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R8069

Line Interface Unit (LIU)

R8069

INTRODUCTION

The Rockwell R3069 Line Intertace Unk (UU) is & single
chip CMOS device that interfaces the Rockwell R8070
T1/CEFT PCM Transceiver oc RT8170 Intsiligent T1 Con-
trolier to the physical T-1/CEPT PCM30 transmission me-
dium.

‘The R8069 LIU device contains analog and dighal circults
which are based on CMOS technology to suppont the kine
interface function required In ISDN primary rate transmis-
sion. The RB069 provides capadilities for 4-wirs transmis-
sion of image. voice, or data signals; clock exiraction; fine
squalization; bipolar violation detection; jitter accommoda-
tion; and AIS (Blus Alarm) generation and detection. In
addition, the devica operatss &t 1.544 or 2.048 Mbivs and
meets puiss shape and jiter requirements specified by T-1
or PCMJ0 standards, respectively.

The RBOS9 is ideally suited for image, voice, or data
transmission required in ISON primary rate applications.
The device is highly irtegrated and requires minimal exter-
nal components.

Iinternal LIV functions aliow system designers to minimize
their development cost and easily impliement a T-1/PCM30
physical intertace 10 primary rate lines without concern
about most of the compiex details normally associated
with such a dasign. The R806S also providas a high level
of Imegration which increases system reliability, reduces
space and achieves higher levels of performance and
qualty.

FEATURES

o Compatble with T-1 (1.544 Mbiv's) DSX-1 and PCM30
(2048 Mb's) standards

o Ssiectable T-1 and PCM30 clock rates

o Directly compatible with Rockwell R8070 T-1.CEPT
PCM Transceiver, RT9170 intelligent T1 Controlier,
and R8071 ISDN/DMI Link Layer Controlier devices

*  Meets ATAT Technical Advisory No. 34 for T-1 and
CCITT Recommandiation G.703 for PCM30

¢  Meets |iter requirements specified in ATAT Publication
82411 (Oct. 1985) for T-1 and CCITT Recommendation
Q.823 for PCM30

*  Phase locked loop for joop timing applications

¢ Providas line squalization for up to 650 feet of 100 Q
2-gauge plastic insulated (ABAM) cable for T-1

¢ Accommodates puise shape requirements for 75 Q

and 120 Q fines in PCM30 application and 100  T-1
ines

* |ntrinsic jitter less than 0.05 Ut

e Jitter attenuation roll off starts at 2 Mz

* Jitter tolerance above 0.4 Ui for jiter frequency from
20 kHz to 100 kHz

*  44-bit receiver (RX) elastic store for input jitter and

wander accommodation

Provision to bypass RX elastic store

Master/siave timing option

Local and remote loopback modes

AIS (Blue Alarm) gensration and detection

Bipolar vioistion detector

Automatic getection of extemna! line-rate clock (EXCLK)

Automatic cemtering of phase-lock loop when timing

reference is absent

On-chip line drivers, puise shaping, and TX squaiizer

Analog CMOS technology

CMOS/TTL compatidie inputs and outputs

Operates from a single +5V power supply

Packaging options

- 28-pin plastic DIP
- 28-pin CERDIP
~ 44-pin PLCC

Document No. 29300N38

Data Sheet
{Preliminary)

Order No. 338
Rev. 3, February 1960
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R8069 Une Interface Unit (LIV)
Table 1. R8069 Intertace Signai Descriptions (Cont'd)
Symbol Vo NameFunction
RESET | Reset. When Reset is asserted, the RX elastic store is cemtered, the VCO is trained to jock
o EXCLK, or the crysal-based PLL2 If EXCLK is absert. This resstting mechaniam is dis-
abled when both LOOP and MODE inputs are high.
XTALA, XTALB | XTAL inpist pins. Connect an exdemal, paraliel resonant, 6.176 Mz or 8.192 MHz erystal
10 these pins for T-1 or PCM30 application, respectively. NOTE: Do not connect & TTL or
CMOS clock source to these pins.
TvVEC I Transmit Line Driver Power. +5V power supply for the transmit line driver.
TGND ! Transmht Line Driver Ground. Ground for the transmit line driver.
RVCC 1 Power. +5V power supply.
RAGND | Ground.
The DSX-1 puise tempiate for T-1 is specified by Table 3
FUNCTIONAL DESCRIPTION and il oc in Figure 8.

‘The R2069 LIU contains both analog and digital circultry
which independently process transmit and receive primary
rate voice or data information. Circuitry 1o provide master,
siave, local loopback, and ramote loopback is also in-
cluded. A simplified block diagram of the RBOES LIV is
depicted in Figure 4. Typical R8069 LIU connections in
CEPT and T-1 applications are shown in Figures 5, 6,
and 7.

TRANSMIT SECTION

_ Unipolar ransmit data (TPOS and TNEG) Is clocked into

_ the RBO6Y by the falling edge ot TCLK. The transmit data
goes to a line equalizer for puise shaping and conditioning.
The line equalizer will equalize up to 660 feet of 100 Q
ABAM cable (22-gauge plastic insulated cabis with char-
acteristics specified in Appendix B of the ATAT Technical
Reference Number 34, September 1983)°.

Three encoded inputs, ELS1-ELS3, aliow ssiection of
cable length equalization and clock rates (Tabie 2). Equal-
zation of cable length of 0-860 feet in increments of 110
. feet is selectable for T-1 ling. A 20 Q resistor shouid to be
connected in series with 750 coaxial cable connector (see
Figure & and Table 2).
The equaiized data is then provided to a line driver. In T-1
applications the driver can drive a twisted pair cabie of up
to 660 fest. The isolated puise tempilats at the end of the
cable (at DSX-1) meets the puise shape requirement
specified by AT&T Technical Advisory No. 34. In PCM30
mode, the R8069 LIU provides a puise shape which meets
the requirements of CCITT Recommendation G.703. The
puise shape is measured st the output of the transmit
tansformer. The upper and lower limits of the T-1 or
PCM30 puiss template were used 10 qualiy the puise
shape.
* The RB069 was testec using ATAT ABAM cabie pan

no. 606-6/22 RE900.

The output puise waveform for PCM30 conforms to the
tempilate shown in Figure 9.

Table 22 ELS1 - ELS3 Encoding

' Cabie LangifV ;
£1.83 |ELS2 | ELS1 | Line impedance | Clock RAste

L L L 0-101 T1

L L H 110-2201 T-1

L H L 20-3301 T1

L H H 0-4401 T-1

H L L 440 - 550 1t T-1

H L H 550 - 660 1\ T

H H L 751120 O*° PCM30

NOTES:

1. T-1 = 1.544 Mbits/s; PCM30 = 2.048 Mbits/s.

2 SeeFigures Sand 6.

3 i the seiected squalization line code is ELS3 « H,
ELS2 = H, and ELS1 = L, then & 20 Q resistor is re-
quited 81 the line side of the tranemit transformer (see
Figure 5). This is the recommencsc mode ina 75 0
PCMI0 application to ensure that the pulse shhape
meets G.703.

Al the customer's option, the value ELS3 = 4, ELS2 = H,
and ELS1 = H may be seiected and the 2012 resistor
can be delsted.. In this corfiguration, the pulse shape
will normally conform 10 G.703, but is not guararteed
in every cane.
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R8069
MODE AND LOOP SELECTION
The basic modes of operation are as follows:
MODE LOOP Mode of Operation
Low  Low Master Normal
High Low Slave Normal
Low High Locai Loopback
High  High Remate Loopback

MODE and LOOP signals are latched on the falling edge
of EXCLK or TCLK (if no EXCLK is present) in master
timing modes or on the falling edge of TCLK in slave timing
modes.

MODE AND LOOP TIMING MODE

Mode and Loop modes are determined by the state of the
MODE and LOOP pins. Refer to LOOP AND MODE SE-
LECTION for selection details. For data alignment and
clock sources, refer to Table 4.

Master Operstion with EXCLK

TCLK and SCLK reference EXCLK while RCLK refer-
ences RXINP/N or EXCLK TPOS and TNEG are clocked
in on the talling edge of TCLK The source of TXOUTPN
is TPOS/TNEG. RPOS and RNEG are clocked out on the
faliing edge of RCLK (CB=1) or TCLK (CB=0). The source
of RPOS/RNEQG is RXINP/N.

Siave Operation with EXCLK

TCLK and SCLK reterencs the recovered clock while
RCLK references RXINP/N. TPOS and TNEG are clocked
in on the falling ecge of TCLXX. The source of TXOUTPN
s TPOS/TNEG. RPOS .and RNEG are clocked out on the
falling edge of RCLK (CB=1) or TCLK (CB=0). The source
of RPOS/RNEG is RXINP/N.

Local Loopback with EXCLK

TCLK and SCLX reference EXCLK while RCLK refer-
ences RXINPN. TPOS and TNEG are clocked in on the
falling edge of TCLK TXOUTPN transmit all ones. RPOS
and RNEG are clocked out on the falling edge of TCLIK.
RPOS/RNEG are connected to TPOS/TNEG through the

loopback circuit
Remots Loopback with EXCLK

TCLK and SCLX referencs EXCLK or RXINP/N while
RCLK references RXINP/N or EXCLK TPOS and TNEG
are ignored. The source of TXOUTP/N is RXINP/N. RPOS
and RNEG are clocked out on the falling ecge of RCLIK
The source of RPOS/RNEG is RXINPN.

Master Operation without EXCLK

TCLK and SCLK reference the on-chip crystal oscillator
nominal frequency while RACLK is basad on RXINP/N or
the crysal-based clock source. TPOS and TNEG are
clocked in on the falling edge of TCLK The source of
TXOUTP/N is TPOS/TNEG. RPOS and RNEG are
dlocked out on the falling edge of RCLK (CBs1) or TCLK
(CBs0). The source of RPOS/RNEG is RXINPN.

Siave Operation without EXCLK

TCLK, SCLK, and RCLK reference the on-chip crysial
oscillator nominal fraquency or RXINP/N. TPOS and
TNEG are clocked in on the falling edge of TCLK. The
source of TXOUTP/N is TPOS/TNEG. RPOS and RNEG
are clocked out on the falling edge of RCLK (CB=1) or
TCLX (CB=0). The source of RPOS/RNEG is RXINP/N.

Table 4. Dsta and Clock Sources

Source of
Source of RCLK __
TCLK and SCLK =1 CBat
Timing/ nput [ Wo Data | nd and
Operation Pime® | EXCLX on on Souree of Deta on |No Dstaon Seurce of
Mode L Bupplied? FOONP/N | FOINP/N TXOUTPN €80 PFOONPN | FONPN APOSMNEG
with EXCLX
Master L L Y BEXCLX | EXCLK TPOS/TNEG FOUNPN [RXINPN | BXCLK FXUINPN
Seve WL Y BXCLK | RXINPN TPOS/TNEG RXINPN [RXINPN | EXCLK RXINPAN
Loca) Loopback |L | M Y EXCLK | EXCLK A Ones RXINPAN {FXINPN | EXCLK TPOS/TNEG
Remote Loopback | M | H Y EXCLX | MXINPN RXINPN RXINPN [RXNPAN | EXCLX FOUNP/N
Without EXCLX
Maser L 8 N XTAL XTAL TPOS/TNEG MNP [RXINPAN | XTAL FOUNPN
Glave "L N XTAL RXINPAN TPOS/TNEG RXINPN [RXINPAN | XTAL FOUNPN
Local Loopback L H N XTAL XTAL Al Ones FOUNPN [RXINPN | XTAL TPOS/TNEG
Remots Laopbaok | M | H N XTAL MUNPN RUNPN MOXINPN [RXINPAN | XTAL FOUNPAN
T Me MOOE Mput Le nout.

DeCr

"



R8069 Line Interface Unit (LIV)

100

r T

N\ e

\ PERFORMANCE

N—

ATRT 62411
©a2u)

NN
N\
BN

U TTH

SINEWWE NTTER AMPLITUDE N,,)

E CCITT REC G 824
P I 1 T A R i
10 100 1K 10K 100K
SINEWAVE JTTER FREQUENCY (Hz)
18544 Wk OPERATION
100
CCITT REC G.82 RBOEY
N PERFORMANCE

N\

N—

U BRI llllll'rl/lllll R LLLLL

L IIIIIIII‘ RN |
)

10 0 K 10K 100K

SINEWAVE JITTER FREQUENCY (M2)
2548 Mt OPERATION

0.01

Figure 10. R8069 input Data Jitter Tolerance

D2 it




R8069 Line Interface Unit (LIU)

Bl

HHERNE v
EEmNac
5.,, E D A v
] N

|

|

-80 \ \
- N
1 0 . 100 A1 oK
SINEWAYE XTTER PREOUENCY (M)
Figure 13. R806V Jitter Transfer Function
JTTER JTTERED DATA JITTERED naots DATA SIGNAL
GENERATOR CLOCK GENERATOA | pATA SIGNAL AT THE
ouTRUT
SPECTAUM HATTER ATTER
ANALYZER OETECTOR

Figure 14. Measurement of DTE Jitter Transfer Function

18




R80E9 Une Interface Unit (LIU)

— Irn

Figure 18. Transmitter Waveforms-Master without EXCLK

;M2 7



R8069 ~ Line Interface Unit (LIU)

ExcLK
TCLK
o T4 LINES
voICE e Reg70
FREQUENCY | rcm ol Ticert . ML T
cHaNNELS | CHANNEL K= pon " ==
BANKS TRANS- n$ mL P
: CEIVER 1844 (B
) RcLK” "'C'-j RACLK 2.048 (PCM30)
MUX

“IF ELASTIC STORE IS NOT BYPASSED, THEN R8070 RCLK INPUT IS CONNECTED TO R8069 TCLK OUTPUT

Figure 20. R8069 Application PCM Channel Banks

EXCLK

SCLK
TOLX

! ' I

) SHE ML
0ATA | mao?9 NRZ | TuCEPY As0es

nos7 A—2] ISON/OM pCM

COMPUTER

PN
SOOU7TLLE TRANS. L

nt 3lE
CEIVER

1544 (T-1)
4 RCLK LE:K'EE‘ AcLK 2,048 (PCM30)

BPOLAR T1 LINES

AX

A /d

Figure 21. R8O Application in a HostComputer interface

"w



Line Interface Unit (LIU)

RB069
Table 8. Recommended Crystal Specifications Table 7. Recommended R8069 Transformer
Psrameter Value Parameter Yaiue
Nominal Frequency @ 25°C Transmit 1cansformer
T1 6.17600u MH2 Tum Ratic 1CT2CT
PCM30 8.192000 MHz RissFall Time 2 ns max.
Operating Temperature 0°Cto 70°C Serial Resistance 0.7 max
Storage Temperature -40°C10 85°C Primary inductance 1 mH min.
Oscillator Mode Fundamental {solation Voltage 1500 Vrms
Resonance Mode Parailel tnsulstion Resistance 10,000 MQ min.
Load Capacitance (Cy) 14 pF (see note 2) Average Power Rating S00 mw
Frequercy Tolerance @ 25°C # 0.001% (210 ppm) Laskage inductance 0.30 puH - 0.85 uH
Tempersture Stadility @ 0°C 1o 70°C | s 0.003% (230 ppm) Recsive Transformer
Pullsbitty @ 25°C and CL = 9.8 pF Tum Ratio 111
Tt +200 ppm min. Rise/Fall Time 22 ns max.
PCM30 +120 ppm min Serial Resistance 0.7 O max
Pullabilty @ 25°C andCL 2 23.0pF [ . Primary inductance 1mH min,
T4 ~200 ppm min. isciation Voltage 1500 Vims
PCM30 ~120 ppm min insulation Resistance 10,000 MQ min.
Maximum Drive Level 25 mwW Average Power Rating 500 mW
Series Resistance 50 8 max Leakage inductance 0.55 uH max.
Maximum Aging Per Year 2ppm
Notes:

tions, Order No. 358.

stray capaciance , l.e.,
Ci s CuuLaap » Comven
s 107pF+3.3pF = 14pF

1. This tadle is an exampie of typical crystal requirements
for @ system design with a pulling range of = 130 ppm.
For different pulling range requirements, refer 10
Applicstion Note, R8069-Series Crystal Specifica-

2 Cyincludes typical 3.3 pF ioad capacitance due 1o
board isyout, crystal lead capaciiance, and ather
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SWITCHING CHARACTERISTICS - WAVEFORMS (CONT'D)

e
- APOS T ;J \ r

H-"- tos I | to

— :

sPv T .l[

“Receive Timing Waveforms

~ — =

mom ———_ s W

" Transmit Timing Waveforms

282 2



Line Interface Unit (LIU)

R8069
ABSOLUTE MAXIMUM RATINGS*

Parameter Symbol Vaiue Units
Supply Voltage Vee 0310470 |Voc
Input Voltage Vn |-03toVec+ 03 |Vae
Operxting Temperxture|  Ta 010 +70 ‘c
Storage Temperature Tsta ~5510+4150 |°C

ELECTRICAL OPERATING C:l'-lARA(‘:‘!‘ERIS‘I’I(:S1
(Vce = 5.0 Vdc 25%, Ves = 0 Ve, Ta = 0°C to 70°C, uniess otherwise specified)

*NOTE: Stresses above those listed may cause perma-
nent damage to the device. This is a stress rating only and
functional oparation of the device at thase or any other
conditions above those indicated in the other sactions of
this document is not implied. Exposure o absolute maxi-
mum rating conditions for extended periods may affect

device reliability.

Psrameter

Symbol

Min.

Typ- Max. Units Test Condition

input Low Vohage

Vo

-0.3

- +0.8 v

Input High Vottage

V4

+20

- VCC +0.3 \ 4

Output Low Vorage

Vou

<

- 04 Ioap= 1.6 mA

Output High Voltage
TTL

CMOS

24
18

Iioap = =100 pA
hoao = =100 pA

Output Low Currem

+1.6

Vo s 0.4V

Output High Currert

-100

Vou = 3.5V

Input Capacitance

%%Egnl

Power Di-ipmionz
T-1 Mode
Transmit Random
3301
8551t
Transmit All Ones
301
855 1.
PCM30 Mode
Transmit Random
Transmit All Ones

Data

Data

£&

Power Consumption?
T-1 Mode
Tranamit Random
3301
8551
Transmit A Ones
3301
essn.
PCM3I0 Mode
Transmit Randem
Transmit All Ones

Data

Dsta

Pc

mw

75
410

£8

$00
$70

8% 84
8

Parametric Tests

input Low Current

nput High Current

In
'8

400
- 20 Veoc s max., Ve s 20V
- -] Vee s max., Vg = 0.8V

WA
A

Notes: 1. Applies to all signals except TXOUTP, TXOUTN, RXINP and RXINN.
2 Power Consumption = Power dissipaied in the device pius power deiivered to the transmission line.
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