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ABSTRACT

This report desoribes the development and tesiing of herdwars and
spftware for an experimental profolivpe with application to packel velice
communication systems. Tha prototype will allow bidirectional

tr

th

pemission of voice across an Ethernet Local Area Network (LANY  in

in

form of packats,
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1. INTRODUCTION

In many buildings, we usually find that {there are two networks:
one is ths Local Ares Network for data and the other is the traditional
PABY network for volce (Figure 10, This fact may prompt us o ask
gquestions like: *Twe networks ¢ Well, is ii a duplication of
communication cesources 77 ar "Dan the Local Area Netuwork be used to
carry  both voice and data 7%, And Lf the answer fto these guestions is
"Yas 1Y it means that the Locsl Area Network will be singly capable of
supporting both voice and data fraffic and conseqguently, it also means
that significant savings from extra communication asguipment and extra

cable laving can be made.
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Figure 1. Seperate Local Area Network and PABX Network in one

building.
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Ressarchers have anticipated that in the long rurn, the two

i3

asisting rnetworks will merge and become one {(Figure 2}, Here, wa are
talking about two possibilities: either fhe local Arse Network will
remain  and the PABX network will be removed or vice versa., Only time
will be able 1o nive & definite snswer to whether which network will

become dominant.
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Figure 2, An integrated date and voice network.

In this project, we have investigsted the feasibility of using
the Local Praa Network to carry both data and voice. The project can
alse be looked at as a preliminary sxperimental asitempt o establish
voice communication in form of packets through a Local &rea  Network.
In this case, the Local Area Network is the Ethernet of our
Communication/Electronic Engineering Department at RMIT. However , the
basic orinciple of any packet veice communication 5y$tém will be the
same +to a large extent, regardless of the type of Local Area Network

it runs on.
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I1. SOME DISCUSSION ON IMPORTANT AGPECTS OF PACKET WOICE NETWORKS

'

The purposs of this section iz to provide some hackoround
information on various important aspectis which should be addressad in

any pdckat volece systam Implamentation.

A, Basic principle of & packet veojce communigation svstiem

The basic prirnciple of pactel voice communication is guite
simple. Voice message, e.0., ocoming from a telephone set in analog
form, is  first low pass Filtered, then digitised and encoded into
digital form using an fnaleog-to-Digital Convarter (ADCY. The digital

information is then stored femporarily in some buffer and "packetised”,

i.e,, the digital signals are assembled inlo packet of certiesin length,
The npacket can then he sent {0 ihe destinaticn via 1fhe transmission
madium of the Local Ares Networh. Depending on the type of the Logal
firea Neiwork, thare are certain rules and protocols  that must be
ohserved in this stap, AT the destination, the raceived pachet is

storad in some buffer and "unpachkatised”, i.e., the digital signals are
reconstituted from the packet. The digital informaltion Ls next decodsed
and undigitissd, using a Digital-to-Analeog Converter (DALY, then low
pass  filtered and amplified to finally resemble the original voice

Me55ans.

B. Advantages of pecket voice gommunication systems

Packat voice syvstem has many advantages to offer in

e
£

comparison with itraditional swiiched telephone system, It
particularly suitable for bursty type of traffic, whick is a naturs of

human speech. It eleminatas the need 1o dedicate and maintain a

physical link during the whole duration of the call by transmitting
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packets only when speakers are actually talking {i.e., during
talkspurts). During the silence intervals, the same link may be used
far ather services, hence thae utilisation of the communication channel
can  be  increased. Packet networks offer significant advantages for
digital voice c&mf&%encimg in terms of channel utilisation (only one of
the corferess nesds fo use the channel capacity &t any given time) and
in terms of control Flesxibility. A packet network allows convenient
accomadation for voice terminagls with different hil rates and data
formats. Each voice encoder will use the chanmal capacity necessary to
transmit  its information rather than the fisked minimum  banduidth
incrament ftypically used in circuit-switchead networﬁsn Packet naitworks
also provide a system environment for eaffasctive exploitetion of
var-iable-bit-rate voice iransmission technigues, eilther to reduce
average end-to end bit rate or to dynamically adapt voice bBit rate to
nefwork  conditions. Using digital form, pscket network is also less
sensitive to eaerror and noise degradation, therefore better audio
nuality can he schieved. Last bul not laast, secgurity of informatiion
can be readily implemented using coding technigues such as ascrambling,
ato.

From an intepgrated network point of visw, ithe integration of
voice with data in a common packset switch netuwork offers potential cost
savings through sharing of switching and transmission CEIQUSCEs, A
well as anhances services for users who reguire access o both voice
and data communications. Packet intsrnetworking tachnigues cati be
applied to provide intercommunicaltions among voice users on diffarent

types of netuworks.
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C. Dipital speech processing fungiions

The primary spesch processing furnction for  packst  volcs
syatem is speech digitisation. Tuwo other important speech processing
functicons are also notsad hare: spaech activiity detection and acio
caontrol.

1. Speech Encoding Algorithms

Speenh  is a comprassible source that can be coded at
rates pranging from B84 Khits/s to below 2.4 Kbits/e. Recent packet
axparinants have made use of ths pulse code modulatin (FCOMI widely used
in digital telsphony, bui some sarlier work used encoding technigues
such  as  CUSD (continuously variashle slope data wmodulation) or LPE
{linear predictive coding} to provide data rates low enough for use on
the networks that were available for experimeniaion. Low data rates,
howaver , usually reguired complex coders, or additional sacrifice of
volce quality.

Packef systems offer flexibility for faking advaniage
af speech ancoders at a variety of rates. More complex coding schemes
can be applied which vary the transmission rates according to the time~
varying compressibility of the speech sigral. Even multirate “embedded
coding” algorithms can be used to allow rapid adeplalon of voice it
rates to network conditions which may vary during a call.

Saelection of a speech coding algorithm for & given
sapplication depends on wmany factors including nelwork bif rate
constraint, speach guality needs, neise or distortions on the input
speech, angd terminal cost and complexity constraints,

2, Speech fcotivity Refectign

A kay advantage of packet speech is the ability fo save

handwidth by {transmitiing packsts only during talkspurts. Therefors,

aoourate discrimination betuwssn speech  and silence, ort apeech

g
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activity detection (SAD), 1s am essentisl speech processing function.
The S5AD algorithe must minimize the average percentags activity, but
also mests tighi constraints on the fraction of lost speech. Sa&D0D, in a
laboratory ar guliet inpui spsech environment , is relatively
straight foruard, But  whern the speaker i3 in & nolsy environment , or
when the spesch originated in the switchaed telephone network, 1the
design of effective 5AD0 algorithm is more difficult.

8. Echo Conirol

Eohe  conteol  ias not needsed in & pura packet  voice
systam  in spite of the delays that may be present since the system  is
fully digital and provides laclation batwesn fhe ifwoe directions of
voice transmission for the entire path between sending and receiving
Mandsets. Howsver, acho control becomes an issue 1f we wish to gonnect
the packet network and the commen switched telephone retwork.
Technigues for controlling echo include 1) acho suppression, generally

B in only one direction at a time:r and 27 e&cho

imad at pas

[Al]

i
—
=i
i
w
)
14
i
o]

cancellation, which attepmis to adaptively cancel scho  and wmatintain
full duplex spesch. Echo cancellation is usually the preferred, hut
more costly teshninue. Eche cancsller ohins which reduce the cost have

hecome available.

D. Packetl speech pretocol functions

Tha technigque of protocol lavering to partition and organise
the task of providing various levels of communication services has been
a fundamental aspect of packst communication systems. The protocols
are usually designed to oprovide wvery reliable end-te-snd packet
dalivery either at high {ttroughput or low delay. Some protocols inmpose
end-to-end flow restrictions which include retransmissions whear

necessary to reliably deliver all the packetis and work against the
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simultaneous achievement of high throughput and low delay. But  for
real-time volce communication, both high throughput and low deley are
needed, Some reliability may be sacrificed, as & small percentage of
lost packets is tolarable. Therafore, new protocoel devaiohmeﬁis B
nesded for packet valce.
Some basic fungticons of & packet wvoice protogol  should
inglude:
1) Call initiation and termination, including

nagotiation of voice sncoder compatibility and handling of ringing and

busy conditions.

]
—

Facketisation of voice for iransmission, with the
time stamps and seguence numbers needed for spesch reconstifution at
the recetveaer.

2y Speach plavout with buffering to smooth variasble
packet delays.

Thetrs i3 also ancihar penersiion of voice protocols with a
more general internstwork-oriented approach and with network-dependent
aspects  limited fo the lowsst levels, The "higher" functions of call
setup, packetisation, and reconstitution, as well as dynamic conference
control featurses are incorporated. The lower level protocol arevides
and efficisnt internet transport mechanism far both gpoint-to-point

conversationg and canferences.

E. Speech packetisation and reconstitution

Facket communication necessarily invelves both fined
components af delay dua fo trapsmission and propagation, and

statistically varving compenents such as gueueing delayvs in  network
nodes  or in galeways. Additional varying delay components are caused

by packet retransmission 1o compensate for errors in delivery and by
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the possikility that all packeis betussen & particular sourcs  and

destination may not follow the same route. In addition to delay
effect, some packeis may he lost betueern source and destination., In

this regard, a delay vearsus relisbility tradeoff is possible where {(for
example; delavs duz {o relransmissions can be reduiced at a cost of  an
increase in percaentage of lost packets.

The purpose of speech packetisation and reconstitution
algorithms  is fo provide speech with 1) minimum end-to-and delay and
2) any anomolies caused by lost or late packets hasically imperceptible
1o the listerner. Ideally, 1the gverall packet network would provide
Figh  enough  link bandwidibhs and sufficient rnodal processing powsr to

ep dalay and delay dispersion within ftighily controlled limits.

i

1. Bhoice of Packet Size

T4 is weually necessary to make compromises to resolve
the issue of pachket size. In order to minimize both ithe packebtisation
delay at the ftransmitter and the pgerceptual effect of lost packet
anomolies =2t the receiver, packets should be as short as possible.
Exneriance with packet lost ancmolies indicates that individual packets
should idsally contain no more than 58 ms of speschs ideally, we woiuld
lite packets to he aven shorter to minimize packetlisation delay. On
the other hand, in ordar fo maintain high channel utilisation, we would
like to keep the number of speech hits per packet as high as possible
relative 1o the overhsad mhi;h must accompany sach packet.

The cohoice of packet size is also influsnced by
limitations on network throughput in packetss/s, For the same udser dala
rate, processing leads on netwerk nodes will gernerally  increass as

oackel size is decreased. This can force use of longer packels.
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2. Time Stamps and Sequence Numbers

i

To assist in fhe reconstitution procsss, it i
desirable to include & ftime stamp and & sequence number with each
transmitted packet. The {fime stamp allows the receiver iz regonsiitule
speech  with accurate szilent gap durations in splte of varying delays
betwesn ifalkspurts, Incorrect gap durations can  cause significant
parceptual degradation in the output spsech, especiallly for short gaps
hetwasn svliables ar hetwsean words in a phrase. The time stamp also
allows reordering of sut-pf-order pachets at the receiver, The time
stamp 13 usually derived by counting every speach or silent parcel
generated by ithe processor incorporated at the telephons sel.

The sequence numver allows the receiver to detect lost

packeats wheresas with a time stamp alone, i1 would not be posgible to

i
3}
-

distinguish silance gaps from packet loss. The dstection of Il

a

packats can be used to inform the listener {e.g., by plavirg oui a
distinct audible signal) that some speech has been lost. This can he
particularly imporiant if packets contain enough spesch to  include
linguistically significant utterances {such as the word "not"l.
Detection of lost packsis can also he used to allow the terminal to
adapt bBit rate and/or packet rate to network conditions.

If the network provides services with vary short delavs
arnd wvery litile delay dispersion, then satisfactory speech can be
produced without sither time stamps or seguenca numbers. Howsver, it is
sxperienced by researchers that both should be included.

2) Reconstitution of Speech from Received Packels

The reconstitution algorithm has fwo major fasks: 1) it
must bBuffer incoming pachkets and decide ewxactily when to play them out,
and 20 it must decide what to play out when it has finished playing out

& nacket and the next packet is not available.
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The dagres of complexity fo be built into the
reconstitution algoarithm should be chosen based on the krnowledge we do
have of natwork delays. A fieed regenstitution delay would suffice
if neryork delays  and delay dispersion are short. If delavs are
gwpactad to e Large or dispersions vary greatly with the network load,
it would be desirsble to use some sdaptive alnoorithms to adjust  the
reconstitution delay ta effect the compromisa befween packet loss  and

overall delay.

The other major raconstitution algorithm task is 1o

deeide what to play out when it has finished playing out a packet and

the next packet iz nal availabis. This zan result from a late or lost

packal or 11 may simply indicate & psuse in the italker’s speech.

Typicelly, the reconstitution aloorithm has no way to distinguish these

cases and should take the same action in =2ither cass. & number of fill-

fi g

in strategies have been suggesied, including 1) filling with silence,
20 filling by repeating the last segment of speech daeta, and 3) filling
repeatertd frames of speech dsta which are made volcelsss and have
snergy valuss which decay with time. The third sirategy has generally
bean found bthe most effective.  Houwsver, the best choics of fill-in
strategy varies witlh enceder tvpe, packetisation sirze, and statistics

af gaps introduced by network,

F, Conferencinn lechnigues

Digital volce confarencing imposes a number of renuirements

o

i addition o those reguired for point-to-peint speech. There is &
nead to  sst up oand control muliiple connections and to  deliver ssch
talker's speach to multiple destinations,

Fackeat tachniouss offer advantiages for digitsal yoioe

conferencing in & number of areas. Since pachets need bs  sent  only
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when speech is present, they can make very afficient use of network
resources in  conferences where typically only one participant is

speaking at any given tims, Bacause cornections to packet neluworks are

multiplexed, it is simple for speech terminals and conferencea
contrallars to  esxchange control information at the sameg time thet

speech  is  heing transmitted. This put-of-band signalling capability
helps in achieving effective conferencing control inciuding ths conbrol

algorithm that selects a talksr 1o "have the floor” at any given time.

G. Statistical multiplexing of packet voice and dats

A important goal for packel voice systems is to  achieve

efficient statistical multiplaxing of muliiple voice uwsers, and of
volce wusers with date iraffic on common fransmission resources. Much
arnalysis and simulaliion work have heen reported showing poteniials and
limitations of volce/data muliiplaxing for VEr LU systen
ions. Some selective observations related 1o statistical
multinlesing in packat voice systems are noted below.
First, packel speech muliiplexing allows a straightforuard
utilisation of the tradeoff bhetwusen delay and charnel utilisation. The
number of users multiplexed on a link can be increassd at a cost  in
vartahle buffaring delay at the multiplexer.

A second observation, hasad on simulation, is that
iviteractive data traffic ﬁchavacter‘sed by FPoissan packet arrival
processes ) can make efficgient use of silence intervals in voice calls.
However , the utilisation by date traffic of varving capacity dus ia
voice calls initiation and termination is not nearly as effective dus
to much slowsr variation in charnel capaciiy used by voice.

A third ohservation is that local area carrier sense

multiple access (C8MA) cable neiworks can be wused effectively for
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voice. The bandwidth wtilisation of such a CSMA network can be egual fo
or  betfer ithan the efficiency obisined by using fixed time division
multiple access (TDMAY, £8MA  cable networks have been effectively
amrploved for packeat voice systems,

Finally, wvariable-rate volce Flow control techniques using
embedded coding can be emploved effectively in situations where we are
attepting to mairtain link loads close 1o capacity, and temporary
overloads are inevitable., ILmbeadded ceoding allows immediale response by
network rnodes to such overleoads (by discarding packetsi, with minimal
impact on spesch users, since communications can be maintained with a

temporary degradation in speech fidelity,
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1IIl. THE PROJECT

The proisct activitiss can he divided intoe 2 periods: period 1
from 3785 to S/86, 780 Work Station-hased development: and period 2

from 9788 1o 12788, I8M Work Station-based development.

f. Perieod 1: 280 Work Siation-based Development (3/8c - 3/8G)

In this first period, 1% was planned ithat the project would

be carried ocut In two stages (Figure 3

Line Interfacing 280 Work Station

Packeﬁigigg T to Corwentrator
Unpachketising
)

P— { Ethernet Local Area MNetwork J»———~——J

780 Work Station ._‘j Line Inttgrf;acmg
ta Concentrator ! Packe xgxgg
{ Unpacketising

Figure 3. The Block Diagram of the Projsct in Period 1.

Stage 17 In this stage, the aim was to design the front-

#
[ig]

end circuit for the Ethernet packet talephone system. Tha funsctions of
the circuit would include:

- allows interfacing to any standard telephone set,
g.0., 'elecom 880 series.

~ nackelises voice information going into the neiwork
and unpacketises voice information coming out from the netwerk, for the
exparimant we chose a packat size of 128 bvtaes.

¢ Biage 2: In this stage, the aim was to interface the

front—end nrotolype deyeloped in Stage 1 with & Departmaent's

concentrator in order fto pain access to the Eiharnet. This would allow

volce tranasmission through the Eihernet in form of gackets.
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Unfortunately, after wa finished the first stage, it turned

out that no concentrator was available for our experiment. Therefore,
we had to stop after Siage 1 and found some other way to gsin acoess fo
the Ethernet {(please refaer to period 21

In the following paragrashs, we describe all the work done
in %tage 1 of this period. The hardware part is discussed firast and
the software part is axplained afier that.

1. Herdware Development

Figure 4 shows the block diagram of the hardware

prototvoe,

!
.| stPo {1 FIFO |,
741,51 64 i 78060
s -
SLIC | SLAC e80-based
Am7PE50 15 Am7901A * Work
RS Station
o FISO | FIFQ
T4LS1 65 ZE0B0 |

Figure 4. The Block Diagram of the Harduware.

a. Teltephone Line Interfacing Circuit (Figure B

& device called SLIC (Bubscriber Line Interface
Circuiti can be used to interface to the telephone set. The SLIC Am7E%0
from Advanced Micro Devices iy chosen for this job. The SLIC acts like
a hridoe betwsen ithe high-voliage side, i.e., the telephone set
circuit, and the low-voltage side, i.e., the profoiype circuit. It also
atcs as a hybrid transformer which performs 2—te-4 wire and d4-fto-2 wire
conversions., The SLIC AmT950 provides off-hook detection and rimg iripg
detection through a TTL compatible output,. Over-voltage protection and

ringing  are also provided by means of some minimum amount of external

components.



Ethernet Packet Telephone Page 16
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Figure 5. The ?eiéphone Line Interfacing Circuit.

The companion of fthe SLIC Am7ASE is  the SLAL
Am7 SR 1A fSubs;riber Line Audio Processing Circuitd. The SLAC performs
the analog-to-digital and digital-te-anslog convarsions, encoding,
decoding and signal processing functions. In the iransmit path, analog
volce sigrals received from  the SLIC are converisd and digitally
processed  to generate B-bii Pulse Code Modulation (PCMY u~-law codes.
{Although A-law should be used in Bustralia, we could not ochiain the A-
law SLAD version, therefore we had {G use the u-law version., Howusver,
these two verstons are pin compaiiblie, hence the w-law chip c©an be
replaced  any time with the A-law chip if available.) In the receive
path, the 8-hit PCM codes are received, processed and converied back to
voice analeg signals. There are six digital filters in the signal
processing sections, all of them are user programmable. These filtars
allow tha user to independently modify the gain in both transmit  and
receive paths, provide trans—-hybrid balarcing in the system, and adjust
_imo—mire line termination iwpedance.

The SLAL AnVH21A 1s also the control interface to
the SLIC Am7358. Both of these devices are programmable, the SLIC nan

he programmed via the SLAC, and the SLAD can bhe programmed via a serial
prog ;
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1/0 interface. They are both conformed to CCITT specifications and
together, they form the heart of the telephona line interface circuit.

b. Packetising and Unpacketising Circuil

The packetising and unpacketising circuiis consist

mainly of 2 Firsi-In~-First-Qut (FIF0) buffers 7800 (from Zilog!, =
Serial—-In-Parallel-0Out (5IF0y 1L 74L8164, a Parallel-In-Seriai-Out
(RIGOY IC 74L8165 and some other standard TTL devices. The GBIFO
converts the serial bhit atream from the SLALC output inte a parallel
8~hit word for the transmit FIFO buffer, 0On the other hand, the PISO
converts the parallel 8-hit word from the receive FIFQ buffer into a
serial bit siream for the SLAC input. The FIF0O buffers act as elasiic
gtores, In  the fransmiti path, the tramemit FIFO bhuffers the digital
signals for ifhe (28-~bvyte packet to be assembled in mewmory. In the
recaive path, 1the receive FIFD buffers the 1Z8-byle packet for the
digital signals to be reconstituled and processed by the SLAL.
Following, mwmore delzils of the components and
timing seguences of the packetising and unpachetising oircuilts are
presented.
i. Pagketising glrcuit

The packetising circuid accepis B-hit serial
FOM output codes  from  the SLAC, performs serial-to-parallel
conversions, and buffers thae digital zignals for the 1Z28-hvte packet fo
he assembled in the memory of ths Work Station.

Because the processing rate of the 5040 is
8 KMz, | hurst of 8-bit s=serial FOM output code 13 available svery
125 us. Henoe the time taken to assemble a packet is:

128 X 125 wus = 1H ms

it
15

The diagram of {the packetising ocilrcuit

shown on the next page:
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(PCH output) | L[4kLS1%4 ACKINg ‘r:{srw* . |
‘ ' 8 r“m**ﬂ 2 (zeoso | I
—bCLK 4
DIRA/E A2, I
7 3 ) 26 =Y OEB
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TN a—}D L2 4 T3CA
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Figure B. The Packetising Circuit.
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Input Portd
Lab Station

Fell
Emply

The important tTiming sequence is shown balow!

o b JMJ%M AVAVAVA VAV
gyé‘, )u

A VAVAVAVAVAVAVAY

ACKINg iNg

e, Input dats relid for FIFD

Figure 7. The Timing Sequence of the Packetising Circuit.

ii. Unpacgkefising gircuit

The urpacketising circdit accepts and buffars

words from the memory of the Work Siation,
conversions  and
straams for the SLAC input.

thae packetising

Similtarly o

time taken to disassemble a packet is 1B ms.

genarates PCM B8-hit serial

Girauit

performs

bit

the
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The diagram of the unpacketising cireuit is

shown helows

+ 5y
$ 4
S5
*‘} 2 +§g|_s~
Outputl Porta p T
Lsb Stetion 8, [T poop j | B Parsilel {57, G
S— FL ' al Bt |, 5‘*—‘“*(;(.I§33ﬁ 9
ACKINa 1 PISC ’ . T FCIT snpu
o ] oA o [ .
4 %Emp:y‘. .
5

DIRA/B
2 Mo | DSl 2 i b i
E——czqz 26 r»———]OEg { 10 & /E’_ E—x .gi
=k 7 ACKINg LE: CPZ |
.
Fi )

23
% = CP1 . ,
HBST BAcKE = ] HRST
1213 14 g (10 4
15 3 ygh [BXKOFF  CIXR
RECOFF TS

Figure 8. The Unpacketising Circuit.

The imporiant Ltiming seguence is shown balow:

R AV AVAVAVAVAVANAYAVAYS
’ P?. P4 PS 3 Pz P1 PO «

- P4 P 1
8Khe
FSR
; _ PL {paraiiel losd L[ ) for 74L5195
ATk L/

] Lo 100 ns delay

Figure 9. The Timing Seguence of the Unpacketising Circuit.
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cscillator,
provides
orofotvoe.

clock reqguirements are

Pane 20

c. Glock Circuit

circuil consists of 8 4,056 YMHz crystal

3 I0s 748181 and a few other componsnis. The clock circuld

differant colaock rates for different paris of the harduare

Particular care was tsken to ensure that various strict

all met.

The diagram of the cleock circuit is shown below:

10nF
1 3
330ﬁ 3306 ¢
f'\—‘"\-f‘v-“—‘-“' T i ;\_ 350@
] 4. 096 iz )y
ne b J
"?‘beF
==
2.048HH
oLk 14222 oLk
o¥ 5} 1024 MKz
7ALS161] | {512KHe  CLKR. CLKX {3
+5V 4 256KHz CHCLK {for SLIC) 12
3 11 g
*Vide 3 4 5 6 128K HE 10{(F2LS2D)
[ l 1 (W -
= 5 -
?‘&LSIE&I.I{7 324KHz 2 ~1ﬂﬂn3d91¥y
+5V A i 1 6KHz 4 CMLS?- : ‘)—V{I'BSI}EH}”*
Vo 3 4 5 4 K S
. l CLK}, .

nlea

{?41525ﬂ

5
459{\_{‘@

24 % §
L i
Figure 1@8. The Clogk Circuit.

For the complete diagram of the front-end harduwsre

H

se refer to Appendix~C,
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2. Software Development

Al software 1s written in Turbo ascal, with the
current protolvpe card being used on a Z8@-bssed Work Station fthe
supperied softwarse i3 & LP/M version.

A, Ihe Block Diagram

The software is not only written for the testing,
debunping of the prototvpe, but it also drives the Work Siation to
control  the hardware to perform specific tasks. The tfasks are

allocated to the hlocks (sharp corner boxes), see Figure 11, The stales

!_F'

{round coner hoxes) indicate a number of options that can be chosen to
perform, thus  from a state, the wuser can select a itask, tasks or
ancthar state to be exscutsd. From the same figure, hare are soma
axamples of blocks and states: the Packet Telephone state, the Power-on
Test block, the Quit tlock, the Programming Slic&Slac stats, the
. and go on, Fach block or state can be seslected by

Simulation state

the user with just a few keveirokes from the kevbosrd.

( Packet Telephone {Tegtl _con}>

i
| i e
[Power -on Teat] ( Programmuing Slic&Slsc ) k (,;‘;‘;‘;c‘;;}
1 e

i -y
PCH Mode Test Slse Opersting [Imtmlzsel

i HModes @zﬂ
Transmut Time Stic Dperating | [Tronemat] i!’:m‘!
% Clock Tegt Modes+Filters r.a_i
i necSEEJ
Recesve Time Time+Clonk L—-—«—"——'
% Clock Teat Selectiona Gaing “““**"“"*F‘J
i )

{‘Packet Telephone:) (Progr&rrunmg, Slw&Slac) (Simlation} (:Psscke-‘i‘, Telépm:w)

Figure 1. The Block Diagram of the Softuware.
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b, The Packei ITelephone State

The Pachet Telephone State 1s the heading of the
nrojact, from this hleck the user can enter the Powsr_on Test block,
Programming 5lickSlag stats, Simulation stats and Quit bBlock {ito guit
the svstem! by entering “7°, "P7, "§' and "Q" respectively {for all

cases, in this program, sither upper or lower case letter can be used).

o
it}
i
20

Figure 12 shows the screen of the Packet Telephone

Ethernet Packet Telephone

Test Frogram No. |1
By M.H., PHAM & H.L. NGUYEN

Powsr-on Test Programming 5LAC & BLIC Simulation Quit

Figure 12. The Packet Telephone Screen.

i. The Power~on Jest Block

The Power-pn Test Dlock can be invoksd from
the Packet Telephone state by entering "T". The test must bhe done
hefore the exescution of any bleck or any state . in this test, there
are three sequencially executed sub-tests, the PCM mode  tast, the
Transmit Time & Clock test and the Receive Tims & Clook Test. The three
tests raad thres 8-bit words, and compare ihem to tha known valuss at
it time when the power is just on, the results are known immediately
aftar these tests, 1f any one fatls, the user needs  to cheech
connactions of the protoivoe.

ii. The Programming 3liciSlac Siate

Programming Slick8lac state hes many options,
they are classified in three classes! the Slac Operating Modes, the

Time & Olock Selections + Transmit & Recsive Gains, ang the Slic




Ethernet Packet Telephone Page 23

Gperating Modes + PCOM Modes + Fillers. To execute any of these oplions,
the wuser can use one or a few keysirokes, the followings are the

d kay

111
it

summary of the options and controll

Slac Operating Modes

W Powar down V fAdd -BdB {to Receive Gain F  Resat to normal conditions

U Powar up C Cutoff Heceive Path A Analeog locop-hack issat

I Choose F Disable High Pass Filter *A Digital loop-back iest
Linsar B freeze Auto Zero Circuit "I Chonse micro-law

¥ Back to the Packet Telephons siate.

Time & Clock Selections + Transmit and Receive Gains

T Transmii time =lot selactio T Regeive time slot selectiion

L Transmit glock slot selecti *L Receive time slot salention

1 Read transmit Time & Clock ﬁle N Read receive Time B Clock Slot
& Transmit gain selaction *5 Receive gain selection

N Read Transmii Bain “MN Read receive gain

Maote ¢ For selection options, the user needs fo supply one or tuwpo -
Bit, B-bii or 8-bit data words to program the hardware inte certein
mode.,  For  read opiicons, the program shows the data words to the user

for verification.

€lic Operating Modes + PCHM Mpdes + Filters
P PCM Mode sslection B Write B coefficienis "B Read B cosfficients
“P Read PCHM moda R Write R coefficients "R Read R coefficients
0 Cuiput to Slic ¥ Write R coafficients "X Read R coefficients

0 Operating & basic Z Write R coefficients "7 Reed R coafficiants
functions,

Note @ For seleciion or wrifte options, the user neads Yo supply one or
twe  B-hit, Bebit or 8-bit data words to program the  hardusre  into
certain mode. For read options, the program shows the data words fto the

user for verification.
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Slicksl
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again vearify the working of the

these options please
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from the Programming

prototvpe card. For

refar to the data sheals

socraeen when the program

is in the Programming Slici&Slaz state, where a number of options can be

et

&g

soeted to test the harduarae prototvpe.

W Powsr down Vo Add ~6dB to Receive Gain E Reset to Normal Conditns
Y Power up G QCutoff Receivae Patlh A& Anelog Loop-back test
I Choose Linear F [Disable High Pass Filter “f Digital bLoop-back tasi
I Choose u_Law & Freeze Auto Zero Circt K Back to The MAIN menu
T Transmit Time Slot Selection T Heceive Time Slot Selection

. Transmit Clock 3leoi Selaction "L Raceive Clock Slot Selection

0D Read Transmit Time & Clock Slot "D Read Recsive Time & Dlock Slot

& Transmit bain Selection “H Receive bain Selaction

N Read Transmit Gain "N Read Receive GBain Selection

P OPCHM Mode Selection B Write B Coeffs “B Reaa B Coeffs

“P Read FCHM HMods R write R Coaffs "R Resad R Coeffs

0 Output to SLIC X Weite X Coeffs "X Read ¥ Loeffs

"0 Operating & Basic Funciions 7 MWrite 7 Laosffs "7 Read I Coeffs

Figure 13.The Programming SlicdSlac Scrsen

that

to wvolice

hardware prototype are assembled into packets of

are about 338 packets

apaanh.
avali

ard

Simulation

show how packsts ars

signals.

Bt any ti
ate 1he

state,

iii. The Simulation Siate
The Simulation state consistis of the tasks

contructed and how

The voice signals

being stored for about

me later, the user ¢

voice auality.

h the ta

Bac af

kY
1

in digital

4

There are five

ke can be called by fvping

carn be oonvarted back

hey
form coming from  the
128 bytes egenh. There
seconds of a continuous
spaeech back
the

sub—tasks in

in  tha
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appropriate  key., After this, 1he user will be ashked to do  zome
spacific actiens like: lifting ths handset up, hitting any key when
raady to talk or listen ete.

The keysterokes and tasks in the Simulation

state are:

I Initialize memory Y Giew T Transmit R Raceive £ End

Figure 14 shows the Simulstion soreen.

Ethernet Packet Telephone

Power-on Test Programming SLAC & SLIC Simulation Quit

~Initialise View Transmit Repsive End

Figure 14, The Simulation Screen, the active screen below the
Packet Telephone Screen
¢ The Initialize Task
The Initialire Memory resets the
portion of memory to store the packets fo zero for every byie., Afier
this, the user can view the contents of these packsis by typing 9",
any he will be asked to press any key to see ths next packet or 1o

nress “8" to stop.
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Figure 19 shows the contents of packst

number @, after the Initiaslise task has been called.

Ethernet Packat Telephons

Tast Frogram BNo. i
By N.H. PHAM & H.L. NBUYEN

Power-on Tast Frogramming SLAC & SLIC Simulation
i @ @ & @ ? i & @ i ? & 4 ] & @
& @ 2 & @ & @ @ @ @ ] 4] 5] @ @ @
@ 9] @ @ & il & @ & @ @ & @ 2 2 i
] il @ & ] @ @ a @ @ ] 0] @ & 2 @
i i @ ] 2 2 2 2 @ & i @ @ @ & @
] @ @ @ 2 @ 2 il ] 2 5] @ @ & 2 i
] i @ @ o i ¢ & 2 ) ] i @ i z &
9 & @ @ & ] @ @ @ & @ & & ] 2 Z

Packet No, 0

Figure 15, The active screen is showing the contents of packet

number 0.

o The Transmit Tash

The Transmit task is for testing the
transmit path. The ussr can have a continuous mode or ke can be asked
to have a durastion of spesch once (i.=., anly 4 seconds). In the
continuocus mode, hse can inpul sindsocidal waveform and itrouble-shoot the
circuit  if necessary. In the other gase, he can see how packets are
formed and displaved through the View task.

9 The Regeive Task

Similariy, for the Heceive task, the
usar  can Listen to the {ransmitied spesch once or repeatedly. In  the
former casa, he can uss it to evaluate the voice aquality, then if
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ice. In

]

recessary, change filter parameters and gains to lmprove the v
the latter case, he can trouble-shaot the receive path of the ocircuil
while the sinuscidal test waveform being stored is continuously plaving
back.

o Ihe End Iask

The End task will bring the user bhack to

the Packet Telephone staie, .., it clears the active scresn helow the

Packet Telephone screean.
The simulate srogeam is writien sepsrately
with +the initilization of +the Blic and Glas seperated from the

Prngraﬁming SlickSlac siate, i.e. ithe tuwe states, the Programming
S1ickSlac and the Simulation are independent from sach other. 11 is »a
seperate  program gritten in Turbo Pascal, and seperataly compiled 1o
LOM file, it is called from the grogram Testl.Pas hy using EXECUTE

statament in Turbo Pasgsl. Thus in arder to change operating modes,

7

€31

the user must ewxit the svstem and modify ihe program itself (Testi.Pa

We suggest that for further scftiware

L
<7
]
=2
vl
o
i

and  compile to Testd,
development | the user can modify the program so that it will start with
a dafault operatimg mode, then he can chatpge the operating mode through

the use of the Programming SlickSlac state . When he 2xits ihe system,

asked to save the operating mode as the next default modse

o
AL
=
ol
bl
£
1
]

etc. When this is done, the fwo sbove states are ne longer independent
from sach other.

The Quit option of the Packet Telephaome state is
usad 1o nguit the system, and the user will be automatically put  into

Turbo wmode (i.e, aftar guitting the asyvstem, the file Turbo.Com is
Y ‘

exacuted in the same manner as the Testd.Com {(Simulation program?
mantiened previously). This fesiure is very useful during soffwars

develoapment begause it brings the user dirsctly into the Turbe Editor
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aftar he exits from the exstution, where he can modify or upgrade  the
program, eto.

¢. Notes on how %o proaram the transmit 88X and receive &R

filters of the SLAC

fis  mentioned nreviouly, the SLAT provides sim  user-
proorammable  digital filters in the signal presessing  seciion.  These

allow the user to independently modify the gain in boin the fransmit

nd receive paths, provide frans-hybrid belancing in the system, and

£

adjust  the two-wire lins termination impedance, Each orogrammable

filtar has the following itvpne of transfer funciion:

The values of the user-defined coafficients (h )} are
T
assigned via the serial 1/0 interface. The number of taps (n) provided

depsrds an the particular filter,

-

In the sxpariment, we only had to use the transmit BX
and recaive GR filters. Following, we dsscribe how thess two filters’
nain parameters can be derivad. However , the desaription applies for
the other four filiers ss well,

There is only ona usar-dafined coefficient for the £
fiiter and there is also only one for the GR filter. Effectively, tithe
coefficiant is the gain paramater of the filter. The gain paramelers

are written in or read oul as 8-bit words. The format of the parameiers

is shown belou:

C m € m c--= tst word

2rd word
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where T m = is the sinn bit and m is the 3-bit code specifving the
WY WY
nosition of the one in cesfficient ¥ (1 = most significant one, 2 =

sacond  one, stc.). and fthe cesffigients in the Egusation writien

previcusly are described by:

A A
AT “m2i AT EAYH
ko= (L .2 (1 + C .2 (1 + C .2 (1 + ¢ .2 Yri}
i ii 2i 3i 41
for GR filter and
P8 A A A
-mli ~ME i ~m3i -mdi
h =1 +4{C .2 (r + G L2 {(t + 6 .2 {1 + ¢ .2 INDN:
i 1i 21 31 41
for 6X filter and where m =7 - @
ij ij
Now, for ecample, 1if we wapt a GX fransmit gain of &,

we will have:

& i & &
B =+ 2 (1 4+ 241 4+ 2 010 47 313
A
ioe., C =& m = =k = 7 @ V11 binary
1@ [ 1@
N
G = D om = =r M = 7 @r 111 hinary
20 2@ 28
~
¥ = Q. om = { = = 7 @r 111 binary
36 3@ 3
N
G =@, m = @ = = 7 fr 11l hinary
A¢ 43 40

Therefare, the formst of the transmiti gain 6X = & isa:

2111 a1td

Ziiy 8111
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Nete: The user must nrot program the SLAC with the codes D000 0080 and
f111 11§t because thase are reservad codes for power-down and gowsr-un.

For more detail, pleasse refer to the SLAC data sheets,

B, Period Z2: IBM Work Station—based Development (2786 - 18/86)

Recalling that afier the first period, we could not atiempt
to gain agcess to  the Ethernei in order to  experiment voalice
commuriication in form of pachkets because of the inavailability of  the
concanirator. Therafore, we needed to change the design  ervironment:
from CP/M ZI80 Work Station to I Work Station. This is alsc necessary
hécausa the Depariment i3 being equipped with rmew IBM Work Stations and
it seems that inevitably, these IBM Work Stations will renlace the CP/M
280 Work Stations 1o the long run. Angther sdvantage of {he IBM  Work
Stations 15 the fact that sach Station hes {or will have) an  add-on
Ethernet controller card which allows direct access to ihe Ethernet
Local Area Natwork.

Irn this pearicd, i1 was also planned that ithe project would
have two stages again (Figure 18):

# Stage 13 In this stage, the aim was to fransfer the fraoni-

gnd  circuit design developed on the I88 UWork Station (in period 1) 1o

tha new TEM Work Station. This would invelve 1the design of an
ITnput AOutput intarface circuit on the IBM PC and some slinht

modification af the existing hardware orototyne,

.

* Stage 2t In this stage, the aim would be to interface the

El

circult - developed in stagse 1 with the add-on Ethernat controller card

o

installed in the IBM Work Station. This would allow voice transmissio
through the Ethernet in form of pachkats.
Following, we describe all  the work fthat we managed to

complate in this very shori and hectic periocd {end of the vear?.
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Q\ Lane interfacing @ [Tpy o0k Station with

Packetising Ethernet Controller Card
Unpacketising

i

{_Eth;erm‘t Locel Arves Network Jlr

Ling Interfacing
—  Packeliaing
Unpacketizing

IBM Work Station with
Ethernet Controller Card

Figure 16. The Block Diagram of the Project in Period Z.

1. Hardware Development

v thse very limited time that was avallable, ws

58

desigrad the Input/Output interface circuit on the IBHM PC. Earlier
during the first pericd, we found that we wsre more or less Timited in
term of desipn space because the I8¢ Werk Station provides snly 2 input
morts  and 2 outpui ports. Therefore, we aimed to increase the 170
facilities for the IBM protetype design, by providing up to 4 input
ports  and 4 output perts. These ilncreased I/0 facilities will coreate

more desigrn opitions. For example, it is now possible to gasily
experiment parallel packet wvoice communication heluween I BN UWork
Stations, something that we could not experiment before on the 280 bork
Station due to the limit of I/0 ports.

BESicaiiy, the 1/0 interface circuit was designed and
wirewrapped on  a standard IBM prototype card, utilisirg the address
decoding circuit provided. In consists mainly of standara TTL devices,

For the complete circuit diagram, please refar io Appendiw-B. The

addresses for the I/0 poris are:
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Input Port A = 380 Hex
Input Port B = 381 Hex
Input Port C = 302 Hex
Input Port D = 303 Hex
Qutnut Peort £ = 304 Hex
Qutput Port F = 305 Hex
Output Port G = 385 Hex

Dutput Port H = 307 Hex

2. Software Development

The sofiuware teveloped on the CM/P 780 Work Siatien
{period 1} was slightly modified for the DOS IBM Uork Station. Becsusse
the zoftyare was developed mainly using Turbo Pascal, 1t cart run
diractly on the IBM zxcept for a few changes in the 1/0 Pert Addresses
and  the use of OVERLAY instead of EXECUTE., Afisr these modifications,

the software was found to funciion correcily.
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1y, EUTURE DEVELOPMENT
Im the short term, the following development tasks can  be
cqnsi@@ﬁed and cerried out in the order given helow:!

# Comolets the IBM Work Station-based front-end circuit far
thke Ethernset packet telephone system. This will invelve some wire-
wrapping work , testing and debugging if necessary.

# Experiment perallel packet voice communication betuween two
IBM Work Statiorns Lf two protoivpes are avallablae,

* Interface the front-end circuit with ths Ethernet
contralier card

¥ Carry oul loop-bachk communication test on tha Eihernet
packet telephone system.

# Carry cut half~duplex, and later full-duplex,
communiication tests  on the Ethernet packet telephone system 1f tuwo
orotoiypes are available.

We =sugogest that the above tasks can be the goals for one or twe
third-year design students in their design contract periocds.

In the long term, further work can be considered and carried out
to investipate!:

¥ Bpesch activity deciection (i.e., silsnce detection?
algorithms.

# Packet wvoice protocol, which includes features such as
call initistion and termination, haridling of ringing and busy
conditions.

¥ Donferencing technigues.

# Cornection to the public switched telephone netuwork or

cther netuworks via gatewayvs.
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The hnowledge and results obtained from the project then may also
provide interesting testbed for furiher experimentation on the
possibility of a fully dinital {fslsphons, integrated with &

microprocesser and a direct Ethernet connection (Figure 7).

Hetwork “""{?gg%gg%i{}“"“ Keyzetl ox
Contrel - Keyboard

Figure 17. An integrated phone and Efherner interface.
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WV, CONCLUSION

The projest has besen very inleresting and rewarding. Although we
were faced with many difficult prohlems, especially in term af
available support resources and fiming and thereforse ﬂid not have the
epportunity  to  experiment packet  volce communication through the
Ettarnet, we sirongly feel that we have learnt a lot from the project
anel are satisfied with the results that we have achieved.

A1l the front—end circuit harduars and necessary sofiware for ihe
Fthernet packet telsphone system have been completely designed, huiit,
and demenstrated working. The documsniation has besn carefully written
in this report so thet from this point, the project can  bDe readiiy

continued in next vear by design students or the fechnician staff.
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APPENDIIX-A: POWER SUPPLIES




fppendix~A: Power Supplies

The hardware prototype has the following powsr regquirsments:

#  Bupply -45 U to -B5 UV DD @ Jow current {about 18668 mA) for the

1

telephone sat via the SLIC.

# Sypply +% UV BC at high current {about 2 A for all the devicas

ort the proioiype board.

¥ Supply -5 Y DC at low current {ahout 288 A for the SLI0 and

the SLAC.

We desigrned the power supply to meetl the above reguirements,

14

X1}

using mainly 2 Ferguson transfermers PLIZ/748VUA, PLAGALBVA, 3 regula

All safety facitors such as  fuss,

LMESTHY ,  LM3Z3K+5V and

switeh, thermal heatsinks, sarthed chassis wers tabken into acoount.

Twe power supply unite were built and tested. They both function

correctly and can be used to provide power for twe hardware prototvpes.

For the complete circuilt diagram of the power supply, pleases see next
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APPENDIX-B: CIRCUIT DIAGRAMS
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Appendix-B: Circuit Diagrams

788 Work Station Edge Connector Pin Assignments

# Input Port {:

B hits from transmit FIFO

# Input Port C:

bit @ ..... BOUT {pin 1@}

it 1 ..., FULLLx fpin 11}
bit 2 ..., EMBETYt= (pin 129
hit 4 ..., Fllllr= {pin 143}
bit & ..., EMPTYr= (pin 15)
bit & ..... noet{BETY (pin i)

# Juipui Port B:

bit & ..... DCLK dpin 289

bit 1 o..... 8 (pin 270

Bit £ ..... OIN (pin 28)

bit 3 ..., no b CMBRETY (pin 299

Bit 4 ... .. not CACKING (tx) {pin 36
Bit B ... Aot {ACKING jrx) (pin 310
oit & ..... TXOFF fpin 329

Bit 7oL REGFE (pin 33)

* Outputl Port A:

8 hits to recesive FIFQ
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Appendix-Ci Parts List

Integrated Circuits:

o () e P e e (0 s D3 (] e e (1] P o

Diodes:

-1

Registors:

R T i

i

- P

AmT950
AmTAG1TA
IBELOPS
74584
74508
741514
T4LS2H
T4LEE
TLLGET
T4LET4
T4LE10h Y
TALGIR4
741 G185
T4LE244
T4LG045
T4LE3Y3S
LMZZTHY
LMIZ3K+5Y
EMB2EL-8Y

20 Ohm, 1%, 1
B8 Ohm, 1%,

b
5688 Ohm. 1%,

1
20 KOkm, 1%,1/4 Y
H

1@ KObm. 1%
1 KOhm, 1%

E

Le¢ Kihm itrimpots

128 Ohm, 1%,
47% Ohm, 5%,
SEQ Ohe, 9%,
19 KOhm, 5%,

/4

1 W
V4 W

174 W

174 W

/4

[

.



Appendix~C: Parts List

Capacitors:

30 uF, 10V, slestrolvitic
280 uF, B3 UV, slectreolvtic
PukF, 18V, solid tantalum
4.7 ufF, 1@ ¥, solid tantalum
G.22 uk, 20%, rgp U
.08 uF, ZB%, 180 V
G4 ub, Z0%, 188 Y
@.33 uF, 29%, 180 V
9.0882 oF, Z0%, 108 U
0.090%8 oF |, Z28%, 106 ¥
@.15 uF, 26%, 1@ ¥
3 oulF, Z@% . 1@ U
@.91 ofF, 28%, 10 U
Voul, 2%, 10
] B.1 uF, ceramic {(decoupling caps)

e ~ T T AN S S (% B O S O

Miscellaneous:

PLYZ2740YA transformar
PLAG/LAGUA itransformer
DE/2/7M/748VDC relav
P omH RF choke
28-pin w/w socketis
Td-pin w/w sockels
16-pin w/w socketls
2@-pin w/w sockets
T03 heatsinks
TOZ282 heatsink

B.5 A fuse

fuse holder

L83 prototype card
4.835 MHz crystal

{or LEM protatype card:

T L B B s B R

On avarage, the cost of one hardwars protoivps is about $250.
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Appendix~D: Software Listings

PROGRAM SLAC

LABEL MATN ,RETURM;

CONST

GUTE = #4255 { Outputl port & 3
QUTE = $£43; { Output port B &
ING = $413 { Input port © 3
IND = 3485 { Input port O3
W@ = 254

W1 = Z252:

2 = Zhlj

W3 = 2L
Wi = 243
W = 248;
Wh = 2432
W7 = 186:
Wi = 178
W9 = 17
Wig =
Wil

5

i
1 oo

TYPE

STRING2G = GTRINGIT1Z2T:
STRINGS = STRINGIEI;
STRINGS = STRINGIGI;
STRING3 = STRINGLI:
STRINGA = STRINGL41:

VAR

I BYTE:

ANSWER &+ CHAR:

DUMMY + STRINGS:
SIMULATE ,TURBO @ FILE:

PROCEDURE CLEAR:

BEGIN

FOR I = Q0 TO 1t DO
BEGIN
BOTOXY(1 13 + I )is
CLREOL
END

END

PROCEDURE BRIGHTIX @ STRINGZEG i

BEGIN

NORMUIDED ;
WRITECDORY (X |1 ,1) 03
LOWVIDED:
WRITE(COPY (X 2,190 75
NORMVIDED

END:
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PROCEDURE CLEARPROGRAMSCREEN:

BEGIN

FOR fI:= @ TQ0 7 DO
BEGIN
GOTOXY(1 17 + T
CLREOL
END

END

PROCEDURE MATNDISPLAY

BEGIN
CLRSCR;
GOTOXRY (27,20
WRITE( "Ethernat Packet Telephone’ )
GOTOXY (28,3 )3
WRITE( "weseresessessenazssesmasa==a’ )y
GOTOKY(3T ,4 03
WRITE(Test Program No. 171
GOTOAY (2B 5,
WRITE: "8y  N.H. PHAM & H.L. NBUYEN .75y
GOTOXY 4,80
LOWVIDED:
WRITE( "Power~on '3
BRIGHT "Tast"® )
GOTOXY (25 .49
BRIGHT( "Programming’ I
LOWUIDED:
WRITE(® SLAC & SLIC? );
GOTOXY(55,9);
BRIGHT(*Simulation® )i
GOTOXY (74,93
BRIGHT("Quit’ );
GOTOXY{1 B
FOR I = 1 70 8 DO

i WRITE( '==m=ss====’ )y

D GOTOXY(1 12,
FOR T := 1 TO & DO

BGOTOXY (Y 12)
ENDs; { enn of MAINDISPLAY ¥

PROCEDURE TESTDISPLAY:

BEGIN

GOTOXY( 11 1563

WRITE! "FCM Mode Test P
GOTOXY(1T ,18)3

WRITE( "Transmit Time & Clock Test
GOTONY (11 210

WRITE{ "Receive Tima & Clock Test )
END:
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PROCEDURE PRODISPLAY:

BEGIN
CLRSCR:
GOTOXY (1 By
FOR [ := 1 7O 8 DO
WRITE( 'swnusmex==" ),
BOTOXYOY 110
FOR [ == 1 TO g8 DO
WRITE( " =rm=m=ss===’ j;
GOTOXY(T 18
FOR I =1 T0 & DO
WRITE( "me====smmns’ )y
NORMUIDED:
GOTOXY (3,1 s WRITEC W 53
GOTOKYCE,2 s MRITEC YT s
C BOTOXY(3 5 1sWRITECTT s
o GOTOXY(E 4 s WRITECT 717 )y
GOTOXY(Z 6 WRITEC T 5
GOTOXY(Z, 7)) WRITEL L 3
GOTOKY{Z 8 WRITECTD 45
GOTOXY(Z )9 WRITEC' R 0
GOTOXY(Z 1@ s WRITES "N 3
GOTOXY(E 12 WRITEC TP 3
GOTOAYCE 1A MRITEC "R 3y
EBOTOXY(Z , 14 WRITEL "0 35
GOTOXRY(Z 15 1 WRITEC 70" b5
GOTOXY(Z2 .1 L WRITEOU 0y
GOTOXY(Z2 Z2YsWRITEC G ¥y
GOTOXY 22 3 WRITEC "F s
GOTOXY (G2 ,1 ) WRITECTE" ¥
GOTOXYIBD 21 WRITECTAT 1
GOTOXY(BZ 33 WRITEC " A" )3
GOTOXY(SZ 4 s WRITEL TK )y
BOTOXY (41 B WRITECT T )3
GOTOXY(4! 7T WRITEC "L" 4y
BOTOXY(41 81 :WRITEC "D 3y
BOTOXY( 41 9 HRITEC "G )3
GOTOXY (41 1@ WRITECT "N 3y
GOTOXY(ZE 12 WRITECH )5
BOTOXY(3EE 13 WRITEC R 3
GOTOXY ({36 14 ) WRITEC "X )y
GOTOXY(3R 15 WRITEO T ¥
GOTOXY(SE 12 WRITEC "B ¥y
GOTOXY(Bh 131 WRITEL ¥
GOTOXY(DE (T4 ;WRETELD "X i
GOTOXY(BE 15 WRITEC "2 )
LOWVIDED:
BOTOKRY(E 1 s WRITE "Fowar down’ i;
GOTOXY(E ,2 5 WRITE! "Power up’ )
GOTOXY(E B WRITE ' Choose Linear’ b
GOTOXY(B 4 1sWRITE! "Choaose w_Lauw’ 7;
GOTOXY (B 6 e WRITE "Transmit Time 5iot Seleo
GOTOXYLE 7 HWRITE Transmit Clock Hlot Sele
1o

tion® s
ation' i
ck Slat’

13

GOTOXY(E 81 WRITE! "Read Transmit Time & Ol
GOTOXY(E QL WRITE ' Transmit Gain belection
BOTOXY(R .19 11 WRITE! "Read Transmit Hain’ g
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GOTOXY(H 12 1 WRITEC'PCM Mode Seleciion’ i
BOTOXKYLE 131 WRITES "Read PCM Mode’

GOTOXY (B 141 WRITE! "Output to SLICT is
BOTOKY(B 1S 1 WRITE! "Opearating & Basic Funchions' i
GOTOXY(25, 1 ) WRITE( 'Add ~BdB to Receive Gain® s

BOTOXY( 2GS 23 WRITE "Cutoff Receive Path’ )y
BGOTOXY(25 ,3 N WRITEC 'Disable High Pass Filier’
GOTOXY( 25 4 )1 WRITE{ '& Freeze Auto Tero Circt'
BOTOXY{SG 1 13 WRITEL *Raset to Normal Conditns’?
GOTOXY(ES 2 1:WRITE "Analog Loop-back tesi’ )
GOTOXY(RE 31 WRITE  'Dinital Loop-back test?® iy
BOTOXY(RE 43

NORMUIDED:

WRITE{ "Back to The MAIN menu’ )

LOWVIDED:

GOTOXY( 44 B ) WRITE! "Receive Time Slot Selesction’ i
GOTOXY{ 44 [ 7)sWRITE *Receive Clock Slot Helection®)s
GOTOXY {44 811 WRITE! "Read Recsive Time & Clock Slot’);
GOTOXY (44 3 11WRITE 'Raceive Bain Selection’ );
GOTOXY{ 44 1B ):WRITE( "Read Raceive bain Selesction’ )y
GOTOXY{38 12 i WRITE "Write B Coeffs’ iy
BOTOXY(39, 13 WRITE "Write R Coeffs’ )y
GOTOXY(38 14 s WRITE "Write X Coaffs’ )y
GOTOXY{ 28 18 s WRITE "Write Z Coeffs’ )y
BOTOXY(SS 12 1sWRITE Read B Coeffas’ iy
GOTOXY(ES 13 WRITE( "Read R Coaffs’ s
GOTOAY(ER 14 WRITE! "Read X Loeffs® )y
HOTOXY(ES 15 WRITE( "Read 7 Coeffs’ )

NORMVIDED

END:; { end of PRODISPLAY

5

¥

T
Il
¥

PROCEDURE CUTICODE + STRINGE )
{ write control data to the SLAD 3

VAR
X i CHAR;
K2 AT KA XE KB KT X8 BYTE;
BEGIN
FOR I := 1 TO 8 DO
BEGIN

®or= COPY{CODE 1,17
IF X = "1" THEN
CABE I OF
|
2

XY o= W
D2eR2 e Wi
FeK3 = Wiy
; deXg 1= Wi
o BiXG = Wij
BeXh = Wi
TiX? o= Wi
giX8 o= Wi
END
ELSE
CARE OF

I
Tedl 1= W5y
2:X2 = Wby
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PORT
PORT
PORT
PORT
PORT
FORT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
PGRT
PORT
PORT
PGRT
PGRT
PORT
PORT
PORT
PORT
PORT
PORT
PORT
FORT
RORT
PORT
PORT
FORT
PORT
PORT
END;

PROCEDURE

{ read cantrol

VAR

L A

BEGIN
PORT
PORT
PORT
£ORT
FORT
FORT

ZiHF = Wy
4rx4 re Whe
XD i= W5
GiXg = Wy
TFiAT o= Why
g:¥8 = Wk
END

END:

TOUTBT = WHy

FOUTEBY o= Wy

[DUTBT 1= W3

[OUTB] = WZy

[OUTB T = W3y

[OUTR] = WH;

[OUTE] 1= X1

[OUTET = UW4;

[OUTRT = W5

[OUTB] = XZ2:

[OUTR] = Wy

[DUTRT = Wh;

[QUTBT = X3;

[OUTBY = Wis

[OUTB I = Uiy

[OUTB] = X4y

[QUTBT = W4,

[OUTBT = WSy

[OUTB] = X5

[OUTR] = Wiq

[OUTB] = Wh;

[OUTRT 1= XB:

[OUTE T = Way

LOUTET o= Wh:

[QUTBT = X773

[QUTET o= Wdg

[OUTET = Wh:

LOQUTE] = X8;

TOUTET = W4y

[QUTET = Wh:

[OUTEBT 1= W3

[OUTET = W3

{ end of OUT }

TINN(UAR CODE ¢
data from the SLAC 7

RRAYI 1.,

rouTgel
[OUTE ]
LOUTRI
LOUTH]
QuIgl
LouTs 1l

81 OF BYTE;

1= W3
1= W2y
S
te WP
r= W3y
twmoWhe {05 poes

STRINGE Y

LOW

b

b.b
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{ serial I70 interface starts }
¥[Lv1 e PORT [INCI:
PORT [OUTET 1= W4

FORT [OUTBT 1= Wiy
XKU2Y o= PORT [INCT:
PORT [QUTEY = W4;

PORT [OUTBT = Why
¥{31 1= PORT [INCI,
PORT LOUTEI = W4
PORY [OUTBT = Wh;
¥i4Y = PORT [INCI:
PORT {0OUTEBT 1= W4
PORT [QUTBI 1= Wh:
{51 = PORT [INCI:
PORY TOUTBY = W4y
PORT [DUTBRY = Why
¥I81 := PORT [INDI:
FORT LOQUTBI = Wiy
PORT [OUTET = WoH;
¥L71 = PORY [INCT:
PORT EQUTERT = UWd;
PORT EQUTBT = Why
X181 = PFORT [INCI:
FORT [OUTET = W4y
PORT [OUTB] W5
FORT £0UTBI WXy 4 08 goes HIGH
FORT [QUTBI = W3y
FOR T := 8 DOMNTO 1 DO

IF ODD{XIT 1Y THEN CCDE := CONCAT(*1Y CODE)

ELSE CODE = CONCAT( @’ LODE:
EnD: { end of ITINN }

it

it

PROCEDURE FOWERONTEST

VAR
Rt STRINGE;

BEGIN
CLEAR;
TESTOISPLAY
GOTOXY( 3@ 15
ouTC Tt eIy
TINNCR 33
IF R=*11110008" THEN

WRITE('PASSED'
ELSE

WRITECFALLED at 7R, ofw 111106087 3
BOTOXY( 42 187
QUTC 11181817 ¥y
TINN(R ) -
IF R= "@@00¢an2’ THEN

WRITE! 'PASSED )

by

ELSE
WRITE(FAILED at ' ,R,' «/w G00BYELG" )4
BOTOXY (42,210,
DUTCT@11E11817 )3
FINMCOR Yy
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IF R o= 00200288 THEN

WRITE( "FALSED )
ELSE -

WRITEC'FATILED at R, o/w BODZGBOE")
ENO; { end of POWERONTEST )

PROCEDURE PROGRAMSLICSLAL,

LABEL
PROIO EXITION

PROCEOURE ENTRY(X:BYTE };

YAR
J:BYTES

BEGIN
CLEARPROGRAMSCREEN ¢
FOR I = 1 T0 ¥ DO
BESIN
IF J <= £ THEN
BEGIN
GOTOXY 18,16 + J)y
WRITE! "Enter Data Word No.
END
ELSE
BEGIN
GOTOXY(42,168 -~ 8 + J )3
WRITE( "Enter Data Word No.
END:
READCDUMMY b3
QUTCDUMMY
END:
ENDs { end of ENTRY 1}

PROCEDQURE COLLECTOX:BYTE )

VAR
JiBYTE s

BEGIN
CLEARPROGBRAMSCREEN
FOR J := 1 TD ¥ DO
BEGIN
IF § <= § THEN
BEGIN
GOTOXY (L@, 1R + Iy
WRITE( 'Oata Word No. *,J,":
END
ELSE
BEGIN
GOTOXY (42 16 - 8 + i3
WRITE( 'Data Word Ne. *,J,7%:
END;
TTNNCDUMMY )y
WRITE(DUMMY )3
END
ENDs { end of COLLECT 7

¥

D.7
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UAR
TERMS @ STRINGD;
TERM4 @ STRING4;
TERME @ STRINGH;

BEGIN { PROGRAMELICSLAD )
PRODISFLAY s
PROTO!
WHILE TRUE DO
IF KEYPRESSED THEN
BEGIN
READ{ KPD ,ANSUER )y

IF NOTCANSWER IN [CHRC 9), CHRO 1), CHRO 43, CHRO 70,

GHRO 2

CHR{1E ),

CHRIZ20Y, CHROT

7y, CHRO14),
CHR{ 16, CHR(18Y

. GHRUZ43,

CHRCIZE Ty THEM

CASE ANSWER OF

!w’}!w) H

'}l\“}i ‘F\‘,‘J
. *

BEGIN

CLEARPROGRAMSCREEN

GUTL " phBaRaea’ ¥,

GOTOXY(18 ,20 )

WRITE( 'Power Down Mode is Done.’ )
END:

BEGIN

CLEARPROGRAMSCREEN
GUTCTTTTET Y 3

GOTOXY (18,20 )

WRITE( "PFower Up Mode is Done’ i
END:

: BEGIN

CLEARPROGRAMSCREEN:
QUTC a1 118887 )

GOTOXY (16,26

WRITE( "The Linear (ode is Chosen’ s
END s

: BEGIN

CLEARPROGRAMSUREEN

QUTO 1T 1@Ba1 T 3y

GOTOXY (19 28

WRITE('- B dB {minus & AB) is added
ta Receive Gain' )

END;

BEGIN

CLEARPROGHRAMECREEN:

OQUTPT@T1@RLE" ¥y

BOTOXYI1D ,28 )5

WRITE('"The Hsceive Path is Crit~
aff s

END s

BEGIN

CLEARPROGRAMBOREEN:

QUT1@1108011 7 1y

BOTOXY(1@ ,28 0,

WRITE("The High Pass Filter & Auto
Zero Circuit are Disable’ )

END;
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ET te’ ¢ BEGIN
CLEARPROGRAMSCREEN
CUT{1BT18066 7 )
BOTOXKY (1@ ,20);
WRITE! "Normal Condiitions (  Reset
Test Modes:; Receive Path,” )y
GOTOXY{Z0 21 33
WRITE('High Pass Filter & fAuio Zero
Circult operate 17}
END
A 7a’ : BEGIN
CLEARPROGRAMSCREEN:
QUTCTIBLI@YTT R 3y
GOTOXY 14,20
WRITE( "Analon Loap-hack Test
aparates’ )
END
RY 'R r BOTO EXIVIC
T, BEGIN
CLEARPROSRAMSCREENS
GOTOXY (10,28
WRITE('Time Slot Selection, Enter
B-hit Word @ 7
READ!{ TERMS )
QUTICONRCAT '2@1° TERMS ) )
END:
1Y : BEGIN
CLEARPROGRAMSCREEN
GOTOXY (1@ 20 )y
HRITE( *Clock Slot Selection, Entar
A-bit Word @ 7
READ( TERME )y
QUTLCONCAT Q1108 [ TERMIZ ) )y
END:
Or,tdt @ BEGIN
CLEARPROGRAMSCOREEN
auUTO 8111e1at” ;s
GOTOXY (10 20
WRITE! "Tranam:t Time B Glock
Blat ¢ "y
TTRMODUMMY )
WRITE(DUMMY b3
END;
Bt 1 BEGIN
CLEARPROGRAMECREEN
QUTC BT H1DR1R 1
GOTOXY( 19 283
WRITE( 'Transmit Gain Selaction,
Erter Word Mo, 1 @ 7
READ( DUMMY )3
OUTCOUMMY ¥
GOTOXY (325 2103
WRITE "Entar Word No. 2 1 ")
READCSUMMY 5
OUTCDUMMY 13
END;
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MY ,'n' : BEGIN
CLEARPROGRAMSCREEN
CUTC 2T HI@BBT" )
GOTOXYL 19 283
WRITE ' Transmit Galn, Word Nool:' s
L ITRNCDUMMY g
WRITE(DUMMY )y
BOTOXY{(25,21 )
WRITE( 'Word No. 2 ¢ 7
FINNCOUMMY ¥
WRITECDUMMY 1y
END s
' : BEGIN
CLEARPROGRAMSCREEN:
CUTC 11200687 )
GOTOXUY( 10,205+
WRITE('IE 8-bit  Words expscted,
Ready 7 Any Key 7)i
READ(KBD ,ANGWER §3 '
ENTRY {12 ¥y
END:
'RT,'r? @ BEGIN
CLEARPROGRAMSUREEN
QUTCT1@101aa87 )
BOTOXY(10 ,20 3
WRITE('S g-biit  MWorsds expactsd,
Ready 7 fAny Key 33
ENTRY{B )
END:
XYL, BEGIN
CLEARPROGRAMSCREEN
QUTO 121081887 ¥
GOTOXY( 18,26 :
WRITE('S g-hit Words axpected,
Ready 7 ény Key ')y :

il

ENTRY (8 )y
END;
* i BEGIN
CLEARPROGRAMSLCREEN
QUTOI@TOTT@e iy
GOTOXY{ 14,20 )¢
WRITE( 'S B-hit lords axnacted
Raady 7 Any Key 'y :

-

]

ENTRY (&)
END
BT, 'at 1 BEGIN
CLEARPROGRAMSCREEN
BOTOXY (16,20 )4
HRITE( "POM Mode Selection, Enter 4-
bit Ward @ 7y
READ(TERNML )5
DUTCCONCAT 12217 ,TERM4 Y )
END;
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ELSE

e

]

BEGIN

CLEARPROGRAMGCREEN:

GOTOXY (18,28,

BRITE('SLIC Operations, Enter B-bit
Word & 7 ks

READ( TERME )4

OUTCCONCATO 118" [ TERME ) s

END

END{ end of GASE }

IF ANBUER IN
CHROZB T THEN

GHROZ4)
IF

ANSWER

[CHRO1GB)

CHRO1GS S, OHRC 2, CHRO18),

il

IN [CHR(OIB), CHROIBS, CHRUZ)]1 THEN

IF ANSUER = CHREOI1E) THEN

ELSE

BEGIN

CLEARPROGRAMSCREEN

QUTC @ITTI@TIY )y

GOTOXY(1G ,20);

WRITE("PCHM Mode , B8-bit Word 1 "l
TINNCDUMMY 3

WRITECDUMMY 33

END
IF ANSWER = CHR{1GL ) THEN
BEGIN

CLEARPROGRAMSCREEN

BOTOXY 16,20 )

HRITE "Dperating & Bastc fuctions,
Frnter a 4-hit Word @ 7o

READ(CTERMA ¥

OUTCCONCATO T 1200 TERMA ) )

END

ELSE

BEGTH

CLEARPROGRAMSCREEN 3

OQUTC 1@18RBTTY s

GOTOXY (19,28 )5

WRITE(®1Z  8-bit Words expecied,
Raady 7 #fny Key '

COLLECTO1Z2 1

END

Y s
IR

ELLSE IF ANSMER = CHR{O1E: THEN
BEGIN

CLEARPRUGRAMSOREEN
QUTC 1@18T@TE" 3

ki

GOTOXY {18,280
YRITE!'# 8-bit Words s«pected, Heady 7

Ay Kay © i

COLLECT(8);

END
ELSE

IF ANSWER = CHR(Z45 THEN

BEGIN

CLEARPROGRAMSCHEEN

CUTC T@1081 817 )5

GOTOXY (10,28 ),

WRITEC( 'S g-trit  Words axpectad,
Ready 7 Any Key ')
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EiLSE

ELSE IF ANSWER IN

WRITE! "Enfter Word No. 2 Ty
READ{ DUMMY 1y
QUT(DUMMY ) 4
END
[CHR¢ 93, CHR{ 1)} THEN
IF ANSWER = CHR{ 8) THEN

ELSE

COLLECT(8 b

END

ELSE

BEGIN
CLEARPROGRAMSCREEN
OUTC 18181111 s
GOTOXYL 10,2075

WRITE(’S g-bit  Words

Ready 7 fny Hey

COLLECT(8);

END

IF ANSWER IN
THEN

ECHR{Z@ ),
IF AMSWER = CHR(Z0: THEN
BEGIN
CLEARPROGRAMSCREEN;
GOTOXY(10,28);

CHROTE D,

WRITE( 'Receive Time 5lot Selectiom,
Eriter a S-bit Word

READ( TERME &y

QUT(CONCATO B10” [ TERMG ) 3y

END
ELGE IF ANSWER =
BEGIN
CLEARPROGRAMBCREEN;
GOTOXY (10,28
WRITE! 'Recsive

CHRO1Z) THEN

Clock Glot

Erter a 3-0it Word

READ{TERME 34
CGUT(CONCAT. "@1121" [ TERMI ) s
END
ELSE
BEGIN
CLEARPROGRAMSUREEN:
QUTO BT T1@187 iy
GOTOXY(1¢,20 3
WRITE( "Raceive Gain
Word No, |
READ DUMMY )
OUTCDUMMY ) s
GOTOXY{ 34 21 s

R

BEGIN

CLEARPROGRAMSCREEN
QUTOT1BT118aT 7 oy
GOTOXRY( 1@ 26

WRITE( 'u~Law is chosen.’ )
END

BEGIN
CLEARFROBRAMECREEN
QUTCT 121181807 ¥;
GOTOXY{10 .28 )

‘};

Selection,

T

belection,

Frter

WRITE( *Digital Loop-back Test Operates’ i

END
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ELSE IF ANSWER = GHR( 40 THEN

BEGIN
CLEARPROGHRAMBOREEN
CUT{"@GTHIIIET Y )y
GOTOXYC13,20 0,

3

WRITE( "Receive Time & Clock Slot

TINNCOUMMY )
WRITECDUMMY b3

END

ELSE

BEGIN
CLEARPROGRAMESCREEN 5
QUTO @1111881° )
GOTOXYC 16,2073

WRITE!{ 'Raceive Gain, Word Na. i
LINNCDUMMY b5
WRITE(DUMMY )3
GOTOXY (24 21 ;5

WRITE *Ward No., 2 ¢ '
TIMRDURMY 3y
WRITECGUMMY by

END ;

GO0TO FROIO

END:

{ and of KEYPRESSED *

EXITIC:

ENDs { and of FPROBRAMSLICHLAC

BEGIN £ Main Frogram }

PORT [OUTEBI = WH:

MAIN:

MATNDIGPLAY

RETURN:

WHILE TRUE DO

IF KEYPRESSED THEN
BEGIN
READ{KBD ,ANDUWER 1y
CASE ANSWER OF
T, @ BEGIN

END.

-

A

END:

’Q‘!,ﬂ'-:}!

ENDs

FOWERONTEST ;
G0TO RETURN
END

: BEGIN

PROGRAMSLICSLAD
GOTO MAIN
END

: BEGIN

ASSIONISIMULATE "TESTE.LCOM s
EXECUTE SIMULATE 13
ENDs

: BEGIN

ASSIGNC TURBO P TURBD . COMT by
EXECUTE(TURBD 13
END;

end of Main program

'l);
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PROGR

LABEL

CONST

TYPE

UAR

ix=0:r Software Listings

AM STHMULATION,
INTIHLIZE,UIEM,TQ&NSNIT,RECEIU&,%RR&NGE:

QUTA = 5475
GUTE = 3434

INC = 3473
IND = 240
Wa = 254
Wi o= ZRZ:
We = 2561
W3 = 25@;
bWd = 249,
WS = 248,
WE = 242
W7 = 188,
WE = 173
We = 122,
Wi = 9@y
Wil = &58;

STRINGE = STRINGIGI;

KL ¢ BYTE:

d 1 INTEGER:

ANSHERT JANSWERZ @ CHAR;

SPEECH @ ARRAYIR..Z30.1..1281 OF RYTE
MAIN @ FILE;

PROCEDURE CLEAH;

BEGIN
FOR I = 70O i1 DO
BEGIN
GOTOXY( 1,13 + 1)
CLREOL
END
END;

PROCEDURE CQUT(CODE @ STRINGE:
1 write control data to the SLAD

UAR
X i CHAR:
N1 LMZ KB K4 XS XE KT XS ¢ BYTE;

BEGIN
FOR [ = 1 TG § DO
BEGIN
Xoi= COPYLOODE | T,1 )
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IF ¥ = "1° THENM
CASE 1 QF

Pet o= Wl
HE o= Wl
tKE = Wl
TR4 Wi
KR o= Wl
L XE Wis
A
B = W

#

B

oo BRI = 5 3 =S N T L

END
FLSE

CASE OF
A1 1= Whiy
XZ ot Whs
MG = Wy
K4 1= WE
XD = oy
KB 1= Whs
X7 o= UWhy
B = HWh

[ o BRI s B 3 S-S S S S B S

END
o END s
: : FORT [OUTBT 1= W3
PORYT [OUTET = W
PORT [DUTBI = W3,
PORT [QUTBT = W2
PORT [QUTBI1 = W3;
PORT [OUTHT = Wh:
PORT [QUTHTY = X1y
PORT [QUTET = W4:
PORT [QUTHT = Why
PORT [0QUTHI 1= K2y
PORT [QUTEB] = Wiy
PORT L[CQUTB1 = HS3
PORT [OUTBL = X3:
PORT [QUTBT = W4y
PORT [OUTHI = Wy
FORT LOUTET = X4y
PORT [QUTET = Wd;
PORT [QUTBT = ¥h;
PORT [OUTET 1= Xh;
PORT [QUTET = Wiy
FORT [0UTHI = h;
PORT [DQUTET = Kb3
PORT [OQUTBY = W4,
PORT LOQUTBI = Why
PORT EOUTBT = X7
PORT [OUTBI = Wd;
PORT [OUTHB1 1= Wh;
PORY [QUTBT = Xty
PORT [QUTBI = W4
PORT [4UTR] W5
PORT [(QUTBT = W3y

PORT LOUTHE] = W3;
END: € end of QUT 3
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PROCEDURE SEND:

BEGIN
PORT (QUTET = Wils
FOR J := 9 TO 320 DG
FOR K := 1 TO 128 DO
BEGIN
INLINEC 86/
a0/
500/
$a0/
sG0/
s@g s
5060/
SHa s
GRQ s 1 NP O}
SPEECHLT K] PORY [INOI:
PORT [QUTRI W85
PORT [OUTBI W7
END:
PORT [OUTBTI = W3
END: 4 end of SEND ¥

#

#

#

PROCEDURE FETOH:

BEGIN
PORT [QUTRBI = W4
FOR J := @ TO 33@ DO
FOR K := 1 TO 128 DO
BEGIN
INLINE( S28/
RAG/
6@/
®E0/
500/
S08/
S04/
PGy { MOP ¥
PORT [QUTAT = SPEECHIT K13
PORT [QUTERT = W10:
PORT L[OUTET 1= W9
END;
PORT [OUTBT = W3;
END: { and of FETOH ¥

BEGIN ¢ of Simulation ¥

QUTL18111@81° )y { Chopse uw law
OUTCT@1110016° )y { Transmit gain Ssilection }
OUTCTT19111 7)Y { Transmit gain = 5 7
GUTC @I 11@1117 )5

QUTC 1111916 )y { Receive npain fHelesction ¥
OQUTCP@TTIETEI7 )y { Receive gain = 4 3

GUTC T EI8T1ET 3
GOTO ARRANGE:

.18
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INTIALIZE:
FOR J := @ 70 53¢ DO
FOR K = 1 TO 128 DO

GREECHI I KT = &y
GOTOXY(1E 2@
WRITE( 'Initialisation is done "
DELAY (1260 )
GOTO ARRANGE;
VIEW:
CLEAR
GOTOXY{ 14,2403
WRITE('<S) to Stop, fny ey to Dontinue’ iy
FOR J := @ TO 338 DO
BEGIN
GOTOXY(GS 24 14
WRITE( 'Packat No. 7 .d 14
FGR L := 0 TD 7 DO
FOR ¥ := @ TG 1% DO
BEGIN
SOTOXY(7 + K*4 15 + L3
WRITE(SPEECHI T ,L¥16 + He11tdd;
END:
READ( KBD ,ANSWERY 13
TF ANSWERY IN [787,'s'] THEN
GOTO ARRANGE;
END:
TRANSMIT:
PORT LOUTBT = W3
CLEAR:
AUT( ' ARBEERRT’ vs { Powar Louwn }
OUTC TIBT1@TE" s 4 Mormal Mode ¥
GOTOXY(TT 1703
WRITE( 'Continucus OR Onee 7 <0037
READ(KRBD  ANSWERT 14
SGOTOXY(1E 1803
WRITE( 'Pleass Lift ithe handsst UP' D
WHILE (PORT LINC] AND B4)<:D Do: ¢ Psll For Dat
PORT [OUTRI = Wb
PORT LOUTETY = W3
GOTOXY( 11,2103
WRITE('Hit any KEY to Talk’®Js
READ(KBD , AHEHERT 1y
QUT?HT1Ti1T1 7 s 4 Power Up b
IF ANSWERD IN {°C',"c’1 THEN
WHILE NOT KEYPRESSED DG
SEND
FLSE
GEND;
GOTOXY( 11,2303
WRITE( 338 Packets have bean stored’ ¥y
DELAY( 3808 );
GOTH ARRANGE;
RECEIVE:
PORT [DUTET = W3

Low ¥
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CLEAR:
GOTOXY (11,15
BRITEC'Simulation of a call, {Ringing... "3
OUTC 11801001 3y { Ringing Mode 7
WHILE (PORT (INCY AND B4)<-2 DO { Poll For Det low 3
BEGIN
FOR J := 1} TO 39 QO
WRITE(CHRIOT Y3
DELAY (2008 );
END s
CLEAR;
GOTOXY (1T 17
WRITE( 'Continuous OR Onas 7 0,037 ¥y
READ(KBD ,ANSWERT )3
GOTOXY(11 , 180
WRITE(*Hit any Key, When rsady to listen’);
PORT (CQUTET = Wby
PORT [0UTBT = W3
READ(KBD  ANSWERZ
OQUTO'11B11318 1y 4 Normal Mode &
QUTE 11111811 s L Power Up ¥
15 ANSWERY IN [°C’,’c'1 THEN
WHILE NOT KEYPRESSED OO0
FETOH
ELSE
FETCH:
ARRANGE :
GUTL 2ea00002" 1y {4 Power Down ©
CLEAR;
GOTOXY( 11,1580
WRITE("Initialise View Treansmit
End’ s
WHILE TRUE 0O
IF KEYPRESSED THEN
BEGIN
READ(KBD ,ANSWERT )
CASE ANGSWERT OF
T et r BO0TO O INTIALTZE:
YTy BOTO VIEW:
Tt  BGOTO TRANGMIT:
RY,'r? 1 GOTO RECEIVES
e, 'e" : BEGIN
ASSTGNIMAIN, "TESTI.OUM )
EXECUTE(MALIN
END

A
1]
)]
h
Pt
<
&)

END
END
END. { end of Simulation ?}
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7950

? Subscnber line Interface Clrcuit
ADYVANCED INFORMATION

DISTINCTIVE CHARACTERISTICS

= F’rogrammable tine feed impedance -

* Programrable toop detect thresnold

e Line feed characteristics 1ndep9ﬂdem of battery
variations .

L3

On-chip switching regulator for tow power
dissipation

=-[ow standby power

e Z-wire impedance set by single extemdl impedance .

GENERAL DESCRIPTION

The AM7950 Subscriber Line Interface Ciruit (SLIC) per-
forms the teiephone tine inerface functions required in
both Central Office and PABX environments. The full
range of signal transmission. battery feed and loop su-
pervision tunctions are pertormed. Signal transmission
performance is compatible with North Amencan and
CCITT recommendations. 'Overvonage protection and
ringing are provided by means of external networks,

The signat transmission functions inciude both 2. o
dwire and 4- to 2-wire conversion. The Z-wite tetming.
tion impedance 1s programmable with & single external
impedance, which may ke complex. The companicn
AmT7901A SLAC {Subscriber Line Audio Processing Cir-
cutt) nas a digital baiancing filter that provides the
trens-hybrid 1oss function: If the SLAC is not used.
most codec/filter sets provide an uncommitted op amp
which may be used for this purpose.

The battery feed archifecture makes the DC feed resist:
ance programmabie with external resistors. Further
more, the open circuit feed veltage and the feed resist:
ance are independent of battery variations. Loop cur-
rents up to 70mA are recommended, aithough higher
loop currents are possible

A Potarity Reversai function is provided which trans.
poses the normal voltage sense of the A(TIP) and

B(RING) leads with a controiled transition time. Al
transmission functions continue normaily following
the transidion. A disable mode which limits loop current
at 1.5 limes the user programmabie ioop detector
threshold current cuts power dissipation while atlow-
ing the full comptement of supervisory functions to be
utittzed. The cutput amplitiers are powered by an inter-
nal switching regulator in order 1o alsc reduce power
consumplion.

The supervisory functions of off-hook detection and
ring trip detection are read through a single, TTL com-
patibie output. To eliminate noise induced errors, the
off-hook detector signat may be fiitered and has a
threshold adjusted by means of external components,
Additional supervisory functions put the A{TIP) lead
into an open circuit or high impedance state suitable
for application in ground start systems. Similarly, both
the A(TIP and B{RING) leads may be open circuited to
clear refays or recover from line faults, Tworelay drivers
are provided for the Test and Ring relay functions.

The SLIC s user programmable states are controlied by
a four-bit TTL compatibie digital code. These control in-
puls are designed to easily interface to popular singie
chip microcomputers such as the AMD AmB8051. .

BLOCK DIAGRAM
Am7950—SUBSCRIBER LINE INTERFACE CIRCUIT (SLIC}
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CONNECTION DIAGRAM -—Top View

BGND C_: 1 28 BX (RINGX}
vaes [ ] 2 22 [ axmien
vee [ ]a w{ loa
ringout | | 4 % { Joa
restour [ s 2l ey
ti s 23] Jupa
vaar [ |7 2{ 1 nee
Caar {: 8 21 :-J Vrx
ens [T e 2 [ vee
crewk [ ] so 19§ ] RS
i g ] ] AGND
B[ J12 7 [ 7] Rec
BET E 3 wl Tc
“ez 14 5 ::] ]
AAICTAA
INTERFACE SIGNAL DESCRIPTION
Yoo +5Y power supply Ropc: Connection point for BC feed resistance pro-
Vee: - BV power supply gramming netwaork. l;he cther end of the net-
AGHD: Analog (quiet) and digital ground work connects to-the receiver summing node
BGND: Battery {power; ground {RSMN). {Vape | = (i ¥Vispa ~ Viepai ~ 50V)/20. The
sign of Vgpe is minus for normat polarity and
Vaar: Battery supply plus for reverse polarity.
AX(TIBX):  Qutput of A(TIF) power ampiifier CHS: Chopper stabilization input.
BXRINGX): Cutput of B(RING) power amplifier CHCLK: Chapper clock input to switching regulator, TTL
HPA: A(TIP) side of high-pass filter capacitor compatible. Frequency = 256kHz (nominal),
HPB: BIRING) side of high-pass fitter capacitor L: Switching Regulator power transistor output
ASN: Receive summing node The metallic current Connection point for 1.0mH inductor and
(both DC and AC) between A(TIE) and B(RING) is anode of catch diade. This pin will have a 60V
equal 10 1000 times the current info this pin, The pulse waveform on it, Extreme care must be
networks which program receive gain, 2-wire im- {aken to keep the diode connections short
pedance, and feed resistance ali connect to this because of the high currents and high difdt.
node. Vrea: Regulated voltage input Provides negative
Vix: Transmit audio output  This output is a unity power supply for power amplifiers. Connection
gain version of the AX(TIPX) and BX(RINGX) point for inductor, filter capacitor, and chopper
metailic voltage. The other end of the 2-wire inv stabilization,
put impedance programming network connects Qgar: Filtered battery supply for the signal process-
here. Ing circuits.
Ep: Rezd Enable _ Alogic high enables BET. A fogic Cy,Cq, Decoder inputs  TTL compa!ible__‘g&,is MSB
low disables DET. . Cj Cy and C,is L.8B
DET: Detector out  When enabled, a logic low indi- RINGOUT: OQutput of ring relay driver 25maA sourcing
cates that the selected detector is tripped. The from Veg.
detector is selected by the logic inputs (G,-C,). TESTOUT: OQutput of test reley driver 25mA sourcing
The oqtput Is open collector with a built-in pull- from Vee.
upresistor. _ ‘ DA: Positive input to ring trip comparator,
Rp: Threshold madification and filter point for the DE: Negative input fo ring trip comparator,

off-hook detector. Also sets current in disable
maode to 1.5 times the off-hook threshoid.
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Figure 1. Single Channel Subseribar Line System (See TABLE 3 for component values)




DEVICE OPERATION

Gonaral

The Am7950 performs the subscriber fine interface functions
at the 2- to 4-wire interface in Central Office and PABX en-
vironments. When used with the Am79014 SLAC, the SLIC
providaes a complete solution of BORSHT functions {seg
Figure 1). The internal operation of the SLIC is summarized in
ihe biock diagram at the beginning of this document, The
following sections describe in delall the operation of each
block in the block diagram.

2VHRE INTERFACE

The 2-wite interface (see Figure 2) consists of two current
mode ampiifiers, voltage sensing circuits with AS/DC pass
separatior, and a loop current sensing cirouit.

The current mode amplifiers which drive the AXITIPX) and
BX{RINGX) pins are controlied by two input signals, |y, and
har. Ty controls the longitudinal {common mode) current,
and by controis the metallic (fransverse) current. The 2wire
currentis are:
?Ax = TOGO(IU + IME) and lgy = 100(}@” EEITH]

fa ts equal to the current into the receive summing node
(RSN), which is the terminating point for the external net-
works controling 2-wire impedance, recelve gain, and bat-
tery feed. These networks are described in detail in later
patagraphs.

The voltage sense signal which goes to the signai transmis-
sion block (Vacmer) s the AC metallic component of the AX
and BX voitages.

Two voliage sense signais go to the power feed controller
black, One (Vpcuer) is the DC metatiic component of the AX

B
20

and 8X voltages. The other voitage sense sigral (V oug) is
the longitudinal component of the AX and BX voltages. An
external capacitor {Cyp) connected between HEA and HPE
separates the AC and DO components of the metablic vaili-
age. The recommended value of capacitance is 0.224F, which
cofresponds to a separation irequency of 2.25Hz Since this
freguency would bie 100 low during polarity reversal and pulse
diafing, the 2-wire interface decreases the time constant dur-
ing these events. -

The loop current sensing circuit produces & current oulpuito
the Rp pin which is proportionat to the magnitude of the loop
current. An external resistor and filter capacifor connected
frorm Fg to Ve converts this current 1o a titered voltage for
use by the off-hook detector. i is also used to conirol the AX
and BX currents in the disable state,

SIGNAL TRANSMISSION

Figures 3a and 3b provide a more detalled diagram of the
SLIC transmission path. This path is split between the signal
transmission dlock and the 2-wire interface biock shown
previcusly in Figure 2.

The AC line voitage is sensed by differential amplifiers be-
tween the AX(TIPX) and HPA leads and between the HPS and
BX(RINGX) leads. The outputs of these amplitiers are equaf
to the AG components of the line voltages. These voliages
are summed and buifered by the op amp at Vix.

The differentiat ampiifiers reject the longitudinal voltages so
that they do not affect Vyy. The external filter capacitor
between HPA and HPB eliminates the DC componentis of the
line voitage.

A AX
iRy {TIPX)
PROTECTION I

> Rue SHORTING
2 CIRCUIT

Vacwer

!
|
|

HPA

.
\ ABSOLUTE
/ vaLge [ Yoo

]
I
l 2‘ Rurp SHORTING
i CIRCHT

PROTECTION 2
A f
20 8X ]

=AM
ARG} (RINGX)

172 ) Sa— Yiong
v
[
—E—-M R =i 1060
L] VREG
e
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aGND  H2lla ~lgii3t0
CAROABF

Figure 2. Am7950--SLIC 2-Wire interface
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The SLIC's 2-wire AC input impedance Is programmable by
means of an external impedance that is connected between
RSN and Vyy {see Figure 3a). This impedance may be a com-
plex R-C network and should be 1000 times the desired 2-wire
input impedance minus the fuse resistors. This means that
resistors get 1000 times larger while capacitors become 1000
tirmes smatler.

Zvw 1000 {Z ponn — 2R where 2oy = désired
impedance

To ensure good insertion foss, controlled gain paths provide
2 1o 4-wire and 4- to P-wire conversion. The 4-wire to 4-wire
path, or Balance Return Signal, is specified, both in ampli-
tude anct phase, to allow superior trans-hybrid 10ss 10 be
realized. The Balance Return Signal on Vyy exhibits 180°
phase shift with respect to Vuy. The d-wire outputis found on
the Vyy terminal and the 4-wire input terminat is Vgy (see
Figure 3b). Both of these ports are referred 10 analog ground
{(AGND).

Because the fuse resistors are culside the feedback loops,
they influence the effective gains. These gains are as follows:

-Zy Zy
Zow Ly + 28¢ + 2411000
: Z11000
PRUMALL I LV S ) P Lo
Gaq Vax = 0] 2Rp + 2111000
Vg -Zy  Z +Z2Re
Gea= o fog = 0ls —5— 5

Ve Zax 2y + 2Ry +Zpi1000

Typically, Re = 200 and Zy = 2Zpx. The Am7901A Subscriber
Line Audic Processing Circuit can be used 1o adjust Gy and
G4 t0 unity and to adjust G,.4 Lo 2ero. The user should refer
to the Am7901A data sheet for detaiis.

The transmission circuit atso confains a tongitudinal feed-
back circuit to shunt longitudinafl signals to 2 DO bias vollage
(Y giag) which comes from the power feed controlier Lengi-
tudinally, the SLIC appears as 200 resistors trom the
AX(TIPX) and BX(RINGX) pins {0 V,pas. The longitudinal
teedback circuit does not affect metaiiic signals.

ViBias

Vax

03R4

(Vm L Yax ;VBX)

Wstx

05203405

3b). Simplitied Modet (AC Only)

Figure 3. Am7950—SLIC Signal Transmission




POWER FEED CONTROLLER

The power feed controlier has three sections: (1) the battery
fead circuit, (2j the polarity reversal citcuil, and (3) the bias cir-
cuit. These are shown in Figure 4. The detailed model is
shown in Figure 4a and the simplified model is shown in
Figure 4b.

The battery feed circuit produces a voltage at the Ry pin
whose magnitude 15 equal to 5OV — {Vpoumer | 120 and whose
sign depends en the battery polarity;, minus for normal polar-
ify and plus for reverse potarity, Voouet 1S the DC component
ofthe voitage between AX and BX(TIPX and RINGX). The iow-
pass filter formed by Ryp end Cupe attenuates frequencies
above 2.25Hz, so that the battery feed circuit does not atfect
voice band transmission, The loop current is equal o 1000
times the current into the receive summing node (RSN),
which is equal {0 the voltage on Ry divided by Bpey + Rpea.
The net resuit is that the SLIC appears {0 have an open circuit
voltage ot 50V and a feed resistance, Regepx, egual to
(Rpct + RpeaifB0; thus, the feed resistance is programmahie,
but the open circuit voltage is not. The feed resistance seen
by the tefephone line aiso includes the fuse resistors, Be. The
total feed resistance is then:

Rrgen = 2RE + (Rpeq + Apea)/50

For example, to achieve a feed resistance of 8401 with 200
fuse resistors requires that:

Rpgr + Roge = 50(840 — 2 x 20) = 40KQ

The values of the programml‘ng resistors, Rpey and Apes,
should be kept nearly equal. in the example, valuas of
Rpcy = 20K0 and Rpcs = 20Kl eould be used.

Te obtain a polarity reversal, the input decoder and controf
circuit sends a signal which reverses the sign of the voltage
on the Rpe pin. The circul also reduces Rypduring the transi-
tion, because its time constant is too large. The transition
time is actually controlled by the capacitor, Gpg, and the
paratlel resistance of Ry, and Rpgg- This ime constant
shouid be 1.5ms.'In the example whete Rpey = 20K and
Roce = 20K{, Cpe should be 0.15.F

The bias circuit controls both the supply voltage and the
longitudinai bias voltage of the 2-wire interface, Il controls
the supply vellage by sending a reference voltage (Vpgp) to
the switching regulator {next section). The switching
regulator then adjusts the supply voitage of the Zwire inter-
face (Viee) to be equal to Vage. The bias circuit also sets the
longitudinal bias voltage (V) gias) OF the 2-wire interface toa
vaiue equal to half the supply reference; ie., Vpep!2. The
equations for these voltages are:

Vaes = Vier = —(|Vooumer | + BIAS)
Vigias = Vage/2

The voitage representad by BIAS is needed 1o keep the ampli-
fier response lingar when augio stgnals are being transmitted.

St = IS 1000 :S]N
VReg i
- Apcz
Coc
BGRD |__1
ABSOLUTE
VALLE 0
A |
+1=NoRMAL |
- { = REVEHSE
[\ !
BGND -1 L o VREF f
; BIAS ] / |
| Viaus !
] ;
b e L -
4a). Detailed Diagram o
r BiASI2 1
Ap AX NORMAL ;o - +
20 (npyy o T 1 i
YV @ < REVERSE
o | !
r‘ —] { .. 50V
] |Vax ~ vax|
I TEL ' ' E ~
LINE ! Rucr + Rocz
! ; i © !
. BX ! | = f
L - {RINGX) o ke M
WRF o i |
2 [ LonamuomaL i
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Figure 4. Am7950—SLIC Power Feed Controiler
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The Am7950 SLIC power feed programming components are
determined by:

Rocr + Apce = 56 (Rpegp —~ 2Re}
Rpgy = Rpez fapprox.)
Cog = (1.5ms}Rnc1 + Roca) (Rpey X Rpgg)

From these expressions, the componenis required for the
above feed characteristics are;

Rpc; = 25840 — 40) = 20K
Rpgy = 40K ~ 20K = 20K
Coe = {1.5ms} (40K)H20K x 20K) = 0.154F

SWITCHING REGULATOR

The switching regulator supplies the operating voltage,
Vagg. to the Z-wire interface (see Figure 5). This circuit ad-
justs Vgeg to follow Vagp= — Vax — Vx| - BIAS. Setting
Vireg to the minimum voitage necessary to power the output
amplifiers minimizes power consumption, particularly at
high line currents. The switch control telis the switch to
disconnect the L pin frem Vgar at the begirning of each
CHCLIK cycle and connect it for a time which depends on the
ditference between Vape and Vpeg. During this time, the cur-
rent through the inducior decreases. When the switch con-
troller connects L to Vgar, the inductor current increases. The
filler capacitor, G, on Ve smooths the ripple caused by
the variation in inductor cutrent. The current from the Vgar
pin changes rapidly when the switch turns on or off, so a filter
capacitor is needed from this pin to 8GND. There is also a
chopper stabilization network needed between Vpgg and
CHS.

I e

|

Thie layout and guality of several of the external switching
regulator components are very important. Extremely fast cur-
rert changes occur in the catoh diode, Dy, and in the Vgar
fier capacitor, Cgay; hence, these must be low inductance
components with short eads.,

The connections {rom the diode to the L pin, from Cgay to the
Vpar pin, and from the diode 1o Cgarmust all be short, low in-
ductance connections. The | pin is subject to very fast
voitage variations as the switch turns on and off. 50 all of the
connections 10 this pin must be isolated lrom sensitive
signais by means of a trace connected to BGHND. Ait of the
componeanis connected {o the requlator circuit should have
voltage ratings well in excess of 70V, In adgition, the diode
should have & recovery time iess than 10ns, and the inductor
should have a series resistance less than 2006 AH of the
SLICs in a sysiem should be synchronized 10 a common
clock to prevent intermodulation products in the voice band.

The maximum recommended loop current is. 70mA. {Highar
currents can be accormmodated but are not recommended.) -
In order to Hmit the maximum loop current to 70mA, (required
for power dissipation considerations) and stifl ensure that
18mA will be supplied to 2 1900Q toop, a feed characteristic of
8400 feed resistance with an apparent battery of —50V is
recommended. This feed characteristic closeiy simulates a
2% 2000, 48V feed for fines above 1KQ and provides adeguaie
current for loops below 1K, This feed characteristic and the
power savings resulling from it are shown in Figures 8a ang
6D respectively.
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INPUT DECODER AKD CONTROL

Figure 7 is a simptified diggram of an eight channsl
subscriber tine card. The Am7S01A SLAC contains a serial
interface port which connects {0 the line card controfler
microprocessor through the Diee Doyy and Beik pins. Note
that the SLAC's D, Doyy and Ug i« fines are common with -
all of the 8LACs on the board. The SLAC is enabled for data-
input wher the line card controller pulis €8 fow and toggles
Dcix. One of the SLAG's instructions snables the SLAC to
accept a five-bit code that is transferred to an cutpat lateh,
This five-bit field is used to drive the SLIC decoder and con-
troi inputs, G, through C, (anty four bits are used).

On each channel the SLAC's &5 input and the SLic's BET
oulput are cannected together and the elght resulting lines
are connected to & single &-bit VO port. The £, inputs of all

- eight SLICs are connected fogethfer 50 that &l of the SLiCs

may be enableg simu!taneously/‘(rhe SLIC's DET output is
open cotiecior when £ is fow, this preventing confiicts with
the SLAC's C5 input ) When the SLIC daetectors are 16 be read
the common enable line, Eq, is pulted high which aitows each
SLIC 16 indlcate, on DET, the logic state of the selected
detector (selected via C4~Cy). The SLACS wili not be aftacted
by this, ever though CF may be pulied low, because the
SLAC's serial FO wiil accept commands or transfer data only
while Dey 4 is toggling,
This line card architectyre offers the advantage that alf eight
channets (one SLIC and one SLAC per channei} can be con.
trolled andfor monitored by only twelve microprocessor HE
ports. Furthermors, the detectors of all aight SLICs can be
read simulianeousty as a single byte.
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OFF HOOK DETECTION

The first, and most important, loop monitaring function is off.
hook detection. The black diagram of this detector is shown
in Figure 8.

The 2-wire interface produces a current equat to the magni-
tude of the loop current divided by 310 and sends it out of the
Ay pin. Ar external resistor antd Hiter capacitor connect the
Rp pin to -~ 5V, The value of the voltage ai the Ry pin is Ry
times the current. The off-haok detectar compares this voll-

age to a threshold voltage of 1.25V and generates a togic low

output on DET when this voltage rises above the threshold.

The resuiting relationship between threshold 16op current
{ripesy) and the external programming resistor (Rp)is given
by:

Rnlthaesn/310 = 1.25V

Afilter capacitor (Cp) should be conpected in parallel with Rp
st that RgCp = 0.6ms,

RING TRIP DETECTOR

The' suggested Ring Trip network for balanced ringing is
shown in Figure 9. During ringing, the Ring relay driver is ac-
tivated and the AX(TIPX) and BX{RINGX} ieads are placed in
the open circuit state. The ring feed source is connected by
the ring relay to the line through the feed resistors, R, and R,
For balanced ringing the feed resistors are equal, Ry = H,.
The bridging resistors, Rpy, Raa, Ry and Ry, are used to oro-
duce a voitage belween DA and DB whose sign changes
when the telephone goes off-hook,
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The capacitor between DA and DB reduces the effective
amplitude of the ringing signai by a factor of Hil+2xtt;
where t={Ma!Rgo+ Ryl |RgiC. For fr=20H2 ringing, C
shouid be chosen o give avalue of t = 50ms. This wili reduce
the ringing by a factor of 6.4 and allow detection within 2 ring-
ing cycles,

If Ry Is the maximum fine rsistance whi-- is to be con; 3
ered an off-hook, the bridging resistors should ba chosen so
that Ry= Ry and Bg,=FRAgy= Rax{Ru + Repep)/ Ry where
Rreen =R+ Ra.

RELAY DRIVERS

A Test Reiay driver g provided in order to facilitate fine
testing. During testing the SLIC operates as it normally
wouid during the selected state, except that the test relay is
activated. The test relay is designed to source up to 25ma,
from Ve with fess than 2V drop. The relay driver has an inter-
nal protection diode 1o Vgay and can operaie with 5V or 50V
relays.

The Ring Relay driveris electrically identical to the Test Refay
drivet.

OTHER OPERATING MODES

An A(TIP} Open mode is provided in order Lo facilitate ground
start signaling, In this state the A(TIP) power amplifieris open
cireuit and presents a high impedance to the line.

An Cpen Circuit function is provided to ailow line powered
relays to collapse, as well asto allow clearing offine faults. in
this state both the ATIP) and B{RING} power amplitiers are
placed into a high impedance state.

For those systems that require i, Polarity Reversai is pro-
vided. In this state the normaj voitages of A{TIP) and B(RING)
are reversed. That is, B(RING) approaches ground ang
sources current while A(THP) approaches battery and sinks
current. A fransition time of approximately 5ms is specified.
Al signai transmission, battery feed and icop controf func-
tiuns operate normatly in Polarity Reversal.

A disable, or standby, feature is implemented in the SLIC to
reduce power. The DC foop current is limited to 1.5 times the
loop detector threshold current. Below the current limit the
amplifier operates as if it were in the active state. The off.
hook detector works nermally.

OPERATING STATES

The SLIC has eight different operating states. These states
are controlied by three TTL compatible inputs, Cy-Ca. A
fourth ¥TL compatible input, C,, controls the Test Refay
driver. When C, is iow, the TESTOUT pin will source current to
arelay coll,

TABLE 1. SLIC DECODING

[ State | C; | G, | Cy 2-Wire Sta!usM Detecior Armad
[ o T o] 07 o omen Grou Ring Trip
PV T o[0T [Ringing “Ring Trip ]
{2 0§ 170 |{Normal toop Det. |
3 1o |7 v TA Bosanie Loop Det.
4 110 10 I'A{iiPy Open Circunt Lucp Det.
f 5 110 11 Reserved -
6 11 1 | 0 | Polarity Reversat, Loop Det.
Active
L 7 1 1 1 | Polarity Reversal, Loop Det,
Disable

Ringing:

Normal:

Disable:

Open Circuit:

Tip Open;

Polarity
Reversat:

When C,is low the test ralay driver (TESTOUT)
is aclivated, sourcing up to 25mA from Vee.
The operation of the SLIC's other circuiis is
determined by the panticular operating state.

When the SLIC is in the ringing state the ring
relay driver is activaied {RINGOUT) and the
Ring Trip Detector is readable at DET. Also,
A[TIP} and B(RING) are both open cirguit.
While the SLIC is in the ringing state, signai
transmission is inhibited.

In states where normal mode operation is in-
dicated, the standard battery feed convention
apphes,; A(TiP s near ground and sources cur-
rent and BIRING) is near Vg, and sinks cur
rent. During normal mode operation al signal
transmission and loop supervision functions
operale and the off-nook detectior is gated to
DET.

The Disable operating state is the SLIC's ow
power mode, in which the battery feed circuit
limits the maximum DC loop current 1o 1.5
times ihe loop detector threshold cutrent,
The A(TIP} and B{RING) power amptiliers are
still capable of handiing at least 20maA
iongitudinals.

When the SLIC is in the Open Circuit state
both the A(TIP} and B(RING) power amplifiers
are switched off and present a high imped.
ance 1o the fine. The open circuit state is the
lowest power dissipation state. The loop
defector is not armed in this state.

When the SLIC is in the Tip Open state, the
A(TIPypower amplitier is switched ot so that it
presents a high impedance to the line.

Whenthe SLICisinthe Potarity Reversal state
the normai battery feed convention is reversed
with B(RING} approaching ground and sourc-
ing current white A(TIP) approaches battery
and sinks current, The transition time is
specified to be approximately 5ms in order to
prevent injection of ncise into adjacent
cables. While A(TIF) and B(RING) are i transi-
tion the off-hook function is meaningless
since the loop current must pass through zero.




TABLE 2. Am7950—~SLIC USER PROGRAMMABLE COMPONENTS

Zr = 1000 (Zowm ~ 2Re) - where Zv is connected between the Vyy and RSN
pins. the Tuse resistors are Re, and Zpwy Is the
desired 2-wire input impedance, When the SLIC is
used with the Am7801A SLAC, Zr can be a simple

resistor
Lax = 1R 2y where Zpy is connected from Vey 10 the RSN pin and
: Ly is defined gbove Z1/Zpx s6ts the receive gain,
Roci + Roca = 50Regep — 2Rp) where {Rocy, Rocy. Coc) is the network conpecied to
Cope =(1.9msHRpcr + Fpeal(RpgtRpest the Apc pin. Rpgy and Rpcy are approximately equal,
Rp = 1380V : where (Rp, Cplis connected from Rpto — 5V and Iy is
Cp = {0.5ms)/Rg the threshold current batween on-hook and off-hook.

TABLE 3. PARTS LIST—SINGLE CHANMNEL SUBSCRIBER LINE SYSTEM
{Figura 1)

Ut Am7950, SLIC (Subscriber Line Interface Citcuit)

uz Am7901A, SLAC (Subscriber Line Audio Processing Circuit)
Kgr Relay, 48V coil, 2C contacts, 1500V rating

Kr Relay, 48V coil, 4C contacts, 1500V rating .

L Choke, 1mH, RF, 100 max "

2, Diode, 100V, 100mA, 10ns

Da-Dg Diode, 100V, 34

Aer, Reg Resistor, fuse, 200, 1% match

Ry, Ra Resistor, 40011, 3%, 3W (sets ring feed resistance)’

Rpy. Agp Resistor, 249K, 1%, 1/4W {sets ring trip threshold)"

Ay, Ay Resistor, 205K, 1%, 1/2W

Repr Resisior, 2.4K, 5%, 1/4W

253 Resistor, 511K, 1%, 1/4W {sels off-hook threshold and disable Guirrent)”
Rr Resistor, 562K, 1%, 1/4W (sets 2-wire impedance)”

Ray Resiston 280K 1%, AW (sels receive gain)”

Rpcr, Rocz Resistor, 20K, 1%, 1/4W (sets batlery feed resistance)’

Rix Resistor, 10K, 5%, 1/4W
RsLac Resistor, 1K, 5%, /4w

Crr Capacitor, 0.22uF, 20%, 100V
Chp Capacitor, 0.22,F, 20%, 100V
Cax, Cayx Capacitor, 2200pF, 20%, 100V
Ce Capacitor, 0.47.F, 20%, 100V
Caar Capaclior, 0.47uF, 20%, 100V
Cg Capacitor, 0.33uF, 20%, 100V
Conn Capacitor, 8200pF, 20%, 100V
Cenz Capacitor, 560pF, 20%, 100V
Cp Capaciter, 0.014F, 20%, 10V (sets off-hook fittering)”
Coe Capacitor, 0.15uF, 20%, 10V
Cry Capacitor, 3xF, 20%

CsLac Capacitor, 2000pF, 20%, 10V

Note: The parts marked by an asterisk {") are user programmabie, The values shown can be altered to suit the application; see the text for
details, .




ABSOLUTE MAXIBIURM BATINGS
beyond which the lite of the unit may be impaired

Storage Termperature. .. ..., ... ..... . -85°Cto + 150°C
Ambient Yemperature, Operating . ... ... ... 3°Cto +70°C
Voo with Respectto AGND ... ..., -0.4Vio + TV
VepwithRespect o AGND. ., ... .., +04Vio -7V
Vaarwith Respecito AGND ., .. ... ... ... .. +0.4Vio - 70V
AGND with Respectio BGND ,, ... ... ..., . . . .. +0.3v
AX(TIPXY or BXIRINGX) to AGND

Note Ty ... .. ~T0¥to + 0.4V
AXTIPX) or BXIRINGX) to-Vgar

MNotet) ... o, - 04Vt + 70V
Gurrent from AX(TIPX)or BX{RINGX) . ..... .. ..., + 150mA
Vaoltage on TESTOUT, RINGOUT . ... ..., ... VgartoVee
Current through Relay Drivers or Diodes .. ..., ... .. 30mA
VoHageonRing Tripinputs ., . ............. ... Vgarto OV
Peak Current through Regulator Switch ..., .. .. . 180mApk
Switcher Transient Peak Off Voltage . ........ . ... . + 1V
Chopper Stabilization Voltage(Veps). ... .. ... .. VaartoOV
C,Cs Cy, Ca, Eg, CHCLKIGAGND ... ... ., .. —04VtoVer
Maximum Power Dissipation, Tao=70°C ............ 1.5W

Stresses above those listed under ABSOLUTE MAXIMUM RATINGS may
cause permanent device failute. Functionality at or above these limits is not
implied. Exposure to absolute maximym satings for extented periods may et
fect device reliabitity.

Notes: 1. External dicdes from VREG 1o AX(TIFX and BX{RINGX} may be re.
quired to protsct against shorts to VRAT and surges more
nagative than Vpeg.

. Yhermal timiting circuttry on-chip will Hmit ¢hip temperatire 1o
about 150°C. However, the device shouid never see this
temparature, Operation above 150°C junction temperature can
degrade device retiabiity.

A

OPERATING RANGE

Ambient Ternperature. .. ... .., , . 0°C < Ty <70°C
AGND ... oo L e oV
BGND. ... omy = 100mv
VCC .................................... +50V+5%
VBE v - 5.0V 2 5%
VBAT ............................... - B4Vio —406.5Y

Operaling renges deline those iimils over which the functionality of the
devicd is guarantoed.
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Am7901A/B
Subscriber Line Audio-Processing Cit:cdit‘
’ WORLD-CHIP™

PRELIMINARY

DASTINCTIVE CHARACTERISTICS

Combination CODEC and Filter

No frisnming or adustments required

Uses digital signal processing

Six user-programmable digital fitters -
Dynamic Time Slot assignment

Ondy 2 external components {non-precision}
Dual PCM ports

LR O BN BE BN N ]

Built-in tast modes . -

Macmprooassormpaﬁbla Serial Interface
Controt interface to SLIC

Low standby power-

Selectable finear, wlaw (AMTS01A) or pddaw, A-daw
(Am'{ﬂG‘iB)

[ 30 2% BN B2

4.086 MHz, 64-channel expanded mode operation \

GENERAL DESCRIPTION

The Subscriber Line Audio-Processing Clrcuit {SLAC) per-
torms the codec and filtering functions necessary in digital
voice switching machines. in this application, the SLAC
processaes voiceband analog signais into Pulse-Code Mod-
ulated (PCM) outpirs and processes PCM inputs into
analog outputs. The SLAC's performance is compatible’
with applicable AT&T and CCITT specifications. The device
consists of three main sections: transmit processor, receﬂie
processor, and controf logic.

The tansmit section confains an anti-aliasing fiter, an
interpolative A/D converter and & digital signal processor.
The analog sigrals received are converted. and - digitaily
processed 10 generate either 16-bit linear or B.bi u-law
cogdes (Am7901A), or 8-bit u-law or A-law codes {Am79018),

Eithar ope.of two output ports. may be selected for PCM

data transmission,

The receive section contains a digital signal procassor and
a D/A converter. Either 16-bit linear or B8bit p-law codes
(AM7801A), or B-bit piaw of Adaw codes {Am72018) are
received, processed and converted 10 analog signals.
Either one of two input ports may be selected for raception

. of PCM data.

The control 170 provides a microprocessor-compatible .

serial imterface and allows the user bi-girectional access to
many programmable features and the capability to com-
pletely control the opaeration of the device via a comprehen-
sive 5ot of 32 commands.) .
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ORDERING INFORMATION

AMD products are available in several packages and operating ranges. The order number is formed by a combination of tha following:

Device number, speed option (if apphcable), package type, operating range and screening option {if desired).

Am7901A b G -

Optional Processing

Temperature R
C = Commercial {0°C to +70°C}

Package Type
D = 28-Pin Geramic DIP (CD 028)
F = 28-Pin Plastic DIP (PD 028)
J = 44-Pin Plastic Leadad Chip Carrier (Pl 044}

AMD Device Type
Am7SCIA (Linea, p-law)
AmTSOIB {(A-faw, u-law) S~
Subscriber: Line Audio-Processing
Circuit (SLAC) WORLD-CHIP

*Prefiminary. Subject to change.

Blank = Standard Processing

Valid Combinatiens
AMTHOTA D, pee, JCr
AEn7O0E BC, PC, JC"

Vaflg Combinations ,
Consult the local AMD sales office to confirm
availability of specific valid combinations, ©
check on newly released valid combinations,
and o obtain additional data on AMIY's standard
military grade products.
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PIN DESCRIPTION ‘

Vo +5-V Power Supply
Vaa: -5-v Power Supply
DGND: Digstal- Ground
AGND: Anatog Ground

Analog input {¥in) The analog input is applied 1o the
transmit path of the SLAC. The signal is
sampled, digitaily processed and en-
coded for the PCM output.

Analog Dutput {(Vout) The received-PCM data is digi-
tally processed and converted to an
anzlog signal at the Voyut pin.

CAP 1, CAP 2 An external series resisior and capacitor
are connected to these pins. These
components are part of the integrator in
the A/D converter. The recommended
values of thase non-precision components
are 1 k{1 +5% and 2000 pF +20%.

Master Clock (MCLK} The Master Clock must be a
2.048 MHz £ 100 ppm_ciock input, MCLK

is ysed the digital signai f
and is not dependent on the PCM input
and outpist clocks,

PCH Outputs {DXA, DXB) The transmit-PCM data is

serially ted out 1o either the DXA or the
DXB port. The port seleckon is umdar
user program contrgl For p-law and A-
law, 8 bits are transmitted and for linear
code, 16 bits are transmifted. The output
is_available every 125 ps ang the data [
shifted out in 8/15-bit bursts at the CLKX
rata JOXA and DXB are high impedance
in aen bursts and also in the stand-

by mode.
Time Stot "(TSCA, TSCB) The Time Slot Control
Controf outputs are open drain outputs and are

normally HIGH. fTSCA is LOW when
PCM data is present on the DXA output
jprd TSTB is LOW when PTM data 1s
prasent on the DXB ou!put,!

POM Inputs {DRA, DRBY The receive-PCM data is
serially received from either the DRA or

the DRB port. The port selection is under
user program control. For p-taw and A.

law, 8 bits are received and for linear
code; 16 bita are received.. The datd is
received in 8 or 16-hit bursts evely 128

us at the CLKR rate.

Frame Sync {(FSX, FSR} The Frame Sync pulse is an

B-kHz signal which identifies the begin-
P ning of a frame. The'SLAC references
individual time siots with respect 16 the
Frame Sync pulse. FSX i§ the transmit- -
PCM Frame Sync and F5R i5 the re-
ceive-PCM Frame Sync. The FSX pulse
must not be'longer than 8-clock periods
when companded code is used, and 16
clock periods when linear code is use,

PCM Clocks {CLKX, CLKR) The PCM Clocks deter-
mine the rate at which PCM data is
sefially shifted in to or out of the PCM
ports. The maximum clock frequency is
4.096 MHz and minimurme clock fre-
quency is 128 kHz/CLKX determines the
rate at which PCM data is transmitted.
CLKR determines the rate at which PCM .
data is received.

Chip Select {TB) The Chip Select input snables the
device to either input or ouiput contro
data.

Data Input (O} Control data is seriaily written via

the Data Input pori. The input rate is
determined by the Data Clock.

Data Output {BoyT) Control data is serially read via
the Data Output port. The oulpaut rate is
determined by the Data Clock. Doyt
HIGH-impedance when control data out-
put is completed and TS is HIGH.

. Data Clock (BCLK} The Data Clock shifts controf

dada either in to or out of the SLAC. The
maximum ciock rate is 2.048 MHz,

Latched Qutputs {Cy-Cs) The seral interface may be
usaed to write data to a register whose
outpuls are brought out to $4-Cs, These
5 lines are TTi-compatibie and may be
used to control the operation of a SLIC
or any other device associated with the
subscriber dine.

FUNCTIONAL DESCRIPTION

Device Operation

General

The Am7901A/B performs the codec and filtering functions
associated with the 4-wire section of the subscriber line
circuitry in a digilal switch. When used with the Am7950/ 7953

Subscriber Line Interface Circut (SLIC), the pair provide a
complete solution to the BORSCHT functions (Figure 1)

The SLAC contains aulo-zeroed A/D and D/A converters. A
microprocessof-compatible interiace is provided to program

the device into a variety of modes. These cperating modes
include, but are not limited to, companded or jinear-code
operation, dynamic time-siot assignment, and PCiM-port selec-
tion. .

The SLAC samples the analog signal al the Vy pin and
digitally processes it to produce either a fingar of companded
PCM code at the DXA or DX8 output (Figure 2}. Conversely, it
receives either a linear or companded PCM code at the DRA
or DRB input and digitally processes it to produce an analog
cutput at the VoyT pin. The processing is accomplished at the
frame rate (8 kHz), and the digital cutput/input is available for
transimigsion/reception every 125 wps.




Transmit Signal Processor

In the transmit path (Figure 3), the anzlog signal is converted,
fitered, compressed, and made available for output.

The prefilter is an integrated anti-aliasing filter which prevents
signals near the sample rate from fokding back info the
voiceband during decimation. The A/D is designed o have a
wide dynamic range and exceilent signai-to-ncise perfor
mance. It uses a modified sigma deita loop with a D/A
convener to track the input signal at a $12-kHz sampling rate.

The Signal Processor contains an ALU, RAM, BOM and

control logic to implement the filter sections. The B, X and GX

blocks shown it Figwre 3 are user-programmable filter sec-

tons and their coefficients are stored in the Coefficient RAM.

These filters may be made transparent when not required in a

system. The digital compressor may be bypassed when linear-
. code operation is desired.

The decimator reduces the high input sample rate. The X filter
is a 4-tap Finite Impuise Response (FIR} section and is part of

the frequency response correction network. The GX fiter
aliows the user to program up to 12-d8 gain in 0.1-dB steps in
the transmit path. The B filter has 8 taps and operates on
samples input from the Receive Signal Processor in order 10
provide trans-hybrid balancing in the loop. The low-pass filter
[imits the outpui bandwidth to meet the transmission require-
ments. The high-pass filler rejects 15-Hz and 50/60-Hz
frequencies, and may be disabled during idle pericds to allow
low-frequency leakage testing on the 2-wire fine.

Transmit PCM Interface

The Transmit PCM interface receives either a 16-bit linear
code {for linear operation) or an B-bit compressed code {for -
law and A-law operation) from the digital compressor. This
cede is loaded into the output register. The Transmit PCM
Interface logic {Figure 4) controls the transmission of data
onto the PCM highway through the output port-sefection
circuitry and the Time Siot Control block.
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Figure 1. Single-Channel Subscriber Line System
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Figure 2. SLAC Block Diagram
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The Frame Sync (FSX) pulse identifies the beginning of a
Transmit frame and all channels (ime siots) are referanced Lo
it, The logic contains user-programmable Transmit Time Siot
and Transmit Clock Slot registers. The Time Siot register is
normally 5 bits wide and allows up to 32 8-bil channels or 16
16-bit channels (using CLKX = 2.048 MHz} in each frame, But
in the expanded mode, B bits may be programmed to give 32
16-bit channals or 64 B-bil channels (using CLKX = 4.006
MHz) in sach frame. The expanded mode bit bacomes the
sixth bit of the Time Slot register. 1 this bit is fow, one of
channels 0 to 31 is selected and if it is high, one of channels
32 o B4 is selected. This leatlre allows any combination of
channe) assignmenis and clock frequencies {over a range of
128 kHz to 4.086 MEz) in a system For p-law and A-law
operation, 8 bils/channel are oulput and for linear code
eperation, 16 bits/channel are output, The data is tranamilled
Maost Significant Bit {(MSB) first. The Clock Slot register is 3 bits
wide and may be programmed to oflsel the Time Siol
assignment by 0 to 7 CLKX periods to sfiminale any clack
skew in the system (Figure 5).

in the Arm7901A/B, the PCM data may be user-programimed
1o be output onto one of two ports, DXA or DXKB. Correspond-

ingly, either TBTA or TSCE is also low.
Receive PCM Interface

The Receive PCM Interface logic (Figure 7) controls the
receplion of daia from the PCM highway and lransiers it for
expansion {p-law or A-law) to the Receive Signal Processor.
The operation of this interdace is identical to the Transmit
saction.

The Frame Sync (FBR) pulse identifies the beginning of a
Receive frame and all channets (ftime sinis) are referenced o
it. The logic contains user-programmable Receive Time Siot
and Receive Clock Slot registers, The Time Slot register is
narmally 5 bits wide and allows up to 32 8-bil channels (using

CLKR = 2.048 MHz) in each frame. Bul in the expanded
mode, © bits may be programmed to give 32 16-bit channels or
t4 8-bit channels {using CLKR = 4,096 Mz} in each frame.
The expanded mode bif bacomes the sixth bit of the Time Siot
register. If this bit is low, one of channels 0 to 31 is seiected
and if it is high, one of channels 32 to 64 is solecled. This
feature allows any combination of clock Irequencies (over a
range of 128 kHz {0 4.096 MHz) and channet assignments in a
systern. For p-law and A-law operation, 8 bits/channal are
inpul and for lingar code, 16 bits/channel are input. The MSB
of the code must be received first. The Clack Slot register is 3
bits wide and may be programmed to offset the Time Stot
assignment by 0 to 7 CLKR periods to eliminate any clock
skews in the syslem (Figure 8.

fn the Am7901A/B, the PCM data may be user-programmed
to be input from one of two ports, DEA or DAB.

Receive Signai Processor

I the receive path (Figure 6}, the digital signal ls expandsd,
filtered, converted to anafog, and output onto the Vgyt pin.

The Signal Processor contains an ALL, FIAM, ROM and
control logic to implament the filler sactions, The Z, R and GR
arg user-programmable (through the Serial 1/0 interface) filter
seclions and their coefficients are siored In the coefficient
AAM. These filters may be made transparent when nol
required in a system,

The fow-pass filter band-limits the signal, The GR filter allows
the user lo program a loss of up to 12 d& in 0.1-dB steps. The
R filter is a 4-tap FIR section and is part of the frequency
response correclion network, Tha Z filter provides feedback
from the Transmil Signal Processor to the Receive Signal
Processor and is used to modity the efleclive input impedance
to the system. Tg»e interpelator provides the higher sample
rate o the O/A converer.
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Serial I/0 Interface

A micropracessor may be used to program the SLAC and
control its operation using the Seral /0 Interface (Figure 9.
Additionally, data prograrmmad praviously may be raad out for
verification. The control word format 5 shown in Table 1.
Commands are provided to:

Set power-up/power-down modes

Set up test functions

Set up operating funclions

Pragram filler coefficients

Assign time slots and port selection

Write 10 the SLIC lalch

Enable/Disable each user-programmable filter

R B e 8 209

[The mtertace consists of 4 ping, TS, DCLK, Diy and DoyT.
"The device is accessed by T8 and data is seriaily loaded-in on
Oy, or read-out on Doyt under control of DOLK. Either
commands or dala words may be written (o the SLAG, but only
data words can be read owd. All words ara 8 bits wide and are
writlen or read MSB first (Figure 10} H

For both reception or transmission of words, exaclly 8 Data
Clock cycles must be received atier T8 goes LOW. T8 must
stay HIGH (off peried) for a minimum time pericd before it can
go LOW again {see Note 4 under Switching Characteristics).
During this off-period, the logic decodes and executes the
command. Al reading of data must be preceded by an input
command reguesling the data. Once control data transmission

has begun, no new inpui commands will be accepted until
controb datz ransmission iz completad.

i

A Serial /O cycle is defined by transitions of TS and DCLK.
Upon proper application of power supplies and MOLK, the
device expects he first word to be a command, A number of
commands require additional data words to be input or output.
Tive SLAC will nol accept new commands unlit all this data has
been transferred.. Bul in the read mode}"a data word of ali
zerces is equivalent to the power-down command and. the
device resets ta the stand-by mode.and.is ready. io receive a
new command.

There are two possible operations of DCLK and % for the
SLAC to function correctly. If the T8 is held in the HIGH state
hetween accesses, the DCLK may free run with no change to
the internal control data. Using this method, the samea DCLK
may be run to a number of SLACs and individual T8 linas will
select the appropriate device o access, if the DCLK is heid in
the LOW state between accasses, the G35 line may make
mulliple ransitions between accesses for a particular SLAC,
This ailows running ona ©8 #ine to all SLACs and selacting a
particutar device through enabling or disabling its DCLK,

- it should be noted that the DCLK can stay in the LOW state

indefinitely with no loss of internal contro! information. Hewev-

i er, it should not be held in the HIGH state for more than 20 us

to ensure proper operation as indicated by the Switching
Characteristics Table,
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Figure 9. Serial I/0 Interface
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Figure 10. Serial 1/0 interface Timing Diagrams

Digital Filters

The SLAC uses digital signal processing to implement the
various filters {Figure 11).

The advanlages of digital filters are:

@ High reliability

@ No drift with time or tempearalure
& Unit-to-unit repealabiiity

®  Superior transmission performance

Six of the digital ers in Ihe signal processing sections are
user-programmable. These allow the user to independently

modify the gairn in both the fransmit and recefve paths, grovide
trans-hybrid balancing in the system, and adjust the two-wire
line termination impedance. The programming capability fea-
ture aliows the user to oplimize the performance of the SLAC
for his system. Each programmable filter seclion has the
foliowing type of fransfer function;

He=hg + iz~ g2+ + 2 (Eg. 1)
The values of the user-defined coeflicients (hn) are assigned
via ihe Serif /O interface (Table 1}. The number of taps {n}
pravided depends on the parlicular fittar,
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Figure 11. SLAC Signal Processing Flow




The filter function is performed by a series of muitiplications
and accumuations. A mulliply is accomplished tiy shifting the
multipticard and summing the result with the previaus value at
that summaltion node. For example, a one-bit muldtiply is a shift
of M bits where M s related to the position of the binary ore in
the multipiier {ly) as expressed in the following equation:

ni=8y Mg, oMy gy 2o M (g 2)

where: My <M, 4 4
8= 11

The subscript N is limited 1o 4 for the GH, GX, R, X and 7
fitters, and N is 3 for the B filter. The multiply is done from the
Least Significam Bit (LSB) o the Most Significant Bit {MSB).
Notes 11 and 12 explain the encoding of the shilt codes.

The B, X, R, Z and Gain Parameters are written in or read out
as 8-bit words, The format of the parameters is shown below:

A. B Coefficients

7 4 3 0
Cagmag Caoamog J e 151 Word
Ciamig Caymay =t 21 word
Crimay Crymyy ’
Cazmaz Capmoz | .
Ciamyo . "
r L] - -
> . » !
. Carimgz
| Carmpy Crymyy ‘ i 1241 WO

C. R, Z Coeffivients

7 4 3 4]
' )

Caamag  § Cagmag ‘ ~ifre 150 word
Caampy J Ciamig i
Capmaz | Capmgp | .
Cogmos  § Ciamis .
CatiMay Crqmiyy ‘ .
Coqmizy Crmyy
CaomMan Caomag
Coomag | Cipmig ‘ =i Bt word

Cyy My = C is the sign bit and m is the 3-bit code spacifying
the position of the 1s.
y is the coefficient number
* specities the relalive position of the one in
coelficient Y (1 = most significant one, 2 = sacond
one, alc.}.
and the coelfficients in Equation 1 shown above are
daescribed by:

B. X Coefficients

7 4 3 ]
! Caomiag Capriag I w151 word
1 Cpomag Ciomig e 20c] word
i Carmgy Cy1may
| Caima i Crim .
L Cagmaz | Cagmag .
‘ Cppmaz | Ciaomyp .
i Casmaz | Cogmag J
: i Cagmpy J Ciaimyg ~gi~— 8lh word

D. Gain Coeflicients

7 4 3 G
Canmag Cagmag e 15t WOrd
j i Copmiog Cramig e 200 WOI
)

o= (Cri 270 (1« Oy 2o (4 4 gy - oo
(74 i 27 My

except for the Gy fiker where

R I (R S L C I R Sl e, P

(t+ Crzxi s2mman)

where =7 - My

Two-Wire impedance Matching

A feadback path Is provided from the transmit 1o the receive
section via e 2 filter. This filter may be programmed to
modity the etfective termination impedance {Zoiic) of a SLIC
or a teanstormer hybrid to a desired value. The desired
impedance may be complex, This feature aliows tha user to
lerminate each SLIC in a Subscriber Line Systam with a fixed
resistor and digitatly modify their impedance using the Z filter.

The X and R filfers are the Transmil and Receive attenuation
distortion correction filters, These filter sections are Hro-
gramimed to compensale the aflenuation distortion caused by
the Z filter,

Trans-Hybrid Balance

In a traditional Tine card syslem, a balance nelwork is used
with the SLIC te achieve trans-hybrid balancing. H the balance
natwork periectly maiches the subscribers line, infinile trans-

hybrid batancing is achieved. But in genaral, the malching in
traditional systerns is poor and trans-hybrid balancing is not
very geod. Some systerms have up 10 2 or 3 COMpromise
nelwarks par line that must be selected semi-automatically of
manually to provide the balance. .

In the SLAC, a feedback path is pravided from the receive to
the transmit section via the B filter. This filler may be
programmed lo cancel the received signal from the transmit
signal path and achieve a significantly impraved level of rans-
hybrid balance.

Gain Adjustment

Signal tevels in the transmit and receive paths may be
modified by programming the GX and GR filters. The GX filter
allows the user to add up 1o 12 dB of gan {in 5.1-d8 stops) in
the fransmit path. The GR filter allows the user 1o agdd upto 12
dB of loss {in 0.1-dB steps) in the receive path.
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Test Features -

The SLAC simplities system testing by providing both digital
and analog loop-back paths._,.[}ncier program control, either the
DRA or DRE input i looped to the DXA or DXB output (digita
loop-back) through a path from the output of the interpalator in
the recesive path o the input of the decimator in the fransmit
path, or the Vyy nput is looped to the Vagt oulput (analog
loop-back) through the Z filter. Yo allow tesling of the
subscriber loop cabling for leakage, the transmil high pass
filter may be disabled and auto xero operation inlerrupted. The
receive analog oulput may be programmed 10 cut off. This
receive cul-off command may be used lo stop oscillations in
the fow-wire side of the telephonge network.

Stand-by Mode

The SLAC is foreed into the stand-by mode sither by pawer-on
clear or by reception of the power-down code. fn this mode,
power is switched off from all circuitry that can be turned off.
Mo bansmission or receplion of PCM data takes place,
However, the circuils which contaln programmed information
retain their data. The Setai I/0 interface remains aclive io
recegive new commands,

Power-On Clear

Proper operation of power-on clear requires sequenced appli-
cation of Voo, MOLK then Vg,

i
:f

Stand-Alone Mode

in the stand-alons mode, the serial interfacs is not used. The
DCLK and Dy pins may be used fo conkol the device.
Applying -5 V to the DCLK pin resets the device and the Dyy
pin can subsequently be used to power-up or power-down the
SLAC.

» DCLK Dy
; G X MNormal mode
1 X Normal mode
-8V 1} Reset and Power-Down
~5 ¥ 1 Aeset and Power-Up

Reset Gtate
The Reset Stale of the device is:

a) Both Transmit and Aeceive Time and Clock Slots are
set to zero.

b} p-faw is selected for Am7801A. A-law is selected for
Am72018

7o) B, X, R, Z filters are disablod

d} Both Transmit (GX) and Roceive (BX) gains are set to
Tounity

6) SLIC outputs are set high

Mormal conditions are selocted

(see Note 9 - Command Word Format}

DXA/DRA parls are solocted

Ea-i -

g

H-LAW: POSITIVE INPUT VALUES

1 2 3 4 5 6 7 8
Number Value - e Character Decoder
Segment of intervals at Segment D%‘;ﬁ]‘gn bf,‘;ﬁ'gn Signal (5} at gg‘é’:der Qutput
Number X Interval End Number 7 e (1) Bit Number Output-y, (3) Value
Size Points " 12345678 n Number
™
8159 {128) (8159) [ rreieseecseeoees
100000Q0 8031 27
127 7903 - : :
| 16 x 266 Do i
143 4318 : i :
TO001 111 4191 112
4063 112 4053 . :
P i
7 16% 128 97 2143 - ' y
18611114 2079 86
205 a6 2015 ;
o=}
8 iBx 84 81 1058 - i 3
R EREE 1023 80
891 86 991 . H
. N
5 165x32 85 511 : H H
10111141 495 &4
479 64 478 R : ;
PR ;
4 16x18 49 238 : : :
1100 1111 231 48
223 46 223 - :
Po@ :
3 18x8 33 105 : H ¢
110117114 G99 32
a6 az 95 !
i i@ ‘
2 16x4 97 a5 : H H
111058111 3z i3
It 1_6 3'1 T
]
+ 15x2 2 3 " ! :
. } 11111110 2 1
1% 1 0 o [REEEEEE o o

Notes: 1. 8158 normalized value units corrsspond to Tpax = 3.17 dBmo.

2. The character signal corresponding o posilive inpul values between lwo successive

(sea column 4} is (255 - n} expressad as a binary number. X+ Xn

W

. The value at the dacoder is yp = xg =0 for A= 0, and y, =
. Xipg Is & vinual decision value.

+1
——eefer w4 2,00 107
2

5. Bit 1 is a 0 for negative inpul values,

decision values numbored n and n+ 1




A-law, positive input values
1 2 3 4 1 & 7 8
Humb Val Character Signal
winber alug - : Befora lnversion Pecoder
Segment Of Intervals At Segment Df,;‘fi'g" Df:,‘:liign Gf The Even Bits at l‘;zit;j:der Cutput
Number X Interval End Mumber 11 % 1) N —— 7 Qulput @ Value
Size Points " 8it Number UPUt Yo (3 wumber
. 12346678
4096 (128) (4098)
) 4032 128
177 3958
7 16 % 128
113 2176 : :
2112 113
2048 112 2048 :
8 16 % 64 i
57 1088 e e :
11100000 87
1024 96 1024 - 1
; ! 2
5 16 %32 : i : @ i
81 544 i
11010000 8t
a12 80 512 ; :
i 2
4 16 x 16 : : i @ i
65 272 R e TSI :
) 11000000 85
256 84 258 s S :
H 2
3 1658 i i ! {2 ;
ag 136 H
TO0110000 a8
128 a8 128 : :
H H 2
2 TH x4 : . : i @ i
33 68 . :
101000060 5%
64 az e :
{ by
1 d2 w2 : ‘ (2
1 2 : )
! t0000000 1 1
o ]

Notes: 1. 4096 nomalized value units comespond 10 Ty, ~ 3.14 dBmé,
2 The characler signals are ohlained by inverting the even bits of te signals of colump 6. #Hefore this inversion, the character signal
corresponding to positive input vaiues balween two sudcessive decision values pumbered n and o+ 1 {see column 4} is {128 + 1)

25 & fir aumber,
axpressed as a binary numbe Koy b

3. The vaiye at the decoder oulput is y, = —— oy o= 1....,127 128,

4 xypg is a widual decsion value,

5 Bit T is a 0 for negative inpud vaiues.

i
L
i
d
B
|
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TABLE |: CONTROL WORD FORMAT
The Control Interface consists of Data Input, Bata Output, 137 Og D5
Data Clock and S Input. Data is read in {read out) on the 0 0 0O Fower Down/No Operation
Serial Dala input (oulpul). The Serial Input consists of B-bit 0 0 1 Transmit Time Slot Seiection
(byte) command words witich may be foliowed with additional 0 1t 0 Heceive Time Slot Selsction
bytes of input data or may be followed by the SLAC outputting 0 1 1 Clock Siot and Gain Selection
bytes of data./?\!i words are input with MS8 (D7) first and LSB Read Slot, Gain and PCM Mode
{Dg) last. Al quuts are output with the MSB (D7) first and the 1 0 0 Set Basic and Operating Functions
LS8 (Do) !asg,' Words are writien or read one al a time, with [ and PCM Modes
going high tOr at least the minimum off-period {sze Nole 4 1 0 1 Read/Write Coefficients, Set Test Modes,
under Switching Characteristics) before the next read or write Select u-law/A-law/linear
operation. The first 3 bits of the command word indicate the 1 1 0 Dala for SLIC intarface
type of commang arkd the last 5 hits contain either data or 1 1 1 Power Up/No Operation
further information about the command. The classes of
cormmand are:
\ MSB Dy DgDg RyDg Do Dy LEB
PR B o0 0 0D Fower Down'
[ 0 9 0 X X X X X Rasanad?
o o0 1 Y Y Y Y v _. Transmit Timo Slot Selection? Choose 1 of 32 Tina Siots
[ T A A A B .. Boteive Time Siot Selection” Choose 1 of 32 Time Siots
0o 1 g 0 Y Y Y .. Transmit Clock Siot Selection® Choose 1 al 8 Clock Siots
[V ot ¥y ¥y Recaive Clock Siot Selection” Choose 1 of 8 Clock Siots
0o 1o o 10 e Transmit Gain Sélaction Followed by 2 Bytes of Data®
a1 LA ¢ B B ¢ . Receive Galn Se}ectnon Foliowed by 2 Byles of Data
o 1 i gt g 1 — Read Transmit Time and Clock Siat® Foilowed by 1 Byle of Data? -
o ot 1 T8 46 0 .. Read Transmit Gfain Followed by 2 Bytes of Data?
o1t 1110 - Read Raceive Tims and Clock Slots” Followed by 1 Byle of Data®
01 11 08 0 — Read Aeceive Gain Followed by 2 Byles of Data’
U 10 + t 1 Head POCM Mode Foilowed by 1 Byle of Data™ &
[V c A B CD ~, Operating & Basic Function’ &
1 G o0 1 E F G H . PCM-Mode Selection®
10 1 [V Write B Coef!icisinls Foliowed by 12 Byles of Oata® ‘2,_
19 00 10 0 write X Coefficients Followad by 8 Bytes of Data™'!
1o 81 0 0 @ Writa R Coetlicients, Foflowad by 8 Bytes of Datah!!
; : 10 1t 00 Writa 2 Coetficients Eollowed by 8 Bytes of Data® '
: {0t I Read B Coefficients Fofiowed by 12 Byles of Datah 12
1o ooa 11 Read X Coefficients Followed by 8 Bytes of Data™ 1!
10 1 o1 0 1 1 Aead R Coefficiants Followad by 8 Bytes of Data® '
I 9 0% 1 1 1 flead Z Cosfficients Followed by 8 Bytes of Data® !’
10 10 0 0 8 -fleset 1o normal -conditions?
10 1 Tt 00 0t ~ Add —6& dB 1o receive gain
0 1 t o0 10 - Cutetf recsive path
0 LIV R I -- Test mode-analog toep-back
10 1t 01 00 _ Test mode—digital loop-bagik 1 -
T 0t 1 0 6 1 1 ... Idsable High-Pass filter (set o 1)
and freeze auto zero Circbit
10 1 Tt f 0 00 - Choose Linear code (Am7901A)/Choose A-daw code {Am7E018)
101 T 1 ¢ 01 Choose u-law
1t 0 bd oK LM - Outputs to sLICT
1ot XX on X X Reserved”
Lt 111t . Powar Up'
NOTES: No PCM data is transmilled umti afler the second FSX
puise is received following the exscution of the powerup

; 1. During power-down the control information is not changed. command. ’

The Serial /O remains activa, the SLIC control oulpuls ;

- ' remain valid, the PCM outputs are high impedance, the 2. These reserved codes are all codes beginning with 00C
PCM inputs are disabled and the analog output is set to and 111 except for DOOODOOG {power-down) and
2ero with a moderate series impedance 1o analog ground. 11111111 {powar-up). These codes may be used by future

: Upon power-up, ail data RAMs except the coeflicient membars of this product family.

o RAMs are powared up in a cleared state {sel to all zeroas).

s




Sty

3. The Ys are binary codes which program the time slots for
ransnussion and reception of PCM data. Five bils are
available for ime-slot selection which allow one of 32 time
slots to be programmed. The three bits of the clock-siot
setection allow 0 to 7 clock offsels within the time slot to
be programmed.,

i

. Al commands that are foliowed by additional input data to
the davice (transmil-gain seiaction, receive-gain selection,
write B, Z, X or R coeflicients) must have the input data as
the next N words (N =1, 2, 8, 12) wrillen to the device
(framad by the next N transitions of TS). All commands
that are foliowed by output dala (read transmit time and
clock slot, read fransit gain, read receive time and clock
slot, read receive gain, read PCM mode, read B, 7, X or R
cosfficients) wilf cause the device to output data for the
next N (N =12 8 12} transitions of G5 going low and will
not accept any input commands until all the data has been
oulput. When in an input mode, data word of 06000000 will
actornatically power-down the device.

s

Time and clock slots are reard out time siot first, followed
by clock siot.

6. The PCM Modes are read oul as the least significant
4 bils of data. The most significant 4 bits are set lo
1. The least significant 4 bits contain the following
data:

BIT 3: Data Receive select bit
BiT 2 Data Transmit select hit
BIT 1. Aeceive Expanded Mode bil
SiT 0 Transmil Expanded Mode bil

The Data Receive/Transmit select bils define which
port is used lo receive/lransmit data. A 0 means por
A has been selected. A 1 means port B has bgen
selected.

The Receive/Transmit Expanded Mode bits allow up
lo 64 channels in a Receive/Transmit frame.

~i

. The operating tunction command has four 1-bit lields:
A A =1 enables B fifter, A =0 disables B

{sets B =0}
B: B =1 enables X fiters, B =0 disables X

{sets X = 1}

G C= 1 enables A filter, C =0 disahles B
(sets R=1) .

0 O =1 enables Z filter, 0 = 0 disables Z
(sats 2 =0) )

@

The fransmit PCM dala Fﬁﬂi.’ﬂe outpgﬁfn!o gither the DXA
or the DXB porl. Either TSCA or TSCH s correspondingly
output. The receive PCM data may be input onte either the

ORA or the DRB port. The Transmit/Receive Expanded

[eal

13,

Mode bits allow up to 84 channels in Transmit/Receive
frame.
E: E =1 chooses DRB, £ = 0 chooses DRA
F: F =1 chooses DXB (TSCE), F =0 choosss DXA
D )
Gt G =1 sels Recaive Expanded Mode bit
G = 0 clears Receive Expanded Mode bit
Hi H =1 sels Transmit Expanded Mode bit
H =0 clears Transmit Expanded Mode bit

- Normal conditions are receive gain set to value stored in

the receive gain controt words, the receive path and high-
pass filter are enabled and the awla-zero-circuit operatas,
Z filter coefficients are the value set by the basic and
operating function bit D and the device is not in a test
made {no loop-back). The test modes ara mutuaily exclu-
sive. Enlering a command 1o set one test mode clears the
ather test mode (if set}. "Reset to normal conditions” does
reset a test mode.

- The outputs to the SLIC are defined below:

I=0C5 L=02
J o= 04 M= C1
K=C3

- X, R, and Z coefficients are allowed 1o have anly 110 4

ones. Each coetficient is encoded in a 4-bit code where
the fower three bits represent the number of shifts to the
riext higher one in the coafficient and the first bit (MSB)
defines the coeflicient sign. Each one can be either
positive or negative (D = positive, 1 = negative). The maxi-
mum number of shills allowed Is six. Tha lower Yiee bils
are encoded for O(111), 1{110), 2(101), 3(100), 4(011),
5{010) or 6{001) shifls. A cade of 1000 implies 0 shifts and
1o addition and a code of 0000 is not aliowed {See note 4).
The four coefliciants use sixtesn 4-bit codes which are
input as eight 8-bit words starting with coafficients 0 and
ending with coefficient 3 for the X coefficients. The R and
Z fitter coefficient data starls with coefficient 3 and ends
with coeflicient 0.

- B coefficients are allowed to have oniy 1 1o 3 ones. Each

coefficient is encoded in a 4-bit code where the lower
three bits represent the nurnber of shifts to the next higher
one in the coellicient and the first bit {MSEB) defines the
coefficient sign, Each one can be either positve or
negative (0 = positive, 1 = negative). The maximum num-
ber of shifis allowed is six. The lower three bits are
encoded for C(111), 14110}, 2(101), 3(100), 4(011), 5(016)
or B(007) shilts. A code of 1000 impties 0 shifts and no
addition and a code of 0000 is not allowed (See note 4},
The eight coafficients use twenty-four 4-bit codes which
are input as twelve 8-bit words staning with coefficient 0
and ending with coefficient 7.

Digital loop-back provides 6 dB of gain.
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ABSOLUTE MAXIMUM RATINGS

Storage Temperature -8C to 125°C
Ambient Ternperature, under Bias........
Yoo with Respect to DGND L ~-0.4 o +50 V
Vg with Respect to DGND.,. .+04 to -80 V

Vin with Respact 1o AGND Veg o Voo

Strosses above those listed under ABSOLUTE MAXIMUM
RATINGS may cause permanent device faiure, Functionality
at or abova these finls is not implied. Exposwre to absolute
maximum ratings for extendsd periods may affect devics
reliability.

DC SPECIFICATIONS

OPERATING RANGES

Part Amblent
Humber | Temperature | GC Veg |DEND| AGHD
[ Anz801A/B0C | 0° < Ty 5 20°C [+ 50vesw-50visn] ov Jovz roomv

Operafing ranges define those timils over which the function-
ality of the device /s guarantsed.

ELECTRICAL CHARACTYERISTICS over operaling range (Note 1) unless otherwise specified

Parameiers Bescription Test Conditions Min. Typ. Max. Units
! Analog Input mpedance A2 NV V<32 Y 20 E39
Analog Outpist mpedance 32 VI NVayT <32V 20 Q
Gifset Vollags Alowed on Vi t6 v
Analog Qutput Ofset Voltago i L 200 mv
Angiog lpat Voitage Fango T2V v
Anatog Outpul Vollage Range R 210 k82, C = 50 pF 3.2V \'%
Anatog Outpul Cureent g A
tnput E_ow_VoEl.age (AH Digital inpuls v los 0.8 v
Ewcapt DCLK in Stand Alone Mode} -
tnput High Vollags (All Digital Inputs) 2.0 Voo v
Qutput Low Voltage (Al Digital Quipuis) iop =2 mA 0.45 v
Cutput Fhigh Voltage (Al Outputs Excapt TSC) 5 |0 lopt s 480 A 2.4 v
Output Leakags Current ’ 10 A
thput Leakage Current i1 uA
L (Vim} nput Leakage Current on Yy Pi +0.2 ph
e 18 Ve Supply Current (Standby) 4 15 mA
ign (51 Var Supply Current (Standby) Vep =5.25 V 10 mna
oo (A Ve Supply Current {Activel Vi = -475 V 60 s
tesgy (A} Ypg Supply Current (Aclive) 20 ma
PSAR {Yoo) Yoo Power Supply Plejaclion Ratio 200 mV pp @ 1.02 iHz 35 dg
PEAA (Vag) Vag Power Supply Rejection Ratio on the appropriate supply 30 a8
o} input Capacitance (Digital} 5 pF
Ca Qutpul Capacitance (Digital} 8 pF
Notes: 1. Typical values are for Ta = 268°C and nominal supply voitages. Min. and max, specifications are over the temperature and supply voltage

ranges shown in the above table entitled '"Cperating Ranges.”

o
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r TRANSMISSION CHARACTERISTICS
(Ml moasurermants are made end-to-end with GX = GR = 0 di and A-law or p-law companded PCM unless otherwise
specitiad.)
A 0-dBmO signal at Vi is equivalent to 1.57 Vims. A 3-dBmG signal at Viy is equivalent 10 2.22 Vams which
corresponds to the overload point of 3.14 volts.
A 0-dBm0 signal at Vour is equivalent to 1.6 Vams. A 3-dBrao signal at Yoyt is equivalent to 2.260 Vams which
correspends 1o the overipad point of 3,198 volts.
Descripiion Test Canditions Min Typ Max Units
. 8030 Hz at ¢ dBmO, or .
Aftenuation Distortion 1000 Hr at O a8mb See Fig 12 <8
Gain' {aither path} i
a) devialion Fom ideal vaiue B80C Mz at U dBmd, or -0.2 +0.2 ai
b} devialion lrom iniial value G Hz at 0 '9BmO -0.2 +0.2 dB
Group Detay Distortion {sither path) C-dBm0 signal, Swe Fig 13 oS g
Group Delay (ether path} 180 HS
: Marmonic Distortion {Nole 23 o w Q) o8
. " a} (Note 3} -35 [odz]
Intarmadulation Distartion b} (Note 43 s B0
Crossialic .
300-3400 Hz § dBmo - 70 a3
a} Go-lo-Return path . :
0} Aatrn-to-Go path 300-3400 Hz 0 dBmO -70 Bz}
Galn Tracking {sither path} Sea Fig 14 ag
Signal e Total Distortion (sither path) i . See Fig 15 o12]
- y~haw Companded PCM
Idle Charngt Noise {(weighted) {Note 5 2] dBraco
Idla Channel Noise {weighled, recaive only) 15 dBrieh
idle Channel Noise (single Fequency) . ~50 dBrmo
' A-Law Companded PCM
idle Channoet Noise {weighted) {Nete 5) =71 a8m0p
ldle: Channel Noise {weighted, raceive nniy) -75 dBmlp
ldle Charne! Noise (single oquency) -50 GBmo
Noles: 1. The device gains arg adjusted during manufaciure to guarantee a 10,4 - 98 mBkirmomm daviation over Hatime of devica.
2. Applied signat is a 0-dBm0 sine wave within 300 lo 3460 Hz. ihe signal measurad is any feguency in the range 300 {o 3400 Hz
3. Two different frequancies iy and Ip in the range 300-3400 Hz and of aqual lavels in the rangs -4 to -21 ¢8m0 are applied. 213-1p
products are measured relalive to the levet of aither f; or fa.
4. Any intermodulation progduct due o a signal in the range 300-3400 Hz with input fevel -9 dBmd and a 50-Mz signal with input lavet
- 23 Bl
5. Moise is measured al the analog oulput, with the anglog input zero and the digital PCM output connected to the digital PCM input.
0~
*
E i -1 =
1.3 < : #
_20 |-
E onl - -
s =} - -
g '?:‘éE" » ~ 32 d8
2
o Olg - 5 TSN
i1 F .
0.6
TRANSMIT
ONLY 50 b
S 88 g g %3 r
& a B
FREQUENCY 1. i Fl Lol 1 5 L4 i 1 A I -
(2} 1 z b 4 5 B T asw 0 MWoAn 50 60 T08S
QrGMFOn FREGUERCY
{nHz)
QREO1712
. Figure 12a. Attenuation Distortion {Single Ended) Figure 12b, Qut of Band Signals (End-to-End)
Motes: 1. The frequency i BOO/1000 Hz, Notes: 1. The frequency is BOO/1000 Hz.
2. Input signal level is 0 dBmO. Z. inpul signal level is 0 dBmO.
L
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420 + E £t GLAC SPECIFICATION
: (EITHER PATH)
g
-
f
e
-
<
P
= -
150 - B
85 I I/ |
! : L L i
: 0 o o o -
23 = 2 §
a g -

OPQ01721

Figure 13. Group Delay Distortion (Either Path)

Notes: 1. Input signal is 0 dBmO.
2. Mindmum value of group delay is taken as reference.

5 B0
15 I L 1 AC SPECIICATION
i
1 3 ~ 50
i Ll GLAC SPECIRIGATION
:
- 48 @
I}
ot - a
! j T . 35 5 r§_
0.4 = T EEF
_— NPT » ® ﬁ e
Zag o + LEVEL 23
o= o 4 o3 tRmO} 2-3
~D0.4 |- T g . S -
BT |-
. T
. 1 I} H i L o
: 80 -5 .40 - 30 - 20 10
18 |- i
! IHPUT LEVEL
| {dBma}
OPOO!&..‘?O QPOG1741

Figure 14, Gain Tracking with Tone {Either Path) Figure 15, Signal-to-Total Distortion with Tone
{Either Path)

j Noles: 1. The inpul signal is & sine wave in the range + Note: The input signal is 8 sine wave in the range of 700
of 700 to 1100 Hz, {excluding submultiples . lo 110G Hz, {excluding submultiples of 8 kHz).
= of 8 kiHz). ' .
2. The gain variation is refative to the gain al
~10 dBmo.
i
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SWITCHING CHARACTERISTICS over operaling range unless otherwiss specified
TA=010 70°C, Voo = +5 V 5%, Vag=—5 V £5% (See Notes 1, 7,.8)

o, J! Paramaters J Deseription 3 Min. i Typ. r Max. f Units ~m}
Serial interface Input Mode '

sata Clock Hih Pulse Widih {Note )

i [ k Lo }J lso wWidth

ot {1y tup Fime

4{ fr?puiw[)ara Ho’l;; {m:chﬂm_—mgﬁm

Culpul Lateh Prog tion Dcla;

Serial Inferface Output Mode

siloagr L

P Selogt Mong

width (Noles 3 & 9)

e (Nole 4)

fput Turn off

PCH Interface

J
I 20 oy
j 21 PO
22 e
}_ 23 J pry o Fall Tne of Clock
2e [ e "*T Pise Time of Clock
f‘ [ frag ; Frama S;r_:gw‘;e!tup ?ernE)ﬁ Hpgy - 30
o ! o Frame Sync Hold Tnmo(_f,(::‘;);?ge—d Mo AR TRUII T B
| 2 = Sy ol T Tmces o)
I T I I T A7 AT
/ 28 ! tiso i 0TSO T
f #3 LD - i ol
i 30 'R
J» 31 E_[J'»; i
i az s [ "PCN Data npur Setap
{33 IoRH | PCM Data input Hotd e
jL Master Clock
d U ey | 488,33
B e —
a6 lM(,l__ Putse \Width B R —
57 ‘M(.V‘Fi_ L e ——— e e R A __.._.]Mﬁ___..,.ﬁ__&
94 CE | Fail Time of Clock | 5 J I ; -

Notas b Min, and Max. values are valid on al digital oulpuis except G -Cg with a 150-pF toad C1-Cr oulputs are vali) with a 30-pF ioad,

2. The Data Ciock may be stopped in the Low state indefinitely without loss of information. Data will not be clocked in or ol while the
slock is in the low shate
- Chip Salect Putse Width is nominally 8 Data Clock Cycles with a minimum value of 7 Data Clock Cycles + yogyy + licss and a
maximum value of 9 [ala Clock Cycles - ol - iegg
4. Ghip Sefsct Off Time s defined by the type of command being executed Commands attemnpting access to the coefficient FAMs, ia.,
Read or Wiite B, 2. X, R or gain coeffigients must have a minimum Chip Select O Time of
7 Wacy - il device is in power-down mode,
32 oy - i dewice s in power-up mode.
For all other commands, Chip Select Off Time is defined as a minimum of;
7 hcy ~ for bath power-up or power-down modes,
5. The maximum allowed PCM clock froguency is 4.096 Mbz. The actual POM clock rate is dependent on the number of channels
cated within a lrame. The minfmue clogk frequency is 128 kiHz.
. Is detayed from FS by a typical value of M lpey, where N is the value storad in the Time/Clock Siot registar,
7. The Frame Sync puises (FSX, F5ey repeat at an &-kHz2 rale
8. PSR, FEX, GLKA, GLEX and MOLK &b must b synchronized and exaclly 256 cycles of MCLK must be guarantoed between Frame
Syrcs. Al bive cliocks must not be nlerrupled o assure proper operation.

(=]

5 lpgy is 1 Data Clock Cycle.




SWITCHING WAVEFORMS

TIMING DIAGRAMS

INPUT AND QUTPUT WAVEFORMS MASTER CLOCK TIMING
FOR AC TESTS

2.4
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X 7o } TEST 76 "
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.45 o
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SWITCHING WAVEFORMS (Cont.)
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. Z8000™ Z-FIFO Buffer
Unii and Z-Fi0 Expag‘gdef

%

Pm@mc& )
%p@mﬁﬁmimm

Septéxﬁbér 1983 LRSI

. @ Bidirectional, af;ynchronous data transfer. ; ‘;:
.. capability |,

‘w Large 128-bit-by-8-hit bui{er memory
m Two-wire, interlocked handshake protocol

. B Wire-ORing of emply and full outputs Eor '
- sensing of multiple-unit buffers ’

2 3-state data: outputs

® Connecis any riumber of FIFOS in series fo

form buller of any desired length

‘@ Cénnects any number of FIFCs in parallel
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"Figure 1, FIFO Pln Funcitons _

" The 78060 First-In First-Out (Z-FIFQ) Buffer
. Unit consists of a 128-bit-by-8-bit memory,
bidirectional data transfer and handshake
“togic. The structure of the Z-FIFO unitls . -
* similarto that of other available buffer units.; i
.- EFIFOisa general-purpose unit; is hand- ]
S shake logic iz compatible with that of other ...
: members of Zilog’s Z8 and Z8000 Famiiies,
. 7-FIFQs can be cascaded end-to-end wzthout
hmxt to form & para}}el 8 bit buff r of any .

A1 L

fdedirad length {in 128-byle increments). Any

“gumber of single- or multiplesunit Z-FIFO -
‘gerial buffers can beé connected in parallel to
- form buffers of any desxred width {in 8-bit

Jincrements). i - .

" The Z-FIFOH Aufter um*s are Pvm‘ablm ag
28-pin packages. Figures | and 2 show the pm
" functions and pin assigniments, respectively, of 31
. the Z-FIFO devmce A block dlagram is shown <!
. in Figure 3
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Figure 3. Functional Block Dicgram

CONTROL
Loaie A SU\TUS

FULL. Buffer Staius (ouiput, active High,

Pin ACKIN, Acknowfedge_lnpm‘ (inpuf, active
Descriptions  Low). This line signals the FIFO that output open-drain). A High on this line indicates thal
data has been received by peripherals or thqt the FIFQ builer is full, :
input data is valid.. : OER, OFEB. Oufput Enable A, Output Enabie
CLEAR. Clear Buffer (mput active Low). B (inputs, active Low). When Low, CEA
When set to Low, this line causes all data'to be - enables the bus drivers for Port A; when quh
) . . cleared from.the FIFO bulfer. B OEA causes the bus drivers to float to a high-.~
" Dg-Dy. Dafa Bus (inputs/outputs, bidirec- sye o Impedance Jevel. Input OEB controls the bus. .
i - tional). These bidirectionsl lines are used by, . | drivers for Port B in the SAINE Hanner as OEA
4 © . the FIFO to receive and to iransmil data, - 4;'1_ controls those for Port A.
DIR E/B. Direction anuf A/B (input, two con- RED/DEV. Heady- {GF‘DGtG/DGm Available
trol states). A High on this line signals that ... .. {outputs RFD, active High: DAV active Low), s
. -input data s to be received at Port B. A Low.: 110 RED, when High, signals to the per:pherals‘
on this line signals lhat mput data is o be | .- mvolved that the FIFO is ready to receiye
received at Porl 4. . ~ data. DAV, when Low, signals lo the
‘ ~ peripherals mvolved tbat FIFO has data
. EMPTY. Buffer Stotus (output act:ve Hsgh !
avax,labie to end
apen-drain). A High on this line mdxcateq that ’_“-‘:" “ l%:r
the FIFO buffer isempty. o - i ke
- Functional ' Interlocked 2-Wire Hcmdshcxka. In inter< ' n 7 cates that the previcus byte of the data is no
Description - locked Z.-wire handshake operaticn, the agtlcn ) longer avallable, thereby acknowledging the
. . of FIFC miist be dcknowledged by the otheri 7 acceptance of the last byte; This ¢ontrol ’
Sy ’ half of the handshake before the next action - feature aliows the' FIFO, with no externa] .
L ) can oocur. In an Output Handshake mods, the  ° logice, to directly interface with the port of any B
u FIFO indicates that new data is available only - CPU in the 78 Family—a CIO, a UPC, an FIQ,
atler the external device has indlcated that it is | "or another FIFQ, The timing for the input and
 ready for the data. In an Input Handshake ¢ -putput handshake operations is shown in
- mode, the FIFO does not indicate that itis *%7* 'Figures 4 and 5, respectively. .
ready for new dala until the dala scurce indi- ¢+ ¢ L0 i
B DATAIN M yue oath X ; K vewoas X .
. EGRIR Y
‘ BED
. | . Figure 4, Two-Wire luterlecked Bandshake Timing {laput) :
V- coo vy o BATARQUT ){ VALID T'ATA X ©VALD mm. A X
| TN TN
?‘ { 4 : .
T . Figure 5. Two-Wire Interiocked Hundshuke Timlng (output) :
368, 2123-003, 004, 05
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Deseription ~
(Cani;nug—:-d) Fur

Functional:ii Regetiing ot Ciam’mg the FIFQ. The CLEAH
input Is used to initialize and clear the FIFO.
“"BA Low level on this input clears all data fmm .
the FIFO, allows the EMPTY output to go I‘ilgh
+ and forces both cutpuis RF D/DAVA and '

. ”"HFD/DAVB High. A High level on QLI'AH @
,'\ 1 a]iows the data'to trans[er through the HFO

- ‘ Bldlrecﬂonql Transfer Comrol The FIFO has
,'_' bidirectional data transfer capability under B
" conirol of the DIR A/B input. When DIR A/B 1s -'A.
set Low, Port & becomes input handshake and
1. Port B becomes cutput handshake; data.
transfers are then made from Port A to Port B,
Settmg DIR /B Hagh reverses the handshake .
. assignments and the direclion of transfer. This
s bldlr@piionai control is illulstmmd in Table 1,

P i

tHon changs xs to be made the recommended

L progedure istoa” A

'(l) Force and hold CLEAR Lo,

Cdesired direction; -
(3) Force CLEAR quh

o (2) Set DIR A/B to the level requlred for the

' Empty and Full Opemtion. The EMPTY and
FULL output lines can be wire-ORed with the

"EMPTY and FULL lines of other FIFOs and
, FiOs, This capability enables the user to"

“ determine the empty/full status of a buffer con-
- slsting of multiple FIFQs, FIOs, or a combina-
“ion of both. Table 2 shows the ~various stales of

o '.LMPTY and FULL,

R

' "Poth ' PertB .. S
. DIR A/B Hmndnhake Handshake " Transfer "1
N 0‘ A.f“ G o Imput. 7 od Quiput N AtoB -
17 o Outpub i) Input BtoA. g

. Kumberof . -7 :l‘ e B

o Byian in WFG . EMPTY FULL

Lo UoHeh T Lew

T B TR K. Lew .4 .
128 vl Low it High

Tdbin 1 ﬁlcliwctim:ltxl Cuntml I'unctlcm Tubl@

The FIFO buffer must be empty before the
direction of transfer is changed; otherwise, the
results of the change will be unpredictable, 1
© FIFO status {5 unknown when a transfer direc-

X

Tubla 2. $lgnals EMPT‘{ atnd FULL Opemtion Tubia

Imamonnactmn Example F\gure 6 illustrates

a simplified block diagram showing the man-
ner in which FIFOs can be interconnected fo

! ; extend a FIO bédffer.
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" Flgurs 8, Typical Interconnectlon (Blmplifled Diagram)
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Functional —~ Quiput ﬁnuﬁle Operation. The FIFC provides;
Description  a separate Ouiput Enable {OF) signal for each/ i
{Continued}  port of the buffer. An OF cutput is valid only.by s

when its porl is in the Ouiput Handshake_;, i
.0 tomode, The control of this output function ig -
shown In Table 3, Signal OF operales with ,/{}
lines DIR A/B. A High on a valid OF line o .1
. oy _3-states ils port’s data bus but does not afﬁect
‘ " the handshake operation. A Low level on'a
‘ " valid OF enables the data bus outputs if its -
; o ‘_ port is in the Output Handshake mode! Note ,

the Output Enable pin. " . S

RISy

xw.u‘,.

'i-.IF

that the handshake operation is unaffecied by rir, NOTE, X = Dot arals '+ ¢ oo

_‘ED}R E/p OE,\ OEB Tt Functicn\- gl

o IR

Dzsab & Part A Outpui ks
. Enable Port B Ouiput

C-D isable Port & Output
i pable Port B Output

‘K i';‘_,’ Enable Port A Cutput
Disable Port B Output

O R L TV
r l ‘,__ Dlsable Port A Ouiput.
L DIS?,bIB Port B Output

i

" Tub!n 3. Outpu! Coiitrel Fisnetion Table .

ot

: Absolute Voltages on all mputs and oculputs with respe\,’{ '\
W . Maximum to GND ... 00 ,......'...—OBVto-iYOV
: Batings Operating o
o o Ambiept Temperature UL As specified in . -
. AR ' ! “Ordering Information
o ’ . Storage. femperagure Cvea. BB tot 4 180°C

Stresses greale:l')khan thase listed under Abaolu!e Maximum
Ralings may cause permanent damage lo the device. This s a

11 b stress rating only; operalion of the device ai any condifion above

those indicated in the operational sections of these apecifications &
net implied, Exposure o absolute maximum ratlnq conditions for
,exkendsd periods may a(fpr! de\nce miiablilty. -

S RIS T P

i‘ ant At 0 HVE A

Standard ' The characteristics below apply for the’
Test . i following standard test conditions, unless
w Conditions
sl s 0 GND.L Positive current Hows into the referse

enced pm Standard conclmon., are as follows

otherwise noted. All voliages are referenced to -
bR TS

s X +47%V<VCQ$ +5.25V
@ GND = 0 Vi : ’

ﬂ} Ta as spectfieci in Ordermg Informatlon. All
i ac parametéers assume a load capacltance of
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Symbol . Parametar Min: - Max ' Unit Condition ‘ S
Character-
littcs iy Input High Voltage 20 o Vo +0.3 v _
' Vig " Input Low Voltage 0.3 et wh e .
Vey - Output High Voltags S 24 LV Ioy = ~250 A
Voo o Qutput Low Voltage 04V oo = +20mA
e T : BRR R v Iop = +3.2mhA
: : ! . :
T . Input Leakege LT EIET pA T 04 s Vi = 424 Y .
ToL . Quiput Leakage ! Lo 10 ph 048 Voyr = +24V
" lee Voo Supply Current : 200 ‘. mA .

NOTE: Voo = +5V £5% unlass otherwlss specilled over spscilied temperature range.

Symbol -, , Parumeter Min . . Max Unit v Test Condition -
Ci ‘ "Input Capacitance He pf . - Unmeasured pins '
. Ceur 7 Qutput Capacitance 15, pF -returned to ground @
Cyo . Bidirectional Capacitance b 20 pF &
S L TR
Input ‘ @
tr - Any Input rise time | ) S EED T I ns ., B
t _Any input fall tme.© - e 100 s T ) m
f y - o |
NOTE: | = 1| ' MHz over specifled temperature 'rangs,l‘ r_f,i * EN =]
i +f Ordering Product, . Package/ ‘ I Product " Fackage/ :
: i Iformaticn  Number .- Temp | Spesd Description Humber Temp ° Speed Description
" 78060 EE ... 4.0MHz - FIFO (28-pin) { . 28060 D§  40MHz  FIFO (28-pin)
78060 .7, CS , 40 MHz . Samé asabove - . i7Evs0  PE 4.0 MHz  Same as above
78060 - - DE - 4.0 MHz - Same asabove ' *Z8080 , PS40 MHz . Same asabove
NOTES: C'm Coramic, D = Cerdip, P = Phatic; § = -40°C o +85°C, 8 - 0°C 10 T0°C :
. , R ‘
o 3 :
Gy D
E -
SR P4 : .
) m ! s P
f\ S :
. f ' - Ao ')!. UL e
s Ln Worbegd M (ERIe ]
;
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‘F?iP'O 2-Wire Handshoke Timing. Timing for
“ire interfocked handshake operation is
wn in Figure 9, The symbel, description

and values for the numbered parameters
{Figure 9) are given in AC Characteristics.

EF Ko. Symbol ‘ Parameter Min Max  Units®
¢ oracter- = A
iPows 1 TsDIACK) Data Input to ACKIN | to Setup Time 50 ns
y ' 2 TAACKIRFD) ACEIN | to RFD | Delay - ' ' o e ne
L S 3 TARFDH{ACK) P{FD'_! o ACKIN | Delay ) Q v ns
A 4+ TsDO(DAY) Data Out to DAV | Setup Time S S 5G , ns
S § o TADAVIACK) —— DAV 1 10 ACEIN | Delay wemem— : o -
L 6 . ThDO(ACK) Data Out to ACKIN 1 Hold Time ; 507 ns
R 7 TAACK(DAV) RTKIN | to DAV I Delay” 0 ng
e 8  ThDHRFD) Data Input to RFD | Hold Time - 0 ns
§ - 8 TARFDHACK) BFD | to ACKIN 1 Delay 0 a8
10— TAACKL{RFD) e BCKIN 1 10 RFD 1 Delay 0 ng
11 TdDAVH(ACK) DAV 1 to ACKIN 0 ns ®
12 TdACKA(DAV) ACKIN t to DAV | © 0 ns
13 TAACKIN(EMPTY) (Input) ACKIN | to EMPTY i Delay .
O R {Output) ACKIN {10 EMPTY 1 Delay -
% 14 - TAACKINKFULL} (nput) ACKIN | to FULL 1 Delay
. . o {(Output) ACKIN | to FULL | Delay _ :
I 15 — ACKIN Clock Rate {input or Output) : 1.0 MHz -
N 16 TJACKINKDAVE) (Bubble Time) ns
3 17 - TwCLR “Width of Clear to Reset FIFO . 700 . ns
b .18 TdOEMDO) : OF | 1o Data Bus Driven " 0 na
| ., 18 ToOR(DRZ), O 1 to Data Bus Float - ns
" nores: ’ .
* Al Uming references aesume 2.0 V lor a logld 1 and 0.8 Vior a
logic 0. Timings ave greliminary and subject 1o change.
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