 31261 

Total Electronics 
P.O. Box 139 
Arlamon. N.SW. 2064 
Tel: 011-61·02-438-1855 
TELEX: 26297 

BRAZIL 

Elebra Microelectronica SI A 
A. Florida. 1821-8 ander 
04571 • Sao Paulo-SP 
Tel: 011·55-11·533-9977 
TELEX' 1125957 

CHILE 

DIN 
(Mailing Address) 
Av. VIC, MacKenna 204 
Casilla 6055 
Santiago 
Tel: 011·56-2-277-564 
TELEX: 352-0003 

(Shipping Address) 
A102 Greenville Center 
3801 Kennett Pike 
Wilmington, Delaware 19807 

CHINA 

Novel PreCISion Machinery Co., Ltd 
Flat 0 20 Kingsford Ind. Bldg 
~~~~e ~ig6 Kwai Hei Street NT 

Tel: 011·852·5-223222 
TWX. 39114 JINMI HK 

CHINA (Cont'd) 

Schmidt & Co, Ltd 
18/F. Great Eagle Centre 
Wanchai 
Hong Kong 
Tel: 011-852-5-822,0222 
TWX: 74766 SCHMC HK 

HONG KONG 

Schmidt 8. Co, Ltd 
18/F. Great Eagle Centre 
Wanchai 
Tel: 011·852-5-822-0222 
TWX: 74766 SCHMC HK 

INDIA 

Micronic Devices 
65 Arun Complex 
DVGRoad 
Basavan Gudi 
Bangalore 560 0(l4 
Tel: 011-91·S12-600-631 
TELEX: 011·5947 MDEV 

Micronic Devices 
104/109C Nirmal Industrial Estate 
Sion (E) 
Bombay 400 022 
Tel, 011·91-22-48·61-70 
TELEX: 011-71447 MDEV IN 

Micronic Devices 
R·694 New Rajlnder Nager 
New Deihl 110 (l60 

Ramlak International, Inc (Agenl) 
465 S, Mathilda Avenue 
Suite 3(l2 
Sunny\'ale, CA 94086 
Tel: (408) 733-8767 

~.O& &0?~r8'60tion 
San Jose 95160-0160 

JAPAN 

Asahi Electronics Co Ltd 
KMM Bldg, Room 407 
2·14-1 Asano, Kokuraklla-Ku 
Kilo.kyushu City 802 
Tel' (093) 511·6471 
TELEX: AECKY 7t26-16 

C, Itoh Micronics Corp. 
OS 85 Bldg, 2·6·5 Suda-Cho 
Kanda Chiyoda-Ku, Tokyo 101 
Tel: (03) 256-2211 
TELEX: (03) 252·3774 

JAPAN (Cont'd) 

Ryoyo Electric Corporalion 
Shuwa Sakurabashi Bldg 
4·5·4 Hatchobori 
Chuo-Ku, Tokyo 104 
Tel: (03) 555·4811 

Tokyo Electron Ltd 
Shinjuku Nomura Bldg. 
1·26·2 Nishl·Shln)uku 
ShinJuku·Ku, Tokyo 160 
Tel. (03) 343-4411 
TELEX: 232-2220 LABTEL 

KOREA 

J·TEK Corporation 
2nd Floor, Government PensIOn Bldg 
24·3 Yoido-Dong 
Youngdungpo-Ku 
Seoul 150 
Tel: 011-82·2-782-8039 
TELEX: KODIGIT K25299 

Karam Digital USA (Agent) 
14066 cast Firestone Boulevard 
Sante Fe Springs, CA 90670 
Tel: (714) 739-2204 
TELEX: 194715 KORAM DIGIT LSA 

Samsung 
231d FI, Dong Bang Bldg 
1502·KA Taepyung-RU 
Chung.Ku· 
Seoul 
Tel: 777-78 
TELEX 27970 KORSST K 

Tristar Semiconductor (Agent) 
5150 Great America Parkway 
Santa Ctara, CA 95050 
(408) 980-1630 

MEXICO 

DICOPEL S.A 
Tochtli 368 Fracc Ind. San Antonio 
Azcapotzalco 
C.p, 02760-Mexico, D,F 
Tel. 90115255613211 
TELEX: 1773790 QICOME 

NEW ZEALAND 

Northrup Instruments 8. Systems Ltd 
459 Kyber Pass Road 
p.o, Box 9464, Newmarket 
Auckland t 
Tel' 011-64-9·501-219, 501-801, 587-
037 
TELEX: NZ21570 THERMAL 

Northrup Instrumenls & Systems Ltd 
P.o Box 2406 
Wellington 856658 
TELEX: NZ3380 

PAKISTAN 

Computer Applications Ltd 
7D Gizri Boulevard 
Defence 
Karachi-46 
Tel: 011·92·21-530-306 
TELEX: 24434 GAFAR PK 

Hom:on Training Co" Inc (Agent) 
1 lalayene Center 
1120 20th Street NW 
Suite 530 
Washington, D,C. 20036 
Tel' (202) 887-1900 
TWX: 248890 HORN 

SINGAPORE 

General Engineers Corporation Ply 
Ltd 
203 Henderson Road 
1102 Henderson Indus!rial Park 0315 
Tel: 011065-27t.3163 
TELEX, RS23987 GENEACO 

SOUTH AFRICA 

Electronic Building Elements, Pty, Ltd 
(Mailing Address) 
P,O Bo)( 4609 
Pretoria 0001 
Tel: 011-27-12-469921 
TELEX: 3-22786 SA 

(Shipping Address) 
Pine Square, 181h Street 
Hazelwood Pretoria 

TAIWAN 

Mitae Corporation 
No. 585 Ming Sheng E Road 
Taipei 
Tel: 011-96-2-501-8231 
TELEX: 11942 TAIALJTO 

Meetel International. Ine (Agenl) 
3385 Viso Court 
Santa Clara, CA 95050 
Tel: (408) 988·4513 
TWK 910-338·2201 
FAX, 408-980-9742 

YUGOSLAVIA 

H, R Microelectronics Enterprises 
P.O, Bo)( 5604 
San Jose, Calilornia 95150 
Tel: (408) 978-8000 
TELEX: 278-559 

·Field Application Location 




