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CHAFTER 1

IMTRODODCTINN

1.1 SECOFE
Thig mannal provwides =he infermation neceBBary to install, opeorate
and mainhtain the DMcT1l 1 ine unit. It is prganized 1lnto Eive chapters

and one appendix as faliows.

Chapter 1 - Lntroduactian

Chapter 2 - Instaliatien

chapter 3 - Regiszter Deacriptlieons and Programming Informatlon
Chnapter 4 - Detailed Lescription

Chapter 5 - Maintenanoce

pppendix A - Iktegrated Tircuit Descriptiaon:s

This chapter provides a yoaeral description of the twoe hbasic
variatiana of tne DACT11 Line Onit. They are the remote ukit {MEZO1]
and the local unit {MHZD02),. Some background material on Cyeolir

Redunfancy Checking {CRC) mechods 1% presented also.

1.2 oMci1 LIME OWIT GENERAT. DESCRIPTION
The DMC11 Hetwork Link coneists of a synchecnous lins upit that 1=
coptralled by a microprocesswr. The DMCT1 is used to interconrect

POF-11 cemputers !'n local and remote network applications.



This manual covers four models of Fhe line unit. Theyw all centsain
clrcuicry fta accommodate QDDCMP and Bit Stuffing protoccls. Howewer,
they are zontrolled by the ZMC11-Ab Microprucassor which handles

ooly DOCME,

DME11-TA and DMC?1-Fa Line Hnits {Remats)

The modyle desdgnation for both these line unite Le Mazgt. It
corlaing meodem control and level conwer=gion logic that is
fompatitiblg with koth RTIA/CCITT Y24 and COITT Wi ipterfacas.
“he ZHI11-LA ia ahippad with a cable that accomradates only the
EZRACCTYIY ¥24 interfsce. This line unit hae a raximum speed af
19.2k bpe. The PMC11=FA i5s shipped witt a rable =hat
accommpdates enly the UCITT W35 interface ard has a maximom

sposd ol DEE Ly,

PMZ2-1-HMA and TMCI11=ML Linc Units [(Leo=all

Both of these line units have built-in mademsa. The module
Arsignation For the ZMC11-MA option Lls MERQ2-¥a. It aperates

&= A speed af 1M bps over coaxial cabhle uwu to 5 makximum distance
oS B220 feet. The module desigration For the IMC11-MD rnption ia
Mz2n2-v¥3. It operates at a dpead of LB ups nrer coaxial cable
N to a maxisum distance of 18,300 faek. The coaxial cable is

not included with either aption.

1.3 OMC11 T.IHNE UNIT SPESIPICATIDNS
DHZT 1-MA and SHS11-MD Lige Units (Lacall
Oparating Mode Nalf duplex {aingle zabkliel,
full duplex {twa cableas}

Tala Furmat tynchronons serisl by kit, TSR firat
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“haracter Hize

Block Check

Thata Hate

Haximum Distani:

Modulation
Transmitter Tim
Fepgrpiwer Timing
Tdope loterface
Commopn Mode Pei
Transmitter Iig
Eeceiver aigrel
Cakle Tvpe
Connecbor TFTE

Mouoating Space

Power Consumpti

OMC11-84a and DR -
Operating Hods
Comagpnications
Data Format

Characrter Siza

[

1.1

ectiom

nal

-

H onies

14 bit palynomiala: CRC-1& and
medified LDHRC-COITT

1,3¢0,000 bpe (TMo] 1 -WAY,

Ca,000 bps (DMCT1=MD}

6,000 foet (TMIT1=MA,,

15,090 feet [(MNHT11-MD)

Liphase {double freq.? HEE

KU O5c.,; krimmable E5%

Troam receiwved signal

Travsformer couploci

San ko 1

4 uwolbka B-I' {mic.)

15¢ m¥ (min.} F=F

Belden EB237 wr eguivalent (nut =coplied)
RME 20606% scoTins

Cne hox 2PC slot (ODYVIB, C or ), cul-
oot pormlis cze i end slota of
hazkplane aa well, praovided the Unilus
infeut zlote contain low helght

(% 2.5 in.] modules like the M230.

1.0 »n ak 5 v

048 noat =15 W

L0718 A at +13% W

Fa 1.ine Onita [(Hemote!

rhacreal

Full ar half duplox
FPrivate wire or switched
Svnchronous, serial by bit, L3B first

5 hbita

/=3



Block Thagk

Fata Rate

laoterlfaan

Nodems

Signrnals Supported

Catile

Hiunting Space

fower CDonsumpklon

16 bit polynomlals: CEC-i18& and
icxdified CRCO-DOCITT

Up to 19,200 bpe [(DHC1-0A)

Up to 56,000 bps {DMO11-b2)

R3233< or DZCITT V.24 compatihla
(DME11=DA) , CCILTT ¥ih ganpatible
(ODMC11-PR]

Bell 203, 20Y or equivalent
{THC11-DA)

Ha& tranamit data

03 gserial clocx tranesmit (SCT)

EE receiva dara

DD serial slock receive (80

CC data set ready

Cr data terminal reacy

Cd recuest to send

TBE clear to send

CE ring

23 Yoot with EIA connector supplied
7o hex SPC slot (DD11B. o2 ar [,
cutout permits use in end slotg of
backplane as well, pravided tke Unilbus
in/out helght (% 2.5 in.} modules like
tha nK230.

3.2 A at ¥5 ¥

371 A at -15 ¥

L3 B oat +15 ¥

-4



1.4 GEHNERAL DESORTETION

T
!

1.4.1 Introductlon

This gectiopn provides a general descripticn of the M3271

Lipe TUnite. & moro dctallsed description at the Function lewvel is

contained in Chaptoer 4 Tetailed Descripticon.

The BMC11 Line UnilL= {M2201 ant HRZ02)

associated with a synchronous communications dewvicae.

—— Farallel

to gerial data conversion.

Serial ta parallel data copversian.

YN charactor detsction.

Leading S¥NL character ESLripping.

—_ In additicn, the line units can perform the following

Modem canbrel and monltoring

Cyeclic redundancy characker testing.

zerc bit stauffing

zero bit stripping

. Auntomatic
Automatic
Automatic
hutomatbic

Automatic

flay transmission.
flag recognition.
aborl geguence transmigsion.
abocrt seguence recognition.

pad character transmission.

perform the standard Lunctiona

Thaw ara:

FunckiocR=.

and MA20E



L2 Nlperating Modes
The line units may operate in either of twe ricroprogrammakble modes.
The mcdes ares:
1. LUCME mode - This is an S<bit byte made of cparation. It
is destgnod for tks highly efficiect hvte orimnted.
2igital pata Communications Massaae Prowoool [OOCME)

Leing the CRC-14 polvnumial.

2. Hitatull mode = This ie a kit orilectad moce of aperation.
1t ie designed for the hit orlested measave protocols
using the Cleg arnd abort seguencss and She medifled

CRO-CZITT polynomial,

Tha line urit provides a datas path between the mizroprocessnr and

a@ daTa get (ar local link} and vice WEE NG .

1.4.71 Micraprozessory - Line Unit pata Path
The folleowing discussion is keyed to the blocsk diagram shown in

Flynpra 4-1.

The micropropesecr and line unit commUnicate throuwgh two

unidirerction data paths. Signale ALY o-7 compriss Lhe data path
from the micreprncessor &n the line unit. Tae line wnit aAppears Lo
the microprocesany as A reglstprs, Tha data iz passed to the correct

reaister by control signals CROM 0-73. Sigral OBW is the strabe.

The line unit communicates with the mluroprocesasr through the Line
Onit In Ges (LU IBTUER). The microproceasor contrals 411 readling of

Lhe line unit registers,

/=6



o

Yarious malntenance signals are passed to the Maintenance and
Miscellaneous Logic. These sisnals sontrol the functioning o7 Lhe

recodiver and krasacitter in the mainteEnance mode.

1.49.4 Transmitte:
The tramamitter portion of the line unit ceonsidts of three functional
groupa of logiz. "Thoy are:

1. out patas Rilo

2. Transmi-ter Ccntrnl

3. Trapsmithor JRC Loglo

This logic perlorms specifiz parts of the transmieelon functioon.

The functiovny arrc csplawrned below.

Tne Oub Data %ilo is sean s & wrike only register toe the alcoro-
procefgsar, The Transmitter Control logic gees it as a butler. The
5itop 1s a Bl word deep dota path hetween Lhe microprogessar and

the Trangmitter Contrel login.

The hardwere zmplemsntatisn of this sillae 12 through the use <t FIFO
iPirst Tn/Flrst Cuz? devicea. The s5ila eifackt l8 necessary hecause
of the speoed dilfleresce between the serializatlen process and +he
data awvailable from She wmisroprocesgor. EBecause nf the apeed with
which the microprozTesao: zownld luvad characters (conceivably, oo
charapter mvery 504 pcancseconds) and the speed ak which the
characktera fan a+ sorializad [(uwsing dial up facilitias; HFPEDK}MEtEl?
ane character every 167 microsarends}, there muet be o multlcharacter
byFfer. Additiorsliy, in order to reliewve the microprogram of the

nead ta have cimers in order to know whoo £2 load another messagn

=7



or when £ end 2 message, the tranamitter control bita (SOM - Start

20 Message and BOM - End of Mesaage) arte siloed =luo.

A tyrpical gaquence of operation is:

1. Microprogram loade SOM inta the oot Control reglster.
2. Microprogram loada data into the out Dats Silo.
1, Tha Tranamitter detects 50M ak ths =ilag octput.
a. Request to send is aeserted by the transrmitter,

automatically.
5. Clear 1o Send azd Data Set Beady coms tria.

B. The transmitter is enabled. Serialization begins. .

B luny a8 the S0M kit is true, the date belng serialized is not

included in the CRC eowmputation.

When the Tx Control detects a character available trow the sile -
without the 30M bit aet, it imcludes that character, apd all the

characzers fellowing ik, in the CRD computation.

When Z0M is detected, the Tx Control transmits the TBF {heok
“haracter (called the aCT), If moxre datus follows the EOM, a new -

CRC computation is baguwn.

1.4.5 Receiver
The recsiwer portion of the lire unlt consists of Eklrer Functional
croups of logie. They are:

1. In Data S5ilg

£ Agoeiver Control

3. Receiver CR Logic -

/&



This logic performs specific pRYLE of +he recelve functlem. The

funectione are ewslained below.

The In Data 2ile is =een by the micrToprofessar 43 A read only
register. The Rx Contrel =Sess it ag an output buffer. The silwo
13 a 64 word deap data path between the BX Ponbral and the

microprocesSor,

The hardware implemaentation of the sila is similar to thet used

in the tranemittaor. Input o the In Data Sila iz controlled Ly the
Ex Centrel while oabput L4 controlled by the microprogxam. Th=
gile l= present for the same reasons mentinned in the diascusslan

opf the transmitier.

a typical seguence of spevations is:

1. Thr receiver hecomes actlve aftar detecting the fizakc
data tharacter preceded by two or more eynochronlzing
gequences [one flag seguen<e iln the raae of Blt Stuff

madel .

2. The Jdata rharacter is included in the CRC cemputaticn

automAatically.

3. The data character i= loaded irto the silo by the Xecolve
Conkeosl
q, Tha micrnoragram detecta (by bit testing] both In Retiwre

atbd In Haady [(bits & and 4, reapecstivaly, of the In

Contral registert. ,f-ﬂ?



1.

1

. The mieroprogram reads the Is Dats = ) I

(=3 “he 8ile presents 1n Bdy with each Bubzequent charascter.

T. The MigroprogEam, havicyg determined when the Message ends,

cheeks the BOC Matoh bit [(hit (0 of the In Tnrtrol ragiater).,

If the blt ig zet, the mesaa9e Wad no Anrtecsted errnrs.

B Ir Bit 3ZtuffF mode, the 3lack End bi- tBEit ° af R12)} 1=

vt with the 5C0 Matzch blt, if na ecrrors wirre detected,

1.4 8lgnal Coaveraion and Maintenance Togic

Thre: nigqrsl converzslion and maintenanca logic providse sgtomat i modem

fontral, clack scurces for the transmitter and receiver, and the

receiyoar daLa source.

1.4 BEEICE P CYCLIS REDUNDANCY CHECKING

1,501 Mathematlcoal Baskground

.

a

ri

W2l ie code message gonsists of a Spacific number ¢f dats hits and
hlock Check Character (RCC) that is colMputed by bhe CRC logle. Let

Bzusl t£5¢ total pumber of bitse in the messsge and k equal the npumber

uf dale Lite; thon n=k eguale the number nf kila 154 the ECC.

/=/¢
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whe rode meszage iu derived from two polvnamials which are algaebrais
repFeaentations ai Lwo binasy wards, the gecerator polynomial PFlx)
snd tne me=gage polynemizl G[0X). The generater uoiyaomial is thne=
type af ecode used (Cx-32, CRO-14, CRC-COITT etc.t1 the message
polynomial L2 the string ul serial data hite. The polynomizle are
unsually represantes algezraically biF a gtring of terms in powerg oF
4 much az KOS, ..= 2% - %% v x = %% (or 1}, In pinary form, a 1 is
placed in each pussbian taat cantaing a term: ahsance of a tcem 1=
indicated &y 2 0. fThe cconventien fellowed in this manual iz to
place the least signpillcoast bit {xﬂa at the right. TFor exams=lrn, if
a palynaomial s agiven as 2t Fox o+ 1 Ets birary representation is

20011 {3rd apd 2rrd degres toerms are oot praseirt).

Civer & messaye r2lynemial S(¥) and a genprabtor polynomial F(X), the
gLiective is tw wonstrus:t a oode Beasaqe po.ycemial FI{X) +hat L=

evenly divisible by FiX]. Tt L2 accomplishred as followe:

a. Multlip_y thne message S(X] by 0~k yhere nek iz the sumber
of ity 1n the BOLC.

b. The resua- ting product x0~F [3(x]] is Adiwvided by the
aenerator ;-:':-J.:-.-'l'lc-l?lia]. [:l:x:l -

[ The qusticnt is clsregarded and the remainder CH{X: is
added Em the prodoecl Eo yield £he code message polynomial

Fixt, which is reprosented as 2™ F [Gix)l + Cix).

/=]



The divisicn iz performed in binary wilthout carries or borraws. In
this rase, the remainder is always one bit Leas =han =he divizor.

The remzinger is the BC2 and the divisor is the denerator polynomial:
thersFore, the bit lengtk of the Biec ig always one rss than the

number of kity in the gonerator pelynomlal,

A sinple example i axplained below.

1. Given:
Mezsage polynomial Gi(Xl=110011 {x° + x%* &+ 3 ¢+ x'Yy
Genorator polynemial PoX(=11007 (¥4 + x3 1 13

G[X) contaivs B darta bits
2K} contains 5 bits apd will ywield o BCO with 4 bite;
therefnre, n-k=4
2. Multiplying the messwuge G(X)] hy xb-k giveg:

2%7% pgimy1=xT (x5 + w9 4+ x = xlyax? & 8 . g5 o

The bilnaxy egquivalent of thi= product containa 10 bita

ard ie 110GF#10000.

3. This product 1= divided by F{X}

/=2



100007 ‘—u—-qu-:i:ient

T LXK et 1001 E_11|:|l:|1 1n000 wle—x0-% [G{K)]

T#001

10390
11001
—————

100} e Bemaindce=C (L) =BI0

d. The remaicder {(¥] is added to xn_k (5(x)} to give

Fomt=11004v1100% .

The gpode meseage polyhomial is tranemitted. Tha receiving statlen
dividaes 1t by thr same generator polynomial., 1f theye i\ oo &Xror,
the division will produce no remainder and 1t is assumed thet the
meseage ix correct. A remainder lndicatos an error. The diviszlon
i% =zhown bhelow.

LRI Ry

DM g 1001 1nun111nu1 g— £ (X

110024

b e
11401
17004

AQ00 e o remainder

1.5.2 Hardware Implementation of CRC

The RBQC 1l computed and acegumalated in & 2hift register durindgd
tranemisston. Another shiit register iz used during reception to
examine the received data and BOC. In each reglater, the number of
atages l= eguael Lo the Hdeuree of the generating polyromial. Io the
1ine unit, the rogisters have 16 stages LeCaluss 16 degree groerating

polynomiale are used. SDLC uses code CORO-CCITT whase generatar

/—/3



pelynsnial is %'° + x12 4 x5 41, LpoMB uses cofe creeqs whosze

FenerataT polynomial ig %18 4 w15 ¢ %2 4 4.

otk The sranstitter and receiver CRU reglsters have cuns=rol logie

Laz: ollows the registers to Le vuonfigured far the =selected oo code,

Whi- & message apd aTcompanying BCC oharacker have haoen recveived, the
SR Inglz only lndicates whetlier the meEgager iE in wmrror ar pot. I+

dons nol correctk 2rrors por does 1t aver enumars e or lccate erruars,

Under protaocol discipline, Lthe sending stakionc is reguested to

——
re--ransrit _he medsage,
1.0 CEC Operation in DLUMP Proatocol
farzr DICKP protocol coentrel, ©hgoe oreration iy exacslly like that
drzcribed in Paragraph 1.2.4.1 Mathematica: Reckyrownd,
=

Tae Lransmitrer and roceiver oo registers arc initialired %o all
0s. At the =monding station, the tranemitter Cgpeo YeyglEter acgapts
Lhe infzrmetion bheing transmitted and azuumuialas the BOO,.  When the
lass biz of informaticn hes hean tranemizted, Lke cantentks of the

-

tranacilesrt CREC cogister are Lransmitted.

At the rsroeiving station, the information plus the & hit BOO ix
examired by the racelver cpo register. AL toie and 2f Lthe message
ticforzatice plas ECZ)y the contentas «F the reveiver TRC reglster
zhzuld read 0 if the me=8age 18 errorleee. “ho CED arror debtestion
low v ssserws a flag if the rteqgister rteads 0, 1% an agrror is

Fresent, Lhe reglster reads pon 0 and the flag iz nob asserted. The

eVt



line wnit édaecs not soupt charasters so Lt 1s the proyram's

responsibility to look for the ORC errer flag atc the proger time.

1.%.4 OCRC oparation in SDLC Protocol

Tender S0TC protoonl uontriol, TR0 aperation is slightly difforent tnan
thar degcrihed in Faragrazh 1.3.4.1 Mathematizal Rackground. rhs
dilferances ara:

1. Tho lacesr xF (%05 + w4+ x + 1) La added se x7 laix) |
whick corresponds to inmltializice the trapsmittor RO
regigter e &l 1a. This function is eguivalant to
invertinyg Lune firat TR hits of [H) .- Tais allows deelkleczion

af the nedition or deletior of C3 at the leading encd cf the

s sage Aue T crrESrao18 f]_ﬂ"g charackEers.

2. The acpumitatad Bre, whleh ig calleod Frame Check Seduerce
[(f5c] iw Lka 3DLC mnode, iz complemented before being
transmiLbad., This resclta in a unigue nop-0 refailoder
(01441750 at the roccLver ., This allows detecktiar of tne
erromouuy addition or deletion of 0= at the traillang edge

of the mesisage due oo oErors,

L

, BE Lke repeiwing stition, thoe receiver CHO raglster i
iniLialized to all 1a. Thre information plus the FTL
romstitutes the message and it ls added to nk
fwl3 ¢ x4 4 % + %] and divided by TIX] to give U18d417g,
if tne tranumission is ecrrorlesa. T1{ an error is present,

tkhe flag is aunsusurvred.

/75






CAAPTER 2

INETALLATION

2.1 SCOPE
This chapter prowvldes informatien for inetallation asd checkout of

the MEZOT1 and ME202 Lline unnits.

2.3 THPACEINMG AND INSZPECTION

The line unlt comes in four verslone which are deacribaed below.

pMc11 -0k (Foxr EIASCCLTY ViId Interface)

ME201 - Linme Donle Module

BECOBR-% or BO0DAS-1 - Iatarconnact Cable
BCODEC=25 = Maodem Cable

H3:iL - Teat Ceonnactar

pME11-F& (Par SCITT Y36 Intarfacel}
MA201 -~ Line Unit Module
BCOSE=1 or BOOSSE-1 Interconnect Cable
BCOEZ=2% - Modem Cable
H - Test Connector

DHC11=HMA [(Local 1M Lps)
MAZG2=YA -~ Line Unit Module
ECOAR=1 or BCOO&ES-1 ITnterconnect <Cabhle
12=1228 - Coaxiaml Teat Connacior

DHCH1-MD iLncal S6FK hpx)
HEz202-YE - Iipe [Dole Hoduls

BeRAE-1 &ar RCOBE-% = Interconnect Jable
t2-12528 - aaxlal Test Connector

Inspect these partse for visible damage. Report any damage oOx shortaoga

immediately %2 the aklpper and the LEC reprezepkative.



2.3 PRE~INSTALLATION SETUF PROCEOURES
HOTE
The lipe unit cannot funckior without the
DHC11-AD Microprocezsor [(MARZOIY. I+ isg
asyumed that the DMC11-AD hae baesan installed
and checked out in accordarce with Thapler 2
Inetallation of the Microprocasser manual

[(EE-DMCUP —MM=00317) .

Geforae installing the line unit, check the jumpers and ewltrhas to

be sure that thkey are irn the narmal canfiqurazion.

1. Jumper g
The MEZ01 Line TUnilt containa five jumpers (H1-W5). The
M820Z Line Unit contalns six dumpars (Wi1-WB). Refer kg
the compoanente locatiorn drawing in the print set to lacate
the jumpers. The normal jumpsr conflgurations arp describecd

In Takle 2-1 for the MB2D1 and Tablae 2= feor the MEZOZ.

Z . Switch Packs Ko. 2 and Hao. 2.

Switch packs no. 2 and ma. 3 ars bosh S awileh DTPs. Switca
Pack o, 2 ig Reglistoer 15 and §is inszallsd Lo loostios EAT
&n the M8201 Lipe Unit and tn location B90 nn the MBZCGZ Lice
Unit. Bwitech pack no. 3 is ERegister 16 and iz installed in
loeation EHE on the MBZNT Line Unit and is Location B3]

aun the ME202 Line dnit.

=2



Tabkle 2-1

MEZDT Jumper Configurations

rﬂﬂ. Jumper Heorma l
Mumber Configuratinn Funetion
W Installed With thie jumper installed, the transoitber

R character Ls not iocvertod by bthe TRC

ey lLster outpuat yakts.

Ithis jumper must he in to onsube Proger
nparation of cndes CRC-19 and CCTIT under
Thr discloline of DSCHMPR and 5it Statt

protacols.

Ealh 3 she user remevas hhis Jumnper for same
sperclal reascn, the Traonsmitter O3
character la inverted by ehe CRO reqgisho:x

cutput gate. Tha diagnostic will feil alao.
W2 Installed Jumprnes W2 and W3 are used wogether.

w4 Femovrd With W2 install=sd and wl Tomoved, the madeom
Tata et Beoady lizne caontrels the scate of

wignal 316 MODEM REY T0.

WiTh W3 ipstalled and W2 romoved, sigeol
716 MGDEM BELDY B is always asaerter. This
— Featyure accommncdates modems that reguire

nakta S5et Eeady o be on continuouanldy.

., W Ingtalled TJumpers w4 and W5 are daed together.

Wk Eemowed With Wd inetallsd 2nd WH remowved, sicnal
N15 DT B contrzls the state of theo modem

SJegueat to Send line.

With WE inm=called and W4 removed, the
Beguest to Awend line is on wontinuously.
This feature ac-commoadates modems that

require whis cordition.
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Jumuaor

Humbear

i
Wi, Wi
Wd, WhH
T F:

Kormal

Takle 2-2

MAaz02 Jumper Conflgura<ions

Funotion

Configuration

In=2kallaed

Hemowead

Romowved

Eemavnd

With this jumper inztalled, the Exansmitter
CRE character 1s not inverted by the CORC

registar putput gate.

This jumper must be in to eneure proper
cperation of codes CRO-16 avd COITT under
the discipline of DDCMP and Hit StufE

pratocols.

If tne uneer removee this juemper for some
Epecial reason, the Tranemltter CRO
charagter ie inverted by tka CRC raegistar

autput gata. The diagrnestic will fail also.

Whnen ineralled, the modem recelver protactian
transformer is disabled. Ipatallsticop is

ni:L recommepnded.

When installed, +he modem transformer
pratection tranasformer is= disabled.

Inztellation 18 nof recommeaded.

Inetalled for te=wilre half-duplex sparation

onlw.
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Whe:: the lice unst modale is shipped, all awitoneos in kath

packs are OFF. This ix the default status {HTTHJ.

These mw:heohes are a functien of the down=line loading
Featura wi Lhe DMEMotd. after installatian, the switches
can be pojilLloned w0 accommodate the users reguircmaents,
For detsils, refar tu Chapter 3 ik the microprocessor

manual.

3. Gwltch FPack do. 1
Swibteh pack no. 1 is an B switch DLP that is installed in
location EZ6 on khe MEZ01 Lioe (Tnit and in locatimnn EF29 oo

the MBZ02 Line UniL.

For the H8201, all switches except ne. b are used. For the
MA202, 21l switches exgept no. 4, 5, and & are usnd. “lhe
nM and OFF positions and the awltoh numbers are mark:d on

the package. Twe switrhes are tho racker type and are Tushad

to the desired poepiticon.

Table 2-31 deacribes the normal conflguration for awitch pack

ne. 1.

.4 INSTHRLLATILOON ANT: CHECEDIOT
The M8201 and MA2C? Line Tnlits are hox modules. They do net interface
with the Upibos =sc modulc odge oSonpecktors A and B oare not roquired. &8

a reault, the corper of the module in the wlelnity nf the & ann F
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Ewlock

qumnao-
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Table 2-3

Contiguration of Switch Paek wo, °

Horma]

PFosition

QRE

OrwE

i

WEF

Sunctian

With B1 OFF, sicnal D°4 GRTF is low which
endbles the follaowing ROMs .
Tranemitter Function Decedes ROM
Tranamltter TCata pecods 20M
Emrcaiver opecode Z0OM

Fecgiver Function koW

During servizing with the sutomatic moduole
tester, tF 51 i=s OW, signal D14 GRTE is Eigh
which disables thesr BOMs.

With 82 OFF, sigral D14 99 CRo is 1o,

which allows the O%C Feacotion to be emabled.

Wich 32 ON, che CET Functicn is inhikited.

With 33 OFF, =lgnal D14 3F MODE 1s low
which inhibits operaticn al the line gnit
in tke secondary mode. Thes made is

apprlicable nnly 1in the BiL S+t Ff protanala.

With 54 QFF, Received Data,. Modem Reoceive
Clock, and Modem Trans@it olock aro
prescoptad to the like urit throudah the
EIL/CCITT Vid interfaca.

With 84 oW, these zigrals ore recoived
e .

through the COTTT A5 irtarfaces.

This switch is used ounly mn the WHZO1 Lise
Tale,

Nzt Deed
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witch Mormas
Hunbher Position
P OFF
i) Hodulre

Dependont

Tahiae 2-3 [(Cont)

Cconficuration wf Switzh Fack Ho. 1

Function

zignal 214 SECURE ie asusociated with this
switch. Ir iz pit 0 of the Modem Cuntrol
Begister. This hit is reserved and i=

read only.

Signal D14 59 is agoooiated with this agwitah.
1+ ju read only Bit 1 ol Lhe Modem Control
Degqintel. 1t i read by kthe diagrustics

and indlcates the type ol line unirc.

WizTh an K2201 Line Unit, &7 should b= Jk

14 5W i=s low).

wirh an MB202 Tine Unle, 537 should ko OFC

(=14 5W is higal.

With 52 o, the internal RC clock 1= eEent
to the moded cable conoecIor (71} on the

MA201 Line Unit.

Muring servicing with the RA3IZL test
copnnector trnatalled on the modem cable, the
gD oclock is sent back o the line nEit A%

the transmit and Tepolive cleocks.

puring normal operation, Lhe Bwitoh saculn

remait: OH.

'his switch is uneed only oh tha ME201 Linw

Unmik.
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conhneeter:s has bheen removad. This aillows the MBZD1 or HEZ0? tao ha
installed ip the ond =lata of the DOT1=E, ¢, or T Svetem Tnterfacing
Inits. Tno module plugs into connectors wy D, By a8 F and fitsg
ower the Daibue cable tonnecturs and ahort length {apprax. 2-1/2 in.

Unizus toroinatsr that are inetalied in connectars n and H.

Froczedi with +he installation and checkogt asz followa.

1. install the MAZS1 or MA202 Line Unit.

i Intergonnect the lipne unit and the microproceds gaing eable

i

BCOBR-1 or BJ0E8=1 which is a one—-foot long 40 conduckar flat

mylar cable with HESS femala Sthpectore on 2achk end. The mating

FUMNectar on the microprocesscr and Line unit *% an HEE4
rale copnector., On the micraoprocessor thie co-nector is
fesignated J1. 0Cn Lhs MB3201 Line Unit it 1= deszignated J32

and on the MAIC2? Lipg Unit it is T1.

el

. On the MB2D1 Line Unit, install the RCAG0-24 zpbhle R
connector J%t., dn the other erd of this czb'e, z2anfnoct the

N335 tesab zoonector,

On the MHZOZ Linc Unit, install the 13=13L7G acaxial teagk
cinnefttor which tiee the two zoaxial nig-talls together,

Theose twe 3-foot cables are soldersd +o the MHZ2C2.

. Eun MATINLEC-11-DROME and DOOMF to verifyr correcot line urpit

operakion,
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p— c. Eun MATHDEC-11 DBOMG to verify correct line unit/microprocessor

ayatem aperation.

E. Hamove the test conneccor Exam the line unit.

MEIO1 - Cenkcect thae BCAGC-25 Cinch cunnector tp the customery

suppliad madem.

P KB202 - Cansect the coaxial pig-tails e theo customer

supzslied coaxial cables.

CRUTIOH
The maximum allowable length for the BCOSEC

Pl aor ECNSE cable i% 53 feek,

2.5 JUMPER AND SWITCH CHECELIST

mahle -4 represents a conelae chackliat wfi the MA20] and wMi2cd

Line Unit awitch settings and jusmper popfiguration as shipped.



Tahlae 2-4

Jumper and Switch Checklict

Jumper Configuration

Jumper DHC11-on DMC11-3n OMC171-MaMD
Oesig, HME2(01 M3 anq Ha202

i LK i B TH

w2 g I auT

W3 oo onT anT

T4 M IK anT

L) anrT oy CiIT

=] A i IN FORE HD

Settings Far Switch FPack Ho, |

51 oFF aFF aF¥
g2 aFF OrF AFF
53 {OFF ) O JFF
E4 OFp N GFE
55 (WY OFF OFT
56 UFF FF OFF
=7 an s aFF
B8 oN CH OFF

Settings for Switeh Pack Wog, 3 and 1

51-34 JFF Opp CEF
MIITES !
1, Ewitch Pack Locations

SP'T-E26 on MA201 and EIS an M920z2
SP2Z=-EB7 on MS201 ard E20 an ME2032
SF31=-E88 on ME8201 and Foq an MS202

2. fll switches OFF in P2 and E1'3 rapresants the defaplr

status. Reference the DMC11 Microprocesesar Makrual for
detalls om the use of thege ESWitchra.
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& fd LoChAL LINE CATRLE

Thiﬁ seption discuuses the gzlection, instzllation,; and maintanance

oaf the local link uakple.
oabhle muat deliver tne qunerated pignal Lo

amplitude to ewxceesd hhe receivar threshold

wealal

gigqunal from external eigctrisal noise.

2_6.1 Selectian

Por use in the DMC11, igital reecommends tho BPelden BZ32 double
Ehislded (triaxlal} =able, or its eguivalent. The eloctrical
charactaristice are lizted helow. The nominal spesificaticons are

glwen upleza stherwise stated.

InduekEanca

Capacitance

vael., of Prop.
Impadance
Attanuation (Mdz!

1
10

a0
1d4q
VYoltagse Rating
Swegp Teat
Copductar G realatance

ehield O reslsktance
[each shield)

01.097 micrchenryesft
{_.918 microchenry=s/meter)

17.3 oF/ft (56.7 pF/meter)
TE%
75 ohme
da/ft
.25
.a
1. R
2.7
176H Vrma
22 4B min.

14.5 ohm=/S1000 ft
(111.5 obmaskm)

2.5 ohma/s 1000 £t
(.53 ohms/km]

=

a muAt serve twWe FUEpnRS2B. The 1link
*he receiver with sufficlent

apd it muat shield ths



—_—— ——e et i

The rrouired phyaical charncteriaticeg atems
Tria=xial

Tellylar polvethylene iecaulatian
20 AWG centar condpggotor

The Belden 2232 cable meets all of these requiressnta. The cahblas
provides the required 75 chm mateh to the line unit tranamitter

and rengiver circuits, lts dauble 50ield providez mxaellent noise
rejectinn. The combination of the 20 Ao venter conducktcr and
cellular palyathylene dielaeactric provide low =slanol Los2s and
distzrtian. The polyethylene jecket has excellent weather and
abrasion reslstance,; very good chemical resistance, fair flexibility
and it does not contaminate tho other disleclLeic. tdzher typical
conmuticatione cable kypea (.., typleal RG S9/u cozx with 2% WG
coenductor] using a salid Fulyathylena dieleciric and zingle ghield

sannot be used for a e0C0 faot connectine.

Wher selneting cable, several factoro must be conpsidered in determining
ce&hle atipnuation. The wvalue 9iven by the cable vendcr is for Coom
temperature and is neminal, acing subject to dueviation up to 204,

The attenuatleon incresases with temperature at approximately

0.20%/% © (0.11%/% FY, mr 56° ¢ (1227 B) an sdditioanl loss of 5%

ever the raom temperature specificarion can ha eRpeutad. Fipally,

use alk clevated temperaturesz causes aging at a Emsz<zer than normal

rate, and after 5 years, could produce Yt anolher permancnt 108
incr¥aase in attenuwatlen. Thuys the initinl nom:nal 3.6 dBES1000 £+

lesa could becawme, after 5 yoars gse at bigh temperature, 5.2

dB/1000 Ft worst case.
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2.6.2 Inatallatinmn

The characteristics of the local link cable showld be meazared

prior to installation. In particular there are two parametars thal
tha use¥ =zhould measure and note for future referencn:. Thess are

the propagation tlme delay, which can be measured with a pulse
Jenerator and an oacillaoscope, and the de resistance of the zable
with the far erd «F the center conductor eheorted to the inner shimld.
Por tha Balden B232, theae parametere can be expected to be nomlinally
1.39 psfft and 32 shmes1200 Ct. Cnce the cahle la inetalled, and
hoth ends are therafore not available at the same place, the latter
parametar @an atill he measured eagily, and the former can he

meagurad by nze of the TDRE method described 1n Faragraph 2.E.3,

While installing the cable, make & complets map of its layoat,
ghowing the position of the zable with Tespect to buildlingse,
equipmant and so forth, and alsa the locatiorns of all access pointa,
includipg not only aplices and in=line coonnectors, but pull hoxes
alaoc. Carefully measure and record eable lenythsa betweer landmarks.

Such a map will greatly facllitate maintenance.

The upesr myat rake the following factors into account when ingtalling

the local link c=abla,
TEMPERATTRE = The poalvechvlene wged as the disalectrle material 1n

mmet coaxial amd triaxial cables begins to soften above an® c. A=

the conductor moves off cenkter, waritdtinons in cable characteristice
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@ocur. [f inatalled wnder tensicn with sharp batris, the conductor
may short toa the shilield. additionally, Liae ocpes rircuit resistance
should ke measgred afFtar ieastallation *o prsure A7ningk sharts
incurred during installaticn. This resistanpce ghionzld he = 20K chms,

The clofed cirewit resistance should be 3&.1 ohrs/ ft.

MOTSTIRE - Molsture ar maoistiero-related impurities may enter the
cable through cute or scratches in the ortaes Jackrt or throughn
impraperly installod coenectors. Minute amounts of water vapar will
sundenss intc water, which can migrate along the brald., Water
condensed from 4 pollyted dtmesSPhers: oan contaminate the entire
length of cable, shortesn itg lifetime, and gerloysly degrade

Ferlormance.

ELTL.THE TEKSTON - Faor mo=2t enviroomental zoaditlions it is generally
Broferred that the cable be inskalled in sonduit, through which

the reble must be pulled. Nuaring instazllation, the =atal Fulling
tenslaon on the 20 AWG center conductar muat not excond 12 pounds

=1

For gasc in malntenance it iz best to divide Ehe makle into sections.

For long cakle runa in condugit, it s cenvenjent Lo have a pull box

every V00 feet or eguivalent. R Qg degree conduit bernd is agqual to -
A0 fee: of straight lewvel conduit. T i% recommanded that an

antiiricticn aAgent he used during pulling, provided the agent 1x

campatibic with the cable jacket material,

a=14



SPLICES RHN COBNEC™IRS - The cable lavout should provide accoss
peoints for test purooses and for replacsing defective sections.
(Goe Paragraph . R.2.1.) Strain relief must be provided at all

gplices and in-~linc cunnecbora.

RECOMMENDET WIRING vracTTURS - Chapter R, hrticle B2 of the Kational

Electric Code defines wiring rulese for commubnications wircults.
These rules mest 20 obserwved for safe nrmeration of the DMC1t., Tn

narticular, noTte thene provisicna of the codas

"rommunlcocation coniduztsrs shall net be placed in 2 xaceway,
cumpartment, eutle- box, junction hax or similar fitting with

conductors for light apd zower. o 2"

"Commukication roeaductors may ke Tun in the same shaft with
conguotars for light and power provided the conductora of tho twWo

sYystemsa are geparat<d by al least twe inches. "

"Snitahle protective devices muskt be employed for wiring Delween

buildings.”

SURGE WITHSTAKD CAFRAHRTLITY - The recclwver hae no provisilon for
protection against nnemal mede woltage surges excecding 30 V. If
surge withstand is reguired, the uwser must install a Separate

elrcuilt to condition =ignals to the receiver.
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HITSE = The ME202 is designed to cperate Wilh a common mode rejection

rafio & SU00:1. Ccable salectlan, Inetaliation grounding and neise

—

Sufpressiaoh are means of Yieducing line error rates.
2.E_% .1 conmectors - The Following compotents sre recommended fox
use in joininy cable sactions and atsm for connrcting tha cable to '
“he MAZGCE pigtaile. R1I of thesa components whirk are shown in Flgure
£=-1, are mapufactured by AMP Inc., Marrisbury, Fenrsvlvania.

Component Digital Fart Humhar AMT Part & i

Cable alamp 12-11432 20BdB2-1

Male housilng 12=12527 20e132-1

Mala pin 12-12001 BGE3E=2

Female housging 12-12524 200lE0-1

Female pin 12=12007 DEhgd-—2 -
The connectars are installed hy crimping the pln= to the cahle; the
rrecEmendad crimper ia the AMP Tvpe VI, 202393«1. It is very unlikely
Lhat one can install & pet of connecters without e pairing tha usma
ol ar zjector, to remove pine tLhat have been josarted incorrecely; -
Lae proper ejector for the abave pina 13 the AMI 303183,
The pin holee in the housing and receptacle 2re numzered. Whopn .
werking with a connector, always arient it so thas aole 1 ig at the
tnn, then hole ¢4 iz at the battom, and the holasz on erither alde
are 2 and 3,

I
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70 BE SUPPLIED

Figure 2=1

Local Link Cakle Connectors
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1.

L]
'

F

Tae cable clamp agsembly 1lg supplics az a4 akell, two
Screwd, atd three clampg, of which 1 he ane {ar the
largast cabhle Bife phould be wsad, Ziide the shall ocnto

the cable.

Dresz the center econduckar hack arouga sa it will Fit
into a pin with the 2in crimped to 1es izeulation a3
wll as to the conductor. Tirass botd shields hazk abount
arother half inch, and teaper chke “inal half inech of the
inner dnsulation so that ite Fip fizs icto the pie, and

abkeut & guarter Iinch fit= into the conneckar, alobhy with

the menter conductar, Cximp the pin to koth che canduckar

and its insulation, and lnsert the Fin in kole 1.

frparate the inner shield inta two Parts, atzach plns o

=hem, and ineert the pine intoe holes - and 3.

"ull +huo outer =hield together, ingulate it from the

inner shield, crimp a pin ko it, and insert the pin in

Aol 4.,

Girew the shell into the hous=ing, and 2o rw the clamp to

the shell.

1=

screWw the other ring of the female hoeusing over the male

housing,

2 =18

Zter mele and female connectars have frgen mlugged tooether,



Loth MAZ202 pigtails have female cConnewtoXs., therefore, the local
link cable cusl haw: a male pounectar. The connecktors at the end=
n® Ehe cables are ingtalled in Lhe same mapnocr degoriked abowe
evcept that at thr =nds the outer shield must be grounded as
degoribed in Farvagyxaph 2.6.%.2., The male connectoxr shown ir Figurre
9-1 i% made up ley the computer connectinn. The wire aticking out

tha back end af the copnechtor is the outer shield.

2.6.2.2 groundine - The outer braided shield of the cahle must
bz grounded mear, but not Lo, the comnputer syatem chnadsis. The
grounding conducts: should he connected to a water pipe slectrode,
ar if pmone is awaiialle, te the power gayyice conduit, serwvice
cyulpment slogure, or yroanding nlectrode coaductor where tha
graunnding condoecior of the power servlce 15 zonnected ko a wator

pipe electrode al tha bunilding.

when peither of the abave means ol grounding 18 avmilable, it ig
permissikle to gomnect tha grounding conductor to the gervice
conduit, servicre eguipment encloBUTE, grouadiny electrode conduchor,
aor grounding olectrode nf Lhe power gervice af a munltigrounded

neukral powesr SHy¥nlan.

T¢ ir is impoeeibls te greound the cable shield by one cf tne akove

methnds, connecs Ehe grousding condumtor o one of the following:
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i &4 oconcrete-encaaed electrode of not lass than 20 feet
of bare copper conductor, co smaller than 4 AWG, =ncased
in at least 2 inchee of concrete, sand located within and
near the bottem of a concrete foucdation footing that ia

in dirgct cantact with the earkh.

2. An effectively grounded metal structure.

E d continuops and extepsive undergroond Jadaplping svatem,

where acceptable to both the servizing gas supplier amd

tz the authorlty having jurisdicticn.

4, A dground rod or pipe driven into permahertly Zamp earkh,
WARERNING
iy
Under no circumstances shall +ho grounding
conduster be connoacted o a stean or not
water pipe, a lightning rod conduc<nr, or pipe
cr raod glectrodes grounding avker —hnan
muliigzocund neutral powor circoufies.
>
2.E.4 Maintenancsa
For mainitonance purposes, the yser shonld keap a =ooerd of the initial
callg characteristics, particularly the propagation Lime de:lay and
shoert circult line resistanrce as indicated at <he beginning of
Faragraph 2.6.2Z. Once the gystem las aperaticral, recard thea received
gignal amplitude at the M22Z02. Then rereat this meaguremont at EVErYy
~
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scheduled PM date /gt leasli fowe timas per year]., If a deviation
of 20 percent is% ooE2Ived .n the #ignal amplitude, disconnect both
ends of the cable from the MAZ0Z and measurs both the open clrcouit
and short olrecuit resistansze of the line. IC the measured ocpen
cirgult Tesistance jis less than 20 megohma, inapect tha cakle Lor
contamipnation of the diplectric, and for adverse effepts of sharp
hendp or 4treEs poills, @levated temperature8, Or agiag. IE the
line resistance whith a shurkted end lncreasaes ahave the walue
meagured at lnetallatich, inspect the crakla faor loose caonnectars,

ceantamineted copnectord, aad excegeive tenaion.

LOCATING A DEFECTIVE SECTION = An chmmeter can be used to diagnose

an opan line or a low impedance shorted lins, by checking one section
at & time until the faulty seccion i% located. IF the cahle is no=
partitioned Llnto small enough seetlons, the distancee ko tha facl:

can be meagured by making use of time domain reflectometry (TDEY.

Although TOR cakle tester= are available from Tektronix and othercs,
a pulse generater and oefillescope can be nped for approximats
measnrements. Diaccnnect Soth epds of the cable, apd drive one and
with a % V peak, 100 ns wide pulse with a repetition rate below 0
kHz. Meapure the fime interwal betwsen the leadipg edge of the
drivan pulas and tha leading eddge of the first refl=ction. The
raflected pulse will be in the 10 m¥ to 1 ¥ range. Tt will bLe
normal for a line wpen, but ipverted fer a bine short. Figure I-1
shows typical ¢dcilloscope traces for woth cases. The time iptsrval

repregents the propagation time delay for a round trip from the signal
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generator to the faulit and back again. The distap¢ee D to the faulk

in feemt [(meters) L

D = T fZp
f4

Whearsa Tp i the measured =.ime delay in nanoseconds, and p 13 the
nropagation time in rancseconds per foot (moter) recorded hke=fore

+the cakle was inustalled.

2.7 FUTLL DUFLEX HALF DUFLEX OFERATICH

The OMC11 is caoakle ol elther full-duplex or half-duplex cperation.
The microprograr controls the transmitbter-receliver interaction ic
half-duplex mode in oeder Lo minimize the line contvol contention

Arohlema.

Whila there sre Few snnsidsratione reguired when salecting half-duplex
operation of the DMI11-DA nor DMC11-FR Line Units, eareful thoucsh=n
should be given ¢ the selecitlion of full ar hall-duplex gprmratiaon

of the OMI11-MA=IMC11=MT —~igo 1TniEs.

Full- or hall-dupiex cperation of the DMC11-LDASFR regquires selescting

the proper data =2et and informing khe misropregram that half-dunlax

moade huas bean selactbed.

Operation of the PMC11-MASMD Line Units regquire hardwars
congideratione. Full-duplex opeation redulires two separate local
link cables. Half-duple= operation reguiresa owhly ene. The twoe cable
Tequirement Eor full-duplex speration cannok be eliminated through

the use of A dual Ceax Iriax cabhle.
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While full-duplex aperaticn Faquires two cables, -t alge provides
L1l throwghput potential. Half=duplex operaticn implies half the
throughput potenelal but ragquiree ol one cahle. The followlac
fautore shouwld be considerad when selectieg full-duplex or

balf-duplex cperation.

1, Traffic Flow - Is most of the data J&ing one way or ig

gata flow nearly eguel in both divrections?

2. Unta Rate - I3 it necassary to use maximum dats vate oW

and ik tha foresecable futursn:

3. Cabkle Expenge — Iz2 the two rable full-duplex aperatian

warth the axpenga?

The Towal lisk line units (DMCTT1-MASMD) regulze installation of
the WE jumper for half-doplex aperaticn. Thls wllows eltber line
uanit platail ko ke uged 25 tha output eonnectlon ta the lecal link

aakble.
her conneckion to the local link cable is iede 3o “hat the locail
transmitter pigtail 1% connected to the dliutant recelwvnr pigtail

throuyh the local link cablae [Figure 2-3).

Tn the case of half-duplax operatlon, the connection Lo =he leecal

link cable ia made with afkher af the Pigtailes Fiyure 2=3}).
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1 .
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;, _ Iz
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o
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:'_f;(';-f; CONNECTION TO Lﬁ ﬁ :g_ L
UNIT FECEIVER PIGTHILS o
PREEFRRED. NO t
CONNMECTION TO
TRANSHMIT TER
PG TRILS.

fHALE DUFPLEX

Figure 2-13 Full-Cuplex /Half-puplax Connackione
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CHAPTER 3

PEOGRAMMING

3.1 THTRODOCT LON
Thiz chapter containg gekerzl programmiog infermation. Th ix divided
1wto two sectiaons: wnon lisks Lhe regieter bit functiens ant the

other discusses Eruauramming procedures.,

3.7 EEGISTERS ALY DEVICE ALTEESS SELECTION
The ning registers nsad iw the liece anit are ahown in Table -1,

They are all A bit ruisktoon.

The DMC11 (microproceszsor plus line uwnit) is assligned a device
address in tkr: L{_wat:ng addresa space whicn ineludes addresses
TECOI0 trhrouch 7ad4007, The: devlice address gelection logilic ism
located physically 2z The microarocessor module. The line unit
registers are gelected by four address signals from the

'I]].iCIGFIIIEIE-BE BT .

i.3 REGISTER BIT AFLZIGNMEMNTS

Bit asaslognments for all the rTegisters arc: shown it Figure 3-1. IF
applicaple, bhe Esgizlexr ieg described by showing a kit assignment

illustration apu an accompanving takle that discusses «ach wit in

dotail.



The rebla thak copnecte the line unit and the microprocesggans

cankAine two bBuses. The IWN BU5

(IBTIS)

carriea informatlon fFrom

Zine unit to the microprocessar. Tha OUT EBOS [DEUS carries

information from the mleroprocessosr to the lims uniz.

Line Unlk Registeras

Mame

1a Data Eilg

Jul Datas S5ilo

Tt Control Register
in Caonkroml Regigter
Modem Control Regilster
Eynz Hegister

Raglstoar 15

Gegister 16

Maintenanve Regiaker

Tabhle 3=-1

ddreog

14d

14

T

14

17

Comments

Read only
Write only
Head wrlice
Eead//write
Readfurite
Head/write
Bits are switch Belectable.
Pead only.
Bits dare switch aelectable,

Read ohlw.

Read  write



rd

N DATA SHLO REGISTER (/&)
(& =3 e x> 2 o &

| ——— 1 1T 1 I |
ﬂ.-‘? 7A

rvar—

OUT CONTROL REGISTER (/1)

e

DA TA

— e —

N CONTROL REGISTER (712}

A
iR

,f’ YAl mem | BCC
’)%A 2500 e

AN L
ACT .E.d?ﬁf E‘ﬂ}"ﬁ

AMODEM (ONTROL REGISTER {3}

AEAD ONLY

ouT | OUT auT Vileibire, _ EADSWRITE

iR LACT //4 ROY %/ / ;',f rEo [om| SEALMAT
OUT DATA SILO REGISTER (. fcﬁ) B
v T ' | WRITE ONLY

READWRITE

BING | JTR HE Hﬂ \ﬁ.ﬂ}‘ r_‘s W ﬂmg‘ﬁf,qg/wﬁ;ﬁg
& ﬁj;r:' REGISTER (f-y .

j’;{ cf;ﬁﬁ ;ﬁ' Jfl'fﬂﬁﬁ:ﬂ#? ADRS REAG] WRITE
 REGISTER /F |

5I75 ARE .;1;-1{{;1;";; J’fiff_??.‘lﬁiﬁ READ ONLY
REGISTER /16

l =T 1 1 R

BITS ARE SWITCH SELECTABLE READ oNEY
MAINTENANCE  REGISTER (17}

go |@x {51 \ocor|icik o i;g’fff" READIWRITE

Figuare 1=

[lne nnit Regis=er Configurations

and Hit Resignmenta
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.30 Dats 3iln Registers
Toe Llice unit cantaine two data sile registerg,. "he

5ile which is read oxlv ard fhe Tut Data Sizeo wh- ok

tWwa buses (In Buz2 and out Bus)l that leterconngot ik

microprocessor allow these reqgigters to share the o
10 npotal). When register 10 4is selectad aon +ha In
ir +the In Data Eillg iz zead by the mivroprocossor .
duta character from ke receojver. When register 10
the Qut Busz, the miCroproceE80r writes data inkto Lk

Taiy iz an A-hie gata charackar to be transmi-ted.

Rath =11%s are 64 % 12 bit FIFO=. Tha In Mata 5!l

cach cartain 8 bita (0-7 &f tha Ella}. In cazh vase
4 bils {E-70)} helong to another register. For the T
these are pits D-3 of the Ik Contral REegister (1- 4
Out Dalka Silc, kEhese are hite N-31 of Lime Jut Coptec

cotall.
In Tontrol Fegister bita 0-4 sre cpdated savery tinoo
eead. Thereofore, they must be read heforg regJisccy

they will be laost.

tat Tentrol REedglister bits 0-=4 ara passed 2 the tra

' arae the In Data
is write only. The

 line unit and

abie address

flus, the data

Thie 1z an S<bit

22 sclectad opn

e Omt Data Silo.

wad Gut Data Silo
s the remaining

n Daka 2ila,
ctali. For the

- Hogiater (132

reglstor 10 is

1 15 read cr

namitter through

the 2ilo every time register 10 ig wrltten irnto, The:&#Fnra, if

conlrol Information is to be passed, those bots miLs

before regigter 10 {3 writtan into.

L be writien into



3.3.2 rut controal Regiscer (Figure 3-2]

o Bit Hate

n TSOM
[Transmit Starl

of Meszogel

hegaription

Tnig kit 1z uscd Lo initiate the start of

A new Rnessdde.

pracMpr  Medeo: “he Sync character musbt
ra lpaded into the [ut Data Silo along
with the T8S0M kit. Thia character is
transmltted as the Syne charactor until
TsoM % cleared. Until it 12 cleared, Theo
sharasters are nob inclwuded in the TRC
acoumulation. Whar TS0M is clearern, Lhe
present Sync characler ig tranemitzed
acd i foilowed by data. &1l data is
imaluded in the CRS accumulation, it SORC
is emakled. 0Once TSOM has been set, tho
cwre accumulatler canpot be inhiblted

wnleez tho Line unit Le initialized.

Git Stuff Mode: When TSOM is set, a flag
charackter is autcmatically tranamitse:l.
The character 4$hat [a loaded wilh the T5EOM
hit is lgst, Tlag charéactaras ara
au=omatically tranemitted as long =5 TE0H
ig sut. Whern data i3 to be kEransmittod,
TEnM i% cleared and data is loaded into
the Qut Data Sila. AEb the cempleticon ni
che currcntk flag gharacter, the aczual
tranamissicon of data beginzs. 211 icZocrma-
timn to be transmitted iz included in the
CHC accumulation, if the CRC functicn 1=

anahled.



Bit

MName

TECGM
[(Transmit End

of Mezoooae)

Cege=ipticon

Thie bit is progyram write wnly. It is
clearsd by the iritialization logle and
by the fa¢t that data was loaded inte the
Gut Data Silo. Tkils bit iE lcaded intno
the =i1lv and paszsed to the tranemitter

thraugh the =1{in,

This bit 12 psed to terminate the mMeEZage
in progress and control the +ranemizaion
of the CRC character, if the CRC functien

is ¢npabled.

ODCHMP Mode: Wheo TZ0OM is sat, the OHO
character ia transmitted. Tf no mor:
measages are pending [(T50M clearsd)l, the

tranemitter is shut duwn,

Eit Stuff Mode: Whan TEOM ls =et, the
character lorded with it is lost. The CEC
character is transwitted. TIF no more
mesgaqges are pendine, the crawsmitter is
shut down by having a sacond TEOQM in the
Filo. This generates a single terminating

or inter-message Flag.

This bit 12 program welte only. It i cleared

by the iniltislization Logic and by

I=6

-



™ pa rallef with

OUT DATA S/ O |

A
/ ~

léf43£;’ﬂ|

T Tl

ouT OUT | RESFRVED| 7TRANSAMT START
ACTIVE | READY OF MESSAGE
( 750M)
OUT  RESERVELD BESERVED TRAMNSMIT END
CLEAR OF MESSAGE
( TEOM]}
NOTE

8175 @—J are passed Lo the Twns fﬂ%:’r

2HIOU f,%ﬁ hio Pyer fg Lime reqlsicr/
¥ &,

wrilten 19 d— af.a‘m iy
-’:Enf' !Z«‘S;??J '

WAL TON /5 Lo t‘.?
be wrillen 17 c%s re fegisterid 15
Wi lest 1ML,

Figure 3-2 mut Control fegisbter Formal
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Bit t2ame
2 Keserwved
and
a
4 CuUT™ Ry
(Gut Haady)
) Roeserwed
= ST ACTIVE
T LR

[0t Clear)

Leacripkian
the TEEF Flip-flor which iz s=t whenever data
is :Dﬂdﬂh inteo toe fmt Data Silao. Thisg bit
1=z loaded inko the =110 angd Fazaseagd to the

trapsmittexr through ke silo.

These blts are program write only, They
are cleaared by the Znitialization logic
and oy the TH1P flip-flow which is met
whetever data 1ls loaded inte the Dut Data

Eilo,

When asgerted, thisg hiz izmfoarms the
mieraoproceagor theat the Lransmitter 1s
ready to asvept data. 1< indicates that
gpace 145 available in the Sut Tata Sila.
The mlcroproceascr luads the Ccut Dasa
Ellae and then reads U™ RoY. The szeed
of the miprovrocesssr allows 90T BEDY to
be read and intergprrted as true Lefore
the 8l1lo has loaded Lhie data. Thercfore,
one cycle must elazse bheatween loading the

eilo and reading oJr EDY.

This bit i= read only.

Bead only. This bil is switch zelectable.

OUT ACTIVE informs +the microprocessor of
the statusg oF the cransm:thkar. When 1k

isa set, Lthe tranamizter s ac-ive.

This bttt 1= read o=ly. It ls set by the
bhardware and cleared by tho initializatian

logic.

Thils Wit is uged E£3 elwar il the transmirtted

funetiona., OCLRP s projram wrilte cnly.
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3.3.3

Blf Hames

a BZC HATCE
[(Block Check

Character Matonl

1 BLOCK LEHD

o Rezsarvad
and
k|
4 I EROY
{in Beady)

In control Begister

{Fagura 3-3)

Teacripbtian

Lo MATCH is the output of the roalver
eun arror leoyle that monitora the zonlents
=f <he CBC reqister. With the CRC Funcblion
enabled, BCOC MATCH Ls assertod at the and
al an errorEleszg messade. 1a the OLOTH=
protecol, the senteri= of the Receiver QR0
pegister gyuals zere when an errurleds
nuasage has bheen received. In the S0LE
protecol, the contents of the Ragelyer TR

Kodgister egual D1E417.

This bit ie read only and is updated every

time reglstex 10 is road,

BLOCKE RHD is usod Lo inform the microprocmssor,
in 20r.o mode, thabt & termipatling flay has

been teoeeived. This £lag mey he the

leading flag for the next mMeEaage. The

BT.OCKE END kit is lmoded with the nigh zyto

¢f Lhe CREC character; therefore, whe SLOTE

ED blt along wlth the BCOC MATCH bit skhoald

“n used to indicale recepticn of o good

mnokZaga,

rnig bit is eread enly and ls not uwsed in
+hr OLCHP mode. It i3 updated avery Lime
reglacer 10 is road.

Road only.

wWhen aggerted, this bit inlarms the
misroprocesscer that received data 1a ready
for progessing. It indicates that data

ia available at the output of the In Data
Lila.

This bit is read only,

J-8



In paralle! with |

A DATA SO
A
|'?j@ slelzl2l/s 10

TTTTTT]

INACTIVE | IN READY |RESERVED | PLOCH CHECH

CHARAMTER MATCH
(BCC MATCH)
IN CLEAR RLTERNATE RESERVED  BLOCK
EINE UAFT END
L ODP
(AL T LOOS)
NOTE

BiLs g~F aye f.;;aa’ati?o’ every Zyme
Fﬁgﬁﬁ-ﬁ?r P 15'read. ThcreRre, they
MUSE b read refore @;}/.5‘5‘6/’ SO
15 read or rhey wil be st

Pigure 3-3 In Control Reglstnrt Pormat
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Elt Hame
I|I.l._'\.
5 ALT L1 LOOE
(Rltegrnate Lite
Unit Leoog)
= IH ACTIVE
P
S 7 ICLRE
{In Clear)
F.3.4 HMod @m
- Bit Wame
] SECOERE
1 =8 ]

CJonlrol Registar

Descripticoe:

Luring malntenance,
loon the receiwver on

a0 connectlon to the

thiz bit Lla set to

the tranmmlbzer with

modem conkrcl lines.

Thiz bit ls program read writnr.

When aggerted,

microprocassor that the receiver

the data

rgpoption mode:

chisz kit lnforms tb =

L8 in

thart i=s, it Ls

receiving data or RO charaoters.

TDCMP Mode:

receipt of the first

EILC Mode! IN BRCTIVE

receipt ot the firat

Thiz wit is uxsed To o

recelyver functions.

ITLRAP iz program writ

(Figure 3-4)

Descrip

The Function of thkils
future use.
salected by & switeh,

when the =switch is OF

The functlsn of this hic 1=

feture ase. Thiz Tea

selected by a switch.

whern the awitch 1a CFF

T/

1M ACTIVE

ig assecrlLed upon

non=synT charactas.

ia apsertod JURECLR

daka charartar.

lear all the

e only-

tion

kit is regerwved Lur

This read anly Lit is

SECORE ig amserLed

F [open:.

reserwved Tor
d anly bit Is
CW iy agagertad

(apea) .



|7 7 @ £ 1T\ 2|/ o
OATA HALF | CLEAR | SECURE
TERMWI | DupLEX | To SEND
(D7) (#0X) (C5)
RING  REGUEST  MODEM SW
TOSEND  READY
(RS)

Figur= 31-4

Modaem Contrel Register Format
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Bit Hamao
o
2 LB
icleaxr to Sernd)
3 MODEM EDY
[Modem Beady)
—
& 4 HDX
[Half Lup.sex)
-'-i_-

F BE

(Hegquest to Send)

Desoriptlion

The 02 bit icforms the MicroprocesscT nf
tbte state of the meden Tlear to Send line.
Thi% bit and MODEM ROY [(kit 3 must br
agserkted pimultansuusly to yanerats SENT

wkich 12 the trangmitter enabling signal.

This bhit i road oaly.

THe MOTEM RI¥Y bit infocxrma the mioropracesaor
af Lhe state of the Wodenm Ready line. On

the WAEH1 Tine Tnit, this =ignal can be

Eeld assertaed permanently throudgh the oso

of o 1umper. ©n the MEZ202 Line Onit, this

signal is assected when power is turned rnn.

This wit is rcad only.

The HOE bBit is used to pet the lipe unit
in the half=duplex mcde. When thkis kit anAd
+he Requeslt to Send bilt are asserted, =he
receiver flock is innlbited which blinds
the raeceiwver during gperation ic the

half-duplex madr:.

Tnis @it ia program read/wrlte and car oe
directly cleared by the glear signal Zrom

ihe MicFOpFrOCREEE .

The E5 hit informs +he micsroprocesssc al
the state =f Lhe modem Reguest ko Send
line. This bit is gontrolled py Lbthe line
unit legic ard not by the microprocessor.
[t is cleared by abeence of data or oy

tae initialisatiaon logirc.

Thi=z bift is read only.

F-/3



o+ Namm Desicrim-dioan

4 OTH The DTR b:it enavles the modewm via the
(Cate Terminal Data Termipal Ready linsz. This hit ig
Ready] Frogram read wr-Lle. It is direectly

set by the initislization logle but it

can be zclearcd nnly vy wricdiey a 0 into it.

-1

LRI The HING biL informs k9o microproceasszor
al the state of the rodem ing line.

RING i3 dinhibited oo the ME22E Line Tnis.

This bit is raad cnly.

.35 Sync Regiater

lhe Sync Register ls  an 5-bit program readswrite reqiskbuer,

DOCHE Mode: The register is loaded with a prograr zelectable gyhe

character.

SLL0 Mede: In the secandary mode, this raeqglistar 1= loaded with
gecondary staticr address. This 8 bit charanter foliawg the initial

Zlag in the SDLC message Forma+s,

J.3.E Switch Seiectsable Beglsters (R15 arce E16&)
Both ol these zeglsters are DIEE containing eighl uswitches each,

The sroyram determines the function of hoth regialers,

3.%.7 Malntenance Rogister (Fiuyre 3.9]
Eik Hame Descripbie-
u ML The: MODE Lit selects the protoccol

{(MDCMP or 3DLC Lamil:iesz). When set,
ALCHMFE 5 smalected; wheoo acleared, Siuno

is selectend.

During initializsavion, the CTEAKR =ignmal

from Lhe micraprocess=sr setg tals hit to

F-/F



Fignre 3-5

Maintpnance Registar Foarmat

F/5

6 |4 “t g |2 | ;| o \
TP
|

GUOTIENT 1 OUT oM HESERWED| MOODE

4 |G

(43) READ
(oY |
IOTIENT SERIRL IH Ci ?_.r‘lfd — TNTERMAL
J
UT N F; #ﬂip o7 CLOCK
READY
(TCIR)
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BilL

Lt

]

Mame

RS

[(Tnternal Claoek)

Reserved

ICIER
(In Compocelte

Trnput Ready)

AU
[Out Composite

Jubtput Heady)

=1
[5erlal Imput}

=L
(Quetient Lo}

i
iduatient Outk)

e —————— _— [

Tescrlution

—_—"

g2alact LDDOMP, This Git can be cleared
[BDLE gelectad] oniw hy wrlting a 2 into
it.

This kit is read wroim.

EC5 1= the output of cthe internal up
clock (approximateiv 10 ¥Hz) .

This bit iz resd oniy.

F=ad only.

A
When asserted, tnisz bit irdicates that
the In Data 5ile ls ready to accept ca=za.
Thie bit lxs read anly,
When assarted, Lhis bit Iindicates that )
data is ready at the ocvtput of the Ouc —
Data Silo.
This bit ia read only.
I 1s the serial input dats From the
moden,
This kit is read arly, —

L i=s the lesst siguificant bit oF the
Faceiver CRD Reqgister.

Thia blt iw readf only.
2N ie the least significant bit of the

Transmitter CRBL Register.

Thia bit is read ocly.

J/E



2.4 PROGEAMMING FPRLOCENTREU
The following prograwmning procedurns wast be unsed to posSure pPraoper

operation of the line Jnit.

1. rranemls Stmit of ®essgaqe (T30M) and nrapemit Rod of Messaqn
[(TENM] are bits 0 and 1 of the OJut Control Register. THOM
and TEOM are lcaded ‘into this register by the microprocessol.
These kilts sare gent irom the Jut Cfuntrol Reglater to the
Tramemilter Ryl fer wher the microprocrascl lnads a character
{sync, data, 2te,] into the Cut Intz 5ile Register. LI seet,
. +he contral bit {T50M oOr TEOM] goe® along Wwith Tho charazter.
Howewer, tho -oad siycal fer che out Tata Sileo alse clacks
the TRIP flip-<lop which c¢lears the T5OM and TEOM bi+ts in

o the out Coontrol Regieter.

Theraefore, =always lnad the TS0 or TEOM kit inke the Outk
Conerel Eeg  ster before loading the Ouk Data 5ila. Th=
control infaormaticn 13 cleared from thls raglster aubomatical ly

aa the 0ut NData 5ilos accepts the data.

- 2. In the S0OLC mede, the data wriltten into the Dub Data 2ilao
with pither TEHEOM or TEOM ia lest. This i amp internal functian
that i: periormed automatically by fthe trapnsmlitter control
logic. Puyagically, this is accomplished by inhibiting the

loading of tne Transmihther Data enift Hoeglsier.

— In place of the shifc register output, the transmitter

it
rt

centrel lagle transweits a Flag characpkerx whan TSCM is
amd it sanmds Lhe trapsmitter RO check cvhaxacter when TEOH

ie &sct. If both TEOM and TS0OM are =ct, 16 zZaroes are #ant.

—_—
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BCC MATCH awd BLOCK END are bits o and 1 af the In
Control Register. Physlecally, they are fart 2af the 2341
FIFOE that consktltutse the In Jatsn silpo, wWhen the A data
bits of the In Data Silc are road by the microprocessor,
BCC MATCH ard BLOCK EWD are ioat, These kits are read as

part of the In Control megister.

Therefore, always read £he In Control Hegizter hefore

Yeading the In Datn 3ile.

ln the DOCMP made, the BOC MATOH f_ag is pregented with
the CRC check characker that produaced the maesh

infarmaticr.

In the Bilt Stuff mede, the BLOOK EKD Li* i3 assarted When
the terminating Flag has been racelwed. Tals hit is loaded
with the high byte af the [DRC Cha-k Charazwer, Tharefore,
the BCC MATCH bit slong wlth the IT00K ERD kit gheould Le

need to indicalte reception of an wrrerlenos Nessages.

JF-/8
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CHAPTER 4

JETRITED DESCRIPTION

d.1 INTRODOCTTON

Thiz chapter prowvidse a two leve]l dlscussion of the DHMC1T line uanit,
o functiopal descriptlon ia presented Elret. It diseusses the line
unit logle ie maioer funeziomal groups ot the bhlock diagram Jowed
(Figure 4=13, ke secand lewvel of dAiscussion 12 the detailed
degeription that covers the complete line ualt logic at the sircull

echomatles level as shewn in the line unit print set.

WITE
There are tTwo versions of the line unit,
The MBZOZ2 high speed line unilt is intended
for iocal necwork applications and contaics
an irtsagral modem that nporates akb 1M Lpe
or S56F bp=s. The M3201 low speoed 1ilne unit
ip intended Car remote network applications.
It has =»o integral modem. The MAZ201 contains
lavael conversion logle to intexface with
EIz EBS2IZ0/00LTT V24 pompatible modems at

apeads up te 13.2K bps or CCITT V35 modems at

spocadas up to BEE bpe.

The DMC11 line unit ax moc a gstand-alonn device.
IL musEt be used-with a OMC11 microprooessor. A
separate manpual [(EX-DMCUP-MM-0CY] covers the

MickSPYroZes30T .,

Tho Eirfnt ME20) microproceszord to be shipped

4=/
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neve their RUMs confiqured to cperate wilith
thie ODCMP protocol. A =ubseguent wversion

will hawe BOM= coniigured to cperate wlth

the EDLZ gprotocol, The HMA32071 acd HEZD2

line unrlts can operate w@wlith heth protocols,

1.2 FONCTTONAL ESCRLETION

4.,2.1 Loygis Daseription

Yar the funzstionol discezeion, the line unelb logle is divided

10 majeor sections: as abdawn halow.

L R Parn. Heo.

Peglasters 4.2.1.1
cut Conkroatl Laglic $.5.1.2
It Contrali Taogae 1.2.1.1
Tranemitter Cortrel Logic 4_.3_1.4
Recaiwvar 2ontral Logio 4.2.1.5
QRO Toic 4.2.1.%
*haka 2oz Tnatperfacc Logim 4,.2.1.7
Haintenanmns Lorgic 4_2_1.4
Initialai=za=Ticn Logic 4_2.1.49
TATnEnygral Modem 4.2_.1.1n

*MBEZ01 only

*FMBAO2 only

intes
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4, 2.1.1 Registexrs

The might line unit registers are discussed below. They are all

% kit reogistere.

In Nata Silc Eeglater

The In Data 511lo is loaded with A bite of receivwed data fram the
Receiver Dakta Register. When the microprosessor performs a raad
pooration on this= reglster, the data is proceented =a =he [HUS. Thisz

register uses addreass 10 (octal) apnd ie read only,

at DPata Silo Begister

The Dut Lata Silo is loaded with 8 bits of data +5 he tranamitted
and sends 1t to the Transmitter 3hift reglster. Thizs register uses
addrese 10 [octal) and is write ooly.

nt Contrel Register

“kis register centains the control and atatus information pertaining
to tratsmitter operation. Tt nontrmle the skar+ and end of 2

me2zdge and indicates the statna =of the Oul hass Sila.

In Conzrol Reyister

Thios register containa the control ard status intormation pertaining
to rocoiver operatlon. Ie also contains the reocciver CRC error bit
and a kit that contreols laoping of the receoiver on the transmitepr

cuYieg malnktenanae,

HModem Dantral EKEeuister
Thin redistar containe the atakus Infacmation pertaicing to the modem

centralstatus lines.

G- '
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Syne Eegister
The Syng Reglster is readfwrite and is loaded with o prograwm
ealectable 2ync charscter in the ODODCMEF mode. It is lmaded with the

gecondary station addresz during seceondary station operation in the

Bit Stuff mode.

Switch Selectable Raegisters R15 and R1G.
Thege regleters arse DIPs conbtainlng elght swewitches @ach. The

FECSJram determinies —he lunckion of hokh rogisters.

Malnktenance Raeagiater

Thixs I¢giﬂtﬁr conmtrins staktus infeormation of use during theo
majintenance mode, It monitors te outpuet <of the internal KU clock
and eerial cdaton Trom the modem. It also contalns the kit that

controles the choice of protocol.

4.2.1.2 ﬁuL-Ccntral limgic — The gut control logic interfaces wili
Che microprocegscsy cutpurt hus [(OBOS} which i3 used By the mlcro-
proceggor to sSend fnformation to the lipe wunit. The ouk coakrol
logiec ponaiste of the Ccul Dacta S51le, Sync Begiater, four bits af

the 0wt Contrel Hegister and the regieter decodar.

If thre infprmetion from the microprocessor is part of a measage

ko be transzmitted, it is temporarily stored in the Tranamitzer Jata
BuEfar. If the icformotion is the likne urnit eecondary station
address {Bit Stuff protocol) or the $y¥yne charackter {DDOHP protocol),

it is stored in the Eync Register.
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1.1 In Contral Legic - The in contral logic interfaces with

mizroprocessor input bus {JRUS) wihilch 1 uged bv the microprecesgor

btain information from the lime wurit. &ll might registera in
lins unlt can be read by the misrcprocessar. Excht E-input
ipluexprs are used La perform this functien,

.4 Transmitter Control Logic

Lrangmitter control legle controls cthe -ransmiasion nf B oBit
avkters with no restrictions on messagn lenglth or farmat impased
he line unit. The network protocol determices the mezsagce

G The logic consists of Baven fupcrticrnal units that a¥nm

described helow.

ROMs

Throa

for

Tha

and HEOM Svyne Buffer
voread-only memories (REOMs) are the malor coatrclling olementa

“hy trangmilitbar.

Function Daodds EEH [(POR} decodes the microprocessor inputs and

annirols the setting of TW DONE. This inlormaticn alany with the

currect etate of the loglc detcrmines Lhe neoxt event abh a character

bazis.

Six
ihox
the

ta=

control aignals, incloding threo from the TR, are stored in the
sync Puffpr; After the flag or ay¥nc charactors have heen sent,
buffer 1a clecked only at the end of a character. Thiz alleowa

logic to set up for the next character during the prezent



character while cot affecting the cutounts af the buffer,

The MM Tegel; Comtrot WoM (BECA) formaes Lhe S5it Stuff control

charactera and controls transmitter data path multiplexing.

The mﬁqﬂﬂ 'H.'pqﬂ multiplexes the data received from the TX

ahift register, TX URC register and LDECER. 1t also eontrols the

timiny of trapsfers from the Ccut Data Sile to tme X shift register.

Clock Leogica

In the user mode, the transmitter clock logic uzes cthe modem
trangmitter clocchk co deariwve a group of cloeck zlgrals for the
trangmitter control logiz. Separate maintenrance logic allowa the
podem tranamliter -loock Lo L replaced by the ielerpnal RO clack

or bhe slhgle-eglepped 2luack.

10 F1ip—F1np ard 1= Caoanntoer

—- e g =

The serialixed infrormation thet is to be transmitted comes from the
output of the UDE and is Zoaded inte the o flio-flop, The nutpnt
of this flip-flep aoes £tz tha D5 flip-flop te ke synchronized with
the medem tranemiftter 2losck. The output of the TDE flip-flop i=
converted to ELA logic lewels and then on to the modem. The culbput

of the ToD flip-flcp 13 alzo senk Lo che ts Jounter.

The 1&g Counter kKeepe track <f the number of coneecutlive 1s
Lranamlieted. L bLhe S5it Stolf mode, thils Informatian iz ysed ko makse
pratocal declision: whon trapswitting control charactors and Lo
maintain data tracsnarenacy. Twir gutputs «F the countar wre fen

back to the DPFCR na decigaian making signals. Counkting eonsorutivrn

47



T2 allows the transmitter control Inwic to Jdeoids whabhbes A character

frn an abort character, flag charactor or £iro conEe>itiva 1 in Ehe

o
iata slrgam, When five consecytive 18 appoar in cha data Etredm,
the logic stuffs a 0 as the rext hit +a= srevank tha zending of a
Elay unniiguration (211111901 in the data slream,  The Feveiving
staticn aacomatically romoves tha stuffed 0Ou.
TURC Tounter
The TTEC connter <cuats the piembesr of bBils in eack Jabe character
thot s bracamitted, excluzive of stuffec 0o, tt 2 =50 aounts Lhe _HQ
nanmbier of bits in & contrxal character. It zounls w14 for a CgD
charanter anhd ba B for all nthers. At the lazl bit of a character,
it gexaerates pulsea TOSS MAX H that synohronifes the curreunts aptieon
@l thr tranzmitter data path to the picraoprocessor .
L
SARUT, DOHC amd DRLTa TATE Flip-Flops
Thr $aCT Zlip-flop informs the microprocessoT o tas utetus of the
transmitter. When i+t 1s srct, the transoitter iz acliurc,
'ae transmitter legic sets the DONE Flim=flor tn epnsare cont lpynus i

data. Tt saezz 1t whan a charactor hazs Eean Toaded Ipto the Pransmitter

Bhilft rvergister when FACT is get, or when the Lrarusmi*ter ie clearagd,

Luring Lransmiseion, 1f TNoOWE iz 2till set ot the ené of khr ocurrenk
character, the hardwaroa seta the 2ATR LATE flip-flap . fnis indicates
that The 0uz Data 5ilo had noit been loaded wizh thr rex+ choracter

in timr: “ar it to propagake through the s5ilo. -
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Shift Reglsater

o The shife reglster is loaded 1k parallel from the Out Data Silo witkh
the infoarmation (2 bit character} to be transmitted. This ineludes
data, Bit Stuff conirwl characters and DOOCHE 2¥ne character=s. The
register serializes the character starting Witk the LEB. The sartial
data {TX SE® OUT) “ram the shilt ragister Joes to the Data Drooods TOM
and CRI logic,

N 4,2.1.5 Feceiver Control Logie - The receiver logic controls oo

."’ '

reception oF A pit charactors in acpeardance with the network
Frotocol. The logau consists of six functional units that are

deecribed below.

ROMsx angd KCS Flip-Tloan

I'wo read-only memcories (ROMs) are +he major controiling elements for

the receivear.

The Decode ROM decodes the protocel gelected, recognices EVRC

7 ~tharacters, flag characters, and ateffed Ds. It pentrols the

onabling aof the Receiver Shife Register clock.

The Punction ROM icterprets the =ztate of the receiver and control s

the timing for lowéing characters in the Receiver Buffer KegislLex.

The Heceiver Control Synehronization (moo) flip=-flop storas three
glgnals from the Function ROM and synchronlzes them with ehe modom
receiver clock. Cne =ignal, IN ACTIVE, {s fed back and is stored

a% DELAYED BROTIVE,
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Clock Zogle

In the user mode, the recelwver clock logic uses the modem receiver
clock bo derlve a group of clock signals for the receilver control
lagic. Separatae maintenance leagie allows =<he modem receiver clock

to be replaced by the internal RC clock or tha sinale-stepped clock.

1% Counter and Enakbling Logic

The 78 Counter [(RIBCY 1= @nabled by the CFY flip=flop. Thiag flip-flop
looks at the recalvad data before it is ahifreed in-o the 1% Zounteor.
Turing Rit Stuff protocol operation, the switch from the idle state
ta thre aptive state must start with a 0 20 sigaal —he Llest bilt af
the Bit Stuff flag character (31117110]). “hmﬂw enables
the 1e Counter only iF thi=z sctien aceurs. This astion losks the

o flip-flop in the get atate where it remains until 1t ia directly

cleared aonly when the recelvar iz cleared. [Bh'ehE’ :

flip-flop Es.emt

The 13 Counter countz 2onzegutiva 1% and is cleared when a receiwved

0 iz detacted. The state of 2ome of 1t2 oaukpuba are ased as inpuhs
te thae Decoda ROM to recognize a flag character (gix conseacutive 1&),
an daburt character (eight conaecutiwve 13), or a gtaffed 0 {fiwe
conseoytlve 15). Thiz counter provides no functiaon Juring LDCOME

protoosl opeacation.
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Shift Registeor Counter

The Eegeiver Shifi RegisLler Jouanter {ESREC) counts the sumber of Lits
in a gharacter, exclusive 2f stuffed 08 (Bit Stuff model. Lt the last
Bit, iT generatss sigral RIRC HMAX H that goes to the Pupetloon ROM

ae a gontrel input te indicate that the In Data Silo shwuld po

loaded with a charactar,

Ehlft BRegiater and Lata suffar

Fhyelcally, the 5hift Register consists ol bwo separate but
interrelated reglzters. EReceiwved serial data is =ment to the first
reeglister and lts d-bic parallel cutput is seant bt the AODEE + ZYHC
comparaktar ko check for a syne character DOCMI protocal)l or Lhe

line unit seczopdary address (ST wroetogeld.

The game geria! dabka is5 unrat from the LSB of the first register Lo
the gecond one whiaoh is nalle:l the Extended Receiver Shift HKegintor.
The B=bit parallel ongpwet al the extended regiaster is sent to thoe
Legelver Data Buarfer. From this buffer, the dalbls goes to the 1In

nata Eilo and nn to <whe mooropoonResssr.

Tn Data =Eilo

The In Data 5ilo 18 loaded with receiwved data Lrom the Receiver Data
Duffer and presents this Gata %o the TBOS where 1t is read by the
mlicroprocesscr. Pecause tThis register is constructed wowibth 3511

PTFOs, its ilnpata and ouc-puts are completely indepoodent.

J.2.1.6 CRC Logic - The CEC logie 1z the circuit implementaticon
of cthe cyclic redundancy checxing meithed of encoding and decoding

meggagen for erra- fcateohtior. It conelstes of a3 Transmitter C3C

i



F=qlster, Recelver CREC Register, and err:r dutcetion logic that i
dszyaciated with the Receiver oRo BeJister. The Rit Stuff mode w3ms
1 medifiad CCITT code asnd the NNOME mede nses cuade SRC=1&6. Eath

audes gerarate 16 hit CRC chegic charac—ers.

l2 & ty¥sical operation. Lhe gending stoatiso's transmitter CRe
raqia_ner looke at the inlormatian being Ltansmitted and accumulotes
@ R0 check character. fthizs charsaster fu -+=ppsms bbeoad At The @nd of
the mesgage.  The receiving sbationa recoiver —Re rogister ilonka

alk =ha received messaga plus the CRO :=hack character, At thie
geint, the contents of the rFoevciver CRC regieles determine iFf the
Messae has hoen Tecndved without an errors. F2r Lhe: DDCMP mode,
Bbi: recisler must read G, For the Bit Stn °F modie, the reglster must
sead 018417, If the mpszage 15 errorless, = flag (B0 STATR] ism

asEerted by the errocr detectior logic.

Tais logie only imdizate=z that the Me=gsags L2 =r s not 1ln error.
IL dues net detact or corrast specifdc srvors, T the me=sssage ig 1n
s#rrer, a8 ladicated by non-assercticn of ths flay, the protogal

raquezts rotrvansmizgsion of the messnge.,
I

4.2.1.7 Uata Set Interface lagicg

“ke data set interface Ilogisz 12 uncd oly wich tha low speed line
unit [Ms201), IL allows program contriol ot the ialtiation of
ccomunicationg with the oodew and allows monitoring o status
s#igrals from the modem. Tt also provides logic level oonversion
car all eidnals between che line unik and the modrm. The data set

us2a EIA logic levels and the lime unit ures =TT ogic levels.
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Thie logie supports two daifferent interfaces. one is EIRACCITT
V24 which uses sivyle ended slgnals. The other is CCITT W35 which

uses double cnded or differential signale.

Maintenance Lagic

The maintenance logic conslsts of an BC clock and two multipleoxors
ta =elect the proper soorce for data, clock, and control signals

during servicing of +<re lice urit.

although not part nf the maintenance logic, the outputs of thao
Regqueet to Send (HS) and Half puplex [HDXED) flip-filops are used o

inhibit the rpociver clock whéan the half-duplex mode of pparaticn

iz Belected,

Initialization Logi:z
The initialization _oyic is vsed to claar the recmivaer gection
and the transmitter secticr geparateoly or gimulrangously. Thisz

lagic i& controllec by the Microprovessor.

4, 2.2 Majar Uperating Peaturea

d4.2.2.1 Introduction - This paragraph discugaes khe major operaling

features of the line unit at the furetional level. The discuassicn

ig dilvided into threr secticna as shown below.

Title Para. ¥No.
Madem CToncrol 4.2.2.2
Tranamitter Saoction 4.2.2.3
keceiver Seckion 4.2.2.4

A




4.2.2.2 Modem Control - This paragrapk applies to the low speed
line unit (MH2ZD1) that iz weed far ramote network applications

uging Bell 208, 209, ar eguivalent modems. 'wfj

The modem control end status lines: are monitored hy thea
migroprocesscr. 0Only Data Terminal Reasdy (TTR) can be controlled.

411 others are auntomatically controlled by the line unit.

In =2ome systems, handshaking iz not NETSSSEEY . The Lransmitter ig

fimply enabled and tranamiesaton =tarts when the TSOM hit is

. . . S
detected by the transmiteerx. The receiver ttarts searching for
synehronization without firet having rroceived o Rling indication.

The flow of data is interlecked with =ignals recejved from the modem.
When modem cohntrol is being wsEed in & syotem, the microprocessor
must monitor the ¢optrol signals frem the moderm. '
L1l ¢lack signalse used 1in conjuncticr wilith dats receiwved from ox
transmitted to the modem muet smanate from the nodem #ng be in
apgnrdance with EIA BRS3I34., Hoe external clock to the modem is .
—

suprliad by the line umit.
d.2.2.3 Transmitter Section - The tranamitter section performs
the follewing functicns.

1. Buffers and serializes dAats to be trznemibcbed.

X Jeneratea CRC check characters.

X, Craates transparent data stream.

q., Tranemlits flag, svne and ahorts/PAT characktera. n.J
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This dlgg¢yesicon Llneludey hagic functlofel despriptions of tranamitlier
operation in the DUCHE and S0LC modes. A related flewchart is

ghowh in shest 2 of the pirpuit schesmatlce print set.

Tranemlttexr Uperation Ln DOCMF ®Mode

1. The micreoprozesscor leoads the selected syne character
into kR ok Data 24lo. I+ thesn loadas the Start of
Masaage (S0M] 4ik ip the Juk Control Regieter. The
S50M blt yoes froom the Opt Controal Begilster to the Out

Data Silo.

2. Tha =vac zharacter and SOM Li% are propagated throwgh
the Dut Data 5ilo. The Qut Compoasites Output Ready
{0COR) bilt is asserted to indicate that data {the sv¥nce
charaster in this casel] and the controel bite [the 30X
bit in Lthie case) ars ready at the cutput of the Out

Data Silc.

3. If bhoelk 50M and EUM are ageerted simultanecusly, the
tranemitter gends 16 Z8rocG. If the S5QM hit 15 not
et but the End of Message (FOM) bit is set, the line

unit hangs up.

d=15
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With S0M and oCOR asgserted, the trucamittor logis
rArs88 Regquest to fend {BS) to be Ausar“ed in the

nwedem contrel lagic.

Tha line unit waits fer the Clear +to Sapd 50 and
Modem Ready (MR) signals to be tuerned on 2% +the modem.
With botlh of these signals 0N, the line unit asserts

SEND. Thie is the erakling signal <or Lhe transmitter,

ne long as the S50M bit 1s saet, the transmit CRI funcelan
is inhibited (transmit [CRC reyister is =leared] . Tha

tranamitted datas is cot imcluoded ix Lhe CHRD compotaticw .

Tf 50M 15 not set with a charoacter Ioadesd iato the Dut
ata S1lo, the CRO acoumulation starts, f btha WO

CRC switch is UFF, tho CRC funotion ig uclected and all
Subsequent data charactera arr incladed |- the trapsmit

CRD accumulation.,

Quring transmission, if DONE iz =till asaserted at the
end of the gurresnt character, DATA LATE 1 assarted
which indicates that the Out Data Eilo has not been
toaded with the next character. This reoulis in the
Beyuwest to Eond line being turned ofFf after 1= have
Feen transmitted for one charscter —ime and the 1line

unit reverte to the Idle stats {traavinits MLREs}) .
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10,

The normzl ending segquerce is initiated when the
micruprovensor sots the BEnd of Maessage {(EOMY Bit, The
BEOM hit and = meaningless character are loaded imte the
Out Data S5ila. Thia rauaes khe 16 hit CRC character Lo

e transmitted and the laet character Es be lgmored.

Tf the assextico of EOM ie not followed by the assextion
af Z0M and the loading of anothaer character, the line
unmit gons kw tbhe Tdle stmte. The transmitter is shub
down by the clezring of Jut Active and RS5. EERD is

cleared when the medeom drops Clear &0 Send (C&Y.

If the assertion of EOM is fellowed by the assertion of

S50M, the Cransemitter remaine active.

Tranemltter OperacLian In Rit Stuff HModa

1.

The microprocessor loads the Start of Mesasage {(S50M1 it
lnta £he 0ot Control register. It then loads a null

charancter inte the Dokt Data Sila.

The nuli character apd S50M bit are propagated through the
out Data Silo. The Out Composlte Cutpat Heady (0CO=) hit
is agaertad to indicate that data ls rgaedy at thoe aubtuai

af the Jut Data s5ilo.
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If the 30M blt is not set but the pod of Mirssuge [ECH)
bit is aek, the line unit hange wp. If hoth SOM and EOM
4re ageerbted gimultangaouely; the tragamitter sends 146

sBETDE.

With S0M and OQO0OK aseerted, the transmitter logie caumes
kequest 4+ Send (RS} to be asserted in the modsam control

legic.

The llne unit walts for the Clear to Send (5] and Modem
Ready (ME} signals to be turped on Ly the modem. With
both oF these signals ON, the line unit asserta SEND.

This ie the enabling signal for the transmitter.

La long as the 30M kit is get, the tranamit o3 Function

i5 inhibited (trapsmit CRC register ie clrared),

For each 50M loaded into the sillo, one flag charactar
(91111110} 1s transmitted. When the microsrocessor loads
2 charackter without S50M, that character 1s data. 1If

the WO CRC awitch 1z OFF, the CRC functicn i selected
and all data characters are in¢luded in the transmit

CRC accumulation.

Eepo Btuffing 139 parformed on all characters except the
flage and aborts, Zero atuffimg consists of insarkbinmg
da 0 following five conseoutive '8 Lo preserve the

identity of the flag and abort charactars.

418



10.

11,

puring transmission, 17 DOWE is xtill asserted at the
and ~f the current chartsctex, DARLA TATE iE asserted
which twrdicates that the out pata 5ilo hae not heen
lopaded with khe next character. This rezults in the
Feaguest to Send rine being turned off atter tran=szmiktting
an Bhbort choraster {seven or more 13) and the line unit
rewerts to the Tdle etate {transmlts HaREsh.

The normal roding megquepce is inltiated when the micru-
processar gete tho Fond of Messade {ECM) bit twice. The
EOM bBi® and a meaningless character are loaded ints the
out Data 21la twice. This causes the 16 kit ORC character

to be tramsmlitted feollowed by the termipnating flag

charackexr,

When thoe Lerminating £lag has been tranemitted, the out
Lotive hilL e ocleared (traonsaltter drartivated) provided
anokbher massage i3 nobk pending. If anotner message L5
pendiny, the first data character is transmitted
followine the terminating flag of the previcus Mes3sSads.
If the SOW bit is asgerted following the doubls asssrtion

of EOM, a4 gecond flag ia tramsmitted.
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Travemitter CRC Chatracter Generation

The N9 CEC switch Bust be 2ff Ea enakln The CRC logic, Two oyeclic
redundarcy checkiny [CRC) codes are Bied. The ZDOMP familsy
prolaeo.s use code URC-15 and the Bit Stuff typr family protocols

use code JCITT.

wWith the CRC function eedalblehi, the Ttransmittar Upe radister laooks
av all data to ke transmitbed and apcumulatezs a A0 chook charactar.
This 18 bit characzter is Transmittad at Lhke: and ol Enqe Moogage. In

Lhe: STLC wode, stuffed 0z are not Inciunded in thke caledlation of

the IR chezk character,

In Lbe UDCMP made, the cransmitter CRC register roada ali Oz when
initialized [rleared) , Th: reglater is nlesreg rigizt altar Lhe ORD
theok maaracter has heen Lransmltted. This iz nreszasaty because

Ch: mext character may¥ br part wi a sequence Lhat ragujrag cobmpuntatieng

0ol sanother CRY charTacter.

Tn the 3it Stuff mode, the transmitter CHO reglister rcada 213 18 when
irizialized. Thie alluws debection oF the zdditica or delsestion of
0z &t Lke lesding end af the MzsgaTe duno o abrrozsous flag characters,
The CRC check character ia complementod befere heine hranamitiad,
Taiz allows detwection ofF the “erronecus addition or deletion of 0Os
&t the frailing edge af the mr:sEage. As in tac LODCME mode, the
recister is cleared right afcer the CRC check charackar has Limaq
transmitted.
4.2. 2,4 Feceiver Eection - The receiver secotion performs the
Fuollewing furcticone,

T Anffers and converts received gerial Fata vda parallel]

datg,
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Inrerprets tranzparent data stream ie 5DLC mode (removes

stufFfed Isl.

Becognins: L£lag and abort dequencos.

Recognisos secobdary setation address (SDLC mode] wnd

EYNC chartoactgr:s

{DOCMF mode} -

Detegts CHYO cErors.

Thig discussion ircludes kasic Functional descriptions of TECDGT wiRE

cperation in the DIACKPE and SDLC moades -

cghown in sheset 2 «f the

Receiver Qperation

1.

cirenit schematle print set.

In DOCHMP HMode

The mlicroeprocessor loads the network syne charac

the Zvynu Reglster. The sukput of this reglseter

gne branch of the ADLDRES4SYNMC comparabkar. The ath

L related £loew chart is

ter inteo

gnets Lo

=Y branch

nfl the comparator pomes from the opubkpul of the Bouelver

Neta Register. The comparator looks sk the ocutput of

+he Receiver Lata Reglater on a bhit by bit basis

gearchicg for a syne character.

Reception of the tirse eyne character causes FHRME to e

asserkbed, If a second congecutivae sync charackteor is not
receiveid, FRIAME is cleared and the search for gynrc
charactars s-arkts over again. When at least two

coneecuUtive Bynd

characters have been reaceived,
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recelver logic js considered ko be gybh:hTonized and MESS
RCT is set. The first pon-s¥yne charactar recalved following

MESSZ ACT being se® 1ls assemhled oz am E-hRit da+a characktar.,

The IW ACTIVE bit iz asserted by toe receiver contrel
logic. This infnrme the microproacezscy that Fhe roacelver
is in the data reception wmode. When Lhe Firet data
character reachos the output of the Tr Aetw 5ilo, IN BLY
is asswrted whilch informs the micrnprocassar chat

recelved data is ready for procassiag.

The CRC function is enabled whon I ACTIVE is asserted,
Provided that the N0 CRC switen is eff. The raceiver QR
reyister examines all data and the 1& Bit CReo cheex
character at wnich point the rogister toads 0 1F the
Message contains no errors.  The BCC MATOH flag is asaerted

ifE the register reads 0.

The microprocesser decldes whekr the meggaga rroda, whean
the BLC MATCH Flag im walid, and whep the recrpiver =hauld

be cleaped,

RFouegiver OFeraticon In Bit Stuff Maoda

In the Bit Stuff mode, the line unit can speratae
& a4 primary or secondary gtaticn. The peilmary and

segondary modes are switch selactahle.

In the primary wode, all received messages are presented

to the microprocessor. In the ascopdary made, the only
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mgssages that are presented to the microproces=zor are
those that are preceded by the line units' secondary
address. This address is ap 8 hit character that follows

the initiat Elag character.

The esecondary address 1ls loaded into the Sync Reylstoel

hy the micoroapruacesscr. From the Syoe BRegigter, 1t gawa B

the ADRS+SYHNL comparabtor which examines the receiwved data

in order to detoect Lhe line unit secondary addresas.

The receiver Beacches for the initiel flag character. Tn
the primary mode, IE ACTIVE is assertod upon reception
af the flrst data charackter. Ik the secopdary mode, the
line ublts secopdary addrexs must be received hefore

I¥ ACTIVE ix asserted.

In tha prigary mode, all data subgeguent to the flag
rharacter 14 presented to the mlcroprocessor. In the
secondary made, all data subseguent to the sccondary

address is presebed to the microprocegedor.

The aggerticn of TH ROTIVWE inferms the microprocessnr

that tho receiver 1s in The data receptisn mode. When

the first :Jata character rearhes the output of the To Daza

8ilo, IH ALY is asserted which informe the mierpprocesscr

that received data ils ready fur procesaing.
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4, Durieg data Tecaption, the reooiver aulovstically removes

all styuffed (e.

By ]

. The s#ssertlon of IM ACTIVE enables Laa OkC function,

provlded that the NO CRC swizeh |y o¥f. The roceiver

CRT raegister examlna

charaocter at whish £

5 2ll data ard the 18 hit RC chack

ime the registar reads 216417 if Ehao

mossage Ccoatains no errors. In this fa=+, the BCC HMATCOH

Lit ia appeErtad.

SLOUCE END is asserted waen Eha terndluztiryg flag is

received and 15 1oad

ed wlth the =2igh uayir of the C=C

check character. Thus, khe microTrecessoar shouwld loak

for the simpltaneocus=

asusertioag of 3TO0K EYD and GOO MATOH

te indicateo reception of an crrorless messasa. The Feooiver

iz automatically o¢leared by BLOTY. EKD,

Facdwoiwoe JRC Character Jhesking

A in the cage of the tranamit

erakble the racoiver CRC logic.

Ter, The N D sewizTobh mast he oFF ta

Tha same cwyolic redundanecy checkieg

[CRO] caodes are gaed; code ORC-16 favr the DOCHMP Zauwilvy protocols

ad code CCITT for the SDLC family protocols.

The: roecelver CWC register axamines all data and Lhe 1&# Bit CEC

ctharactor. In the S3DLC mode,

this includes all lwZarmariocr between
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the initial and terrineting flags and excloudes intermessage L[lacs

and atuffed 0=.

In the DOUMP mode, aStaer reception of the CKCU check charactar, the
recelver CHO ragister reads O If the me=gsage containi no BITATH.
In the SDLU Mode, Lhie register reade 016417 iF the messaye contains

ng BrEors.

4.3 DETAILED LDESCRIZTICH

4.3.1 Introduscticon

The detalled description is divided intw 10 maljor sections 22 nown

halaw.

Lescriptlan FPara. No.
Reglsters 4.3.2
ut Control Logic 4.3.3
In Casntrol Zogic 4_31.4
Trapsmitter Contrel Toylce 4.3.0
Fegelwer CZonTreol Logic 4.3.8
CHE Logac 4.3.7
*fData Set Inierlface Logic 4.32.8
Malantenance Lowgirn 14.3.9
Initializatisn Logic 4.3.10
*xIntegral Modem 4.2.11

*HAZQ only

=xMBINZ anly



The discussion 15 keved to the circunit schematicg in the print aet.

sunplemantary 1llustretiong are included in the toxt.,

4,3.12 Aegipters
The line unit containg ning reglstera and they are dlacusged in the

ardjer shown below,

Reglster Para. HWa,
In Data Zilo Register G IR
ut Data 5ilo Regigtar 4.3,2.2
Jut Control Register 2.31.2.3
In Jontrol Register 4, 3.2.4
Madem Cont¥ol Reglakor 4.3.2.5
Synz meglster 4.3.2.6
Fegerved Registers [2) I S
Maintenange Registar 1.3.=2.9

Tniz discusaicn primarily covers the logical implementatinon and
functional operatisn of the registers, & descripticn of each bitb

ig containad in Chapter 3 DEVICE REGISTERS.

4.3.2.% Tn bata 5ilo kegister - The In Data Site Fegistar is loaded
with reralved data from the Receiver Data buEfer aad Praegants this

data to the IBUE where it is rgad by the mipgrogrodagsoy .

The received data 1= inp the form of E=Lit charac-e-g. Phvsicallw,
tae =ila contailns 12 bits. The other four hits sre part of the In

tonkrn]l Kegister and are discussed in Pareyraph 4.3.27.4.
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The In Data Siloe 12 comprised of three 33471 &4 word=by=-4 bit
propagatahle registers callnd sileoa or FIFOS {First in/sfirst out).
Bt thle point, the discus=nion digresses to explain the operaticn

of the 3341 FLIFD.

Tha logic @ymbol for the sile is shown in Figure 4-3. The inpute
are DO-03 and the oputputs are RO-Q35. There jis 570 common ladck 3o
the inputs acd cutputs are completely indepepdent. SHIFT In ie a
rontynl Bignal that is sent to the sile and INFPUT READY is groonaratad
by the s5ila when space l2 available. When INFUT BREADY and SHIFT 1IN
are high, the igput ia loadad ints the Lop word poeitinon. INFTT
EELDY goaes low and whcon SHIFT TH goes low, the 4-1it word propagates
to tha second word pousltbion (ifE smpty) acd on ko the bottom of the

ailo by intermnal ccontral =iqonals.

Whet data has reached the hottom of the sile, CuTRUT REARDY goos

hich to indicate the presence of wvalid data. ¥When OUTEOT READY

and EHIFT OUT are nigh, the bottom word 18 transferred out ol bthe
£ilp. This canses CUTPUT READY to 9o low but the word i maintained
im kEhe output skage until AHIFT OUT gnes low also. Lt this powint,
the word in the adjacent position ia transferred inte the bottem
position which causes OUTEUL RPADY to go high again but the data
dpes not change. 1I£ the sila hae been empbled, QUTFUT READY sStay:s

low,

In this applicvatlos, three 13418 are connected to provide a registor
4 wards deap by 12 hics wide (Figure 4-3). Two devices (8 bits!
repreasant the In bPata 3ilo andé oce device (4 Bit=s) representa bits

0-3 mf the It Control ragistar. The dispusslon now reterns to the
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description of the In Data Stls and assoniatad lagic as shown in

circuit schematic 012,

The Smigh Bupeoh WELa 4o/ our alhmp: fla! Ehin o L GG b o -
3341 ey,

“"he ILn Data 5ilo Register aontaing the B bits of recelved data Lhat
are to be read by the microprocesscr. Fhyeically, it is gompoaed of
three 3341 VIFOs o form a 12 bit register that ig 64 words deap.
The additiconal 4 hbite are Tn Contral Fegister hite d-3. Althcugh
functionally separate, the In Data Silo and To Control Register

alts D=3 are Joaded and shifted ot togebkhar, 1The In Conkrol

reqgister ts described in Paragraph 4.3.2.4.]

Thr: inpute to the In Deta S5ilo Reglster a¥re "71 ROR ¢ H - ptd ROR 7 F
from the Recelwvar Daka register. They represent the received data.
The 1IMPUT EDY outputs of the three FIFOs are ANDed o produce
gignal D12 ICIR H at a 74511 I+«ipnput AND yataq, Thls Iflag indicztes
thal the 8ilo is ready to ACCEPt dn inpuc. I+ is bit 3 ofF the
rairtenance register. The SHIFT IN inputsz of +ho three FIFGY are
aannected o D11 BSIPF H (Recelve ShifE Iy Pulse) whizh iz aggexrted
Py the receiver control logic when a recelwod character has been
asgembled, The width of thilis pulse i=2 dopendert an tha speed of

the 3341 FiFO. The commen SHIFT CUT signal comes from the 1 onteEut
@l the R3® [1lip-flop. The D=input of this Flip-Zlop 1s conpnacted
L2 +3 ¥V xp it 12 always =e* whan clocked. The cvioek signal 13 05
RDACF H (Recelwvg pata Accepted Pulse) whizh iz atiserted when the

In pata 5110 has been read. Thisz pulse iz approximately 60 ns wide.

The REQ flip=flop iz eclecked by the positive-yoing edge of this
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negative pulse. ‘The 007 KDY outputs of the three FIFCB are ANDed
to produce signal 12 IMERDY T at a 743571 gate. This flag informs
the microprocessor that reoceived data ia available at the silo
ountput. It iz kit 4 of the Tn Control reglater. Signal 012

INRNOY H goasg +o *he CLERR input of the B30 flip-flop. WHhren dala
iz pot ready al tane aillo sotpub, D32 IMKDY H is low which dlreclLly

zlears the RS0 L11lw-flop and inhikikz the shift out operatianc

The HMASTER RESET inputs ©f the three FIFOs are connected <o D14
ICLRF L. When Lhiz signal goes low, the silo is cleared. (114
ICLEP L iz contzolied by the micrdprooesusor ko clear the receiver

specifically or tn alear it ag part of the device rezet function.

4.3.2.2 Tut Data 5ilo Hegister - In thix discussion, the Ut Tata
211 Reglster iz considered to bhe am B-bit register that acoepks
information £t e transmitked and fends 1l o Ehe Tranamitter

Zhift register.

Fhyaically, it iz compoeed of three 3241 PIFOs to form a 12-oit
regigter that iz 64 wordes deep. The architecture apd basin
operation of the Cut Dac-a Zile 1a similar to the In bate S5ilo

which ie desgribked inm l'oragraph 4.2.2.2,

Bits H-11 =of the 9gt Ppats 5ilo are assoclated with hitas d=3 aof
the Cutput Contrcl register which are descriked in Faragraph

4. 3.2.3.
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Tne Dut Tata Zile and sassociated lugic are showr iy mrrint 0OH. The
irpu=s are D4 TEOD H-Dd TRT H and they come frawn tha micraprocesaoy
via 4 buffer. The ocutputs are DS BUED B - O3 RTRT H and go te the
Tracspitter Bhift rewister. The 3341 inpu!s and outputs are

compléecely independent hecause the FIFDO has po common rlock,

som2 L0 functions are controlled by Lhe dewvices internal logics:

herse, they are not evident from examining the lugic omrink {DEY,

A typivcal lead/unleoad seguence 1s describesd in detsil.

1, Initlal <onditions
[t ie assumed that the s5ilo contsins €2 charactara;
therefore, the top two positions {0 a=d 1) are empty,
Whon space is avallable, the INETT RNY autpuc goes kigh
a3 an internal PTFO functian, Tkere Lo data at the
bottom of the =silo se the CUTPDY =0Y cutpol yoes high

4% an internal FPTFL funetlon.

speume Lhat thea TSIP Llip-flop is wlearrd so the SHIFT
IN input is low. Alsc assume w94t the TEOTD Llip-flep iz

rleared =20 the SHIFT OUT inpus iz low.

HixI'E
Th# =ilo is deseribed as a lunrticnal unit
with one =set of inputs. Actuslly, it ias

compoaed of three PLFO=.
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It

The slle has indicated that space iz available Sor
leading o character and walid data is avallable fer an-
loading. Iz tEhis disgussioen; @ character is to be

loaded Flrst and then a character is to be unloaded.

Laoading = {Character

With the IWPIT EDY gutput high, a character can be lozded
by driving the SHITT IN input high. The SHIFT LW inouat
i oconnected to the 1 autput of the TSIP flip-flop. When
TaTF ia =set, HHIFT IW goea high, When it ie desired to
losd the Yut Data Silo, the dicr¥oprocessor selects signal
01 K13 SEL L. Thig &Y A8 negative pulse i3 sent to the
clack ingut of the TEIP £lip-flop. The pogitive-goi-g
trailing cdge clocks TSIP and =ets it hocause its L input
is permanently comnescted to +#3 ¥, SHHIFT IN goes bkich and

2 character ie loaded inte the top of the ailo.

Bfter ths character has been loaded, INFUT REDY goez low

d2 ap internal FIFD Lunction,., Tn turn, this drives TH OO
RDY H low which directly elears the T5IP flip=flop via a
7408 Z-ftnput AND gate. Thisz drives the SHIFT IN input
low. How, with both SHIFT IN and THRRUT KDY low, Lhe
loaded character propagates ko the secand word position
under the wcontrel of internal =ignels., The top positicn
iz empty, =2 INPUT KDY goes high agaip. It the characrter
that was loaded had L[1llad the silog, INPUT RDY would hewve

remained lLow.
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Unloading a Character

With the OUTPFOT ROY output high, a sharacter can bhe
unloadad from the baottom of the £1Llo L dAriving the SUIFT
QUT iaput high., SHIPT OUT is connected to tha 1 cukput
2f the THEOP Elip-flep. When TSCP is gal, SHIET OOT uyoe:s
high. &k the end of a charactecr, pulzae N7 LOAD L is
genexated by the transmitter contral Inuwic. The
Positive=geing trailing edge ol this pulEe clocks TSOD.
This sets TSOPF becawsa its D input ie beErmanently
connected ta +3 V. BHILFT OUT ynaes hidqlk and a charactgr
is unloaded from the sila. Now, OUTEIT KDY goez low as
ar internal FIFD function: however, the character is
maintained in the bottom positicn untll SETFT OUT qacs
low alse. When OUTPUT REDY goms low, DE OCOH H Joee low
and directly clears the TSCOP Flip-+lop. This drives the
EHIFT OOT input low. At this point, thke character in
the adjacent positien is tranaferred into the bottom
peosition which causes OJTFUT RDY tc go high again. This
action 1= gseptrelled by FIFO intornal eighals. Lf the
charavter that was unloaded had empeled the s5iloa, CUTROT
RDY would have remained low and Lhe data would hawve

remained at the 8ilo ocutpur.
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4,3.2.3 Gutput Control Eegister

Bite 0-2 {Frint DE]
Pitg % amd 3 are rxeserved, but O is Transmit Start of Megsage
{TS0OM), and kit 1 la Transmit End of Message (TEOM). They are all

write only bits. The louis regulred t£o gengrate theae bits is

ahown 1n Fligure 4=4.

Blts 0-3 are gkared in a flip=-flop register that is called the COT
CONT REG (print T4d}. The register inputa are connectad to JOBNS
lines 3 BALT 0 L = D3 BRLY 3 L from the microprocesio?. The
register outputs go to bits B-11 of the Out Data 5iloe byffer

- =

{print B&).

This bBuffer and the od—- JONT REC are deascrlbed in Taragraph 4.3.3

eptitled Out Con<rol Loglice.

Buffer ourputs D4 THS H - D4 TB 11 H go to the Ouk Data S1lo [(right
3341 &n print TE) . Regeryved kita 2 and 3 are availabla at 3341

cutput pina 11 and 17, raspectlively.

output pln 13 Siloed Tranemit Start of Message [ST50M) goez ko a
2-ipput WAWD gate and is high when true. The other imput &f this
gate goes bhigh when the silo OUTPUT RBY signals are high. This
drives tha gate ocuitpukt low, This $igrmal 1= ifpaverted ks aseert

Dd TS50M H which is used in the tran®mitter control logilie.
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output pin 12 Silped Tranemit End of Message (STEOM] goes tn oone
input of 2-input ANWDL gate and 18 high wher true. The other input
vf this gate goesz hioh when the three OUTPOT RDY signals are high,
Thiz deiwven the cutout higk spd Regaeyts DE TECM H whieh Ls used

in £he transmitter zsomtrol laglce.

Eit 4 (Prict DEBE)
Bit 4 is Out Ready (OUT RBDY¥) and is rewsd only. Whekr asgerted, it

indicates ta the microproceasor that spacte is available in Lhe Out

Data S1lo. It iz the aND Ffunectlion of £he three INCUT KDY oufpuls
from the Out Data Silo,.  This hit is identified as D8 QU RDY H
and is asserted at Lhe suotpur of a 74 H 11 AND gate when all three

INFUT EDY Bignals are high (Figure 4-47%.

Bit 5 (Reaserved)}

This read only hit ia reserwved for Fature ubé.
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L & !print ne)

[S8

E
Bim & is OOT ACTIVE and is read only. Tt is gererated at the | —
cutiut of Lge SnpcT flip-flop which is coantrolles oy the tranemlitegr

rortrel lagis. The D input of this flip=flop is cohnected to BE

SENTXAC Il which comeos from the ROM SYNE BUFF . This =zignal 1& Ehe

stores slate of ENTEAC from the transmitter FONDTLOW LDRCODE ROM.

The SAIT flip-flop is clocked by the traiilng emdye of DE TX CLE T,. -
Thiz f liu-flop ds directly cleared by Db BOCLR P L. This signal

ig derived Lrom D14 OSLEF H which is hlt 7 of the Ouz Control

regislear, —

Bit T [pPrint Ot4]
Bit ¥ is 0ut Clear and is write enlvy. The actypa? slgnals generated

when this bit 12 written intoc ars D14 QULRF HE apnd D4 OCLEE L.

OQULEF stands for Ouk Jlaar Fulsc. They are the comnlementary outputa -
of a Y3121 1=ghot. See Flgure 4-5. A negativo—-cning edge at the
1=zhob triggerz it and asserts D14 OCLEF H and D14 OCLRP W which
arc comzlementary 400 ns pulses. The triggering act.on wosure
under Lwao rirsumstances. In one case, the 1-zhae s triggered .
—_
when tho Cicreprocessoy denorates DI CLEAR L o
initiate a device clear operation. The other case Lu spnoific and
triggering occurse when the wmicroprocessor selects —he tut Control
register (P4 %17 EBL L goes2 low) and Dd AL T L gques low. Slgnal
b4 ALOD T T i5 the douwble inversion of DI BALU 7 T from the
MiCroprocessar.
—
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d_%.Z2.4 input Contral Kegister

Dits 0-2 {Print D12)
Bits 2 ard 3 are rederved, bl 0 isg Block Cnecw cCharae
(BCC MATCHY, and bit 1 iz IN BLOCK EMDY, They are a1l

hits.

Taese 2ails are ploked off the output of Lhe [n Dake 531
pins 10, 11, 12, and 13 of the left 3341 (primt 125,
recseiver control lowiz (prints D10 and D11 Aeterumipes

bitz 0 and 1., Thia logic is alsoc shawn in Floure £-6,

Givw ¢ {BCC MATCH] 1s asserted when the contants cf bLhe

BIC register egqual zaerc In the DDOME mode - D1ed*7 in

T Maton

read only

lo; specificually
The

the gtate of

receivar

The Elf Stuff

moxde, Tae flag sidnal from +the BCC lagic is of 2 GBoc STATE H. It

is clocked Iknto the Receiver Tata register (princ NI11)
the In Tats 5ilo as o011 ROR 0O H. Tt comes wat of the

LlE BCD MA'rCH H.

Biz 1 (T BLOCE ENWD) informs the microprocessor thak o

flag character pnas hean received. Thie fynetice is us

aad on to

silo as

terminating

2ful anly

for the SDLC family of protosols.  The gtatr of this bhit ias deter=

Winct by the receiver eontrol logis (pricts L1686 and =1
SNTe primary moda, this bit i2 set whewm 10 FLE REC E
AZT {1} H are both high. In the S0LC zecandary moda,
Sek when D10 FLG RECD H apd D10 ADDRS+SYEC RFOD 4 e

The bit iz clocked intr the Beceliver Data Fogigsk=sr (or

1y. In the
and D11 MESS

this blt is

hoth kigh.

it o1l by

011 ZEC DAT EEG CLE H. Thiz kit iz alzg used to inform the

microprocessoer that an Abert signal has been recelwved,
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Bit 4 iFrint D12}
Bit 2 iz Ieput Ready (TN ROY¥Y)] and l= rend oo Y. Woen meserted, it

Indicatesz ta the microprocessor that data Lw Teadw. Tt is the AND

-“

funztion of the three QUTEGT RDY slgnale from the I pata Silo.

This bit is idencified ag L™ 1IN BEDY H antd is agsmarted gk a 748171

AND gale when &1l three QUTPOT RpY elgnalas are high.

Bit 3 {(Reserwvad)

:' |'. =
. . d A= LafrE
This bit is reserved for future nae. | 1 rets :

e

-:I-I.L t '1

Blz & 4Frime p*1]

Bit G iz IW ACTIVE and iz read enly. Thie Lit iz fdentified as=

D11 1B BRETIVE (1) 3 and is stored In the Recweiver Carbral
Synchrerization Buffer which is a 74175 quad D-ty¥ype Zlip-flop. The
input Lo thie sectian of the fidp-flop {(pin 41 is nID EW IN ACT Y

wonich 1% ap output nf the repeiver ooptrol RI:M

Hit 7 [Frint O14d%}

Bit % is In Cleart (IN CLHR) and 1= write oLy I ix msed to wantrol
the receiver section of the ling unit. Whoen writtier into, this hit
gunarates codplementary 400 we pulases from a 7412% 1-zhet, The pulses

are identiliod a2 In Clear Fulses D14 ICLRE E and N4 JCLEEP T (Figure
4-71 anru wure triggered by a negative=going pulsae at ~-shet input pipg 9.
The Lriggering acvtion occurs under two sircumstancez. In one caen

the 1-shet ia Lriggered when the Microprocessor geonerates T:3 DLEAR T
to indicate a device clear operatian., The other cmse is sgecific and

triggering occurs when the micropracessny seleclks the Inpub Contreol
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regisTer (14 R12 SEL L goes lowland n4 ana 7 o0 goes low, Hignal
24 ALD 7 T 45 the double inversion of N3 BPELT 7 T from the

micxopracrssar,

= Modem Zontrol Royister

Zita 0 apd 1 [Prigt ©D14)

Ihege hits are roserved far futuro usge, Phivsically, they are
swlitcehas, ane side 1lu grounded and the okher gide s conhecktad to
I% ¥ =hrough a resietor; therefors, the outpnt <3 high when Lhae

Bwlken is OFF (aopend.

RBitz 2 and 3 {(PFrint D14&)

A7t 2 de Clear to Zend {CH5) and hit T ig Modem Eegawy (MUZEM RV,
doth Lite are read anly, Bolh niynals codme Fram Lbe modem to 14dR9
receivers which fonvert the inputs from EDa lesTae " mwels to TTL
legic lavels, The signals are inverted dariag _ev:] conversionp and
are lnverted agaln to become D16 OS5 [ oacsh 16 MOopgr ROY L. Thr:
SUtpuny oS the 1483 receivers that are asscciabed with these bBits
ars RHT:d at a negated-input AND gate. ke cuLkiul i this gate iz
L1E SEND F W (Send Functlen] which moss he asseried tc enable bhe
transmitter.

Hit 4 [PrinlL T:13)

Eit 4 iz Lall puplex (K0X) and 1=z rocad wrive. Thiz kBiL is stared
in the HDX [lip-flog. The 0 input ©F this flip-ITrcr ia D4 ALD 4 H
whick comes from the microprocessor, 1F is =lpckod by Lke trailing
edge of Nd K13 SEL L which iz generated whesn =he microonroacassor

seelects the Modem Control reglistar. When he flip=flop is =at,
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0Dt HOX (1) H is assgritod azm its 1 oukpuat. Tila signal dizables
the receiver <lock logic when the holf duplex mode ls selected.

The HDX Flip-llop fa clesred oy DY CLERE L,

Bit 5 (Print T12)

Bit 5 is% Reguest Lo Soend (RE) and 15 pead anly. Thi=s bhit is stored
in the RS Flip-Flop. The [ input «f khis flip-flop te 8 S5FE {10 9
{Send Function Geanerakar) which ise the 1 output of the 5Fs flit-flaop
\print DE). The stote of this flip-flop is determined by tha 0
autput of the DATA LATE flip-flop i{print L6E). A detailcd disucnssleon
of the relationship between the DATA LALE and S5FG Flip-flop:s is
coevered in Paragraph 4.3, 5.4, Figqure 4-H shows the RS Elip-flou and
assoointed line Ariwvor, The RS flip-flop is plocked by DI5 TE CLOZE
H and directl» cleared by D14 OCLREF L. Ireide the line unit, Hzruost
ta Send iz consldaced o ke ON when the B3 [llp-Lfilop 13 sedl. The
courresponding state at the driwver sutput whiech is EILA conpatible, is
high far the (N ma-ditinn. This mecurs when the Transmit Starl of
Hezgage bl: 1s ms=t. e met, it 18 pleared if the regponsse Lime

to the tranznitier DOWE ki is longer than one characher time.

This actlon gets the OATA LATE Flip-flop &nd clears the 5FG fligp-flcp
which driwvwes 8 5FZ (11 II low at Ehe D 1apat of khe BS flip=flop.

Thie produces a low &t che driwver ocutput {EIA RTS) whick indicates

that Request to Send is OFP.
The line unit is5 shirped with jumper W4 installed which allows the

logic Eo control RS, I a polvate line appllcatlon, Wd cac be

removed and WL irstalled £ koap RE o pormanently .
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Bit & {Print D15l

Bit & 1a Data Terminal Keady {DTR] apd is readlwrite. Thie bhit i=s
storked in the DTR flin-flop. 1t is5 dirpgoekly sat by D14 OCLRP L
which 1ls generated undear control of the microprocesscor speclfically
ar during a dewice clear operaticon. It can bhe written knto {seb oF

ealparaed] by the micrcproceszor us2ing signal D4 ALY 4 H as the O

input and ©4 &*3I S5EL L as the clock input. 4 R13 EEL L 18 a negatiwve

pulse that iz gemrerated when the microprocessoer selacis Ehe Hadem
Control register (13g). The poaitive-going trailing cdgae ol

4 R13 ERL 1. clocks Lhe DTR flig-flop. The ¢ output of the ITH
flip=flop, D15 TR [1} L, cces to the O LINE LOOF SELECT MOX and
emaergeg ag O1% OTRE .. Thia =signal ie inverted by a 1448 Griwver
fprimt D16) to gehersate EIA DTRE. Wher the OTR flip-flop is Eet,

EIM DTE 1= high which 12 the OW conditier for this signal.

Bit 7 [Frimt L&)

Bit 7 is RING and iz read anly. This zignal comes from the medem

toe a 1489 regoeivaor whis-h canverbs Lthe 5ignal frem EIA lnqic lewels
to TTL logie lovels. “he signal is leverted dAuring level conwversinn

and ie inverted ayain hy a T4dDd ipvertey ko bhecome D16 RING H.

4.3.2.6 Syne Eegister - The Svype reglister is described in Section

4,.23.3 Dut Contrel Looic,

4.3.2.73 Eesarved Bwitch Reglsters (R15% and R16) - Twe switch
packs a¥e ezed ag awitak selectable registers that are reserved
for futura use. Each pack vontaing sight switehes., {ne xide of

gach 2wlteh 12 groundedi and the other side ig connected to +5 W
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through a resistoz: therefore, thne cukbaut is high when =he awitch
is CFF (apen). Eegister B15 outputs are D14 BEC 15-0 H through
L14 REG 15-7 H. Reglster L16 outputs are T14 RES 15-0 X through —

D14 EES 16=T7 H,

4,3_5 .8 Haintenange FReyister

Bit D (Print Di4]

Rit & iys MOCE and ie read/write. Thiz bit is stored 4n a 747a
Flip-flop. Ttz proeset dnput 1% oconnectad ta signal 73 CLEAR L.

When the microprecessor dArives D1 CLELE L low to initialize the

linge unit, the Flip-flap ia spt which Futs sihe lino anit in the
BOCME mode., To puot the line unit in the Bilt Stu?! qnde, the
Slip-Flep must be cleared by using ita 0 input ipd AnD 0 I and
clock signal p4 RTT SEL L whick is generated whep the mMiCrCprocassor

selecls the Maintenance reglstar (17g1. g

—
HOTE
A Peviee Clear cperation puts tha lire pnit in
the LDIMP modo. Therefore, when operating in
the Bit Stuff mede, exerelze czutlnrs when e
cleariag the line unite.
Eit 1 (Print I15)
Bit 1 is the latermal RO piock [BECE) and iz read only. It isx picksd
aff Lhe 1 oatput of the KOO EMBHLE Flip-flop. ree eigral i= 1S ECE H
and its lrequency 1is gpproximately 10 ¥H2 hecausn=s -ke flip-flop
divides the basic RC clock frequency by two,
—

ElL 2 (Hezerved)

This hit iz reserved for Eukture use. 4"45



Bit ¥ [Print D12}

Bit 3 is In Qaoawmpusile Topcok Eeady (ICIERY and is read only. The
actual slgnal is L1E INIR I which ig the futput of a S-input 14511
AMD gate. Funcbticnpally, 1L 1s the AND of the 1HPOT REY nmutput ol
the three 3341 FIFOG Lkhkal make up the In Data Silwe.  When asscrtndd,

017 InIeE H ipdicetes Ehat the sila ls ready to accept data,

it 4 [Frint D8]

Bit 4 1le out Composit= Output Ready {0UT RDY) and is5 read oanlwy, T
arrtual =signral 1= ©DH O0CaAR E which ia the output oFf a l-inpuaw T4511
AWNT: gate. Functiocnally, it is the AND of the JUTPUT HDRY autpabt of
thrr three 3341 FIFO=zs tiat make uvp the out Data Silo. Whean asterlbad,

BH OCOE H indleoates that data is avallable to the transmi tiero.

Bit 5 (Priopt T210)
Bit 5 45 Serial Th (5I) and iz read oonly. The actual signal is 1210
2I whicnh 1z the iprveraion <f 1% RE DRTA. This is the scrial dala

ko the receiver impuat {31 = Lagical 1),

BiL & [(Print L1131}
Bit B 15 Quotient Iy {2IZ) and is read only. The actual siuvnal iy
oi3i O H which is t49e octpal of Lhe alxteenth bit of the receiver

BCC registor.

Bit 7 {Print 0O9]
Bit 7 is Queotinct Qut (93] and is read only. The actual signal is

D% 00 H which is tThe sixteenth bit @f fthe transmitter BOS register.,
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4.3.13 Tut Control Logle

‘the outpus bua [JRUZ) and pasoreiated lagie is sheow: in clrcuit

schemazie 52, The OBHUE im used by the JMC1- DiCcYoORracesE0Y Lo Send -
ianfarmacion <o the line wnit. Tt the informatioze 1% part of a
Binzaaqe bka be trapsmiltted, 1c is temporarll]ly ztored in kho
travam? tter data baffer, If the information ie the line anit
secondary statlon address (Blt Stuff protacel) 2r the syne
charazter |DDCMP protocal}l, 1t is 8tored in the 3y-e reqglster.
The CENS zopsEists of 2ight liges identified ag L3I 3arm 07, through
3% EATU T L. These eight hits are tho buffared ocotputzs of the ALD -
in the micraprocesaor, Thay are inmverted tn become nO4 ALD D OH
through D& ALY 7 H. These gignals are sen+ tn Lhe Syee register
and the Transmltter Buffer register.

__-"'.
the Zyro veglster is composed of two AA175 quad D-typr flip-flopa.
The eight T dnputs in those twoe Aavicas Are tonnactad ko 0BUS
lines Nd ALD 0 H - D4 AL 7 O. 'The comman Clacs gigrnal faoar Lthese
Flip-flogs i=2 Dd R14 EETL L. This Eignal ime gengrataed hy the 7451238
reqister decoder when tha Micrzoprocessor se_ecks the gyne reglster, L
Bifnal R4 R14 EEL L is a negatiwve pulse of 49 r: dAuracion that
clocks the Eynu regilater on its trailing edge:. Tke common clear -
g2ignal Ffor these devices 1= D3 CLEAR L. Ik cnomee from the
microprocegsar and 1s considersd te he a master clear signal.
The outpat of the Syne reglster (Dd SYNC 0 H - pd SYWNS T oHY 1=
campared ta the output of the Fecedlver Shife rogister
D11 RER G H = D11 REE T H). The camparalor iz comprised of e=ight P
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. Z-ipput 5242 exclusive-NOE gates (print nidg4), The outpukte «f these
npen-agllectoyr gates arc wired-ORed and the resulting signal
D14 ADDRS4EYMC H) i%s pulled up via a 1K realstor =annected to +5 W,
The BZ42 putput goaexs high only when both inputs arw ldentical.
Becauss nf the wired-0oR cennection, all EZd42a must show a match
rondition befors D14 LODRE+4SY¥MC H is asserted. In the DDCME
pretocel, the comparator looks for a aync charackter, In the Bit Stuff
protocol, it tooks for the lire units secondary address, provided

P it is wperartling in the seccndary mode. Figure 4-9 is a hlock
diagram that shows thoe Interralation ameng the OBOS Syne reglster and

the ut Data Silo bulbfo=.

Thisz bufEor contains 1% bite that all go to the Gut Data Filo FIFOs=.
A7 These bits are containad in *wo 74174 Hex D-type flip-flopa. 1The

inputs come from the OBUS linp=2 aa shown helow.

QBIS Zines Huffer Inputs

¥ D and 4%
1 1 and &%

o 2 2 and 10%
E 3 and 1=
4 4
% 5
F B
T T

* B=11 are flip-flep outputs and are not connected
directly ta JRUS lines
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The buffer outputs cre 04 R 0 H - Da TH 11 43 kits 2-7 are
information hits and kikts 5-11 are Out Coxatrel regiester hits. Sigasl
Gd %10 SEL T, 12 ueed to lcad this buffer and to shift its cutpass
into the Gut Data Sila, Thi=z signal is generated by the regiater
dpeader Wwhich is controiled Ly the mlocroproccesscr, The designation
BE1% in this s5igcal denabtes the Cuk Jata Silo {(t0pgty. Thi=z sillo can

he wxltrten into only by the microproacessst: therefore, signal

D4 E10 SEL L can b= uwsed to lcad the Cut Data Siloc.

The bBuffer ts cleared by T14 GCLEREP T, which 13 asserted for 209 ns
an demand by the misroprocesscsr during a device glear ocperation.

014 QCLEP L can he atsn spocifically selecked By Lhe microprocsssor.

A 74175 guad T-typa Llip-Elap conptains hits 0-3 ol the Qut Cantrol

Tegister. The inputs are coapnecsted to OBUS lines =4 AaL0 0 H - w4 AU

3

H

and the outputs go to Lkits 89=171 regpectively of the Jut Data S5ilo buster,.

Theae bits are loaded into the register by D4 X111 SEL L which is
ganerated by the register decader when the micropeoccssor scloons
the Out Control register. These bita are cleared by two sigrale.
The firet ia D2 THEIP 1. which iz generated wher the Out Data Sile 1=
leaded. The g3econd is 214 OCLRE® L which is conTxaolled vy the
microproceasor to olear this register gspecifically arxr Lo clearx 1L

a3 part of the device <lear fanction.

The remaining logic on prinﬁ-n4 iea the register decoder. Thia device
ie a 745138 3=-to~2 line decoder that is controclled by che
mlcroproceascr. The decoder ls eoakbled only when I CROM 3 L

(pin 4) And D3 LBEW L .pin 5} are both law and 0l oUT* 4 (pin &) is

high. Once enakled, LLhe cutpots are selected by the hipary decading
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of inpul=s DI CREOM 2 5 <« T3 CROM 2 IL (pins =3 respectivaly) . The
eligitt cutputs ars Nd E1H SEL L - 0d R T S5EL L. The selercted oukpat
gtays low for approximately 60 ns bhecausa erdahling input D1 SRW*Y T
iz a &0 ns pulse, The decoder and a Lruth table are shown 1p

Figura d4-710.
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4.3.4 In Bus Conteal Logic

Tha iaput kus (IBUS) control lagile is zhown in cireuit echematic
gaeex= DS, It cuopnsistas af aight_nultipluxnvs Lhat are controlled by
the TMI1? milcraprocessor tao FPlace the contanl:s: of any one of the
eighlL line unlt registers on tho [BOS, The IBLS iE used by the

Micropreseseor ko phtaip information Erom the lire wcais.

M ope-bit slice of the LBETS —ontrel lTagyic Z8 shawn in Tigure 411,
A& 74157 & lipe=toa-1 lipe multiplexer is Leed tn handle mne bik of
all eight regietern. Input (registar) seleckizsn iz performed ay
sclecl inputs E&, 51, and 20 whiech a-a cohltrelled by microproesscr
sigunals 02 CRECM 4 L, D3 ORCM 5 Ly and D1 CRIM £ L, resnoctively.

4 truth tabkle for the 74131 multiplexer is also sanwn in Flgure

4-11,

For 2xawmpie, if the seleck inputs are all Ligh, the Maintegpance
Eagiziler |input D7) iz =gelected. The outpaz is DI LUIBU3 4 H arnd,
in Lols cose, representz bit 4 of the Mainlecancs Register, The
mulziplaxer has complementary cutpuzs; howewver, in thie application

obitly the true ocutput (ple 5) ia uaed. The sEreabe inpuat [(pdn 71 i=m

Fermanuotly cannected te ground to Kewp the multialexer ecabiod,
The multiplexer ocuotputs (D5 LOUIEDS 7 H -=- =5 LOTpos 7 ] arc zent

tarosugh s conmector (J3 on the ME201 and T° or ths HE202] ang

one-loaot long cable to the microproceszsor.
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Cirenit schematic TS fand Figquee 4-311} =haws come sdditicnal

Tawig that 1= associated with reading The In Date Bi1np reglastar,
Whier the In Data 5ile 1s splected by the mligroprocessor, all threse
lzputs of a 7427 NOR oate are low which frives :tg oulLput

hiyh., This signal goees to one input of & 74811 3-ipput AWD

Jate. Jontrol sigmal D3 CROM 7 L from +he micraprocessor iz inverted
and suts & high on the second input of thRis gate. When the =ila is
rond by the microprococssor, D3 THRE L 12 ipverted acs Fputa a hlaoh
on The third input. The cukput of Ehe ANED Ggace uces high and ie
irverted to generate LS RDIASE L. figmal ©3 IBR 1. iz a &0 s rulae;
thorafore, D5 KDACPF L is a negative pulae of A0 ns duratiog, The
Fositive-going trailing edge of DS RDACPE [ is used to cleck the

E5D flip-Fflop in the In Data Sila logie dprint D12

4.3.%> Transmicter Control Loagic

Toe detailed diggussion of the transmlteer logic is divwided into

six marts as follows.

IFiscuseion Faragraph
Bz and ROM Svyno Buffer 4.7.5.1
Clock Logico 4.31.5.2
TO Flip-Flop and 12 Countaer 4.3.5.53
TCEC {ountex 4.3.5.4
EALCT, ZOHME and OATA LATE Flip-Flops 4,3.5%.5
fat Lata Sila 1.3.3. 6
“hift Reglater 4.3.53.7
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d_3_.5_1 R:HM= and EOM Svnc Buffer -=- Three read-oply memorics
[ROMB) are tha major controlling elements Lor the braosmitlber.
Each one 13 a 10:4 kit TTL ROM (5031 or ecuivalent) that is

arxganized as 196 wonrds of 4 bits sach. The EOMz are idewnkifiad

a9 s2hown belaow.

Name Frint WHo.
Function Decode BOM (FLH) D&
Dats Fath Contral ROM [DMECR) or
Data Decadse ROM (LR o'y

Eoth emabling inpurs [(pizng 17 and 14) are held low to keep the

ROM enakbled coosbtantly while power i5 applied. The inputs repressot
an B bie binary coled address that selects zny one of 258 word:s
f@ecimsl addrossss 0 through 2655). The most significant hit is

pln 15 and the least significanl kit 1s pin 5. Each waord is
pra-programmed and 213 vpalierablse. Whon addressed, a specific

Ward always producas the same atatez al the Four aubputs,

Az control elements, the ROMs act as compacpt logic arrays that

replace a large amaunt of distributive logic.

—
A listing For each ACM iz contained in the prxint set {drawing EJ %‘
The liestlay contains input/output binary eguivalente far each

addeexs along with a brief note of whal the address ropresents.

Many addresaea Zorm comblnatlons of ipputs that are funstionally

meaningless or are ack allowed., These addresses are defined as

illegal.
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Tue circuit schematic for khe EOMa and deserinted logic is

vepotaived in prints 06 and ©7. A implifiad clagram is shown in

Ficure 4-12,

Tae datsa path control EOHM has ite enabling inputs ([Fing 13 and 14}
cobnooted direstly to ground. The nther twe BOMs ara enaklod by
gignal P14 GR TEST POIMT. This glagnal iz rha ouipuk of a 7404
invurter on print D14, The inverter inpul is coununted Lo ane

gife of a switcn Ln switeh rpack SP}. This point ls alzo connected
La +53 ¥ through a resizZtoar. The other gide =of Lhe switch is
Froundsd. With the awitch open (OFF), T1d SE TRAY [T goes low and
keepy; the ROMs snabled, During mainkvenance, = oEing this awiteh

can o uaed to simulate a disabled koM.

Tn the fallowieg discuasion, the spurece ard deztirnation of =he
signala weyscocialed with bthe HOME and BOM sy huiier are described
functionally. Jome signals, speclficoally RCHM inputz, have relevance
noly when viewed as a group during a specilinc point in a transmit

speratbtliaon.

Tunction Jucode ROM

Thiz ROM wvaontrole the setting of TX DOYE and decates the
microprocessar inputs which in some cascs are “aynsnroniced to

the modew plock. This infarmation diong with =he gurrent state of
the loglic determines the naext awent an 7 charz:tur bazis. The
FIROM respochds to the microprecessor, modell, a3l inktercal logic asx

Znown in Takle 4-1.
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L4

o114 wo CRE H

LG

Oh

MG

LA

Rignal

ODOCHME H

SEND H

SCDNTYAC H

PTG

SEHD

TEH

LOADL

Tabhle 4-1

Tranamitter Function Decode ROM Input Signals

H

k

Pin

=1

LM

STource

Micropraoceszor +la hit ¢ of Mainterance

Beglster.

Hardware za.ectable waing switch no. 1
in switeh pock no. - (E2E on MAB2ZOM

and E29 on MBZ0R).

ANC functlan of CLERE TO SENS and

DATA S5ET RKEACLY From the modem.

Funetion peccde ROW wia ROM Sync

Buffer.

OR function of DE SCHED H ard DE

S50M H from ROM S2wnc Buffer.

Microprocegsor indirecely wia bit 1
of Dut Coentrol Hegister. This is a
2lla hit.

Tranemltter controcl logic.



Three of the four sutputs Frowm the function decodo ROM are sent to
the ROM Sync buffer. These outputs are: D& TFLG H, D& ITCRC H, and
DEeE ENTXAC H. The fourth ouwtput {06 EMNTEUNE H) goes to the presct
input gating for the TX DONE flip-flop. This signal allows this
Flip-Flop to be sct directly at cextain times durinyg & tranemit

SeJUBnce.

FOM Sync Buffer

The ROM Svne buffer is a 74174 hex D type flip-flop that has a
slagle-rail oueputr {9=H=1! Lfar =sach input. The buffer provides
storage for £1lx transmitter coptrel logle sigunals. After the
flag or sync characlers have bean sent, the ROM Sync buffer is
clocked only at the end ol a charactar. This allows the logic
o get up for the nroxt charsacter during the presant character
wnlle nmobt affecting tne outputs af the buffer. It has common
alack and clear inpats. Three lhputs come from the FORGH. They
are? TFLS H, TUHES H, and EHTIAC H. The correspondiong autputs are

DE SFLG H, D6 CHEZ H and [E SENTYAC H. The fourth and £1fth inputs

Arer D8 TEUM H i(out Control reglater bit 1) and va TSOM T (Gut

Contrnl regleter it 0). TEOM and TS5OM are silo bits. The correeponding
ontputeE are: 06 SEOM H and 6 S50M H. The sixth input 13 D6 ZaTa LATE
{1% W, which is hardware controlled, apnd the corresponding outpot is

e ZRBORT IT.
I'wo gates and xeveral signals are usad tu pravide the clock signal

for the ROM Syno bhuffer. Doring the 1dle state and up until the

first bit of the zvec charaster (DOCMPY or flag character (Bib
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fzuf:i protocol) is transmitted, OQUT ACTIVE iag olvored. s o result,
48 SALYT L ls high. This signal goes Lo & 7432 ok cate and emerges

as 47 LLAD . Signal L7 LOAD H is BYDER with —6 TECLE T wnich 1s

# buffered and inverted transmitter olack from -Fe midem. The result
af this ANDing ie 27 55 LOAD H. The nuffer iv dctually clocked by
the poaltive-going leading edge of D6 T CLE _. as long as QU

AZTIVE is cleared, the =R0OM Synec boffar is nlocked ance each bit

time.

When NUT LACTIVE i= g8et, DB BARCT T, goez2 loaw and drives o7 LAl ©
low, BT LORD H coesa hlgk dgalsn for a shorec time uvaly when tha
TIEC counter reaches the last bBit af o coaracler, At this time,
the TCEC counter ssserts positive Palsc 07 TOSC »aX H. It is
ANDed with De T¥ CLE L to generate D7 5B LCOAE o ¥hich :locke Lhe
RG¥ Sync buffer. The D& TX CLE I clack Pulse i Lhiy case 1is the

vne asdoclated withh the last kit of Lhe current <haracter.

Excepc during the start up phase of Lransmigsion, Eha RUOM Syac
zuffer ix clocked only at i3e epd of a4 character. This allows the
micrapracessor to change the FPDRIM inpres in arttizipation of Ehe
rext event without interferring with the surrenl svect “has

syochronizisg the line unit and modem,

Thr outputs ¢f the ROM Svnc buffer can change unly when Lt is
olocked. The outputs are considered to be zyncarcanized ta the
modem trapsmitter elock because the buffer Ly olo-ked by DE TX

CLE T which is & derivative of the moder =luck.
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Irata Fath Control ROH
The data path control AROM (LPCRCM) formate the Bit Stwff protacol
control characters and controls transmitter data path omeltlglexing.

The DFCROM inputs are shown Ln Tabkle d4=2.

Takile 4-2

Tranaml titer Data FPath Control oM Tnput Signale

2lghal Fin Goauroe

b14 BRCME EH 15 Microprocessar via hit 0 of Mainterance

Fegister.

06 SABDRT H 1 Transmitter cantrol logic.

DG SFLG H 2 “L Function Decods ROM vla ROM Sync
D& SCRC H : __} buffer.

Ground 9

D7 T1BL=E H

|
—_

- T1B< Counter
o7 Ti1BC=5 E B

T LOAD H

Ll

Tranamitter control lngirg,
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Three of tha Eour DECEOM AULtputEe g0 to the data decode ROM. Thaae
@futpuzs are:! DT TSPACE H, D7 ENTCRC H, snd Nf FETYDD H. The fourth
sutgak, 07 ENTCSEC H, ia the anabling Eigual for +the MOS0 counkar.
Zigral DT ENTCAC H must ke high ta allow the counter to eoupt. This
signal is not asgsserted {(gons low) when a D is beipg atuffad into tho
transmitted data stresm: therefare, the ©050 sauntar 1g inhibkited

-

Lo Srevent the stuffed 7 from being counted (Hit SEtuff mode only) .,

natl Decode ROM

The daks daccde ROM [DDROM} multiplexes the data received freom
the TK shift reglster, TK CRC reglstar, and NPORCH. It also canktrols
Lhe timing of transfers from the Out Data Silo -—c the TXx Ehiftg

register. The DDROM inputs are sHown in Takle 4-3

The four DDROM outputs are: 07 BHTXSRD H, D7 CRC CLE ENW H, L7

THEEUF —3R H, and D7 TXDT H.

Fignhal D7 ENTXSES H is a qualifying input for the Transmlttar

Shifl register cleok. Thias register can he clackad only when

DY ENTESKT H 1s asserted. This algnal ie not sasserted during the
Follewing conditior=: during transmisslon of Bit Stufl mode contrnl
characlbars CRC information; whem a 0 1s stuffed; and when D7

TEEOF—&R H is a=zsertod.
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Transmitter

Slgnal i

e 550M 0 135
LY LOALD H |
LT TS5PACE H a
Ground 1
Ny EWNTCRC H 4

D9 TCERC COUT H

=
-l

ENTXSR H

L? TX SZEER OUT H

[latnm

Table 4-3

Decodse ROM Input Sigonals
Souxrca

ROM Svnc Euffer.

Transmitter contrul logle.

mata Fatn Control ROM.

Lata Fath Control ROM.
TACELT Baglster,
Data ¥Path Control ROM.

T# Shift Registex.
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Sigeal DT CRC CLE BN H is g qualifying input for the Tx CBREO revigtaer.
This register can be <locked wnly whe: T7 CRC SLE E H ie asaerted.

Thie =ignal is not asserted when conersl or aygny fharacters arxe

boing transmitted.

Signal DY TAEUF—>8H H must be asserted to allnw hite -7 of the

dus Tontrol regdstar to be loaded into the TXx “nift rewister. (This

iz infarmaticn bte he transmitted. )

Elgnal 37 THDT T from the Data Decode RO rasrxzantitys Jata to be
—rapsmitted. It goes to the T flip=1lop whioch in turn qoeg La the
™hi flip-flop. The output of the TOS Fliz-flop gJoes to the

conversion logle {ME2Z01) or the integral madszm (%202} .

Tals arrangement ensures that the transmatbed data is g¥hnchronized
with the leadiny edge of the modem trassmit clsck Lo kzap

distortion at a minimum.

The TD3 flip-Fflop is cleekod by D15 TX CIGCE b which is offset from
the maodeam clock by oonly SO na. Henery, the TNE Flip-flop is
congidered to be eyhchranized to bke wedem travswit olock leadling
gug«. Fhortly after 135 clocks & data bit on the lipe, the Tn

flip-flup has captured the next bhit to be Evanam tted.

4,31.5.2 TX Cleck Logls - In the user modz; the transmitter clock
is sapplied by the modem, Special logic «llowe aelection of an
internal RC clock or eirgle step clock Auriny maintenance. This
maintenance <Ivekx looic da discussed in Paragraosb 4.3.9

Maintewanne Logic.
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The transmitter cleck eignal from the modem goes o a recelwver 1n
the lewvel conversion lagic. The lwgice i1s5 shown in print 016 and
Figure 4-T3. The signal goes to a 1489 receiver for an ELASCCITT
V24 lnterface or a 75107 two-ghannel receiver for a CCITT vis
interface. The oulpuatbts ol these receivers go tao anp A2686 2-input
debit multiplexaer. Select lapgt 51 of this mux is connected T.o
ground; therxrefore, the po=dglon of the switch ceonnecsted to select
lnput 50 daetermines which input ie chosen. Witk the swlich closed
(OM), 50 is low and input B {CCITT ¥i3) 1=z gelacted. With tne
gwiteh open (CFFy, 37 iz high and the inverse of input A
[EIN/COITT V24l is selected. The cutpuit of the max 18 D1a CLOCK
TRANS L. Thi=z signal is =2enk to aone input «f tho CLE 5SRO ¥UZ
fprint ©15%). The muleiplexer aogtpunt is D15 TR CLOCE H and ecan
rapregent the moder: transmitter clock single step clock, or

internal RC zlock as explained in PFaragraph 4.3.9.
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Figure 4-14 shiws the 7K clock legle and associatad timing
dliagram. Signal 715 TX¥ CLICE H clocks the TOS flip=flop. Tt in
inverted to genearate 0I5 TK CLl L which clocks the SACT Elip-fleop,

TCEC countar, and JHES countar.

The positive-going edge of D15 TX CLOCK HE triggers the TCOF

1-shot {print D&)] which generatags 200 Bs complementary pulses

D& TCF H [(pin 2) and D& TCP T, tpin 12). Signal Do TCP Y clocks

the T¥ pata Shift register. The positive-gaing edge of D6 TOB 5
Erigygers the DP l-sheot whirh geperates 200 ns complementary pulses
06 DF H and D& DP L, Hignal 6 DF H clacks the TX BCC regieter.

Elgnal D& TP T zlocks the Th flip=flop.

Eignal D7 LOAD H ia asserted ak the cotput of a 7432 op gate when
pulee D7 TCEC MAX M is generated nr DO SACT L is high due Lo 11X
ACT heing cleared, BT LOAD H is inverted to genarake OF LOAT L
which clocks the 7522 1lian-flop. DT LOAD H iz ANDed with D&

1X CLE L, whichk is delayed approximately 70 na, to genparate O

SR LOAD H at a 7408 AND gatwe, Signal D7 SPF LOAD H olocks the

EOM Syvne Buffer.
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1.3.5%.3 Th PFlip-Flon ang 15 Countar — The 18 flip-flop ard 18
coypter are diascusged bogether because they are closely related.
The converalon of tranamitter data from TTL bEo BEIR Jogle levels

iz aleo dliacussed.

Th Flip-Flog

The TOD £lip—Flup aod assaciated logic is shown in print 07 and
Figure 4-15. Tt is %1 b type {7474} and its D input is connectad
to the LT Ti0T H output [(pin 12) of the Data Decocde BROM. The
logical atate of zigral DV TEDT H 1= khe same a3 the tranzamitted
data at the outpuc o7 the line uanidt after signel conversioon [(EIR
ENIT DATR}. The definitions foxr TTL ahd EIL lLaglc levels are

Zhaowh helow,

Outsida the line unit the reference point ia the level converkex

output (EIA KMIT DARTA).

EPACE=H=+E6 %W = logical

MARK=L=-E ¥ = logical 1

[(For the 73110 two-ocutput driver, a leogical 0 exists when
output A is negatiwve with reapect ta output B; and a logical

1 exists when output A 1z positive with respect £o ougkput BL)

Inzlde t£he Jipe unit the reference point is Data Decode ROM

agutput pin 172 [L7 LXBT H)Y.

BPLCE=L=0 WV = logical o

MLEFE=H=+5% W — logical 1
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Hinimom disterticn of the rtranamitked datsa 15 accomplished by
clagking the data oo khe line with a ¢locsx that has minimum
offeat from the modem olack, The slock signal ia D16 X CLOOHE 1
which ie offaet by approximately 50 ns due to propagation delays
in pasging through Shree devices. 1t is wsed to clock the TDSE
flip—-flop which receivea the data to be transmitted from the TD
Llip-flep., This flin-flop receiwes data fram the Data Decodo

ROMW {7 TEDT 4] whizk is clocked by aignal D& 2P T, This cleck
glgnal is o derivative of G715 TA CLOCKE M and vcugrs mbout 400 ns
aflter the positive-going edge of D15 TX CQLOJE H., Tha Yos
flip-flop iz syunchretized Lo the modem transmitter clock. Shortly
after TDZ clocks 2 dats bls on the line, the TD flip=flep has

captured the nex+w Lhit 2 be tranamitted.

If £he TH DONE 2it i3 not z2erviced within the reguired time, signal

8 SFG (1) H goes low and the 11 flip-flop ie directly clearad and

the TDE flip=flop 1z direcezly sat. This signal aleo holdes the Elip-flop
get and overrides toae cincked data input. This keeps the BETA SWMIY LDATA
line in the MAREE stane (idle or OFF condition) wuntill & neow message is
indlttated.

During serwvwicimg, Lhe mlcropragesscr puts tha line unit in the
maintenance loos mode by asserting D3 LU LGGP H. This puts the

ELR XHIT DRTA llns in the MARE state.
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15 Counter

functionally, tha 1s cocunker kaepa track of the nuskor of
cpnsecutive 1y transmitted, This dnformatison i1s ysod in the
Bit Stuff mode to make protocol declsions whnen traneamiteing

centrel characters and o maintain data transpgarcaoy.

The 15 counter is a4 74164 B-bit parallel-vas so-ial skife
register. Hoth serial inzuts [(pioe 1 and 21 are coaanected

tio the 1 oukput of the T flip-flop (Cigurec 4-15); therefore,

with the flip-flop set a 1 is shifted 1n when the 1s counter

iz clocked by the poglkivo-going edge of D6 T OLE T,. This closk
signal 1s ANUOed with the 0 output of the D Ilip-Ylep at a 7420
AAKD gate. Wnen the TD flip-flop iz cleared, L=s N Jutout goes
high. When the clogk signal goes high, th: NANI gi=a autput

goes low and the 15 counter 1s ocleared. Ia tkis mnade of aperation,
the 1= counter counts cowusecutive 18 and is nlearzd when a o 1ls

genged at 1ts xerial inpuce.

aely bwa of the eight cutputs of the 12 countsr a+e used. They
are =he Sth mesat siguificent cutput (pln 13 iden—ified az L7
T1AC=5 H and the Eth mast significant ocotput [(Pin 110 idertlfied
my 07 Tr1BC=6 H. Signal p7 T16C=5 H goes high whesn fiwe
zonsecutive T8 bave beon shifted dn and 77 1EC=6% H goes high
when Bix conzecutive 13 have been shifted 1 (27 TIBC=5 H

remainse high) .



.'-.‘-_

i

These two s5ignals arc inpuats to the Dots l'ath Control RoM.

During tranamisgsicon of a flag charac=er [(BEit 5tuff protocol)

they control the gel=ction -f the YeEh and Bth flag bBlts. During
the trangmisslon ol all ocher characters, they Farce the lnsertlon

nf a 0 after g series nf live consecubive 15,

The Bit &tuff srotwecl frame begins and ends with a flag charaster.
411 charagter:s hetwerrn Tlags maust not contain a flag bit pattern.
The transmitter ingexts [stuffa) a 0 after a seguence o five
coentiguous 15 that occur within the frame so that a flag pallerr
(21511110} cannot Le travcamitted by chance. Under chese
conditlaone, wher fzve copmsgecutlee 1s are detocted, the 15 countor
azgerts D? TIRI=5 H. Tho lata Path Control BIM responds by
lodicatinu that a 7 {5FACE) is5 to be aent #=@ext. When the 18

counter detects tais 2, Lt i5 zlearxred.

4.3.5.4 “tansmitrer Character Serialization Coumntar (TCHC) — Thae
TZ50 oounter oounts the number of bite in each data character thal
is transmitted exzslusive oI etuffed 08 (Figure 4-168). I« alss
counts the number of bkits in a control characker. IE counts Lo 7R
for a CRC character and to &% fax all others. At Ehe last nle of

i character, iL gererates pulse DT TOED ¥AYX H that sypnohromimecs
the currkenl acbtion ol the tranawmltter data patn Lo the

mlecrop¥ocesaar .
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It is a 741671 svnochronous 4-bhit counter. BEoth count enable
inputa, ENE CH (pin 7] and EMB CR {pin 10}, mu=st ke high

tn epnaple the gounleyr. EWNDCR la parmanently canpectad fa +3 W

and ENE OM Lls contrallecs by slgssal T ENTESC H, The clear inpub
ICLERY Lz Lnhaibited By conopnecting it to #3 V. The counter data
autputs are ot used. & iow signal on the load [(LD) input ichibits
incramenting the counkter and caunses the outputs to agrea with the
inputs after the noxt clock pulsek. When the counter reachea itz
marimum count [all 12 or couwt 1%), the carry cut pulssa LY

MEY H iz generat=d. Thisz pasitive puoilese 1l of the same dursation
as the poalbtlve sorbtion wi the LER owtput (pin 14}. It times

out when the nex: clack pulae arelves and the counter overflows

fall pukpubs egual 0! .

The ocoyntéer cvan be press= during the load operation to count up
to B por 16, The IHRC character contains 1o bita and when it is
coming up for ftransmission signal 0§ SCRC H is high. This signal
is inverted which pots a low on the counter MSE input {pin 63,
The other three 2cunter facta inputs are alwaye held low because
they are connectad £to ground. In this caee, when the LD input
gsoos low, the ccunter iz preaet to O 2o it cowunta from 0 bo 15

11 counts)] ard then overflows.

Duxring the cransamlssion of other data charsacters, which are B bits
lang, signal DE SCRC H is low and the counter ME3BR is high. How,
when the LT ingput goes low, the counter ise preset te 5% 8o 1t counts

from A to 13 (B counta)l and then ovaerfilows.
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A5 previcusly mentioned, the counter iz 2rablad when D7 ENTCED H
iz high. Thie signal is copiroclled oy the Tata Path Tontrol ROM.
"he ceunter is enabied (D7 E¥NTOSC H 12 nsserted’ furing each data
characser bit exvlusive of stuffed Ds. When a1 0 Iz ko he ptuffed,

the ROM drives D7 BENTCSC H low to inhikit the counter.

I'ne countar is evlocked by the paBitlvre-going edgc of OB THOLE L

which oeocurz ohce sach bit time.

Thoe LD eignal for the gounter is 07 LCAD T.. Weken Lhe counter Filnishes
countisng a charackter, it overflows and ynnerztes ©T TOSC MR H.

Thie =iuymal is fed hack to a T4332 aop gatao and Lke: jnverted to
generato DY LOGAD L. This signal presets thz countor far the paxt

data character. %ignal De ZLCT L is tha othnor Input to the 7417

OR guata. Whenh the tranamlieter i= inactiwve, CUT ACTIVE iz eclearad

Il.hq._
and Dg ZACT L 1s Imw which prosetz the courter.

4,31.5.5 SRC'Ty DCNE, and UOATE LATE Flip=Fliops - The SACT, NME,
and DATHA LATE flip-Flops represent a fubclbiopal sestios of the
Tracsmitter control logic (prigt 061. Thesa fli=-flops and

azseclated logic are shown alsc in Figure 4-17,

EALT FPlip=Flap

The 5ACT flip-flop inforws the microprocessonr ~F k5e status aof the
transmitter. Whes SaCT ie met, the transmi-tar ia active., The D
input of the SacCT flip-fFlop is confeoctpd ta 06 SEHTYAC 4 which

comes lrom the ROM Syne Buffer. The state of t2.y signal is
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controlled by DE ENTXAC H from the Function Decodr ROM. Tho clock

aiqnal Lnr thia flip-flop 12 D& TACLE L and it iu cleared by LE

DCOLREE L.

NCNE Slip-Tlap
The transmlttor logle sets the LOHE flip-flop when the trancmitter

hans accepied data from the COut Jata S5ile.,

lhe clear input of the DONE Clip-flop [pir 13) Lls inhibited B
conhieckting It ta +3 W, The D inpet ia conkectkted o ocround so it
caun b gleared oply when the flip=fisp ip clachkod by the positiwve
edye thaz oceurs when signal D& OCOH H iz azserted. Tals signal
qoes high when data from the Cut Data Sile is available +o the

trarse:kter.

The presct input (pin 10) of Ehe UONE fiip-flop ig2 Zannected ta

Lhe autput aof a 7427 3=input HOKR gate.

drno ioput of this gate 1s connected =o 014 OCLEF H: therefore,

during initlalization ol the line unit the DONE flip-flop 18 set,

The second input 13 connected to the cutpub of a3 7445 2-input
AND gate. This ocutput represents the ANDing of 26 TNTEDHE H and
LR TCP K., During transmisslen of flag and data characters, the
Function Zeeonds KOM asSerts DB EMTXDME H ta indicate *“he

acvoentance of data and control ipformation frun Sha Ont Oata
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Ello. Clock signal Da TCP A is high fer 200 ns during each bit
timo amd, if L6 ZWUSLUNE H is5 asserted during this periecd, the

DOME flip-flop is sof.

The DOWE flip-flop ie set one half bit time after the last kit

af the fimal messzage character, provided the SEWND blt is cleared,
Thiz indicates the end of Lhe mezsage and the transmitter goos to
the idle grate [2end MARKs). The tramsmitter legic clears the
SACT flip=flop. The 1 and ) nutputs of this flip-flop 9o to a
pulse generatar comprised of a T40E ANO gate and an BC network.
When the ZACT [lip-flog is oleared, a 40 ns pulse is genarated
at the AND gate wutput. Thia pulse ia the third input of the

7427 WOR gate. Thi= gate inverts tihe pulse and sets the LDONE

flip=flop.

J4TA LATE Flip=Flop
During tranamlssion, il 2ORE Lls still sot at the and of the current
charactar, the hardware aeta ehe DATA LATE flip-Flap. Thie indleates
that data was nok available i time from the Out Data 5ilo.

fete v 2 a
The preseb ivput of the DATA LATE flip-flop i= connected te +3% W;
therefore, it can be aet only through clocking actlean. Itz T lnput
ia gonnected £ta the output of a 74028 2=input AND gake. One input
of this gate comes from the 1 output of the DONE flip-flap whizh
iz high wheo DCKE is se=. The other input is the iaveraian of 7
TFLG H. Thia signal iz high when a Blt Btuff protogol flag is being

tranemitted whicn puts & low on the D ipput of DATE LATE. Hence,
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the DATAR LATE flip=flop pannot he =e= if a. fleg character Is being

tranemltted,

The SATR TATE flip-flop is clocked hy tha leading edae of D7 TCEC
Mhi¥ o which iz generated at the and af sach character, 1If the

OGHE Tlip-flop 1s still EBet st this klme, and a dabs or control
zharacter 12 being transmicted, the T input of DATA LATE iz higi.

nT ICSC MAX H plocks CATR LATE and =ets iz. This causcs the SPO
flip-flop {print 2&) <o be cleared at toz nex: TISC MAX time which
In turn clears the Hegquest to Sand (RE) Ilip-fleop (pring D15),. This
turns off the RS line to the modem. The line unit Lransmits MARKS

[1die Bstate} until the meossage is retransmitted.

4.3.5.4 Transmitter Shift Registor (rFrint 27) - The tranamittor
upifT regiater (THSX) iz a Y4165 parallel-losed B-3i- shift
reyister khat serializes the igformatice to he trasamitted tFigqure
2-18)]. Thia lnrludes data, BIC charaekters, Bis Seuff control

characters, and DDCMP syne characlLers.
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“he 1X5R lnpute are DE BOGED Y - 08 ETH? I

least significank hite of the Cut ha+ta Filo.

Thr: TXSR has

which are the sewen

comzlemontary sorial autputa; however, only the trgs catprt,

LT T

SEX

CcIoTT H, i=s

used. Tho serialimed data

aut iz

Ficked off

the THSE least gigrlficant bit (Pln &) 8o the eight data bits

are scrialized atarting wikh kit DE RTED T

The clock inhibolt inmut [(pin 15) is dizablod by canzecting it to

grodan

THER

The wleocXk inpyz

Geto,

a5

on

@ the clagk canhot be inhibited #xcept daring lomding. The

cloccked by a Pusitive-going edgo at its -lo-k

e fnput to

this ga*e is DT EW TX5=RC

H whoch

input {pin

iz cohnectec o the output ot o 7408 2-lnput aym

is azgerted

by the Data Yecodz ROM when data 1z to ke transmitesd, The athor

that

Wiian

and b

UL Eare oange nach bit time.

T he

its

TXER load

IR BTBO 0O

ragister. The locad

Z-input NAH3 gate.

input {pin 1} is low, the
- D2 BTHOT? H are parallel
input ie conneckted to the

One input o this gate iz

inpuc 1s clock algnal 36 TOP H which is a 290 ns Pusitive pulsg

rlock s inhilbited

lopded

inta the

ouktput of a 7400

DY MTXBUF—5EH H

which 15 assexrted by the Data Oacode BOM when the Out Tata Silo

ig Lu ko loaded. The other input ie zlock prlze D6 —Cp .

Hhan

Lbath of these signale aren agserted,; the load input caoes low.

d. 3.6

Thne delailcd dizcuasion of the receiver 1agic iz divided into =iu

parlLs

b -1

Fecoiver Logla

follows.
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hiscussion Paragraph

ROMs and RCS Fliliz-Flop 4.3.46.1
Clock Logis 1.3,.6. 3
18 Counter awnd Enablinmg Loaic 4.%.&, 3
Ehifc Register Counter 4.3.6.4
Ehift Register and Data Buffeor 4. 3.6.5
In Data Hilo 4.3.4.8
4,.31.6,.1 ROM= apnd RCE Flip=Flop

Twi read-gnly mengriss [AOM=! are the major controelling elementa
for the recelwer. Bach ane 1l a 1024 Lit TTL RoOM (5603 or
egquivalent] that is organizxzad as 256 words oL 4 bhiks each.

The HEOIMs are iaentified as saown bhelow,

Homa "Print Ho.
Lecode ROM (DRI o1¢
Function EJM {FL) o1

Both enabklinag inputs {pins 13 and 14] are held low to keocp £he
FOM8 ppnabled coratantly while power is applied. The inputs
reprezent an B bit binary coded addresa that selects any wna
of 2560 words [(decimal addreseses 9=-25%). The moet aignificant
wit ies pim 15 and the leaet 3aitgnificant bit is pin 3. Each
woxd ia pre-programmed and is unalterable. When addressed, a
cpeclfle waord alwavs prodoces the eame states at the four

sutputs.
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lae circnit schematic far the RCHME and associatad logie is

enntained in prints D10 and D11, B simplified diagram is shawn

in Figure 4-79,

Both HOM=2 are anabled by signal 014 GRH TEZT EAOINT which im deacribed

ir Paragraph 4.31.5, 19,

in che following dlscuesasion, the Souroe and destivcation af the
3ignals as@ociated with the FoMe and Ros llizg-1lop are described
functionally. SHome Elgnals specifically ROm lugputs, have
relevance nnly whern viewed as a grogp Buring 4 snecific point in

A Yeorive operation.

becodrn BROM
This REC¥ decodos tha protocol gelected, recognizeas E¥ne characters,
tlag characters and stnffaed d=. It controls the vnabling of the
Roceivar Shift regqisker clock, The Decode 20M rosponds to the
mMicraprocessor agd internal loglc az shows in Tabklz d4-4,

EncL
Two outpuks of the Degode ROM, D10 EN FEM H ard 5319 ADDRS+SENCAHJ
are sont directly to the Tunction RoM, The third catput, 010 EN
RSET 1T, i=E agp enabhling signal for the olack for the receiver shift
regizter and the ESECD founter. The fourth oukepnt, 1) Poa RCVD R,

iz hed with 014 pocme @ to provide a Funcoion kow input.
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Tablgo 4=4

Recelwvar Decode ROM Input Elunals

Rignal Fic
Lld 3poMP I 15
Did 5K MODE H 1
D11 FREME (1] H 2
14 ADDRS+5YNC H 3
1o Bimc 7 H - 4
L1 R1B2 B K (H ¥
216 RIBG S H G &
OD1d T1BC 0O H_J g

Function ERIM

Ezourcs

Microproecessor vwia hit O af

Maintenahce Kegistpr.

Hardware ==2lesctable using a awitch

in switch pagk @no. 1.

From Fungctior ROM via RCS flip-Floup.

QJutput of =2ync ocomparatoer,

Outpnat of R1BZ Counter.

lhi= ROM interprets the slLate of the rooceiver #nd controls the

tiring feor loading characters in the Foceiver Buffer register.

Tae Function ROM respond= o the mi¢yoprocesssr and internal

logic as shown in Table d-5.
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Table 4-5

Teceiver Furnhction ROM [noput Signals

Signal Fin Eource

014 poCMP H 15 Mivroprocesgor via bit 0 of

Maintenanrce Hegister.

D14 SEC MOLDE H 1 Hardware selectakle using «

gwiteh in ewiteh pack nae. 1.

D11 IWACT [1]1 H NL, 2 From Functiocn EBOM via RCS
D11 MESG ACT (1) H j 5 flip=flop.
",
DE0 EM FEM H i 4
7 From Naecode BOM
C10 ADDRS+S5YHD HEDD H._,.:' 7
Unlabeled L7 O’ functlion of D10 FLG RECT H
and D14 ODOCME H,
D11 RESEC MAX H R From RERC Counter.
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BC3 Tlip-fleop {Prigpt Di7)

Thne RAecailver Coatrol Synchronization (ReS) El:ip-flaop 1s a 74175
quad bD-type. It ptores three =lgnals from the Furokiar RECOM. They
are; G100 EN FREAME H, L1% EN INACT B, and 10 EN MESG ACT H.
Cumtput pin 2 {211 IN ACYT (1) I is fed bark to oln 3 am the
fourth input). The wlock eslgnal for t4e RS fiip-Fflap iasa ntq
RUCGDE L which iz a derivative uf the modeom receiver olaeck. It ia
Pos (5] 2 i 4on

a 20 ks neadtive pulee Lhat iz Jateratad oshce mach bit +imae.

Its: positive-going trailipng edge wvlooks the RS flip-flap,

Three HCS flip-flop is directly cleared by 7:4 10LES B wim a 7402
K gate. Signal D14 ICLRF H 1s assertec wann che TN CLEAR bit of the
Tn Control register is et or when the microaprocessor inltiates a

general clearing nf the line gnit.

EE5 aan aleo be cleared LY an error conditicon Lhaa- exists when
silanals D10 ADORSESYNWNC RECD H and £190 Poai SECD N are apeerked
simultanecsusly. The AND function of theae twa nignals appears
at the ouvtpat of a 7408 AND gate ané is inverzad tao direst]ly
clear the RUE flip=flot., This= popndition exists when = Rit stuff
abhort sequence (7 our more 18] is recelved.

4.3.6.2 Clock Logie - Inm the usor mode, the receiver claock

iz =upplied by the modem. Special legic allows seiecticn of

an internal RC olock or 2ingle step cleock furice malntenageoe,
This maintenance cloek logic is discussed Jn Peranraph 4.3.%

Maintenance Logia,
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The receiver claock siqnal from the modom goas to a receiveor

in the level converaion logic which 13 siubown Iin poing D16 wnd
Flgure 4=28¢. The gignal goea to a 144HY% recelwaey for an RIASDCITT
w24 interface or a 75107 twa=rhahhel receiver for & C2ITT V315
interfarce. The outputsz of thege repeivers go to an 9266 2-input
d-Bit multiplewer. Salect fnput %21 o0f the max i5 connected ko
g¥oundr therefors, the positlon of the switch connected to
select input 50 determings which input is chosen. With the switch
claxed [(OH], 20 15 low and input B (OCITT w35) ies selected. wWich
the switech open (DFF), 50 is high and the inverse of input A
{EIASCCITT V24) is selected. The cutput of the mux is D16

CLOCKE RECEIVE L. Thiz signal ia Bent o one lwput aof the CLE

SRC MUux (print D°5). The muitiplexer cutput 15 1S EX CLE H

and caw represent the mocem regeiver vlock, eingle ster clock,

or interoal RO <leck ax explained in ?&raqrapﬁ 4.3.49.

Figure J«21 zhows the RX rlock logic and timing diagram. Clock
Bigqnal D15H RX CLE L is generated at the sutput of a 7400 2-imput
NAND gate. One inpue of this gate is% thoe clock signal that comes
from the CLE S50 mux. The other laput gomes from the cutput of
ancther 7400 FAWD gate awcd is the AND function <of D13 RS (1] H
attd L15 HDX [1) A, These tws sigmale are used to blind Ehe
receéiver by inhikiting the X clock while tranemitting in the
half=-duplex mode. Signal D15 Rslt!} H is used as & qualifylng

stgnal because Eie ooden roaquires the Heguest to Send (RE] line
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to be on doring tranemis==inn. This signal comes [rem the 1 cutput

of the H3 flip-flop and is high gxzept when HS ie vrlearad a8 a rasult
&l 2 data late genditdon or a CLRE OUT conditicr. When it 15 deaired
Lo aperate 1ln the half-duplex mode, ths DX flip-[lgep iz aet by the
micrsprocesser and ©15 HDXE (1) H is daegertnd. This, in turqp,

drives D15 KX CLE L high whieh inhibits the elock.

“luck =ignel D1G RE CLE L triggers two 741323 T-shats {prink D10). The
resitive-going edge of N5 =X CLE L dJererates vomzlementary pulses of
00 n2 duration which are identified as £1% RCP H and G110 RCF L. The
negaLllve-going edge of 15 RT CLYE 1 Tenerates canplementary pulaes

of 0 ns duraticn which are identified as "0 %ooD H and Di1a RO L.

f#ignal D10 RCP B clecks the R1BC counter and the CFT flip=flop. Signail
N BOPL clocks the SSHC counter, BX ACT gFeneritar, and the Recelwver
Shift Register. Signal D10 BCOR H olocks the R5IP flip=flop. Signal

1% RCOD L clocks the ReS flip-flap.

4,.3.6.3 CFF Flip-Flop and R1BC Counter [Prin= 019) - The RIBC
Tountnr counls poneecutive le apd iz clearcd waen a received O ia
detocted. Bome of lts outputs are used oy inpulks e the Decode ROM.

They are wzed to detect Bit Staff flay ¢haracters and stuEfad {Js.

The CFF flip-flop lonks at the received dota aeelfore it 13 shifred
intn the RI1BC counter. Prom the idle ‘{MARX] gtate in the Bit Stuff
Froftozol the switch to active repeption must starl with a 0 to

BEigral the first kit af tha flay chearacter {D13117:q}, The CFF
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flip-flop ensbles tae R1BC counter only if this sction occura. The
CFF flip~flop, RIBD, and s3sociated logic is shoewn in priast DI0D

and Figuree 4=22,

Apeume that the lilne anit is opecrating 1n the Bit stuff proftacol
ngear mode apd that the receiver limew is in the idle state {sending

MARFKE) using a BIASCCITT Wi4 interface.

The following deFflmitians are provided to clarify the lagic levels

uged in this dizcusuinon.

Oytside the line uni+t. +Hefercnoce £lgwal 1= EIL EED DATSE at the

input =&f T4R9 receiver,

SPACE=Hm+E ¥ = logical 4

MARE=Lm-& W = logical 1

Inzide the line unit. {Raferancs sigunal 1= D16 REC DATR at thae

output of 148D receiver.

SPACQE=T=0 V = laglcal O

HARK=H=+Y9 V —~ logizal 1

In the MARK state, ETA REC DATA 1s loew. It iz inverted by the
1489 raceivar and the RA26FE mux. Thare i® no stake change thxrough
the On Lime Loop Eslect Maox 894 it appears low as D15 R THATA 11
at the 0L input «f thre CFF [lip-fiap. The CFF flip-flop starts

clearad. 1t is5 elockoed spoe eadh bit time by 1O BECEF B bhut does
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not chapge state [remains cleared). 1% REI DATA H i3z inverted and
gent to the serial isput of the RIBC counter. This counter is a

74164 B-bit parallasl-nput shiZt regieter with a clear input. L1t is
clocked also Ly L'0 S0P H: however, a 1 12 nobt shifred in becaunze
the counter is neld cl=ar wia a4 7408 ARD gate by the low from Lhe

1 asutput of cthe CFF fl1ip-Tlop,.

Asaume that the transmitting station starts o xend a flag
{031141110) . When the modem receive data goas to a 0 {SFRCE!}, the
L imput of the CFF f£1ilp-£flop goes high and the serial input of
the R1BC counter goes Llaw. When clocek signal ©19 BCP H comes
along, koth the CFF i1lip-Fflop and BR1BEC counter are clocked. The
CHFF flip-flep is =zaf and =he low from 1lte 0 osutput 1z fed back
toc ite preset inpat (pin 4) wia & 7403 AMND qute. Thil= locks the
flipg=flop inm the set gtate until it is directly cleared Ly D14
JCLREF L golng low which happens enly on initiamlizatidon or when ik

is desired to clear bhe recelver gectlon.

DID RIBC 0 H ig low and D10 ECOD L is high at this time which
put=s & high on one icput of the 7408 AHD gate that is connected

t the ¢lear lopubt of the B1&C counter. The 1 cutput of the CFFP
flip-flap puts & bkigh on ke other input of this gate. The

output, whilch 15 hkigh, inkibits the direct clear inpuﬁ of the

R1EZ counker. Howewver, now 010 RCOD L cocmes along and driwves the
oclear input low whizs dilirectly <lears the caodbter. Wothing naprpens
bapanee the countex ig already clear. This action indicates that
the BI1EC counter e always cleared when a 9 is dotected apd the

010 RCCD L pulse iE8 generabed.
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“hen the modem receive data doms Tt A4 1 iLlne first 1 of the flag
sharacter), a ¢ is shifted igte the 31BC counter and 319 R1BZ 0 H
Goes nigh. Thiz inhibitse the clear input of Lhe RTEC counter and

it i3 nok mpabled [drivan low! when 1% RCGI L is ygenerated.
Yperating in this manner, the R1BC coupter gnunts 1s to recognizae

2 flag character and a 0 that ls stuffed alter five cortiguous

1s5.
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1.3.6.4 Ehift Begister Coukrter - The Recelvwer Ehift Regleter
Counter [(R2ACF coaunbs the number al hils 1o a character, excluslvye
of stuffed O (Bit Sturl probocesl]. b the last hit, it uenerases
gigmal D1 REERC MAR 11 which goes 20 the Punction EOM as & conpbrol
input to indig¢ate chat the [n Data Sile should ke loaded with a

character .

The RSEC coUnter 15 snown in print 211 and Figure 4=213.

The counter iz actually a 74165 parallel-load H hie s=hlft ragistor.
l1te M5B 13 connected o +3 WV and all other data inputs are

connected to ground. Wwhken the load input (piln 1) goes low (FRRAME
cleared] , the clock is inhibhi+ted and a 1 is loaded in the caourntoers
MSE pogdtion (pln & . The cvlicek lnhibit input (wip 15%) is coonasted
t Jroutd. The countrr is alopked by & positive-going edygs at its
=look dinput (pin 2] - Jomplesmentary aerial ocutouts (pinsg 9 and 7)
are picked oEf the KSE pesition. The trwuwe sserial output {pin 3} is
fed back externally to the gerlsl loput (gia 0] . The serial input

18 fed Intermaily ko bhree LER position [pin 111,

In npnratinh. tha lpaded 7 ix Freaclrenlated hack through the Sountasr
and, after aight hilts arc counted, it rosides io the MSB paosition
agaic. At This Time, it asserte D11 RSRC MRX H which ig used in
Ehe Receiwver Functilon ZOM to lndiecate the end of a recsived

character, D11 ESRC ®AXM H ls actually asserted abk the cubpubk ol a

74211 3-input LMD gate. Ore input ik the couptar trus ogtkpnt (pin 91 .

The other two inpubts arao 01Y FRBME (1) H and D10 EHESRC E and they

must be asxgerbted alud.
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The clock slgral for the RSRC cocunker is5 D11 KSR CLE H. It is ERo

AKL function of D1d BIF L apd ©10 EMESRC H. Di1d BCP T is & clock

signal that ogccoura once each bit time. 010 ENBRSXC H womps from the
Rerglvey Deascde: ROM. 1t is mot asserted when the rpocoiver leogic
dektect® a xtubtfed G, Py not clecking the RERC counter when a
stuifed 0 is detected, the gtuffed 0 ix not counted az part of the

character.

A detailed discugaion of the RSRC founter operation 1z given holow.

1. hegume that the 1ime unit reaceiwer is in the idle state
under BIL Zeulf protocsol diecipline. The RBDS £lip-flop
ig clearcsd and 11 PEAME {1} H 18 low. A= & result, the
RERC caucter is loaded with-a 1 amd signal 011 RSEC MLRY H

l=s low.

. The reosjrs line goes active and 4 £lag character ie
recpived., When the flag ia recognized, the control logic
aggerts D17 FRAME (1) H. Thia releaees the BERD load
functlan anpd activates the clock input. Signal 910 ENESRD
iz alsa assprted at this time. All three inputs af the
74511 AND gate are nigh =o N11 RZEC MAX H goes high ta
indicate the end of the first flac. The Beceiver TFunocitlon
ROM resagniles thre event but it does not assert D10
RER—REBENF F which fdrevents the flag frem hLeing loaded into

the Receiver LData register.

HNoOTE

Ln the Bit Stuff primary mode, all

charactera aubsegquent to the laat
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tartinuy flag are presented to rhe
Frogtram, Ir the Bilk S5tuff sacoadary
mode, the character follawing the
setondary addrean is the first

character presentod to “he pragroam,

a3, Whaen the filirst bit of the Tirzst data character is
recoived, it Ig clocked into the shif- regipgter. Th=
ESRC countear ig alsa clacked. This moves the | from Ehe

MEH pogitieon (pin &) te Ehe LEN Frsition {pin 11} which
drivas D11 RSEC MAX H low., The characler ia assembled

it by bit in ehe zhift regizter and Lhe 1 in the RERC
counter is ghifted towards the M5 h:t Ly hit. &t the
alghth kit, the 7 i% in the ug3gE Fo=ision and 011 RSAC MAY 1T
qoes high. This 2ignal goesz to the Panction =M which
a98erts D13 RER—REBNOF H which Iloads toe acsgenbled data
character into the Raceiver Data register. From here,

the character goesz to the In Dotz Silo, The microprocesacr

decides when to accept the tharacter,

4.3.8.5 Shift Register and Data Buffer - The ghife regiater, data

buffer and associated logic ie shewn An Frint 071 and Figure 4-324,
The shitt register 12 lesded in swvrial with agq elght bit charescter.

The 8 bit parallel output of the shifr register ls loaded 1nko the

data buffer and out te the mlicroprocezsoer wizg the In Data 51lam,
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Aztilally, two shift registers are used. Received lpformation, as
ruprosented by sigpnal D10 51 H, 12 sent to theo serial input of the _xf
first shift register. The catputs of thias shift regJister axe

NM1Y RSKE 0 H - D10 RS5E 7 H and thay are sent to tha comraratar on

prins D14 to be compared with the contests of the Sync Register.

This reglster contains either the B¥2C character [(DOCMP arstocall

ar the line unit secondary addresa [secandary made inm Bit Stuff

protocal]

The 0 bit ocutput of the first shift register (0I1 23E O Hl is sent Lo et
Lhe mcrial input of the second shift regiatar which ie called Ehe
#xtanded shift register. This =ignal is alsn sent -0 +he EX BCC

Jenerator, Tha outputs of this shifr reosister are s=pnt +o the data

bufEcr.
Eoth shilt registers are clocked Ey D11 REH CLX 31 whizh is the AHD '"J
runctiun of D1 EN HERC H aed P10 ROP L. “ignal IO BN BSAC U is
dtn rnabling signal agserted by the Receiver Decods HOM. BElgnal
D1 RZCF H i2 a derivative of the modeth raceiver elock and oocUrs
onee pagh bit time, EBoth shift raglsters are olearnd oy .
A
14 TSLRF L which ie genecrated during ini—iallrzat-on or when it
iz desired to clear the recoeiver only. This is dose <“kraugh the uvae .
ol thao IK CLEAR hit.
The data butifer consilslt of two 74174 hax D-type 11 -p-flope to provide ‘
storage for 12 hits. Eight hite are usod for tke reoccived character
and the remaining 4 are for bite 0-3 af the In coorrel reglster,
The data buffer 1% cloeked by D11 EX DATA KESD CLE F whieh is the
ANT Lanction of three signals. fne gignal 1s 01N HER-sRLETF H which
—_— s
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1z asgerted hy cthe LReceiver Function ROM when the data Lhuffer iz
ta be Iocaded. The gecopnd siunal ia D11 DEL ACTIVE H which is
aazexted one bit time after D11 IWARCTIVE (1) H is asserted by the
BRCS flip-flop. The —hird signal is 010 RIOGD H whicgh i3

a derivative of the mcdam recoiver cleck and cocura about the

mid point during each blE time. The data buffer iz claarccd hy
o111 FRAME (1) H. Th-s =zlgral comes from the RCE flip-flop apd i
rontrolled by the Recelwver Functiocn RCM. It is asaerted when the

recaiver is framed.

The four hiks o tbke In Control Register that are stored in the
data buffer are identiflpd as outputs 11 RCR O 3 = L11 RCE 2 H.
Bits 2 and 31 arrc rescerved for Cukure use aa the corresponding data
bPuffer inputs ace ucannected o ground. it 0 i=s BCC MATCH and is
represented Ly signal L[13 3C0 STATE H from thae BX BCOO generater
error doteckiot: lagls. Bit 7 ia BLOCE EMD and is uscd to ipform

the mictroprocegdacr that a terminaticg Flag (Bit S5tuff mode) or an

abo¥kt hase been recrivad.

1.1. 6.6 I+ Data 5ilo - The In Data Silo is one nof the eighk
registers in the Zine wunlt. B detalled discuseion of the operation

of the Im LDats Silp iy wcantained in FParagrarh 4.3.2.2.

d.3.7 CRC Logie

4.3.7.1 General - This discussion covers the operation of the
tranamitter arnd receiver oyclic redundancy cheoxing (CRACE legic.
Thisz diszeuszalon iz divided into four aections that Are covered in

the order shown belew.
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1. Error detecrtien logile.,

2. Transmitter CAC registar.

Lt

. Fezeiver CRC register.

1

. Typical transmitter and receiver cne computatione.

diome background information onm oyecliz raodundancy checking 1= found

in Chapter 1| IHTRODUCTION.

d.5,7,2 Brror Detpction Twogic - The CRO arror cetoeticn lagic is
wset ottly by the receiver; howevar, beth the zendipg and receiving
atatians must have their Ccpro iegic ewmahled, The s=2ndinyg statlian
Ccompubles a CRS character for the mesgade and transmitz it at the
end al the message. The recelving aratian eXxamires the wtesaage
Flus its CRC characters. AL the end of the oessage, the receivipy
Ztatione’ CRC regiator must contaln a Epecific value to indicata
Lhat toe message has been received error Free. ¥or the poDCHP
pratocol, the recelwver CRD regizteY must read Oy for tha Bit StuwEf

Aaretoccl, it must eFoad S1e417,

NOTE
Te Lazilitats the use of differen- oRC
oades in the pOCME and Bit SEuwifF nrotocals,
the definition of lodgical 0 and locical 1
#are different for wach protoccol. They are

defined ag follows.

DOCHE Rit =miuf:
High = +3 ¥ = Lagical 1 Logical 0§
Low = 0 7 = Logical 1 osglial A
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The CRC detaction logic 1s shawn in print D13 and Figure d4-Z4.

A comparator cireuit is uwused to check the conkernts of then receivar
CREC register at khe ond of 21 message. This oircui+t pconsista of 1€
8242 Z-input exclusive-MOR gates. The output of each B242 goas
high when its inputs matoch [(both nlgh oF hoth low). The 2242 nas
g kare coalleactnr cutgut that allows it &0 be used in a wiFed—ﬂR

configuratiann.

Each of the 16 outputa from the recpivar CORC register gecs 4o ona
input of an B34z, For wizs, 12, 11, 19, B, 3, 2, 1 and 9, =he other
input of the asscociated 8242 ls connected to ground which is low.
For bits 1%, 14, 13, 3, 7, &, 5 and 4, the other inpuk &F the
ageoCciated 8242 is cangegsed To aigmnal 014 BIT STF H. This ias Lil

0 of the Maintenance Regizater. D14 BIT SCUF H i= high in Lhe SDLC

praotocat and Jlow ir the ODSZCMP protoss] .

In the DDOMP protocol, one inpubk af gach E247 is low because B4

BIT STF W is low. When the message and CRC character has benr
recelved, the receiver CRO register must be 0. In thie case, poth
inputs &f aach 24 are low &n that all B342 cutputs go high. Sigeal
013 BCC STATE H goez high which indicates that the received meossagqe
1z errorless. 1f the megaage is in error, the regiagter reads oon-0.
This means thet at least one 3242 deteckts no match at ieks inpot so
thakt its cubtput gocez Llow. This pulle the 5 ¥ to grognd taroumga o
common collector resistor and the last skage transistor 1an che S2dz

with mizmetehed inpots. How, gignal 13 BOC STATE H goes low Lo

indigate that an error exists in the received message. The micro-
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inﬂ%ﬁﬁmmhtﬁttmtﬂ—ﬁirer-exisE&—é&mfha_:atetvuﬂ—mevzzgtf—ﬁha—méGEQL-
Frocegzor mast determine the appropriate reaponse to such a condition.
Ty¥plcocally, it requesus rarransmiesien of the message. Refer to the

Microprocegsor Manual or protocul] documenta foer details.

This logle oaply indicates that tha receiwved Message 18 in error.
Tt doees not determing {5& number or loecation of the earrors nor does

1t Bave error correac-wing cAapability.

In the Bit Stuf? protoccaol, D14 BTY S2TF H e high: therefore, one
input of the HB2?42 comparazters associated with bhies 15, 14, 13, 2,
T+ Es 5, and 4 is kich. 35y detipition, these leputs are logical
0z. The remaicing 8242 comparators {bies 12, 11, 10, B, 3, 2, 1,
and 0}, have one inpue ak groond (low)l. By definition, thesc inputs
are logleal 15.  The Bimary cnded ookal equivalent of this hinary
Tepreésentation i=s U16475Y (kit 15 ia M3BY, In order to match these
inpuks, the contents wi the receiver RO cogister must he Q164417
after receiving the message acd CRC characters, 1f a match oecurs,

gignal D13 BOC STATE H 23 asseresd to indicate thak the —eoceived

meSsage 15 eBrrorlessg.

4.3.7T.3 Trangmitbas 2RL Eegigter

Gonzral

The Ltranemitter ¢RI ragigter rconflsts af a 16 biE ahift rogister,
inputsfeedback logis, and the appropriate number of X-0F gates to
operate with the aelesled CHE codes. Twe codes are uzedy CRO-'E
for the DDCMP protocol and CRO-COITT for the Bit Stuff FProkacol .

SRC-1% raquirea throec X-0R gates; one rach for the inputr (hit G,

4=//]
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Bit 2 and bit 13. CHEE-CCITT also regquites thror Z-0R gataes: one

@ach Zar the input {(bit 01, kit 5, aac kit 12. A total of fFive

i-GFRE gatee are Jd2ed in the register. The one for the input is

nsad by both protocols. Foxr a given prokacuol., tiae inputsfecdback
vorntrel logle selects the required X-cE fates Lo prawvide the

leedback path. Por example, 1o the Sit 2teff mode, the A=0OR gatas for
the input, kit § and bit 12 preovide X-BR funclions. The X-OR gates
for bils 2 and "5 act ae non-invertiny gatesz and cnly shifFt dats

from one stage o the next.,

Tha transmltter CRC reyioter Zis shows in Fript Z4. Tt ia alsnm
sawe in Flgure 4-26. Tn thi= illustracic:s, the regluter stages
are shown symbolizcally ss numbergd Bquares. Antusily, thev cousist

oF three 74174 hex flip-flops that are clecked Eimultanconsly and
crearsd =zimultanecusly. The clack signal L1s L3 CRI 0K 4 which 1z
the RHL function of ©Y CURC OLE EN 4 and Dé "B K. Bilgnal ©? CRED CLE
FM A is asserted Ly the Tracsmitter Datse Lecode REOM when the ORC
loviz is enabled, Signal T6 oPF H 12 a 200 na Pozleive pulse thak ias
derived frem the modem transmitter clock., Thig Pulse nofureE ohce

rdarzng kit time.

The clear slgnal iP generated at the ogtput of a4 T3112 Z=inout NAMND
gate that 1= shown as a lugically egquivalent negqabad-iaoput AND gate,
“his eignal i5 generated in two Ways., AF “he start of 3 masaadgs,

the gprogram sete the Start of Message hit (TS0M' For s short Eime .,
When it is eet, signal 06 S50M 3 goes high at bhe 7402 Jake. Thi=s
gete inverts thae signal whieh drives it low and clears the trapsmitter

CTRC reglster.,

i
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Flignal LE SCRC ia enabled by the Transmicter Furcerticen Decnde ROM
ak *the rroper time durierg tramsmisslan, if a CRC cumputation is
Agsired. This signal goes to the input of a puise generater
comprised ol twe 7402 gates, a resistor and capecsitor. This pulae
decerator provides a 100 nz posltive pulae ab +ts output only aon
the negativo-going trapsition of N6 SCRC. Witk DE EQRC

highk, khe pulse goncrater output iz low., “ha other input eof

the Y402 gate la low aleo heouause TSOM ix nleared very aarly ic
the transmizslon) that 13, DG SScM H is law. With both inputs

low, Lhe outout of the 7407 gate ie nlgh: therefors, the clearinag

gignal 1s inhibited.

After the acvcumulated 1% kit CRC rharscter ha® brec tranomlitted, the
transmitter logic clears signal O68 SCRC which yenerates a Fogitive
pulse at the pulse generator cutpuwt. “his pulse iz inverted and
clears the CBEC register. In the DDCHMP and Bit sStuff mades, it is
nepocseary Lo Forpe glear the CHC reglestor at thiz £imm becavae the
next tharacter may be part of a seqguance thabt shoreld hbe inclyded in

aneLher CRC computation.

Input/Feedback Control Logic (DDCMP Mode!

Ozexrabion of the input/foodback contrel Joviz in both moedes (DDCME
and Rit Stuff protocoall ia discussad wsing Figure 4-26. Por e=ame

ol discussion, the ¥-0H gates are Ldrntificesd numerisally (0, £, 5,
14 and “3); and the other gates are identifizd alphaberically (&,

B, I apd ).
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In the DDCMP mode, $ignal 314 DOCMP H is agcarted, This puats a

high on <ne impat of AKL gate © and cegated=inpult AWD gate B, T by
nther input of gates H and O is the cutput of ANT gate a which Is
tno AND function of 7 EM TXER H and N9 TCORC IN H. Eilgnal

LT EN TASRE H is aszsrcoed uy the Transmitter Data prath Control BoM
when the CREC function 1s rrpabled. Therefors, the Transmitter CEo
Regl=zter is actiwve and is computing a CHS an the Eessage heing
Lransmitted. Sigral 19 TCEC TH H comes from nxelugive-0OR gate 0

ard im the X-0FE fun:ztkion of 8 TX3IER OUT H aerd LB TECRLD OUT K.

Signmal D% THSER Q0T Y iz Lhwe sntput of the Transmitter Shift

Fegizster and i= the data keing transmitted. Signal D9 THCRC T H

is the ovtput of the CEC rogister (hit 15]. The XA-0Red etates nf

DS TCES TM H are sent To the first stage (kit 0] of the CRI registear.
They alsoc pass throagk gatez A and o ta X-0L gakns 2 and 15. The
ocutput of gate A3, and konoe the wutput ol ga<e D, is held low by

014 DOOMP H. [ais iahibits Ehe ¥-0R funetion of X-OR Jgates 5 anhd

12 and they act as eun—invertitny gaten. Hhen the {H: charactcr has
Eeen accumulated and it ts time be tranomit *he CRZ characepr,

D7 EN TXSK H goes Jlow which drives the input of Lhe CRC register iow.
Thua, the tranamicter CRT i9 For active while its contents ara being

transmittad.

In summary, Ehe CBRC roagister starts cleared (ail ©8) by the asunrtion
ol Db S50M (1)1 H., The =tate of 014 PUCNF H, which 1 high, socte

up the X-0OH gates &a that Lhe register accumnlotes a CRC character

in accordance with ~ode ORC-14. The feedback path ie =zet up Ly

D% TCRC IWN H prior Lo the register beingy clecked. Wher 211 the nata
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in tke transmitted massage haa been operated =n, the reglster contains

tne CZRC character, At thie peint, tke franamitter control logic -
drives DT EN TASR H low and the CRC character ls Lransmitted after

the lest data character. Remamber that while tha data ia being

ngnrated on by the CRE register to accumulate a w0 character, 1t

is being tranamitted simyltanecusly wlktho:il alteratinon. The 0RO
character ie transmictecd Ly bheing serlally shilted from the autput -
n? the CRT register to the 'ransmitter Lecode <0M.  all X-0OFR gates

cre disabled and the exdlsticg dats 1z not altered durlng the process.
Waoen the TRC character bas heen tranemlctted, Lke migh-—ta-low _—y
transiticn of DB 3IRQ H alears the CaC reglzcer. ‘The anly

vonitrinutlon that the CRC ryegister makes tn Ehe kE-ansmitted data

inm grnneration of the CRTC character which Lhe roee’vinas staticr aaes

tr dotcrmine whether or not Lhe messagoe hags bEeer received errorleas.

Iarut/Feedback Control Toaglic (RBit Stuff ®zde)

In —he 3DLC mode, D14 DRCMP H &5 low which gualifies qQate I akd
Aisgqualifies gate A, Dualification =f galke B, wlih NY EW THEER H
#Es5eTted, E8ts up the feedback path for eperation with code
CRO-CDDTLYT by enabling X-CR gatee 5 avd 12. Trke lLaw cutpukt from
gate © gres Lte X-0R gates 2 and 15 ard they ocperate a3 non-lnvexting .

gatras.

The CEC register atarts csleared {(all 18 ixn the it stuff mode) . This
allowa detection of the addition or deleticn of 63 at the leading
e of Eane message due to erronecous ilag charac-Tters. Rl bit posltions

exCca2RT 2, 2, and 12 receive the data from tThe =revicus stage 2f the
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CRC reglster without modification by the I-0R function. Except for
the chamge in the teedback paeath, operation is the =ame ag that
descriked in the LROCMP exanple. The tranemltter control logic
complemants +hr CRDY charac=er before sconding it. This allows thea
detectien of the erronecuae addition or deletien of 0= at the

Eralling end of the mes=sage.

4. 3,74 Beocoivnr CHY Hrgismtoar — The confiligurakionmn af bthe Recalwver
CRe Reglasrter ls exacstly 1ikea the Transmitter CRC Register, wikh
respect ko the N-GH Foaodback paths. Tha input/Leedback ILogic,
Clocking loegic, and claaring logice are diffarant. The REeceiver

ZRC Eeyister iz shown in prict D13, It i alee shown in Figure
4-27, For esase aof Aiszussion, the X-0R gateas are identified
numericsally [0, 2, %, 12 and 15]; an« the other gatez ara

identified alphabetizsally (A, B and C).

The clack giqnal for tae CRC regigter ie D11 RSE CLOCE H which i= the

AWD fumcticon of D°0 EM RSRC H and D19 RCP L. Sigmal D19 EW RGR: K
iz assserted =y the Receiver Decods ROM whnen informatien is beiny
raceivad. Sigral 012 BROP S i a TO ne positiwvwe pulase that is
derived from the modem receiwver clack., Thi=2 pulse ococurs once

cach bit time.

The Fedister is5 clerred by signal D11 IH ACTTIWE (1) B which odies
from theg RIS flip—-flop aArd is hit & af the ITnput Cantrol Hugintnr.
This bit is asesrted ay the receiwver control legic when the line

unit i=Z in the darta reception mode. Thiz means that it ia ageertsd

447



A s oy

AL

OREACR L — g '| T
MOz T — 1

Liacking and
£agie

e TFGUAL S o Loy Ll
B 68 T f ——— - RS A reckinier deids.

0T L M

| Asaic FErpascy o

EHD Y-S ISP T B R
{20

@4@[—,@@'

|— - ] RERL NS FEm PR o

C
-~

WETES

BB sawdir dolh Q50M0 and 18 TEoFV pradorals,
Fetd e A LATER oY GO0

Foegpack pald for S8 SEpFE

—

! fFogiey Lia e,

Aege sdor Sl Feod Foodfenk {oqac

Figure 4-Z7 Fecelvery CRC Register




wpon regeipt of the firar noan-eyne or nan-flag character; therefare
at the beglneing of 2 wmossage it i8 not asscrted [(low) and the

FEecaivel OEC register is wleared,.

Input/Feedback Copntrol Lagic {DODCHP Mode)
operation of the inpnt/feedback contral lagic in both modes (TDOHE

and Bit Seuff) is Siscugaed caing Figuee d-=27.

In the DOCMP maode, siynal D14 DOCMP H is asserted. This puts a high
on one input of WAMD gazte & nand negated=input AND gate E. The
output of gate 8 1s aeld low which makes XK-0OR gates L and 12 perforom
as mon=inverting gates, The ontaouk of gate A can be high or low
depending on the zzate of 211 REH 00 H. Thiz allows X-0R gatee 2
and 1% to perform the X-0R function. Thhis seta up the feadback

path for code CRC-"4 ir <he TDOMP mode. Tha input to the reyister
iz O%1 RER 09 A whirh -5 twe blit 0 outpet ol khe Receiver Shiit

Roaghstear.

Trn summary, the statr of D771 DOCMP H condltions the input logic to
set up the Faedbacsk gach to conform to cede CRC-146. ALl data and
the received TRC charscter are included in t“he CREC compubation.

At the end of chre mesusage, the Recpiver JRC Registar should read

all 0O=%. Thig indi-atons recepticn of an wrrorless message-

[nput/Feedback Control Logie {Bit Stuff Model
In the Bit Stuff made, D14 DoUMP W 12 low which gualifies gate B and
dizqualifies gate A, gualificakion of gate ¥ sets up Ehe Ieedback

path for operatien with z2ede CRD-CCITT by enabling ¥-08R gatezs 5 aoc

4-//3



12, Disqualificatior of gate &, keer o law on znput of X-0OR gates

& ane 15 which makes them parform ms nob-inverking gates,

Tn summary, the state of pi1 PODeMP Xt coneitiens the inpuk logie

%2 set up the feedback pnath ta conform to wade CRO-0DCITT. Al1 data
and thke CRC character [palled the PC8 charapter 1u SDLC protooc])

are lncluded in the CRe computation. The sending station complemanta
tone TUE charaoter kalore Ctranemltting it. after raceiving the data
and F25 character, the Receiver CRC ReJls.irr must read 016417 Lo

indleate an orrorlassg medsage.

d.%.7.5 Typiral ORC Accumulation - Fiqure 4-2F zhows Tv¥pical

transEmit and reosceive QRO Accumylations in che Hit SEuff mode.

fomamber the followirng factks cOnuRTning CHC oneratvion in the Dilt Stufr

rode.
. In the Recelver and Transmittor reglskere, 4 high signal
repredents loglecal 0 and a low migral TepFesante logical 1.
Z. Both registerse start cleared {all 15},

3. After the CRL check character (PCEY ha&d ooen accumulated
in the tramemitc mode, it is tracsmitted in cemplementary

form.

g4, It the recelwe mode, alter recepsiorn =f the rdata and Prs
character, the Recelver CRC Reglis<er must rasmd 016417 [LESE

right justified) or ¢lse the Messdage i= “n orror.
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1 . 3.8 Data §et Interface Logic (MAZO

4.2.8.1 GSeneral

ol

The datw pet lnceprface logic Ferforms pigral conversion hetween the

TTL logic lewvels used in thea line unit and the Elp logic levals yged

sutside the line unit. The logie levels are defiped below.

TTL Tewals (Ihside theg line boit.}
Hdigh = 45 v = Iogical 1

Law = 0 ¥ = logical 0

ZIA Leawvels [Jutaide the line unit.

High m +6 ¥V = lagical @

Low = -4 ¥ = logical 1

]

This logic supports two different intorfaces. One is BEIASMCCITT wadg

which uses single ended aigqnals. The cther is CCITT” %35 whioh uses

fouble endad or AiFfarankjal Blgnals.

In the ETaSCCITT V24 interface, signale fPoo the adem are handled

by 1443 recelwars. Favh receivor has an externi! regponsa gcontrol

ingut, corszisting of & resistor and ctapacitor, that =sts the

thresheld for level! eonversicn., The gsignals te the modem ars

hacdlad by 1448 drivers.

Ia “he CCITT V35 interface, =ignals from the modem are handled k¥

75107 two=ckanngl receivers. Eadch recelvar hnas diffrrantial ionputs

that are canverted o a singla cutput.

dandled by 7?5117 two-channel driversg.

4128

The ailgnals toc the wmodem are

fach dAriver has a =ingle input
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that is vonvyerted to differenkial outputs.

The level conversicn logic ie shown in print DI1E.

4,.3.8.2 Gtonversior uf Signals from the Modem - The aignala from

+the modem that arre conwver==24 Es TTIL levele are shown in Table 4-6.

Table 4-4

Eiqnﬁls Fram the Modem

14849 75147
Sigrpnl Fecesiver Recrivear

ODETA ZET ZEADY Ye= Na
OCLEAR TOC SEMD Yes No
BETHG ied [ [
AWl CLOCA Teg Yes
SERTAL Ra™h IHM Ted ¥Yes
FELC CLOCK TEE Tar

The 148% receiver inverts the eignal that it is converting. For

El2z contrel sigpals, & high stake indlcates an OF conditicon.

The ountputa af the 1401'% rocgivors LFar Ehe ODATA SET RERDY, CLEAR I

SEMD, and BLHS Bigacls are inverted agaln to produce D16 MODEM RDY H,

=16 Cs H, and 16 RlMe H, rosprocbkively. These gignale are part of
the Mocdem Control Register and they are read by the program to

determine the status nd thao moalom.
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Im addition, the cutputs of tha recnivera .or DRTA SET READY and
CLZAR T SEND are ANOed at & negated-input EHNL gate to assert DG
SERD f I anly whnn both these £ignals are C¥ (higk!. SEND i an
enabling zigral for ehe Eranamitter and must be sacected in order
ke Tur: on the transmitter,. Twe Jumpers {¥Wi and W:] are provided
in tae outpul of the receiver associared with DATA =T READY
(Pigure 4-29). Witk W3 inztalled apd Wz TEmMowVed, L1& MODEM ROY H
“Aan b asserted or hon-ageaerted. Por “hoee apyplications that
require DATA EET READRY to heo Fermanently OF, W3 i5 instaulled and w2

4% removed, Thilis holds signel D168 MODEM RUY B asserted.

Signals MMIT CLOCK, SERILT. DATA IN, aré HET CLOOY from the modaom
are oach sent to a pair of recelvers- 1483 For the EIAACCITT Wid
interfacp and 75107 for the COITT wac interface, nn 4364 gquoag
d-input multiplexer 12 psed Lo select betwe=n the Lanp

interfauos., For each of those algnala, there arc two

nogalnle outputa; one from the 489 Tocelver and <oe From the
T3207 receiver. The 148% autputa ¥a to the multiviewer A Inputa
and thr 75147 ountouts o to the multiplexer B inpubls. Select
input &1 18 connected to FJround; therefore, the peosition af the
switch cornected ko gelack input B0 determines whizh inpub is
chosen. Wito the switch clomed (oMY, 32 Ls low and input B
(CULTT W35) is selected. With the switch apecn (0FFY . 59 is high
dnd tbke inverse of input a (BTasCccTITe W34 is solected. The
irvarsion of A in the multiplexer compenaates for cle non=-inverting

attion of the 75197 receivar,
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.1.3.3 Converslon of Sigpnale te the Modem = The signals to the

madem that are canverted to EIA levels are shows in Tabkle 4-7.

Tahle d=7

Sigrals to the Modem

1485 75110

Signal Driver Orivaer
1% OTE H Yac M
(Pata Terminal Eeady)
D15 RTS H ¥eg Hn
fhequeet to Send)
37 TDD W Taa Yos
(Trapsmitter Datal
15 SECS H Yesg e

lExternal olack?

The drivers convert the elgnulse to EIR logic lewvels. The 1448
drivers supply single=-ended cutput signals ard the 75117 drivers

supply differential cutput signals.

Iwo jumpers (W4 and WS5) are proavided in the input t& the RTS driver,
With W4 installed and WS ount, assertioh nf the ETS signal 1=
centrollad by the RS flip=-flap (print D13y, Wirh WS installed apd

W4 oubt, the RTS $sivnal 1= hcld asserted.
irnal 15 BECSE H is the output of the internal BC nlock thak i

uged during servicing of the line unls. L1 SECQS H i= turned o

and allf by a 8wilteh in package SP3 (print D13y,

4126



q.3_9

d.3.5.1

Malnktenance Tuoglco

General - The line unit can be cperated lh three maintenance

modes during servicing. The modes are descriked below.

Internal Mziasltenance Mnodes - This mode provides a means
tor analyzaing ninety percoent of khe line unit withouat
digconnecting it from the madem {M3201) or the coaxial cakhle
{MA20Z) . Level converters end the cable cannot be checked In

this made:.

Sipgle step clochking 1ls provided by the diagpostic program

wvia Rhe maiuros:ooeassSor.

System Trst ®oda - Dlacklng 1z supplied by the line wunik RO
zloack. TR shis mede, the line unlt may remain connected Lo

the ooden.

Extertal Maintenance Mode - For the MBZIDT 1ine unlk, the
modem musk Le discosunected and the HIZS test connector must
he connecled Lo the BCOU5-235 cakle, In this mode, the line
unit flus che conversion logle and the medem cakble are
checked. Clock-ng Lz supplied by the 10 kHz internal oclock
which is furned around o the H325 test connector to simulakbe

the modem transmit and receive clock.

For the MEZ02 line anit, tThe ccaxial cables must be disconnected and

the 12=12520 coaxial adapter must be uged to connect the plg-tail

esakxlal cakles togelker. Clocking is supplied by thoe integral modem.
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The maintenancs logle vonsists of an BD elock and -wo multiplexers

to yrolect the progper source f{or the data, cloek, and coptrel $ignale.

Thre logivc is zhown in print 015 and Figure £-3n,
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a.%3.0.2 BC Clock - The RC clock coneiats of e 74049 inwvertars
and feedpack ceapacitors and Fagistors. It iF a frea Yunning 20X Hz=
claczx that starts whan Powsr 18 applied ta the line umit angd Btops

oely when power iz removed,

Tha output of the RC ciock g¢es to the clock input of the RCC SHAFPER
LYip=-£flop, The ¢ ocutput af this flip=flop ie canoected to ies
doInput 50 it divide= the BC clock autput hy two. The Elip=flagp

also shages the RO cloak output. Thne actaal BC claock 1s the 1 nutput
0l the RCC SHATER Flip-flop which ia & 10K Qe evymmetrical square

wawd callied 313 BCS K. This signal goes Through & switoh and on o
the input of a 1488 driver and a 7910 driver, Wher the H3I25 rest
annnectar is installed fFor servicing, the vatpul fF the 1488 drilver
'VEIRSCOTIT V24 interface? 1s turned arcund and slmylates the modeom
Trarsmitter and receiver clack sivnals=. A dAlffZcrant zahle and test ey

conneetar are reguired for the COTTT wag interfaco,
Bignal D15 ECS H alec goos to an inpuk of the LK =ERC multiplexar,

1.3,32.3 Maintenance Multiplexers = Two multlplexere are ugged in -

th2 maZntanance logic.

UH LINE LOOF SEL Multiplexer )
The fiN ZIWE LOOPF SET. mux -~ontrecls the aource of received data +to
the roceiver pontrol logic and the stute of three control Bignals;

SENZ, Regquest to Send {(BETE] and Data Tarminal Ready (UTE].
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Thege four sigeals are outputs of the OF LIKE LOOP SEL mux which

fg a T4157 guad 2-input multiplexer. The nux atrobe lnput is

connected to groand whisch keeeps the mux anabled. The select input
TR .
is connected to the auntput of a 7402 Z-input HOR gater thereforo,

the input signals £3 this ya=e controles khe= galectinon of the mux
inputs. These siqrals are DI LU TOOP H and D74 RAW H, fignal
L1 L0 LOOF # is rontrsclled by the microprzoessor. The mlcoro-
processor assevts 3 T01 o3l H ko put the line anit in the
maintenanca maie. 2ignal 14 B/W H is bit 5 <f the In Contrsl
Register and can be msed alsc to put the line anit Ln the
main-enance mode, O0'4 ESW 3 comes from the 1 output of a 7474

flip-flop khat is conteolied by the mlcreprocessny .

In the user made, ceither 214 BEAfY H nor 03 LO LOOF H are asaeT trd

s the %0 input of the OW LTHE LOOF HEL mux ls low which Belects

jinpuT A, The tollewiag evenTs OCSCUI. ? -
1. 016 SEND 11 E {irput A1) i% high becauss Data Set Ready
and Cclear to Seed from the wodem are 0N (highd. This

asserts D15 SFHE 11 at mux cutpuw: f1. This signal must ke

high =o astiwntre the tranemitter.

3. D015 RE {1 1. iinput A2} 1= low berzuse the Lransulcter
cortrol lagic has set the RE flip-flop. Thie drives ) )
GTS H low a4t wmux ocutput £2. Thig signal Lla inverted hy
a 1488 driver o pu= o high on the Efa Reguest to Send
linea. This slgral must be OGN (high! e condition the

modem far trapemigsion.

F=13/
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N1E RDATA H (1nput B3] is pelec=es, T™ris is the received
data from the modem. Tt becomes L13 HY DATA H at mux

Qutput fi. This =2ignal goea o the rooeiver rontral legie.

L13 DTR [1) T. (input A0} 15 low becanyse the mMicropraocessar
haza =et the NTr flip-flop. This dr:ves D15 pre @ low at
max output £0. This signal is -pvertrn by a 14R3 driver
to put a2 high on the BIA Dats Terminal heady line. Thia
fignal mwet he ON (highl to areppars tke modam to be

connected to the commumicatinng channel,

In the maintenance mode, tho processor asso-ts eilhar D3 LU LOCP I

or D14 KSW H. Thisz drives the 50 input oF the ON LIKE TONF SEL Mux

hich

which selgete input B. Tha following events oc-cor.

D15 RE {1) H (input A1} is kigh becaonss the trangmitter
control logic haz set the R3 Flip~Ilap. This sasserta N15

SEND H a8t mux outpuk f1 to activate Ethe tranamltter,

Input B2 1% connectoed to +3 % which drives 015 8TS5 H
high at mux outpus F2., This iz +the GFF szrate For the BETa

Pegquest td Send lige.

Input B3 iz cobnecsted to N7 TOLS O which ic data to be
transmitted. This means that the data to Le btransmitted
(DY TRLS H) 1s used ae the received da—gz (C15 K& DaTR H

at mux Subput £3)
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4. Input BO is conpectaed to +3 W which driwea D105 DODTRE H Liah
at mux output L0. Thiz is the OPF stace for the BTA Tata

Terminal Feady line.

The above diascuseion Tovers the T4157 ON LIHE LOGPR SEL mux for the
low erpeed lime unit (ME2INOI1 . L zimilzr mux i= wuseed Lk the hiagh
gpeed line wnitbt (MEZIZ]. Lt is & 742158 mpux that iz Functionally

equivalent to the 74137 except that the cutputs ave inverted.

Because there is no leavel convereion loegic im the MB202, thore is
Ko SERD input to the mux. D15 SEND H is & mux output but its
agscclated inputs LR1 ané Bl) are differant. Is the user mode:,
input A1 i3 melectsad. Thins is D1e 0L from the integral modem which
iz low. The Wux inverts this =ignal to agegert 153 SRWND H. In the
maintenance mode input B1 is selected., This is D15 R3 {1} T from
the K3 fiip-flop ard it is lww. The muax inverts this signal to

assert I'1G SEWIT H.

LLY SRC Multiplexer

rThe LK SRC mux controls +he source of the tranamitter and receiver
cloeks during normal operation apnd servicing of the line unit. The
CLE SREC mux Ls a 74133 dual 4 line-ta 1 line multiglexer. PRath
stroke inputs are connectod to ground which keep both sectlona of

the mux enabkled. S=lact input 50 (LSB) is ceoentrolled by D3 LD TOOF

ar Di4 EAW . Selezt input 51 (MEB} is cvonkrolled by D2 BUN (1) H
from the micraprocsssar, output FO0 is D15 TY CLOCKE H which is Lke
clock gigqnal for che cransmitter contrel Legic. OQutput £1 gaoos Lo
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one input of a Y400 2-input HAMD gate.

gakn represents (D13 RE (1) H) {L15 3D%

Jals is 213 RY OLX L which ia the elock
cottbral logic.
half duplex opearation iz zelocted.

mux is ghown below.

This gate inhibits the receiver =olock

A truth table for

The other input of thiae

11 H) . The output of £he
signal for the receiver
only whan

the CLY 5CE

i) LNPSRY
ouws OFERATEI NG
1 eyl INPTT SELECTED MODL:E
L L (A} Modem clocks D16 CLOCE HETY
TEAMSMIT H and D1e i 'LOCE
RECEIWE
T, n (B} Single step clock o2 Intprnal
STEF H. Maipntenance
E L (2] Modem clocks Di1§ CLOCK *Extarmal
TRMIEMIT H and D1 CLOCE Maintenapce
FECEIVE gimulated bvr RC
clock.
[ B (D] Intermal RC clock Evstem
oth ECS H. Test

*lezt connector H32E must e used.

mocem clazka.
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BT ¢lack ig uvused to simolate



—-

4.3.10 Initialitaktion Ladic
The lnitializaticr lagie is usnecd ta clear the receiver gectiocn and
transmitter sectios scbarataly or simultanecunsly. Thies logic ia

shown in print Did,

For =ach sectinng a 74131 aprr-shet generates compleamentary pulaes
that are the olearine sidnals.  Bach one-shot la eriggered by a
negative-going edge st it: inpunt. The outpuk pulsces ace 400 ps ic

duratieon.

The microprocessor can £lear the receiver and tranamitter secticns
simnltaneously Ly driwaing gigunal 0D CLEAR L. Thia signal ias
inverted by a 7404 lnverksr and =ent to ocne input each of twe 7402

BohE cates. The low culosuts from cheae gates trigger the one=-shots.

Thke microproocossor od- =]loarc Rhe repomiver sectlan or the tranzsmitber
section separately by driving Dd afll 7 L low and addressing the In
T"ontTrol &ngistﬁr Lesr she recel¥er aF the Gut Contraol Regiater for

the transmitter.

For example, asgsume that it is fdesired to clear the recciver soction.
The microproceseor drives siqnol D4 ALT 7 L low. This signal gon:s

to one input <of negated-input AND gate (V403),., The microprocpssoc
atdresses tha In Coatrel Kegister and the register decoding loglc
drives D4 R12 SEBEL L low. This signal yoes to the ather laput of

thig agate, The output of the gate goeez2 high and is invertad by

ancthe¥ NOR galke Lo frigger bthe one-ghot that generates D4 ICLEF L,

F=i35



4.3.11 Integral Modem (ME8202 Cnly)

1
g

-
-

1.3.11.1 General Information =« The DMCT11-MA and MO 1-MD Line Uxnits
each contéin an intagral modem. The podem clrzuitry 1s located on

the eorner af the module shove rhe cutzut aerction.

The modem for the DMC11-MAa werailorn cperatss at 1M Lps up to a
distance of G000 feat, The DMOT1-MC ViHrEsion operates at S56K bpE ap
En u distanmge of 18,000 feek. Each version reduires Belden B232

coaxial cable or equivalent. iy

The modem incorperakes diphase [doukle frecyenzy) madulation with
Aaun-raturn-to-zero (HREZ} coding. “Transmiteed or reeeived data -
identified by the number of signal transitianz thar ooour durlng a
Bit time. A BSPACE {logical 01 is idenLifind by kwe transitlony —
Per bLit time. A MARE (logical 1} 1s identified by one transitioe

ber bit time.

Tne trapamitter vlock 1z geoerated by an R cavillator. The

amplitude of Ehe tranzmitted sigral 1= 4V peak-to-paak.

The roceiver elock ie recovered from the received signal which should

Ee 130 mvy peak-to-peak minimum.

4-/F6



4.3,.11.2 Functional Deacription = The fuysctional degcriptian
discussms the modem cperabicon at the block diagram lewel. Figurs

4-31 42 a aimplified block diagram of the moden.

Transmltteyr Secticn (Figure 4=31}

A fres running 30 asuillator eupplies the tranamitter olocking
stgnal. fThe osclllator is adjuskable within a tolerance of £3%
and contains a temperature compeonsation metwork to prevent arift.
The oscillator fregquency is twica that of the modem nperating

frequency.

The oscillater ocutpur is divided bB¥ two which produses a clean
aymmetrical sguare wave at the desired modem operating froguaocy.
Thia mignal plas the osclllakor cotput and data to ke transmittoed
arg comblnad in the <loock Phase/Data Anding Netwonrk to generate tha
clocking asilgnal for the DGT flip-flop. Thig clockinu sigral is a
string of positive pulees that oococulr once or twice per kit Cime

depending on whether the data isa a 1 or a 0, rospectivelw.

Tha OUT filip-fiop i3 connected so that Lt 1ls complemented by
suocesEive olock fulsea, Thersfore,; its oukput executes ona OF
two state transitions during one bit time depending on wnether Lhe

data is a 1 nr a I.

The TTL putput £rom tha OUT Fflip-f1lop goes to a bipolar line driver
that generates an ac sigrnal with zeroc crogsscover polnts that coinclde
with the TTL Llnput. Iz the HEE bpe wversicon, pulEe shapers are
ineluded in the linf driver to lncrease the amplitude of the ac

gigpal at the crossovar polnts.

4-/37
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The output of the 1lne¢ drlver goes to the protectiom Eranaformer
and on te the gaceiving statbtion wia the coaxial cabklo. The
traneformer protacess the moden agailast damage by vwvoltages up to

15200 ¥ that may be picked uo accidently by the cable.

Lata to be tranami+tted ie L7 TDS L whizch comes f£from the O ocutpat
of the TDS flip-flop inh the eransmittrer control logic. Signal
L7 TODE L goesa to tae DATR flip=flop which is clocked at the medem

operating freguency. The cutput of the JATA flip-flop goes to

thae Clock Fhase/0ata Arding HMetwork.

Transmission <cannor bha initiated untll £he ATS Elip-flop 1= =nt and
the Delay and Clear to Sand Cirguit assarcts signal D16 €2, Onkil
these conditizra kRave been satipfied, the tramamit line remains in
the MARE hale atate. When the Regueak o Send [(RS) fEip-flop in
the malptenanee scloct logiec {priet D15) ia set, D15 RTS H Ls
asgarted. Mow, the ETS flip-flep in the modem is5 s58ft. Seven hit
times after RTS i5 =rt, =ignal DM1E 28 L graes low and is sent &0 the
maintepance logic to assert D15 SEMD H which is the enabling signal

fur tha transmitter logic (print Dey. After three additional kit

timeB, transEmissicn Btartg.

rLEter the RTES flip-flop is set, the ENABLE flip-flop is mek. The
1 sutput af tulys TM1i;i-flnp goes te the BEipelar Lime Drivwer. ENABLE
muat bhe Bak to allow the dodem Lo Jeavee the MARE hold state and

transmit data as indicated by the state changeszs of the OUT flip~flop.

<4~/39




Tae Glitch Preventer zensas +5 V and iks TULput goes to the Bipglar
Jine Diriwer. During powar=up, +~hi= cirpuit halds the modem Lpo
the MARE conditilean for several milliseconds t2 pravant tha

tranemission of ponzense characters.

Raceivar Section (Figure 4-32)
The recaived data is an ac 2lgnal that must cxceed 150 my

roak-to=peak. It ¢nters the modem through tha leput protecktion

transformer.

From the transformer, the zignal coes to 3 fliter with & FET
fraont and. It is a4 linear phase bandpase filter for 10 KHz tn

2 MAz which eliminates low fraquency neise [rum the input eignal.
The filter pravides complementary slgneis to the input of the

Zern Crogsaover Detector,

Two differentlial comparators are oaonnectsd ta form the Zero
Crogsavwaery Detector. This cirecuit provides romplementary outouts
that are the 1lnvaerse of the corresponding lppets. These output
glynals are TTL compatlihle and provida lewvels that ara

approximataly 0 ¥ for a low and 3.5 ¥ for a high,

Bazsh Zere Crossover Detectar sukput is connected to the lnput of a
200 ne 1-shot. & pogltive-going edye from tke detecteor triggers its
dzaociated l1=shot. The 1-shote do not retrigger ncr arce thev
trigygersd elmyltanecualy: therefore, each oue produces a string of
200 B8 negative pulsen. These two pulse Brtrlods are ORed and

inverted to ferm a single $tring of positive 200 ns pulses. These

2-140



/&~

RECENER i
bl TRAAT [ ...
FER i

OAfCir Vid
Coaral e,

- -

ZERO
FETER ARG5S -

Picure 4-32 Simplifiec 3lock Ziacram of
Modem Receiver

' I

AT i
| ATA L e D6 A DATE

LOGIC |

et
el CGAST e D G REC

Lo




Fulses brigoer the 759 ns clock 1=shot which is not retriggerable.

Tt produces a train af 750 gs Fulses taat are spparated by 25% na.
Tkhis on-off cycle totals t ps which ia the bit time for the 1M bps -
modam. GCther speads (5&F, 250K and 300K bps! are ocbtained by

cadnding component values §n the modem circaitry. A Companent

¥alue tahle is phown in sheet D16 of the PEint aet,

The output of the 750 na Clock 1-5hot gJoes to the Receiver Data

lTagic. Thie lwgic repsponds to tha TLQ ns T-xhot plus the striag

of 200 ps pulsas to produce a TTIL data signal [L1E ® ZIATAY which
Fopresants the state of the received data for one kik time (T us =
for the 1M bpe madem). This #dgnal goes tu the On Line Logp Eelact
Mux {sheet D15), comes out as D15 EX DATA akd -8 sepnt to tha

receiver control logic (sheet D10) az2 recaived data.

'he cutput of thoe 750 ns Claeck 1=ghot alsa goe: o the Clack cunt:uf‘g
loaic to generate the racelvar claock aighal D1¢ CLOCK RECEIVE. This
glgnal i8 a string of 250 ns poBltive pulses, The leading edge of
=ach pulee ococurs at the start aof each hit time.  sSignal D16 CLOCK
RRCEI¥YE goes ko the receiver clook legic (print D19) as the

receiver clack.

The cutput of the 750 was Oloek T-shot 1s constantivy monitored Py the
Zeset Timer, This Jdevies ig a retriggernble 1-shot with a 1.8 aa
oulze durakfon. As long &% data, and herce the zlock, i3 presant

the 1-s5hot remainz enabled, }f there ia nm clock For one and one half
it times {1.5 us), the i-gkot times out and clesars the Recelwer

Tata Lagic.

7-/48



CHAPTER 3

HARINTENANCE

3.1 SCOFE
This chaptex lists required kost egquipment and Providas o cocmplaote
description of the DMC11 Line Onit preventive and correctiven

maintenance proocedures.

3.2 MATHTENAKNCE VPHILOSOPRHY

Sagically, lipne urit waintenance consists of Preverntive and
corraeckivo maintenancn procedures, diagnoetle Fraocrams, and a
malntenance lag. “he prevenllive maintenanco Frocedures are
performed regulariv in ak attempt to detoct any dekprioration duca
to aging and any damane caucsed by Amgproper handling of the module.
The corractive naintensnce procedures are performed to lsolate ond
raepair faults in module circuitry oely after 1L has bean determinad
that the modules ie faulty. The maintenance log isg wsed to record
all maintenance activicies Lur future reference and analvsls;
bopefully, the log wii! Facilitate future malntoceance action and aid

in detecting any component failore pattern Lboat may develap,

5.1 FPEEVEHTIVE MAINTEMNANTE
Preventive Meinverance evonsisrts of taske performed at Ferlaodic
intervals to ensure proper eguipment operatlon and minimum uynechedinled
downtime. These fasks congiat afl running diasagneostios, wisual

inppection amd operaticonal checks,

BV 5. e . o o o e e = e . — . — .



The preventive maintenance schedule depends - tae Shvironmental

And aperating cenditions that exist &t the icsta.laticn site,

Tnder wnorsial condikions, recommended preventive maintenancs consists
at inspectien and cleaning every 600 hours of speratlion of eversy

4 monthe, whichever occurce first. However, ralatively axtreme
ipnditione aof temperacurc, humidity, dus<c, andsor abhormally heavy

work loads demand moro freguert maintenancn.

Toer diagnostic programe comprise the bamic tool woad by the technician
tuw isclate faults, The dlagnosticse eXxercise tha DMO11 in thrae
distinct mailntrnance modes and providie printolts indinating the
rasulto. The arigtouts psint the technician to = parcticulary lagic
are£a such ay the transmitter or receiwer logirc. The techalectan

LEeg atandard tesi eguipment (=2cope and probe) b further lesalate

Lhe: awl<s to a apecific circult component.

5.4 TEST EQOIFPMENT RECTIZET

Maintanance proceduree for the line unit require the otandard tast
equipment and diagnostic programa listed ia Tahle 3=, in additieon to
standard hand tools, cleancrers, teat caules, &nd rrobhen.

a.h COHEECTIVE MAINTEMNENCE

Trhe corractive malbntenance procedures are deszigned to ald khe
mainzooance technlcian in isolating amd ropairing fanlls within the
vine unit module.  Hecee, the techerlclan wyst 2z otherwlsse cguipped

to determine that the line unit is, imn fook, at 1auls.

G
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Takla S«1

- Test Equipment Regquirad

Equipment Manufacturer Dezigqmnation
Multimeter Triplett or Simpaaon Model &30-H& or 260
Gecilloacope Tektronix Type 453
19 BProbes (2 Tertronix P&ODH
Module Extendwers B W34 (pDoubiled

W8T (Qund)
HZOTE
For a hex posrd use
A dounbhla apd a guad
o 1
Diagnastico Tages nEc DEDME and BADMF
= L Maintanance Modes
The line unit can hec operated in thres modes. They arn;
.'I-.- '
1. Internal maintenance
2. Svstam Eest
3. External maintetanace
' The modes are selected hy two signals that come Frowm the
Microprocseesor . The sigrals are D} LU LOGE H and 03 ROW (1) H. They
. contral two multiplexers i the maintenance logl=z (print T15) =5 selech
the clocking sourse and to conditian the interfaco logic (MAZ01 erly)
OF the intedral modem ;mMES202 anly} for serwicing,
S.F. 7.1 Internal Maintenance - Thie mode chercks about 90k of
the line uwnmit without disccrnesting it from the modem (MEZ2D1] or the
" coaxial cabla [(ME20Z),




-

=

znal 31% SERD HE ie asserted to keep the ftranssitter active. The

tranemitter outpu= is looped arournd 2o hesome the receiver input.

The REeguest to Eend and pata Terminal Haesdy 3igqrals are held OFF.

The clockind source is D3 STEF from the mloroyroceosoar. Ik is

elagle stepped by the diagnostic program.

=R T Syatem Test - This mnda iz get up nimilar to the inkerasal

taintynanee mode except that the clock aoLroe i

EC olozx,

the 10 ¥Hz internal

9.%2.1.3 External Maintenance Mode = This mode rrovides complate

checking of Ehe Tine unit including lewel converzlen logic and

asnocisated cakles.

For Lie M3201 line wunit; the modem must ke digcornected and the

Hii5% must ke connected to the BCG50-29 gakle {Pigure S-%).

Far the M2202 line unit, Ehe eoaxlal gakles mast
and bhe 12-12530 coaxial adapter mueskt be owEed ko
Pily-tall coaxicel cables together. Thise tests all

and raceiver lagioc ag well as the integral modem

Ea disconnected
aannaect the
the transmitier

and pig-tall eakles.

C_ocking forx the MEZONT1 line unit is sunplied bBv the 10 KHz internal

olock which 1 tnrned around in the HIZAF teat coenector to simuelate

~hie modenm transmit and resceiwve olocka.

Clockikg [or the M3202 is supplied by the integrzl medam closk.,

54
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Also, For the MBZG1, the modem control signals are tepted Lo ongure

the praper level conversicon and cablo pathz exist.

Curted around in the H325 tesr ‘connechtor as follaws.,

Transmitted data 1s Poturned a= recaived data.

Heguest to Bend is returned ag Ulear +o Sand,

The slgnals are

ltata Terminal Ready is returned as Ring and Date Set Ready.

L. 9.z Lizgnosticsa

Twa diagoostic tapes are uyged to verify proper opeoratian of the lipe

ttal=. They are DEDME which tests under DDOMP conkrol and DZOMF

woicsh tests under Bit Stuff protogol contral.

Letailed discussinns of the coptent, use and interpretation of each

dimgnoetic tagpe is documentad saparately. The dopuments and tapes

are 2alpped with the line uni+t,
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