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ABSTftACT

l,hts report descrLbes all arrangement for control.línE a
crusher at the ore.scrushlng pJ"ent fn Klruna fron a prÕ*
ceËs computer l"n tund" The data trensmj"esl0n n¡as dcne
with modeme aRd a publf c tel.ephone Lln*. .ê, descrlptj.en
f-s gJ-ven of the speciat pröcess fnterface that, was Çon*
structed. rhe organlzatfon of the software fs dlscuesed
and. program lÍstfngs ðre pr€Ëented.
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I . rNrRûDucrrclN.

T'e DÐc 10*p descrlbed here was constructed for a feas.:-*bilif,y stuety of serf*tunång ccntrol and remote pr*cessir:g"

;i:J.ïïi::t 
prÕcess was a crusher ar rhe öîã-*ushins

rhe Ð1våsion :: ::iï::î: Ji"iîåî, ;ï_:ï.:,"*xm :;the crushfng plant via a putrlic telephone líner Fig. å"å"The data {:ransmåcsion distance was about }g00 km.
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Ðata entered and reft the computer via an orclrnary tele*type fnterface. Low speed modents îi¡ere used for the trane*misslon' rhe process ånterface incrudes a remote contr*lterminal transducing dtgital sågnatø to anerog signaJ"s.

fhl.ç report f"s organlzed as fof.lows ¡

Ín sectlon 2 the crushinE plant is descrlbåd" fhe rnodemsare dåscussed. ån sectÍcn 3 aird the procees interface in$ect'åon 4, The eoftware for the eomputer ls descrfbed insection 5. Â' de*air"ed descrrptÍon of the remote ccntror.termånal i"s found Ln "Appendlx ï. Listings of the progrâmfiare given in /tppendlx II.



2 " Ðg$CRTPTTÕN OF T}fÊ PROCESS 
"

li:e cre cru*hång plant in Kibuna (Kiruna Flnhrossverk) iæthe l"ånk between the underground mfne {Kiírunavaarai andthe s<¡rtlng ptant (Klruna Sovrångsverk) ,

rn the crushfng pla.nt the ore ås crushed to lumps of nraxå*
mum grade of 25 mm, rn order to der.rr¡er a product adapte*1to 'bhe follar,trrng *ortfng and separa*åon glrûcêss in thesortlng Blant and aclapted tç the *qtêllurgåcat proces*esof, the cuetÕ¡ners 

"

rhe crushtng plant consåsts of sÍx rdenticaå crushínglinesr êåch incLudíng ûn* crusher drrven by a aCI0 kw arect*
råcaL motor and tvro 6creens, FÍg. Z.l.

Tire o::e enters tire crr¡shång Sfne on erectromechanåcar fee*dersr whåch äre controrred to feed enough materral t,o maån*tain cðnÉtå.nt FÕr^rer r¿ithdrawar from the cruçher rnotor" Then1t pasees the first sñreên, 1f not ar.ready *ndersizer s*its way t* the erusher. rhe crusher reaves sÕme oversfae
lumps ""'rhåch v¡ir"r pass th* seco:rd screên to be recycred. tethe crusher-

fo rnaånlaån conetant pÕwer v¡åàhdrav¡al Lt, is necêssary tÕvåry the are ån]"et to com¡:ensåte for dr.sturbances r.n crush*abiåi"ty and size as welr &s for changes of the crusher de-penrling on weard,öw¡l.

?he crushablltty depends rnaån1y on the Þ¡ast,e rock.cÕntêne.
The more v¡aste r'ck the o¡-.e conÈaåns. the more specåfåc
crusher work rs needed" $arnetåme,ç ab'sut ?5& qrf ttre ora æ.a1,þe i.lndersize at å,he f.lrst,screening, another flrne only about ä5{

Theee disturbanees also affeit the procæss parämeters and
t'hus åndåcat'e a need fcr b',.1nånE Lhe reguJ-ator acccrdrng



4

Èo the clåsturbances ån the- ore inr"et and to the crushercond'tlcn' å' wrongly tuned reguJ.at*r witrr give rfss tobad performance af the syste¡ri, resuåtLng in greêtfluctuations ín -the 
O***" signal.

Fecause af the gireat dead,t,J_sres of the syÊterû, qZ secondsbetween crusher and feeder and 74 seconds ån the recye,.e100pd rÕmpared ç¡r"th tire t,r"me ronstants .f the crusher andthe feeclersr €ô0h around 2û seconds, a regurator thatÈakee account of the deadtåmes åe preferable.
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1r üene ¿ I.JêS crå Õf: *

?he pråmary function of modems ås to make ehe dígåtai. såË*nar"s from a computer tr a cornputer termånal transmåssibleûvrs telephone lånes " TÏ¡ås :.s accomplåshed by a rnodulationprÕcess where the DC level*
chansed lnro audr.o fresuen;r::"åff:.:"iå;":Jrffå-,J:îr_
miJ"arly by a demoeulat,ion process the auch-o frequencies

ffir::. 
relephone åine ur* o**onverred inro J"osåcat oc

';.1" Fråns mission Sne eds.

fhe trans¡nåsslon sätes possåble tt¡ith mode¡ns over telephonelines rênge beÈween sero and g60û bj.t.s,/sec,

Low u¡:eed mcdems up to Zû0 bits /sec. * mêy transmåt infulr duplex' å'ê' 1n both dlrectÍons simurtaneously, throughonê låne ån the publåc swltclred network"

¡fedium speed modems 6û0-r?t0 brts/sec. * m&y stå31 ueethe publlc ewr"tched network, but transmlssåon is passåblein only one directåon at a tJ^me,

äågh speed modems A400_g6t0 bitslsec. _ must use leasedlines and can transmf t J-n only one dlre ct.ion at a time.
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3.3 ïnternational Standardl"'zatåcn.

?he pro¡>erties c¡f modems are governed by recommendations
lssued by ccrrr¡ c*mmåtêe consult.atif ïnternaÈ,ionar de
reåephone et reåegraph. These reco*mendatåons descrlhe
àhe sågnaJ-s that appear at, both sådes of the modern. Theonly sågnals the user neecls to þe cöftcernâd wíth, hÕhrever,
are those at the d,ata proeessånE såder sither before rnodu*
åatåon or after demodura*ion. Ã" l:rief descrlptåon of the
st'and*rdÍued slgnars 1s gåven ån Fig. r.r, whåch shorrs an
interchangie equlvalent circuit..

å"part from data the modem ar.so receåves and sends cer,¿afn
cc'ntrol signals sueh as ',Request, to sênd", "Ready tÕ se:ld,,,etc. These signars may eåther cclme from the dat.a proceesi:rg
e<¿uåpment or from a specfal contror unft provrded wrth the
mçdem. For a detai}ed descriptlon¡ see flj.



8.

6enerator Lond

Rr ftL

Vs
T I'rû V1 t¡ Ç¡

lvoi < 25 v

R0, CO not s¡:eclf led explícf t.ly
3kfi"RL<7]¡-n

CL < 2,5 nF

lsr,l < z v
}"orE"*0
Fclr blnary I
For blnary û

5v<lvrl<L5v
VI

>+3Vvt

f*q._åaI * Interchange equfvalent circuiÈ"
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4, PRüCHSS TNrERfpltg"

The process nnterface cÐnËist€ öf a multichannel Þata Log_
ger and a Remote cont.rr:l Terminal. The Dat,a Logger î$eä*
Éurês the öre flov¡ signe.l from the belt scale immedj-aàe]-y
þcfore the fÍrst. Ëcreén, the cÕntïol signal f,rcm the cur*
rent Èransducer and the p*wer siEnal frsm the power t.rans*
ducer" These measuremsnts are formatted and then go to a
Telet'ypæ" They aJ"so go to the RemoLe eontrót rermånarn
where they äre cÕnvertee'r-'tÕ Êuit the modem input {see
sec" 3) " rhe prÕcess connecti,sns are shown in Fig, 4"r.

rn the ether dårectian the signaLs from the rnodem EÕ to
the Rem*t.e cont.rol lermÍnal, which performs a serial*t.a-
paralJ-e]- conversion anö a" F lL conversåon. rhe result.ing
analag sígna3" fs the ccntrol" ånput to the prûcess"

To gåve the computer accëss to the prÕcëss a swltch was
placeei bef,ore the f,eeder .qet,p4f,er. f t was then po*s*.bre
ta chcose l¡etween remote dtgital control and local åna-
log cont,rol.

fhe Ðata Lcgger, the Remeite c<¡ntrcl ferminal and the mo*
dern were placed in the T{íruna offtce about aOût m from
the ore *rushing pJ-ant. fÏ¡e cómmunicatlon between the con*
trol rÕÕm at ti:e plant and the offlce building was main*
taåned with four local *elephone lines.

To permåt a cærse ch*ck of .the experiment cond,ltíoûË a
three chan¡rel record.er was connected in paratteJ. with the
ålata f,ogger" The power sågnal* the *re fr"ow tÕ the fírse
Ëcreer: and tt¡e eontrol slgnal" were recordecl.
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5 " COMFUTEÈ $SFT}üARã.

FÍrst *he regurat,or progrilns wfrr b* díscussed.. rhen a
small" rnodification '¡f the te]^etype handr-er in the *t,an-
dard versåon of the rear" tfr*e monitor wi.i.l be descråberi.

5 " 1". Froqrð.$¡9.

?he pragramË run und,er the rear tlme monr.tôr Rsx" rhe
c{}re m*nrary *,* divåded int* partåt,10ns and each¡ prografr?,*task", runs in a pre**rected partåtion" The forrowing
f ask,s were usad ln the *xpenårnent,s:

lJame Functletn Fartåtåon

PRTNT

rApä

-çgNÐ

f$If fnåtåallzes êhe regula-
tor

RIJGTIL

F$ËER

PPR{J$

püsËR

ptlgER

PTRIJS

glven in Appendlx f I. $orne

BLANK COMIIüN t¡¡ere used. . T"L

llbrary prograrn SEf tr inj.*
change valuegcÕff the variables

ReceLtyes d*ta an<i. c*rm*pr*tes the cont.rol såg*
nal

Prlnts data on l"lneprinten

hÏråtee data on t,ape

Ëends the contr*l *Lg-nal to KåruRa

tåst,ång* of the progråftr* aîe
of the standard varÍables in
r,¡ã,s Èh*n possible Èö use the
tlalize the varåables and t<:
dirrång the experJ-mente.



'rþ€ saruceure {rf. the self tuning reEulatar wes specå f:L**,
ån bhe task TNrr. rn this *ack i.t was al"eo given Ë*art
vaLr:es for the regula*or påramet,ers, set polnt for the
prûcess and límits for the control sågnaå. The .h.ask was
executed aÈ the st,art up and coulå then be exeeuted. at
åny L.åme durång the experirnent r e.g" t,Õ make a set" g:*ånt
adjustment. 

"

Tn the begS"nnång of task HEçLrt the da*a from Kåruna ?ü€re
r**el"ved" A, teletype ånput/output (Trzl !,râs used tar th*
data coinmunicat.icn. Data were read ån free forrnat " Hor-
maJ"ly th* teletype trandler sends back the sâr.re d,at.a as åt
receives. Ãs this was not. deslred., a smalL m<¡dåfleat,l.on
of the teletype handler was mader so that the data !¡êre
sent to TTI J-nstead of rr2. rn tkríe way automatic logEÍng
was obtaåned on frl". ln $ec" s";l the mo6igicatårr. l_s dessr jbs,"
i.n detail.
when dat.a h*d been receivedn the eontroL signaJ- was cûrft*
pul*d" fllen task sãNÐ rqas request,ed. fhe täsks pRrNT and
t*,pfr coulå also be request.ed from RðGUL, rrhfch was cöre
reeådent aLl the tj-m*"

l'he È.ask PRÏNT J-agged proc€ss varåables and resuLts on
tlie låne prlnter. The task ?'Ã,pg stored the samè ånforna*
t'iÕn on Þãc tape. The data $/ere wrltten in such a way
Lhat sÈandard progïåms could be ueed for plott,ing and sta--
tist,ical *na1ysis.

The task sHNÐ, which was wsitt,en ån asserubler, traneferre#.
the cor*puted cont,rol, *ignal to Kl-runa by making a wríte
inÉäruction directed to tr2, Tt was posslbJ.e to let sHNÞ
execute several bimes d.urfng a sampling ånterval to re*
duce the probl"ems oecurrång tf one vaLue was lcst,. The
carap}"ing interval was ?b seconds "
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5 " 7". i{ t-*anlto r Modifícetlon.

fhe re¿ei:ype handler of the R$x alwaye åssuãrës that the
??Y:s eonrresbed t.û the computer operate without local çG*.
FY¡ å'*' ç¡hen a key ås d.epresxed the chara*Ler ås sent. to
the tPlro but. åt is not printed å*cally, ûbviousåy this
would. nc¡t be pr*etiea.)- for âhe o¡:eratcr, a.nd therefore
th'e -rel"*Lypê handler "ffichÕes", i,É" sends back¡ åilr ch**
raç*'er ttrat 1È receåves u Fær the partåcuiar applåcat,íon
at hand thås was und*sfrabåen *Lnce every charaet.er re-
ceåverl by the remote controL termånal sorresponsls to a
r.rn$"que ôuf;put. voltaçre.

svery tlme the cFU receåves an fnterrupt from a Teletype
keyb*ard ít. Eoes rhrough a .akåp shaån to determine whåch
r'?Y t'hat eaused the interrupt" Tf the flag is f*und at
ë,Ç" tÏ:e third enlry d.c¡wn the l,åst¡ the progråm Eöes t*
nnotlier ilst of *uëput ånst,ructions and exeeutes the
thård. entry, rrrhl"ch, Õ.f course, normally ås an outpue tÕ
Èhe såmê TrY that caused €he ånterrupt. ?he modrflcat,ion
necëssí'åry t* avold th* eche¡ ls now quåte obvLous: rêversë
the order q'å two ou'hput ånsÈructå*ns so that the echo
gûe# *s another fl'y. Thls has the further ad"vantage of
pravidång a L*g of fncomång data v,¡l"thout any additåonal"
prögrâmrfii"ng.

tutg*Lnqr dat,a dCIes nüL gc through the Teletypa hand,ler at
aå1 he*ause the handLer uses the elghth blÈ as a ¡:aråty
h{ {-
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DESCRÏPTTCIN

Tþie data signals fnÕm the modem påss tiÉ
CÜTTT'r"eceiv* circuit SN?5152 r"¡hich ccnverts 'them to TiL leveir¡

and then they pass arr optically coupled isolator TIIJL1.

To p::ovide highen output curuent, 'lhe isolatoTr is fû114v¡ed

by an inverter" The inverted signal goes to the terrrinal
v'eeej..ver card, u¡here the MOS circuit MC?zsSL cûnveT.t$ the

S*Bit *erial cia*;a word to parallel form. Vthen a çlhole wo-r'd

is conveï"ted, it is tnansfered to the output Ïx:ffer negi-ster"

The *utput f:-om the negisten c*nsists of eight
open drain trarrsistors å$d thez'efore a resistor must be connectexì

l¡etr¡een eåch output ¿¡n<l -12 volts to nake it ccrnpatible with
tire D/A converter ci:rcuit, which has TTL Ïogic inputs.
The MC2259L is synclrnaní-zeå by an external clock generåtor

ç¡ith the fi:equerrcy 16 . Eit rate r L700 Hz.

This clock genenafor is pl.acecl on the clc¡ck card and is a

t¡ransistor,íaed astable flip-flop followed by an ín'legrateci

JK flip*flop to give a s5nunetricaL rn¡avefe¡rnr.

The fr.equency of the clock is adj'"rstabl"e,

fhe 8-Bit pa:rallel data word fnom the output
huffer r.egisten of the MC2259L cjrcuit goes 'to tine D/[t

conveÈ"ter card, wl:ere the cjrcuit ?,D!+3û cÕnvtrt,s it.
TTre cutput of the 2D430 5.s pnotected by an oper,rrtional

amplifiet" 741C corvrected as a voltage follower.
The ?t{.1"C is an uner,ryensívs ei-r"cui-t arrd it iç socket n¡:unted

fcrr' aasy neplacement.

Ðata sígnals fx"om tlre $ðL*trffr data lc:p;g*
to the I}Vf{ input connecto:: pass the CCITT driver SN?515û,

',sh:ich cÕnverts theln tr star¡darrt CCI1T signals. Then the CCIff
*i6na}"s gcr dÍr.ectly to the sn¡de¡n,

The ÞVl4 input is aptically isoi-ateci from the ÇCITT driver by

the TTl,ll-1 circuít
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SPECTTTCATTON Al,lD TNSTRUCïION

Powen : 22A V 5Û Hz

Sigrìål gnound isolated focrn Protect ground.

Outputsi. Anatog output' TIY output' CCITT output'

Inputs: CCITI Ínput, DVM inPut.

A}JATíË OI-IIfF{.TI:

Tl¡e analog output r"eceives input frcrn the npdem

connecton (Carrrron 25S pin 2 signalrpin 7 grlilÛid)'

The irrput ishould be an B-Bit serial data r¡ord wÍth signal

level"s j¡ accordar¡ce with CCITT necorenendations ( figune It
table 1 ). fhe input is cptically isolated fnon the nencte

control terudnaf.

START
BÏT

STOP
BÏTS +u

û
CCTTT
levels

I 654321
.r-æ DATA : -*¡-Õ

¡4SB i,lORD. I lSB

logical I'r : 1oçr voltage
togical" 0'r = high voltage

-U

The start bit corresPonds

to 3.ogical :0t'.

Ilre stop bits correepcnrd to
logical ,Iil.

figune 1: lnput sígnål.'



Analog

output Ïnput code

MSB

-1 .2"2
B

*2
2
-3 z'a z-5 2

-8

LSB

z*7 z-8

2176543

Fs - ISB
3/4 Fs
L/2 ls
U4 Fs

isB
0 volts

I
I
1
0
t
0

I
1
0
1
0
n

I
,1u
0
0
û
0

t
0
0
0
0
0

1
t
0
0
0
0

T
0
0
0
0
0

I
û
0
0
0
0

1
0
0
0
L
0

Fs : 1010û volts I Bit ¡ 40 mV.

Coding fon analog output.Table l-:

ÞW TNPUT:

A data signåJ. on the DVM input connector

Cannon 3?P pin 13 ånd 12 will be converled to a signal
in accord¡¡¡nce wíth CCÍTT necor¡nendatione at the ftrdem cnrtput
( Modem cor¡rôector Oannc,n 25S pin 3 si.gnal pi¡ 7 gnor.rnd ) "

The input signal is optically isolated both fnorn ttre
nenote cont¡.ol tewrxinål and the nodenr.

A positive voltage between pÍn 13 (+) and pÍn 12 (-) of
the ÞVM inzut connectcr¡ will give a negative voltage at the
mrdem ortprt ( figu:e 2 ).

Min input cument

Min input voltage
l4ax inprrt qx'nent

l0 nq

2,5 V

1A



TiY OLTTT{JT:

AstðndårdTlYrnaybeconnectedtotheTTYoutput
connector car¡rron 37P.

AII control wjres fon the TIY a¡"e di-nectly connected to the

DVM input cornect<¡r. The data signal for tf'tu mV is cornected

as in fÍgrr:re ?.

DVM input TIY ouþut
+ +

1"3 13

TC

Ð1

D2
To
CCÏTT
conv.

Dlß,I input

12

Rl : 10û ohm 4 til
R2 = 1.8 ohrn Y4 f"l

TfY ouþut

T2

Dl =D2:l-0Þ1
TC : TT1, 111

Figune 2: TTf ccr¡nection
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$l;ltrge " " . ,tãS V
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& Íitnrrr-Ë¿¡rrl Sr.r¡r¡lly Voll*ge* , . . +12\'l
arr¿i -* 12 V
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lìûl r¡* i¡r A ¡r¡trcx !*tittt*y $- i xecl f ar f'orru*r
$u¡:g:ly ar¡cllar Tenl¡:*ratur* Variati*t¡s

Ce scrigrtion
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vcc
l- (¡tiw) is nny vottãÈe l)cl!^¡Û$n ground nnel V¡¡
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Fâr thð l¡n6 int)ut: Il (!ì¡t¡il) ì.q any d!f f¿!rûntìi¡l ifiÞul vol'¿{¡o
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svsTËlï,ls
ÍüTËntAtË fifi0uï$

ú lvithsts*de $ustãined Ûutput Short-
fircuit t0 *nV l-ow-lmpedance
Vottage b¿tween -25 V ancJ 25 V

c 2 ¡r$ Max Tffinsitlun Tirx through
gþg +3 V ta *3 V Transition RegioÍ¡
under Fuil 2500"pF Laad

a lnputs Crmpêt¡blê with Möst TTt
and ÊTL Familier

a' Common Strobe lnput

r lnuclting Ou?Put

r $lew fi*te csn be Controlled wíth
8ñ ExterñäÍ eapaeitor üt thö Output

r Standsrd Supply Vnltagee. . . tT? V

dt*ription

The SN?51å0 ie a mônûlirhic dual line driver
drsigned tû s.?Tisfy thå rÐquirûfients of the rtandard
inte¡face tretw{¡en data terrnin¡¡l equipment *nd elata
ci"ìmmunicät¡c,n equipmenr as def ined by E IA
Stêndard R$.232-C. A :afe of 2t,tû0 b¡r$ psr $êcond
cåR be rrärì$r'n¡ttcd with a full ?50û"pF load. Othrr
apÞ:ióätion$ åre ¡û d¡ltû.trânsmissior¡ systems usinç
rslåtivel!¡ short sinçfe liñe$, in lÊuel träfisletôrs. i¡nd
fcr driving MÕS devtceg. The logic ¡nput ic
cùmpãtífrle with most TT[. and OTL f arnitiss.
0peøtion is trorn +12.vôlt anri --1?-volt power
u.:pplies, The SN?SISt i$ úharúcteri¡sd fcr op*re{ion
lrom toc tÕ ?t"c.
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*rolt¡te rmximuffi råtifigg 0ì16r opãråting fre*"dr ts$rpËrfturû rangs {t¡nless otharwisç nsted}

Supply vaftsge V¿g+ {rce Nora 1}
$upply volrage V6¿_.- fuee Note l )
lnpit voltåge (Éee Norc I )

Appliecl oulp{¡t voltacje {see Note I I
Operatin( f ree-air ternperatur* range
btorâge temperåture range
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Tf;RMINAL RHÕËüVHfr

Âtlr.14?

TA PIN¡
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This ilsviee roôtÉing c¡rcuitsy to pÌðtsct thc
lñputs ågãirrst derflsgs duÈ 1o h¡gh stðric vslrager
õr elÉctr¡6 l¡sldç; hr!ì¡@v€r. it i6 advissd (hst
no/mål ptocÊut¡onå b6 tsk€n ta âvó¡rl ðpp¡;câf ¡Õn
o{ env vç}ltsgo higher thôn maximrlm ratã{3 vÕlr-
agüs tè th¡s h¡gh.¡mpddsnêe e¡rËuit.

rÐR8ÆrruAL ftËÜfrIVËB

ihe terffiirtal reeriver is a s¡rrchrcnous/asynehr*nous d¿ta communications
*de p:er tkat reeeiveg sería! digital det* from * modem, organizes th€ datå ¡nto
'{ix*d v¡r:rqJ lengths ceirr*sponding to clrar*cters, ar¡d tra¡rslers thsse charaöterc tû
a btffer regi*ter from which the charactcr nnay be accessed in a grarallel format.
å üne Chxracter of Buflar Storage
* Bu.ffer $terrage Status tutput Frçvicled
Ë Ëxterr¡ally Selectøbl* Character L"ength* of 5, å, ?, or B Bits
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s ËxlÉrneily Salectabte Farity Clreckiry * Õdd *r €ven
ð Proviçio¡'¡ f*r Éxter*al Character $ynchroni:ation in the Synchronour

lvlcde
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{É *verrus f a:dieater te¡ìoteg Lôst Chðrecter
* $fiFut Ctoek Frequency 64, tô or I Tirnes Bit fiere
# *Ë¡eratinü Frequency r¡f Dt to ltk Sitr per Seænd {+ 64 Mode}

¿rnel ätûk Bitr per Second t+ I Modå!
*ìnput end *¡;îprrt üerrrpatible with TTL Devices
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APPI¡CÂT!TI1¡S I I\I FOHMAT¡üril

ÂsYf*{:H nÕru óus üF g ËåTt Õrì,

ll¡e {u¡-lction Ùl tiTe tsrmineå receiver is to rospond to ¡ripur dafä
sftd $yf}chroflizs with tltãÍ ct*ra. Th¡e nôl!Íal ståte úf th* datü åiñê
dur¡*g the tiffie rrhen nc eã¡eracter íc tletng trgñsmitteÍl is the l!'lark
çtetÉ, The ¡r]¡tiai rhar¡Se in strte of thís iine will ôccrlr upor'l receipt
6f ths $t¡ðn bit. Th¡s "Märt<-tÕ-Spêre" trÉ¡ri.çitiès1 lof the Srarc bitl
*¿;ërseg tíïÉ i*terr¡¿l ðlsck ûDnerêtor tc krê initiali¿ed for syflchrc-
ni¿81í€n tJ lFre ;n?ûrnal ¿:l*¿k with the darê- The dãta i¡nü ¡s

f{.rrrt¡ni,üu5å'f mgnitcred $nt;l thù internAl clÚck síg*a! is ge*eraTed
åt åhð f!¡i*trâir¡t ûi the Sîaffi bil pÐr¡od- This a$sures the ¡:resence of
* uatid St¡¡t f¡it. ihe synchronizirrg logic i5 then disat¡l*d untif The
e*l:rplete char*c:cr {f*liowìng the Start bia} ix recsived. if the dsta
l;f'!ê råtuf nç to ÊhÉ Me¡k sta't': {es lil Èhe câs6 of nois,e} .duri|lg the
r4¿ÌniËôËiftg Êer;Èd, ihG Fiit is i$fiûrêcJ ünd thr terrniñãl receiv*r
{É6un!€Ë 

'a*king 
for é vâiid Srert t}¡t.

Aflùi' Tårs Stårt hit has [:esn deÊectcd 8nd th€ synchronitaTi*n
eccüR'rglitfusd. dâta is $hittûd thrs'Jgh rhê rh¡ft relxisrer 3nd tfue St*rt
bit *ppe*rs iñ the S¿êrt bit flip"fio¡: ttfi¡: last staqe rlf tP¡€ shi{t
r*gi$terï. Tke compíele ehar¿cter is now 5tûred ih rhe åh¡{t reg¡stár
*rid ?!ìe r{:r)siver *utÕrT¡frtic¿¡lly çûileråte5 a transf¿r eómff.and to
åûùd th* ch¡¿rac!àr ín the buffer stfrrâge regirter. At the sårite tifite,
åh"3 Ét*te sf Ihe STãp tlit ftip"{lû¡} ir rn+oitoreC rc verify th* pËe$er¡ce
û? å $Èrlp b¡t. it$ ehrencê r¡¡íll resr¡lt i* an error output cålled
frreeh beinç storc'(! ¡n th."' {e{.e;ver s?àtus reqister-

As the clrar*cter ¡hiltr rhrrugh thr shift rE¡¡ster. p8ritv for The
el,"i:rÉctÉr is ecrtrmulåterj, ïhâ rsçultir':û Éåritv ¿)il coridition ¡s
åiûffrpêre* 'ñrith cûrr$ct Sâr¡ty {otJC s¡r *veni and. in the ca*e of errot,
í%rity {rrar will be çtoreC in receiver status register.

Þ1ff¡en tl¡e ehsracter ic tEansfere€l tÕ th* buffêr storûçù registër,
* Ë¡¡ifer Fr.rll sìgnal úril¡ bÉ ÉtÕreii in the receiuer *tâtus rêçister. ll
Éhê trsrìsfêr occors dtrring s fuli bilffer conditiofi, the okl charúctår
wiål þÊ åêât encl ¿¡n errËr Ë;gnål e$àled *verrun w;ll bÐ $tórer, ir¡ thå'
i'f**å',æv gt*tu¡ retisier. The recÊiver stalt¡s infi¡rrnstioñ w;ll be
r€t3íûed ¡hrrüghorrt the cher¿ctet tirne ufltil å new eh¡}råôiey í$
ge¿{:ived *¡rd ltre nÍrb,\¿ stetur is st$rcd.

Ths *ceess ol rJata i¡r ti,e buffe r storaçe regislÊT by fteðrì¡ Gf ths;
Ðata S&cbe w¡ll reset the búffer srsfus rlutput, indícating Êhat the
?¡5t *llsr&ct¿r åfûrcd ¡ír the bsffër Ëtorage re$;eter hõ! been têke& by
th{r ËVÉ¿eryr,

Ths intarrtal rlork Seû*rëtrr divides the bit rimâ far èaeh {Ìðta
h;å ;rìte f 6*r 64 xegmefits, dependíng upùn the e¡(tern8¡ly seiÈcted
ri3tiä, Á singlb eycle ol the *scillarsr inpur rign*l ìs gated sug of the
ct€ct{ Stnûråt6r åt thr u*nr*r of ü lrit. Th¡s pulse is thr ínrËúnâi
cå¿:.;:lt ¡i!-:r'¡*l wF¡ich samplet thedðft and prcvide* the i*tefnâl timing
frit the eJìtíre larffinåí rëreiver. The cfr¡ck gsnsråtor Ênd ËVñchru"
ni¿stâor} c;rúr.r¡trv can tre f.iypusred f:y a ¡ðw låys¡ rn tsth thä
'l?6 Ënal¡le snd th{r S4 ËnåbiÊ. ¡n thir cssè, the oscitlåtÕr ¡nput
riç**l ?:ec*roes the iÍteme¡ c:$ck.

.,q ms$tcr rÉsåt iË ¡rr*vlder{ by me:r*r oç these s¿me two *lcck
s*et¡f* 3ínes. Whefl bÐrh The; +16 ãñ*bTe ând rhe iS4 grTåþle &te ãt
e ?:lg9r fev*f . tht chiÞ is held ín â maiter rcaet r!nd¡tirlrl.
ä'lf{eå.!¡t*Nüu¡i ÊpË ft ATt*þ!

SynehrOn$us d;,tê trðntfû¡st¡o¡r t¡as ¡everal chrrectsrirt;Cs wh;Ch
r*ql-¡ire cpte;êl cgnsiderxtion i* tbe synchroni¿sÍio* ef incomíng
eJ*ta ç¡i:h tl'¡s rr+e¡v¡*S .s"fstenì. Synchronour dsta âppeårs ss â
æ*'ii¡:r¡*ue b;tr streåm wi.th no rnterval betwâen characters and no
clnffe¡ *ríti {Start and St*p àrìtsl. Th€refúrs, syr'¡chrÕni¿arion mugt
b+ **car*pli*heci by means of the regular chêractsr¡srics ûf the dâte
êcs-*lf, Ywc¡ <ieçreer *f synchrcniration ar* roqtrirad in ôrdêf tÕ
tecr!;ve ã vülid nressage. -fhese 

nre. bit synrhtûñi¡arion {which
sjr:ehrcnires the interrìcl clock of the rereiv¡nÐ rystern tû the dsra
t¡itcl and cfuaraer¿r svnchrÒiliäûlion {which rstðblish8s å chatactêr
reÉe,'e¡r+e by rn*ans of sync cðdei *frd uti¡¡re$ the lixed b¡Ê length
af ttìe chêracters !o rnairltêi$ chðrecter synehroniz*ti*n).

Tl-,s technique of bit synchronitâtion provid€d ¡n ¡he tårminel
t*txivar frr lho $vnehrenÕus môd6 rlf çFeration ul¡li¿er ed6?r

"lderti.trs-SÍ¡ace'" trâns;tion ûf the dåtå. The data trâ*sirir:n cnuseç
&n incremenfal tûrreclion ûf the int€fnãl c¡ösk t¡ming cf 113? or
llf?B of the bit tinre {depenc!ing r.rpon the cfrunrer ratio s¿lec¿¿d.
*t6 or ':64!. The grrccesy ¿rf inc¡ementing thÈ clock eúirtr r¿sÐÈct
t€} th* dsts cGnfinuss vvith eåch Msrk.to"Space ttânsif¡cn Õf iile
Ê!ôtá ur¡?il thc rfock signal o*curl ãt the rÍ,.jpoiflt sf fhe däta biÈ.
The synchro*ízs¡¡ùn log¡c will continur¡urty ¿ttÈryrpt tc c*rrect the
phÈse erfsf betwean the *id¡:oint of thÈ datê bil rfid the ifìrefnäl
clack. Thís resu¡ts iû thê interr¡êl elock maintaining lock withirr
Û.8% of the relerence (*64 cåoek m,.¡cje). The adventage of this
techn;qúe ir ihãt the d¿ta trans¡liôri (Mark-to.Spaee tronsition)
tirnes âr* av*ragad; theref*rÉ. $iûnaå ñoiss puises ûr ilthrår dât¿l
aberrations will not {:auce ths receiver lô cçñpletEly lôse t}it
svr¡chrcrii¿ati$n. This-{eature ¡s pärficuiárly íir¡t}ûrtârrL ¿o ãV¡l-
thronruËtÌån$rnission bccsuse of thå prõå]l€rl1 ôf n¡ä¡nt¡rin;n* Ðhar-
acter syncl'rroni¿ation ¿nd the necêssiry of re-Ðsttblishing c!¡êrilcrÊr
synchr*niaation whena¡e¡ bit slrnchrÐn¡?ätiün ¡s áoËt.

Chsr:icter synchrcrnizatir¡n is performed externãl tÕ th* tet*,,kzaT
recûiver by rn*ons r:f a æquenee of cornp*riscns bst$rsl** tiìrt
recsiued dslõ êrrd a rynchronization c{rde {o.9., '5Vn"} *r ç*t oT
synchrûni¡êtiûr¡ codes. The termiñá¡ receivsr is desíg*ed tÕ ËãËí!¡tstr]
thig €xtelnsl chafactêr syÕchrûnizôÎ;ûfl ¡n the fOilowing rTlanner_
Wh€n the 'Syn" Ðetected ¡npu{ ¡s low*and the recÈiver is operatinq
;ñ the syncFrrÕn.ru$ rnorJe, the buffer storagc r*gisler is "trâfts-
¡rarent" so fh*t d¡¡tàcên bE mon¡tûred ä6 it rippïes rhroügh the shifï
reü¡sîer. AÍtãr rh6. first synr e¡de hos been rleleütèd, rh* "S?r:"
Cletectåd rignal is apptied, whiclr returns the bulfer storá¡gr re$;sfer
tc itg norryral mode cf {JÊeratiûn r¡nd iûit¡à¡iåe$ thê {:haraclsr
cÐur¡tçr. The second chärâcter in the syrlc detåct¡ûn úË{,uerìc(r wil!
thên be trans{errcd autem6ticå¡ly tû th* bçffer $iorôge rái}¡$:er
urhen complete, Ïh¡s chórscter is thên åcce$sed for v*rif ícstior¡ ;¡'j
a syne code. The proceçs ic repeåted until ¡t hss tleen dèt*rry!;ne{i
thät chðrûcÌ€r synchrûñizat¡on hac bsÐft achiçvsel. ilf tfls reqírired
sync codÊ ¡s n¿¡t flre$ent in the buffer sfûrage reçister during the
synchrtr'!¡¿ðtiorr cornpi¡siÉÕn, the "Syn" Detected s;gdá¡ is ¡.er¡sved
8ñd the prscÊcÍ stårts tì{ei.J ünce tf:e synellralti;ation soquenc+ is
Ër$plete, th€ externsi *ynú compûr;$rln logic is di$åblèd and thë
iñcoff¡¡n$ datø n!Êsrage is procersed ås dat¿r.

Às th* chsructer shifrs thróugh rhe shift iegister ibypas:ing tlre
Stop bit f!ip-flopì. parity for thê chårãcrer is accunrulated. The
resùltir¡g pårity bit cÉndit¡ûrì is cnmp*red with cerrsct Berit? io¿id
sr *venl end, in the case cf *rror. Pðrity Errôf úrífi be stüre^d in the
receíver $atus register.

Wh€n th€ cheracter is tr¿nsferred to the tluffêf rtoreE* rugi*t*r,
* 8¡.rffer Full rignal wíll be st¿¡r¿¿l ¡rì thð rscâiver Étotus rcgistÊr.
lf tha tr¿nsfer occûrs durinû a full buffer csndition, thÈ slrt c,h¿ráctsr
will bo tost and an'rrror signaÌ calted Õçerrun wil¡ be stûrËd ir¡ ths
receiver *tatus register. The receiver ststus infornraticlst r¡{iil ¡}s
rêtüinÉd throughout the chamcrÉr tim€ until s üew ctr$r{cctêr ¡i
lûce¡ved and e new statuÊ word ic storêd.

The ¿ccsss ôf dårâ in the buffrr stÕrage r€gistÈr tlv ñneênr of ths.
Data Strobe will rèset rhe buffer ststrJs ourput, iñdieåting {hår lhe
la¡t charocter stor€d ir the bEffür storage register hag be*n talce*
by the syrtem.

The intsrnal rlûck"gÈner¿itor divides rhe b¡? timç fsr ÈsÈh darr
tï¡t int6 f6 or 64 segmen$ dÈpending upon rhe extërnêlty s*tecteri
rðtir. A singfé cycte of the üfcillator inpur s¡ûriðl i: gat*rl out ol the
clock genarator åt Ìfis csnter of s bit. Thir pulse ¡c th€ interr,al
elock signal wh¡ch sampte3 tho dâtå änd ËrÕrridés thê ir¡tërnÊl
timing fcr thû entirs lerminal receivør. ThG clsck SeÍorûtür end
sy*throni¿åt¡on cireuitry can be bypasssd by a l(rw lsire! oñ kth
¡tre * 16 Enãble ar¡d ihé + ti4 Ënabi*. In tÌ¡is ease, the ðsc;¡i¿rçr
input signal become¡ thc intcrnêl clock.

A ffiagter roset ¡r Ërov¡d{rd by meant of these $srnü Èwo çio€k
en#fa lines, When l¡o:h th6 + T6 Enablã snd the * 64 Ëñalrls ãre
et 3 high l6ssl, ths *hi¡r is hcttl ¡Ê a mäsrer iÊsst cÕnd¡tiûn.

F{E&Ë!æfifdÞå.4 S¡*sçrfæösrcfðræ*or l'lrctforËfrs ãmæ*

fit*a ¡r t*äs&¡¡d
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t#prJTs

*j¡Ja.l¡*¡u.E * TF:e ssriet data fror* ths medeÊt cr oth*r sc*rca¡
É9 ürrtûrüd ;frfÕ thÉ Te¡minal ÊcceåvÊr bt meâlrt o{ t¡¡¡ã terfl.iin*|.
Ths rJðtå ¡É ñot invelted vrithin the r€¿?iver åÈd åBptêrt êl tlT€
euTpr¡! in Èiie slr$e sense &s it e¡rtert"

q$"$ $!rqþq * The Suflør Stûrqs låtcheÉ ðre aar4pled whenever
;r high l*vel i: applied r* €hÈ ÐÊ¡s Str(}bs ifipüt.

l¡Cl¿e- SgSÞ * Thë lÉrrtles sf th6 fie¿eiver Starus Ëleçister era
r¡mFðlËã;ããr a high teve.t ¡È €pptied rô rhe gtûruc Srrobe ¡iñ$.

q:fl.¡-eÍgx * A high tevet on the Ëuen Pêflil\r' inpur câuÍes Ê
ehsc* lor air even nunÌbr a{ high.Í€vGl dátõ bits. ineludiûg th* pârity
bít. A taw i*ael ehecks frr sdd p*ríty ifi s s¡.nil¿r msnner. There
ír no provisio* tû ¡¡¡hihit the Êarity theck logic for ,.116 pêrity,'
dntâ transrnissbn.

t4gfçåe.*lClLSSlgSLgJ - Tw¿' ir'¡put lines (X. Yl are Þrovided
?t dåfirì* lhe ehar¿cter b¡t lûagth. A châr8cter wil! elway: appear
ôt the êutpüt in ã right iurtif ied bit Þrsitisñ för the rêf¿c¡ed word
Sangtks, The f*llowiug Íólbls shaw$ tht chêrdctðf length fsr õacb
inBut cornbination.

v Würd L4lltth
{ls¡etudínç Ëarity, if applitxbla}
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A !rign lcvel i9 r¡*{iftû(i äi * frÕr¡tive lGçic "1"

j_Xj'ffr1 : €4 Qgyrr¡ef_å{gblqf * Thes* tÌáro. ìñpuÊs pró-
vi*e e *;rar:s cf proelucinç thf inter*sl ûlock lrôffi ftn cs{;llâtor
tfrö? i$ €iih€g 16 o¡ 64 tirflås the bit rête. Proìrision is ålro mad*
1û britrg r¡re êlready synchronited ¿lcck f¡orn Þ $ûurcã such aç a
ri?'d*reì ¡n{i¡ the Têr¡ninãlt Rsceives to êct as thr ir,terriãl closk.
Åv&il*trle eptiÕng srs ghüw* in thÊ fÐtlolrúinE t*ble,

'/\ ÊVpi'åt deslgn Cf Èfue SxtÉfnël rystem ir sueh fhõt ærie *{ the
divide¡ en¿blrg i9 s*¡sÈced fúr fh€ agFrl¡c€tlle üxternel slûck frs,
{Íueficy. Th{, cth*r enablo input ih** h*6r¿*s a f¡lla*tar Reset
fer lh6 Terrr1;hêi fìecs¡vàtr.

ËXg¡g¡_q¡tp*t tjËgj, * Tiri¡ i* th€ üsûillâtrrr ínFut thãt cstltvr¡lç
âhr tråRsm¡ssion rntø r:f the Ter¡ninol frççeivgr.

4sy¡C$stSglgSgi.q" - À h¡gh levâf ûn th* l{syr'ìcåir&r*us Fjìixi¿
inptlt eflab¡es th¿ aleøice for operation in the *synehra*êr;s tllêdå
us¡ng contiol bi¡s t$TÂFlT ¿nd STÛPI. The $TAflT bít ís r¡!*{.t rór

indicate the pres€næ ol å chãrãcter antj for synclrrr:nir*tio¡'r ¿¡Ê tl,¡;
intcrnal elôck w¡th the cherdcfar. The pres*nce of a S?*Ê f,it
verifies ch*¡sct*r synchro*iration.

A low leve¡ Õn ?his ¡nÊut anåb!ÉÍ the devieê fcr synehtot;+,,r*
oFëfåtion ô$d disables allasyrrchrôn$u$ logìc, A trañsiti$n r?1.}rr¡tör
sâr$plei eech "Mãrk"tr-$paee" fransitio¡r ûl thû d¿rt*, cÍÉrnFrêr*c
the +161+64 clock csun:e¡ etðts with the preferrerJ cs.:inci¿*sn+e
slafe, ðnd ¡Êcr*rneôtê¡ly ¿diusts one-hãlf cl€}ck Ìtep towffd €ûrråct
bit $yrtchror¡i?ôticn. The char¡cter !yñchrðnizctiûn ic àrÍ¡e¡dled

ürternãllir *rg me**s cf tl'!¿ drt€êtion of ¿ reries cT $Vrlc*hêË¿ûiert
(e.g., "SY{tl"},

'-qf q:*gglgctgÉ * A high lsvel öc thir ¡ftput eñãbles ?he åyit4lri
to operare in the synchrcnous mode lry cycling ¡n $Vnchrôni¿*t¡ðít
w;th eêch châraÇter. The h¡gh level ¡ñdiûateg tð the rec€;l'Ée {håt
sxternål l.lgic hãs dÉtêrrninûd charactes sync. A lrvrJ ,d¡vei gll Êh¡ã

line holrJ¡ the guffer Storage Regisrer latche: open so thar d*ti3
r¡ppleÊ scross the ou¡flut5 tÕ p€rftit exterrrald€tectiûn Ðt sync crdüg
on the teccivür ûutp¿¡ft.

ÕI".!TPUTS

Asrg-g$Flrts - âãtð is trangferre,d to thr eight tJðr¿l¡*l spcn.
cir¿i¡ñ outüuts tfûrft the Ë-!ul?er $rorage Registef lâtchês. Ths ôrrt.s{¡t$
âre enãblsd by an input sigrìal tÕ the ÛstÉ Strobe tarrRifial anci
pt'ovide ccrrrpatifril¡ty with 1'TL plus bussicg capabif ìty, F*y c}¡asac-
ter lengths of 5 to {l b¡ts, data app+ars in å righr iustified porit¿øn.

æltqlg::g* *'¡'he dðtË bêírç sháf ted iftTô th+ åhift rÈS¡árër i$

sírnulta*etusiy asgilahls åt th$ $eriél Õurput. The stop b¡ts êrr,
ã¿Jt4¡ry¡âtirãÈly rlripíjed frÕm thê datø. T his provid*s * {îJnvÉ¡?irñË
rneans fcr extârnãlly accumul*ting longir*dilral parity.

fieÊeiverstãtrrsOutp,ots -- tnforrnation on tl¡€ stêtr¡s ðf d*9*
witñritEã?ãäiliñiiîþõfrããa uy mÈans of {bur outputs th*t Èrrå}Ë{y

thsir indicatisñ up{}n rece¡pt ç{ a strebe sigûðl a! ths Stðtu$ S{rsb€,
in-'.,¡t, The iunctionref these four statur indicstqr¡ are as foÉlcars:

T. Êuffr¡ Fr.llt *This ôutput shows that ¿r châractãË is in t¡ls
äuffor $torage latchcs ¿nd t!ôç nâÎ been mnrpled at thû úight d¿¡tê
ôrrtFrlts by iJr¡ng Èile Ûåtã stfÕtle ifiput.

2, Overrun * t his output prcvitaes sn indicarion thãt twr qlr

$rôrÈ cheracte¡s ltsve tscn transferrud ¡nte tite Buffer St*raç*
Register latches iil sr¡cæssion w¡thÕut an i*tervening, aarnpling cf
thâ buff*r c¡ontsnts by u$e cî the ÐâÈ$ strÕbä. Thiå meefts tt¡ø! ,rt
lÉast Õne cl¡araet¿r hes been lost. Use of the Ûãta Stro¡¡s reff¡ovei
tfìis ;ndìcåtor sfter thr transfer of tho fier{t char¿cter !*{o tlìû
Ëufler $torage çì €¡çt*r.

3. Farity årror - lncorrect pâ,¡tv tor å pârt¡culâl chara*ter
cåuses år, error s¡gnâl (h¡Sh levÊl) tú 9lú Senarated ånd ms¡Je availcbla
ät ths Pårity ñrrÕr tãrr'*ineÍ fr¡r t?¡e Ë€r¡od thät ihe ch*racter ¡Ë

pré'sent ¡n thê Euftûr'stofegc Fleû¡s!*f.

4. f*reak * T*€ ebseðcÊ of a $TtP fJ¡t fotlttr.ing ih*: ¿låêrêetsr
cåuses ð *reåk s.gnê¡ tÒ bÊ itûreËJ ¡fi the Êece;ver Siaeus Fleçl::cr
för the el*:tscter tirne {asynchronrr.¡s Õp*rãtiôn onåyl.

ç^lg_qk g-g¡Èy: * The ;nternal clÕck thei hâs beðr: rynrhrenizotl
r,lirh thË dslå ¡s åvellab¡e for exlerftal use by means {}f thåc e¡.!tË{¡t.

+1s +*4 6seíllares FrûE{¡årlçy ãc thù
€xtcrnêt ell:*k trrput
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*PäfiÂTIfrTd

$er¡ersl extÈrnðl ücelt1êet¡clns must be mad* for prcpër
*p*ration of each eiiçital-t-o-analoç converter. lntern¿l or
exterr¡al rederence, a¡.¡d full scåle voitage range$ are
selected by jumpering pins as shown in Taårle 1,

._ *CAUT¡ÛN_ * *
SC$ units are internally wired for ûV to +10V full
scale aperatíon anrJ do not require extérnal jurnpering.
*<¡ ¡rot rtrap grins f*r other FSR'; aç daßlågü may resull.

Table T. gxternæl CoRnections fo¡ üÂC Speration

sË5t lr.gÐ opsâþ.Ttôt'J CçNNËCTIôN5

lnternal ReTerence Pin 22 to Pin 23

External Reference
-r'iüV t*1û%),4 mA

üonnect to Pin 22

å'tûv Fsñ Pin ?1 to Pin ?2

r6V FSR Pin 20 to Pin 3û
Fin 19 ta Pin 22

*V tç +1GV FSfi Pin 20 to Pin 3û

Êi1åTäftruAÊ" ft ËFgåTãN¡CË

The intern¿l reference af eech C)/A convcrter can ire used
to drive three additianal units" To r"lse, cönnect pin 23 of
fiyçt unit to pín 22 of e$ch adciitional ronverter.

üPTI *åI&L AüJ U$TflÍil ruT

ââch converter is ready to ûtteráte within given specifi"
cations without exterûê[ åd¡t¡stmefits, Hov,rever, special
full scale settings or fine åcljustrnent of offset voltage
can be rnade using the circuit shown ín Figure 1. The
circuit provides a full scale adjustrnent range of å,l0%,
ênd ån ûffsËt ad¡ustmenr range oN *.40 mV.

NûTE: Full seale is nat adjustable when usinq external
reference.

frËF ÚUI

REf tt¡ > tox

IThAL6ô Gilü

ËULL SCÀLË ÁDJ.

¿tÊúçFFSÊf AoJ-

Ftguve 1, Ëull Scafe and Zeso Ðffs€t Ad¡i.¡stmênîÊ

w

¡t

a4

ø

l+ull*tiñ N&" eü¡$ð+1AF

Ta!¡le 4. Êinary ll/eights

ANALû* tlrïpuT År{þ årüFUr tüÐ¡t{G

T¿ble ?" Modified 2's Com¡rlement {Bipolar s"Firx}

Table 2. $tratght Binary {Uraipolas ::"Ðits}

Tal¡le 3. Binary toded Oecinral iUnipolar 3"ftig:tsl
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r \ r T t At tu [5 THE sglr TUf! I Nfi
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ÑTGULAl TR ÅN'I"J ÅDJUSTS FHfJCËSS

Rilru'S lrrr pÅQ'rtTlûN pi.JSËR

ÐTF AUI- T Ë}R I Ûft i TY 49û

ÅUTl-{ülì r ü{-Ë ACIH I SSilN tç7?*j.t*tF
T¡iF tlRllüi{Â11 Í}ÅüKÄrìc F0íì c()NTt?itL ûfl K tRUN^ F tNKR{)$SVËftK
üiJruTÅ I N$ I iiC f[JLLüh I ¡\¡ü t,At{TS ¡

TASK INIT
TÂSK HËGUL
ÏÅSK PN INT
TÂ*K TÀpË
TÂSK ËilRTÊ
TASK SINIJ

1I{F TÛLLüI{ ING \IÂiì IAiSLË5 ¡N BI-ÀNK (:üf,{I.4üN ÂRË USEÐ rOH $FËC ¡AL
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FUNCT ITJN SË r.

I äV3 $ tûNÅ15 tF" Cür'4MüN/SLÁ5K/

lËv4 tûNTÅ lt'lS THË VÀLUË üF THL
ËRTìTR HÂS fJCUR¡.ïËü

I 5 AVA I LAALf :

IVËNT VAR I Ä8LË RËCË I VËÐ HHHN ÅN

!äXTS tlFT*ñM l¡tHrj THË TypË üF' ËXËCrJT tür\¡ 0f ?ASK FR tNT

EFXî7 lS ilSEil f üR r0Mf"lljN ttÅï ttN r,l tîþ,r îHE îÀS$S üN*L lNË
Ê f T 1"7 5[T Tt] t G lVtiS ¿-$G$ t Nû üt't LF '

Ê lT n6 itÊT It 1 û ¡.Vüiì t.0ûG tr\¡û üN DT
íJ lT i5 SËT T0 1 AVû tDä UpûAT th¡ß ûf U*VËüTtlR r,i tTt{
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'ËXTå 
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