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S ECTION III 

Di. TJODUC TI Ott 

. The P833 Cass et tc 'l12..p e Control Unit provj_ des a con. trol inter face ~z:t 
i ' .• ; SO 

hetween. a P855/6Qf c e nt r a l processor and UQ to fo u r Philips Prof~ss~ona l l 
I / • 

1
c asset t e Drives. The control unit c an be . connected to th e central pro-

c es s or vi a . the s t an.d a rd r /o bus f o ::::- op e ra ti on _ on the Pro Gr amme cl C!1an~ 

nel ( wi t h o r without inter rupt ) or on th e Multipl ex Channel. A block 

di agram of a . typical cassette t ape subsyste m. is shovm. in. Fig ur e 3<-1• 

3 o 2., l?__I;Y} CE!.. The device h and l ed by the P833 control uni t i s the 

Philips Professional Cassette Drive type ELA K7 wh ich us es: Philips 

Professional Cassettes u Tabl e 3.1 · gives bri ef device specifi c ations o 

Addit ional device i nfo rm a t ion. i s 5 iv en. in th e manufa c ture~r ' s menu a la 

3.3. PHYSICAL . 
0 . 

The c asse tt e con tro:;. mrlx cons i sts~ o f th~e e . ' ' p rJ.n --cso. 

c &rcui't c a rcls mount e d to e;ethcr wi th the power sup ply modu:L es. and t he 

I/0 E_{ tender c ard tin. a. stan.da r d 5-c ar d rack. A' det a il.e d physical 

d escription ,, incluo.i.ng all inte rconnections ,, is g iveu.1 a ter in_ this 

s.ection . ( see parag i' ap h 3. G:5"). 

f 

i:n.pu t/ou t pu t 

General i<~form u tion about the P85 5/Do/C.o l 
facili t ies is given in. S~ction I of t11.is manual. 

~Phis contro l unit desc ri ption. is bas e d on the followinc; docur:1ent s : 

_ B.ool ean. Book 059 CA DOL I 1 44 73 c58 ' r c;_n 3437) lc..f.f 1 ~0! '2.o 
1:?i.JC· S- 1\\ 0 c) \ o"S8~:?. 

"- \ 1 ' , I 
I..) '<t• \,., ,~ 1./v •, (V.) 

L.\ (\S OY' .. Q 

I 
I 

! 
I 
i 
[ 



Tabl e 3.1 Device Specifications 

' Ch ar a cteristic 

Head. type 

He co rd. i ng t 0 ch ni q u e 

Reco rJi n~ d ens ity 

Tape sp e e d 

Data . tr an sfer rate. 

St a rt time/d:i. s to.nce 

Stop time / d i s tance 

Max:. r e;·; ind ti me 

Ca B s e t to typ e 

Tape ty pe/ si z.e 

Tape d a t a c apacity 

Hurnher of track s 

Tape s ide id entifier s 

Tap e r.1arkers 

}?iJe protect 

De s cription · 

Sigg l e tr uck, 

tr;o gaps ) o 

r ead - a(f-e r-m: it e_ (one hlafc/d witr: __ , I 

Charact e { se rial, bit s .e ri a l, phase encoded . 

800 b . B :,I;,-/-<, 
-· P l 0-------t,.::---· 

19cm/s (7 ½ ips). 

750 ch ar acters/s e cond. 

40 msec / 7 mfil (0 .28 in)e 

20 msec / 2 mm. (0e0 8 in). 

45 s .ec on.cl s o 

'1.'win. hub c op lanar 1 me tal fr ame work,, 

Magnetic tape, 86 m (282 ft) long. 

208 milli on hits on each tracko 
a~ Q c.-cL 

One :µ,q~cas ~et te s ide. 

Asymraetrically positione d cuto u t1 in rear .,.__ 

edg e of cass ette frame. 

Two ..tr-:tmt::;< hole s for BOT / EO T ~e te c ti on by · 1 (} 
op ti cal ui J!1.cl\s . ( approx . l O cm ~

1
£,Q..a,,.,2 Q •• t.,l r,.,Q.,,.t,.)~h ! ....... ~~,~,;;x:,:-~-n<~~ f~ . ~ 

. . ~ . ..}· ~ e,~,t : Y~t ....._.,. .... 'lf.:i! ~.s'.Zt 1 
Two repl ac eao.Le y{::'l te en ab le p ugs in cat- """ 

outs at rear edge of cas s ette fr arne o. 

----·------------...!.--------.....:...------_;_------___:------ _,._J 
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-,---::/ Inform a tion on. tape is arr anced. in bi t-se1,ialf 

ch 2, r ac t cr•~seri2.l forrriato The chc:racters are of 8 bits and are 1:p:B'~v·~ 

organized into blocks corrsi s tinc of a Preamble c h a racter, up to 256 

data charac ters and a Postamble charact e r o Fi eure 3.2 illustra t es 

the track l ayo uto 

Prc a mble / Postumb l e Char a cters . _ '.!.'he Preamb l e and Po s ta-pble 

character s have th e same bLt p attern. (10101010 f,. ) 2 and a r e the firs.t 

an.d l as t ch a r a ct ers. , respectj3ely, of a block. 'l'hey 2.re hardrrare 

gen erat2d with in the conttol unit and are not normally sen t to the 

central processor durins read operations. The Post ambl e char a cter can 

be t:r-ans fer re d if the J.Ho 6 r ammed blocl-: l encth is c;rea tel' th a.n the 

physi cal len g th of the rocordo 

LR C Ch a r a. c t e r. The ca s s e t t e 
/ 

sucsy stern uses a Loncitudinal 

Redundancy Check (~RC) char a ct er to detect data err c rs w h .en r ea c~ in 0 

and writingo The LRC character is soft~ar e generated-and cust be 

pro.;rammed as the l ast data char2...c ter of a block;: it in;-;iedia tely 

proc edcs. the Po s ta:-:1b 1 e c}1arac ter. · Dur int:; re :.:~d an.d read- af ter-rt"Ti te 

operations the serial data read from tape is hardw e re ch ecked by the 

co n.. trol unj_ t and if the final data ch aract e r docs not 

-() the LRC chc:r &cter ad<'1..t a fault indica tion occu.1, 8 • 
( __ _/ 

l 
() 
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3·., 8~ FUHCTIOILAL DESCiffP 'rI OI-L 

~'h e follovr i nc d.escriP;ti ort l'efersl d.rawin.;s and ti min& diag r ams i n-

el uded with the c;eneral tex t and to the lo gic di agrams at th e end of 

t he section., A block of th e c ontrol unit i s . civen at the end l 
of tl1i s p art I /0 bus info rma ti on . and · info rma t i or:.' 

co 1:1n10ri_ to the speed con trol uni ts is in c l uded 

in Sec ti on: X of this marrnal o 

AD :DREss ·rnc. - --
RADOO / to B:AD0 5 / 

o..dd~s~ 
The CU/and dev ice number are specified on t~e 

ol,.~!..., n,-1'-t 1'- (J..e,t<,'-Jaiccl 1,)~ae11el o..,, fo1 i ..... -1vtt..,.J -td ,.ccu.·, ✓ Qo/ be/ c//..., C l l, 

lines j BADO O/ and BADOl/ specify th e d evice number 

an.d are ~et :Ln .. to the B:AD f l ip - flops at th o start of eve1,y co r.1:na.ncle 

B~D0 2/ to BAD05 / contain the CU address arid must be decoded by the CU c 

They are compared with tho hard-wired .CU address p reset a t system 

installation tj_ rue by means of four j umpers on circuit c ar d B ( see 

par agraph 3~ · (c;, 0 ) . A corr ec t CU address co de on th e BAD lines, along 

wi t h the Dev ice Address VQ.lidation ( DAV/) si 6 ncl l which is activated 

durinc every c om~and period, gen.ern t es th e Addressed Recogni sed ( ARE/) 

sienal to th e CPU6 

The CU r ecocni ses and r esponds of 

\n. t he fol lo,ring p arat;raphs ,, 

These c omnandt2.re tran.sfe:r·red to t he control unit on the BOFOO/ t o 

BOF02/ lines and. are alw ays accorapan..ied by the ad.dre ss infor mat ion 

( s ee paragraph 3. 9~ ) o The '.!'ST , SST and CIO· co m,nan.ds are trans fe:rre d 

from the CPU o n t~e Progrararned Channel. The 1ITR and OTR com~ands may 

he transfe r r e d on . the Pro g ramned Channe l o r on . the Multip lex Channel. 



3011., Com:n2-nd J. cc cp t c Wh e n _ an r/y/ co fi1r.1an d is receive d , t h e 3
1
0}' l i iies 

'', > ' are deco de d if the ad dres s is co·rrect ( Fi 0 ur e 3. 'f! ~ , AR EA/ lo w). Th e 

corre s po n cli nc ont_put from COWUi.lrD produ c es the Co mmand Ac c e p t (ACC/) 

si gnal which is ret urn ed to the CPUo 

D 

Io { o o 11 I,? 1 I 1 o 1 6, ,J. I cu @ 

I . ( (_ j Bf coo ) spc o.i .J J 1' 1\100 /o ls A:,, o S 
_ f:,9Fo?,. 

1- - . -·· -· ­
I 

•. •• • .:. __ - -· ·- •• •• ___ • ..:. .,._ .. !,._- _ - ! .-. ... .. ·• · · • . . · --
. . . . , -- ... ' ..,._ ···-> ... 

! ' 

I. 

,,-- - },(\_,.,~':\_t ~ ;..t .-t,_~_.-(~~ This command i s used by th e CPU to t es t th e 

status. of the CU before beg inning a n ope r ation or during an op era tion 

and is accepted in any operational st a te~ If the CU is in th e Ina ct­

iv e st [!, te ( not b.usy)· it responds by sendine; all z e ro 9 to thp CPU v ia • 
c, ~• ~''M d ~ t,,~(... CHL 1/,;¥\ "t\ <V1 ' -i (4,. l\..V. ) t {~Ci t €1 .( 

t- ~- ,ii.-;•;..~ ,µ.,.:~ :--'\ (!,,i:••01·J1,e_.3.:' .. ~ -~.su; ~ ,_ • ¼ ., 

the BIN. lines. If the CU is in any other s_t:.1te (b u s y) t it r es ponds - by 1 

sendine al bit on BIN lin.e 15; other lines are not signific a nt l i•d';-;'<'r,,s<-

This comi718Jld is used to transfer the st a tus 

word from the CU to the CPU. It is received i n response to a proGram 

interru~t request ( Pil /) civen when the CU is in the Wait St a tus_ 

s .ta.teo · The bi_ts _ com.prising the status word are listed in Table 3.2 • 
• 

The mean ing of e a ch bit, tr1e status f1ip-f1op conc e rned ( i~ra c~:e ts 

(r 1 und e r . the meanin g ) and a brief descri:::; tion of po ss ible r easons for a 
·-....::J . 

bit being s et are al s o ~iven. 



l. 
i 

I . 
l 
I 

Te.hJ.e 3.2 PB33 Casse tte Tape CU Statua Wo~d. 1 /?... 

BIN MEA.lHNG DES-CRIF'I'ION 
Birr 

15 Not Op e r a ble; I f set in. r esp o nse to an SST C O ffi~ilc:lld it 
J 

i ncii c-

14 

CU Busy . 
( FS'l'l5) 

'l'hro u e:- hou t 
( FS'.1'14 ) ~-

at es p oss i b l e operato r i ntervantio~ r e quir e d 

fo r o ne o f th e fol l o wing r eas o ns : no c assette 

[ ins.e l ec ted device; ; c ass e tte unlo cked ( see 

[ 2aragraph. 3_~ ) ; no main s po wer e 

lrf set d u ring a TS T co, rnand it in d ic a te s ·foat 

Error Set during a re a cl or wri te operuti on i f th e 
to an e:-: change 

(_9\anne l f a ils to r ep ly/ 1•;/lf.=-Ji;:;_-.__Y3( requ es t ( })It / or 

B.RL /) within. the r e quir ed. time o Da t 2. e:-:c ha.1::. ;:; ci i~ 

s~o pped~ the i nterb loc k g a p is r ealised an d t he 

CU sv;j_tches. . t o _they Wait S ta tus s,tc.te. 

------+-------------·-------l-o-i~-,(-i~-~<-t-;tt._; _{;;,.,.·e"" ______ _________ _ 

Parity Error 
(FST13 ) 

Set \'i h e n a v~,~v-·";ci,·0-D-l parity e rro r i s detect ed. 

L RC log ic d u ri ng r ead- af t er-rrri t e o r r ead 

op ei'a.ti ons . Dat a exchange is stopp ed onl y c. uri::::i 

the r ea d operations ~ 

----------------ii-----~---------------------------
12 

1 
Incorr e ct L ength l Set 
( Fs rr12 ) 

during a . read o peration . when t he 

length differs fro m. tha:t g iv e n by th e ch 2.rin e l • 

. ---+-- ------- ---'------------------ ----------·------
11. 

10 

Pro e; r arn Error 
( FSTll ) 

I 
:set if an OTR is receiv ed frDm t he c ~annel ~ ~en 

!reading , an I NR is receiv ed wh e n wri ting or a 

wrong CIO START com man d is receive d . Data: :e.¼-V~ 

1e x ch a.nge is sto ppe d. 

Beg i nning o r End ' Ind i c ates th a t the BOT or :SO T ma r ker hol e ;,. as 
of T2.pe ( BET) 

I 
be en d e tected durin~ r e v erse or fo rward o pe~-

ation s~ ....__ _ ____ ,__ _ ________ __.J ___ __:_ ___ ___ _______________ ___ _ _ 



'l' ab l e 3 • 2 Con ti n.u ed. 

~------,---------,-----,-----------------------------
Bilr 
BIT 

DESCTIIPTIOli 

_______ ,_ _________ -r--~----------------- ------ --------
, 9 
'8 

Device lTUiQber 
( DAO.; DAl) 

These bi~a give the d ev ice number 

during any SST command o porationo 

most sie11:i..ficant o 

and are sGt 

Bit 8 i s t he 

- ···--J---.. - ·- ----- ~-- ---------------.1.:-~~~/;-·~:.~-\-~-j-'~--------~----i; 
7 Mor B Side I ndicates cassette A--s id ci-.'when set o : 

l'" --, ( ANm!) ' --)--~ . -- -------r------------ ------------,.-i-------·------~ 
6 Pile P·:r:-otect Set whun.. any write operation'is at~ernpted on 2.. 

( V!UH) "-· 
file · protected c assette ( n o Wri t e Enable plug 

fitt ed ) . There can. ~e no d a t a . exchance o. 

----·- -------------4---------- ----------- ------- ---------~ 
~\5. Not Use d 

-··---------------~------ ----------------- ---------- ---

l 
I 

' 

4 Ro t Used Reserved., @v,& f-/J.J,t,.. Q, : 

3 Tape ]l a rk 
( FST03 ) 

' 

inc; a r ead, space or senrc}1 command o 
-·-2--+-1-;-◊-t--U-T ;·e-, -d-·····--- --------~R-e s __ e_r __ v_e_d-.- -(;;-.-.. -J-.. _t_l>_'~-.:f--·- ----- - ---·-·------·--- -- -

1 Heady 
( FSTOJ. ) 

Indicates. that a d evic e has e rr t ered the 

state after bein~ not refidy ( inoperable 

; 

rer.dy 

---!I-____ __;_ ______ -;,..,.-----------
0 A,'li fl j No t Us e d Res e 1·v e d • ..,._-.1:,..•Hl. N,/J.J.};/._. 
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~-tat e and i s used to stop d a ta. transfe rs between the CU and the ·cpu . 

Tt is..: u.01·mal ly pro grammed at the end of a data block to sto1) t;f.,ansfers 

the Pro g r amme d Channe l" Th e cornm artd clo es n.o t af feet th e execu tj_ou <!!1--

. ~M-f<"¼ • . . i 
on 

of. Erase, Rewind or Spacrlock (Forward/ Baclcw ard ) operatio1is . . ) 

BAJJoe: lo BA])oS 

--~--- - .. .. ·-- -- - . 

Th e er/} START command code on. th e B1F J.i nes 

is alnays accomraii i ecl h;r a cas.s .ette i nstruction_ on. the Bpu lL1.e s . ( see 

l)aragraph 3~?.0and '.l1 a ble 3e3e) ., If the CU is in the Inactive sj:::ite 

and tlie address is cor::::-ect,. the co1ii,nand is acc ep t e d and th e operatior .. 

d e fined b.y the cas se tte instruction cor:1 ,'.1en cese If the COP.J i,lancl is ,~;:.?..":5: 

assi5ned to an inop e:;:-2.ble device (e .s . ~i~ no File Protect Plug, 
accepted 

device B'u s y) it is~z~...'.['~.:-~ai. if the CU is :i..,'1 the In.active state. 'l.'he 

CU S''7itche s to the Wait St atus state~ sends.:f.j-1,ld' PIL/ and waits fo::- t:::e 

SST co:nr:iando 
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1l1ab 1e 3., 3 CIO St ar t Comman ds ( Ca s se tte Ins tructions ) .. 

CODE 
( i30U) H AME 

12 13 14 1 5 

0 0~ 0 fo LOCK/UN LOCK 

O O ◊ &Jt 
.u;f.~ 

ERASE 

. /" "\ 
. f •. 

c~/ -, _.,. .. 

0 0 1 0 BACKS PA CE 
OHE BLO CK 

-

-
~ 

0 0 1 1 }?OHWARD SPACE 
OHE BJ., OCK 

- ·· 

o· 1 0 1 WRIT::S ONE 
BLOCK 

.r ' 

DES CRIPTIO N 

This c om m2....nd is us ed to l o ck or un.loc k the 

cass...ette in . the 2.d.dressed dev ice and t o put 

the ~eads in. th e e nd position ( tape c6 ntact) e 1 
t 

This co urnand is u sed to erase approxi ma te ly \ 

2o5 inche s ( 6 c m) o~ the tape track in use. 

The c om:nan.d is no1' mal:Ly u se d to eras e a ;,;:tt;.--:ls'Y..::t 

porti~n of t ap e th a t cannot r eliab ly r ec ord 

d ata o 

This command caus e s the t ape to b e moved in 

th e rev e~se direction until an iriterblock gsp , 

is detect e d~ 

Th is c o mmand causes t'.ne t ape to be moved for -

ward to t he next interblo ck gapo 

This c o mmand prepar es the CU an d the addresse d 

devi c e for re c ording dat a on t a peo Data is 

t 1·ansferred fr o m the CPU u s ing O'l'R co r:L:; n,nclse 
,..i, j - - __ _ .... --- ------ - - -----1------~-- ------ ---- -- -------·--··--- --·--•·--------
~ ---~~-: 0 J. 1 1 READ 

111 0 CK 
OlLS This co m~and i nitiates a r ead d a ta fro m tip e 

opera ti on c Tape movement Li i n the f o r war d 

dir ecti on and d £ta is transferre d t o the CPU 

i 
i---- ----+-------- -r--------------- --------------

l O O 0 

-----· 
1 0 1 ~l. 

"-
( "'-\ l 0 1 ID 

I 

,,.-I('· I 
f ·-•. 
\ - ../ 

R:SYiil-ID 

S =:P.RCH TAP E 
J,:ARK FOR\'/ARD 

S }~ :\.RCII TAP S 
!,1.A.TIK BACK V! AR D 

Th is co mman d G11uses the t ape on t he ad.cl:ressed. 

dev i c e t o b.e r ej.o u~d a t h igh spee d to the "1,1e ~t: 
i 

The t2pe is moved for~ard to t h e i nterblock 

gap b eyond the next Ta p€ Llark on th e trac k~ 

Th e t~pe i. s moved 
-he,.,.. ._. :,, -I C"L. / ...... , ----- -------· -··----··- - ·- - · : 

i-n-t~·/0--~-2~-0 ve rs e - dir cc---ti·on. ' 

to the interb lock gap _b ey ond t he ne x t Tape 



, ............... : u; 
3, /b . L--iP0, lRArJ::,FG"i? (110~). 0 ·t O O 

't /\ /1° ).'. ;;> 01\m ~-.,,-;!, ~N 
~ '\.../ ~:~~ ~-,Q 

f.r om. CU)., rt i s used durin 6 -~~:"i!.GZ:-F<....E§-;-ii!t.~-;: Re a d One Block opor.a tions 

(s ee })arag raph 3~41) to tn.ms fe:.· an. 8-bit character from the CU t o 

(:) the Cl)U on . the 3Il{ linese The co mmand can onJ.y be fJ:'i~f:...1::.~-;..,;:;:);:llJ;l., accerited 

.I 

if the CU is in the Exchange stat e o 

2 1fL ;) . r 
IC 

0 l O I f? 1. Ji? X 
1 
.b . ,J. C U /\ I, i:. I ) , ______ __,____, 

Eo(oJ 8A.b oo 
fJclf'o? .· 

I 

to 

paragraph. 3 , 5(,) to transfer an 8-bit charact er .fro m the CPU to the 

CU on the 3 0U lines . T:i e com;-nand cari~ only be a cc epted_ if/the CU is 

in t ho ~xchance state. 



,. 
I 

• I . , 

7. / C.u-.> 0 ·1J p,) t 'l' J r'J ~,• L 1- S '11 ~ r;, ,-,S 
) . -- " -· - ; · ~- -- . : , .. :::) 

~he P 8 33 CU u s es t he four o p er a t ion a l s. ta t es, c ommon to all P855 / P8oo/~''tl 
I , 

I-

con. trol un i t s . Th ese o pe t at i on a i states are set by the two flip - flo p 

s,e qu e n s .0r
1 

PO - F'l
1 

which i s co n. t r oll ed by ti1 e co mmand c ode r ece iv ed 

fror:1 th e CPU . F i g ur e 3. ·5 sho ws t he r e lationship between the ·st a te s a~Hi 

th e vari o u s . d a t a and 
' 
\ .o/"1J.✓ b\c<-l :. 

3
0

/~ D TA CTI V:~ ( FO - :F l -::: 0 - O). In this st;a te the CU is in standby 

mod e vraitinc:; fo l' a CIO START com,n and ( se e p a r ag r s,ph 3. ,~-)., Th·e CU 

sc ans the connected d evices~ to te s t f"or oper a bility and can. check fo:r.' 

- the completion of a r ewind o~ e r a tionl~ s e c pnra~ i ~ph 3a25) 
.. r . \. , -- ': l"! · ::. - . ... _: , -:=,. ~ · ... ~-- : · _ ;· -; _ ... _-: : • : • .... -~.'~ 1 : :... ... =-:: :;- ,-. :. , : ::r ·• -: ....- . * : 0 be c o n1 i ·n.g r· e ~ d..Y " :· ... .. . .... ::.. -·- .,. _ .. ~ 

or a d evi ce 

Pl O - l)o This st a t e is u s ed for the e xch a n~e 0£ 

s ~r i a1 d a t a . ( in 8- bit cha r acte r s ) an cl co mmand inf o rma tion . b e trrnen. th:::­

CU an.d th e select e d deviceo Th e CU s witche s to the Execut e ? s t a t e on 

rec e ip_t of. a vali.cl CIO STAR'r co mma ncl or a.f t e r a , valid O'l'R O:!:.' nm co c..-

mand is r e ceiv e d fro :n the connected chann.el. Wh e n . tbe o per: ation. i s 

complet e d th e CU n o,r,11ally s witch es. to the Wait St a tus st s. te ( see par2.~ 
r e t u :::~-" s 

g:c a ph )<, ce )o At the end of a Rewind operation, how ever S> the CU(rs..>i.X.:::5:;.~ 

to the Ina c t ive s .t a te and c a n execute ope1' a _tion.s for _d evices ot!l er L ,c.-:: 

that execu tin5 the rewindo 

Fl ::: 1 - 1 ) o . This st a te is used £or the exchang e 

of f!<V.W.- par a llel data (inl3-bit c;.1ar a ct e rs ) betwe en the CU and the C? :: . 

The CU swit c hes to the Exchan~ e state at the st a ~t 0£ every cheracte::: 
. sequen ce _ 

se r ialization{f';'5Jyr._.·-:v,,:~ durinc write oper~J.tions, .zZc; an-d at the end of 

every char a cter deserialization sequence. durinG read operatibnse The 

and. receive s an IHR o r an OT.Et co ,1li-:!an d i~-:!'l'\. fro!ll the chan!1.el. 'Tihen 

the char:::.ct e r is suc8 e ssful:;_y trari s f e rred/ t}1e ctJ returns .to t he :s:-:e,:; ­

ut e s .tat e , to rea d or writ e the n ext charact e r, or g o es to th e ~ a i t 

S t at us s t a t e if w,~ th e b 1 o ck tr a n s f er is co rn p 1 e t e o 
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3 0 22 WAIT ST ATUS ( PO - Pl ~ 1 - 01 . . The CU is s witched to this stat e 
,,--, 

-~--:._"'.'} at the end. of a c o r re c tJ.y c·xe cu t e d ope~ a tion. ( except Re'\7ind ) f \':h en a 

i~' --, j' --· ; .. _ _../ 

f auJ.t o ccurs or when· a nonoperable devic e becomes operabl eo The in ter­

rupt r equ es t ( PIL /) is. sen t to the CPU a sk.i nc; f or an ss·rr co,.,;r,and c, °\1:h e~ 

thi s co m~and i s re ceiv ed t he status word i s sen t to t h e CPU a n d t h e CU 

returns . to t he Inactive s t n teo 

',3 0 '2~ SCA1'T1n;_:rq_. In tho Inactive state the CU s c an s th e connect ed devj_c es . 
' 
~•h e dev ice numb e r (D AO 8,n.d DAl ) i s incr er.icnted by th e TC-counter ( se e 

par tcg r ap h 3o 55· ) m1.d every AP 3RT t furn e th e curren.t d ev ic e is t es t ed. 

If a chan g e is d e tee t ed the CU switches to t~':!.e 

Wait St a tu s state; if no change is det ec t ed the next device i s t es te d o 

s C..Cvv\.. 

CU/ ti min£ f o r the en_d of a Re wind op erat io n detected on dev-/'- _, 

ic e ruunb er 2 . i s g iv en in I<'i 6 ure 3. -?~ o \'ihen flip_;fl9 p PSTlO i s set v i a. 

ENDSCAN,~ the scaru1.ing opera tion. is. stopped and t he FAST2i:t' signal to 

the d ev ice is 
t 
\ 

fo r 500 mse c) 

drop pe d. The devic e returns th e RDY2 / ~ si~na l ( held lo w 
~ . t) C, \ 

set jl the c1:-e-f-'i"'e''e" is s Yri t cl·, ed. \ aud j when flip-fl op FHA.LT is 

to t he Wait Status stat e ( see i~ paragrap h 3~ ~~)o Th e subs equent ! 

sta.tu s 'wo r d cori_t ain.s the dev i ce n:umber an. d bit 10 is set., 

·2· ~ 3w-~ I£ a new casse tte is 
C1A~J~ f 

detected , L a device beco mes l 

Re ady (RDY / si gnal), flip-flop FSTOl is s e t / to · s e t f 1 i :p- f 1 o lJ _ ?TI .AJ, To 

The s uosequent status 1'i0 r d 6 i ve s th e dev i ce n.unber rrith bit l set;. 
✓ 

3~2~ CASSE T~ ~ I HSTRUC~ION S. T~e c a s se tt e instructio ns a~e extens ions of 

the CIO START co m□and and are transferr e d from th e C~ U on 30U]2 to 30Dl ~ 

When. a GIO ST ART comi2aud i s received, t he code on t he BOU linesa 1.s clo -:::, 

ed in to the Functi on . .flip-flo ps f? i c are 3. 2G, 

for the op eration to b e performe d. Tahle 3.3 li st8 t h e instruc tions u se ~ 

~ives the BOU line codes and g ives a hri e r J ~ ri p tion o f each 
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3 This 
,1..,u: (>J 

c o rn, :i an d i s J'_-e-a--e-e-:...~y 
. , -'-2_ 

~-\;J cc1ssctte. LL a deviceo It also po s i tions the h ead s , moving 

CO Qtact p o sitione 

\','i1 en the co m~an d i s ac cept e d th e CU switches to the Execut e ;;;tate 

and. , aft e r the st :::.rt. delay ·o:%.~..:,..,. -.1~ , the ad d ressed d evic e i s . 1:-u;~i: 

(v~ 
·' ' "-

·selected rt;Vic'-3 L CKX-:. i s s ent to the dev ice . At the next 39'i'C time the 

'f'HALY,.flip-flop is s e t sV1itching th e CU to V!ait Statuso 'l'he sub s ccp .1e~1. t 

status riOl' cl' con t ai n.s the device Y-.V .. ~JJ!l't!i'fivi 

3~1-B If a CIO con!nan.d oth er than CI O Lock/Unlock or CIO Hewind i s 

attc :;ipted o n. an unlocte d device, th e CU ac:::cpt·:c the co mman d. and. go e s to 
con t ;;.i :i.n s 

th e Wait Stc:d;us s .t a teo f'Wi Tho subsequ ent status rrordf.th e d.evice n u ::1ber 

k:r/ and b i t 15 is s e t o . 

This com ,nan.d must b.e program me d wheQ st a rting a job on 
. (E e-r) 

a t 1· a ck w hi c h i s not at the Beginnin~ of T:a.p eJhole ., Th e t a pe on, t ho t-2i'i!> 

e,ddressccl dev ice i s rewound a t hi6 h spe e d to the B:8'11 hole. Reriin d. timirr.-:; 

shown i n Pi t;ure 3. f • When the co mmand is accepted the CU switc~es: 

to the E:-:ecute state and, after the f,/1,?"l,,1~ s t a rt delay, selects the 

ad.dres s e d clevic·e. T11 e F.ASTX>:}': and REV* si::;na;J..s 2"~ a re s ent to ·foe devj_co. 

At th e n e:,: t. ] C 7 time ( 13 0 ms e c • l ate r) ¢~'!-e-FJ..;u.,~"il..,u;,...::;.;fJ .. J) .. _p.,,..;L&--~ -by-'"s"'F.h....-t-,c,~-­
p(',w, i:lil,, 

i ij.?' the CU \(t>a c Kfi into the Inactive sta teo 
j,, 

3a \o . Th e ~ax imu3 rewind time is 45 s ec onds and when the tape r eaches 

CO J;l :J\ e,nd. 

op eratio n. time, t he tape does not stop at the :33T hole., '11h e CU s Yi:L t ch es 

to the Inactive st o. t e at the eud o f -~h e corn ,n;:::,n d czecution ti:nc, the 
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H.cwir1d. c ond ition, i s d e t e ct e d as expl a ined in pc1,r a3: rap h. 3u'1:) and the 

CU go es- to the \'/ai t St a tu s state ~ '.l'h e s uo sequen t s t a. tus_ vr o rd c on t,1i n s 

·E,e device nu:11ber an.d bit 10 is s .etc. 

3., 31 
•. ' 

'.['his co mma nd i s a du m;:1y nrit e operation and i s us e d to 

er nse a . 25 ~ ch a ra~t er block len~ th ( ap proximat e ly 605 c m) on th e s e lecte d 

· track,. Timi-n.g is shown in Fi .s ure 3. '8 G \'/hen the com mand i s acc p,ptod. the 

CU 'switche s to t he Ezecute s t a te and af ter tf1 e ;7.,~~~ star t d elay, 2 -t~~.;-€- :c 

· _,, ( FY!D }( ;-tf ) 
selects the acid:r.essed device. The Writ e ( YICD)1·1 ·: )· an d Forwa rciLsi ~0;r1a J. s are 

sent to the device 'out the write fli p- flop is not set,, At the ne xt TC39 
drop _,:; ed. 

time FHAL'T is set and FWDX-'A' is/4.iH.f/./;.Jl>J The CU goes to the Wait St atusc ste.te 

at TC? tim e , WCDX* is dropped and the Pro g ram I nte rruRt is sent to th e 

CPUu The subsequent st a tus word g ive s tho devic e nu mber an di if th o Bnd 

of ~:ct})e area was detected during the·op era tionf, bit 10 j_ s se.t., 

·3 7 2 c;r,"C"' O"'e Block ('li'o .,,..·, , ~ .,,..::1 / 3 .. -,c,<"' '' -,...d. ) rrhe SJJ e.ce block cor:unands 
0 ;) o ;::,.,,V <'~ c; U - - - • ~ _ - - '' C, - - I ·-• • • °' c.., - · O -

are u s e d to move t he tape i n the required direction to the n ext 

int e rblock gap on the sel ec ted tr a cko Timing is shown in ?i3ure 

3"'0· When the co:n :nan d is accepted the CU switches to the E~·~e c ute 

( ) state and s e lects the addressed d ev ice after the start clelayo The 

required directiorf,i 0 nal (FW:DX'f or R:SVX'¼") is sent to the device at 

TC5 time ana the r ead signa l (Rcnxw) is ✓ sent at RTC ti ~e o Th e device 

re ads a data block (s ee para~raph 3.41.)and the CU des erializ e s the 

data . but does not check the LRC. f,,t,/.'1\~~~1Ro d.at2. ~xch anz;e occurs 

vrith the C?U. The device stops 'i7hen. the next interbloxk 52.p is~ 

detect ed. The r ead siGnal is dropped at th ~ end of the bl6ck and 

FR AL T i s s e t a t th e /f,I:;lu1::J f o. 11 o v; i n 6 3 9 TC ti me • Th e CU s r1 i t c n e s to 

the Wait Status st a te and sends PIL / to thB CPU. 



j .. 

Th e subs~quent s~atus word sent to 

.I'. ·r:.__~_\; If :-- . \.
7 

;:. 'l'ap e J.I a rk is detected. bit 3 1a,·iivc".l; 
~ / t 

o-£-------±1~ indic 2.t ion. i s 
a blank 

de tec;_ed bit 10 is 

is set; 

set., If th e 01, e ration is 

on J_ FiI"i.l'l..t~~J..)/j: t r· a c J,;: ( n o previ ously r ec orded data on. the track) the 

perfor:.1 ed 

tap e i s 

~ove d (forwird or , backward) to t he end of th e tape and no interrupt i & 

sent to the CPU~ 

3o o+ s:;:_;_:ARC H TAP :S :.LARK ?CJ R1.'!A :rn B.ACK ','fARD • S earch com:-:i.ands are us e d for 

Tape Ll ark detection on the selected track. Ti ming i s shovn in Fi g ure 3& f0 

When the co mmand is acce1)ted the CU swi tcr, er:i. to the Exe cute st a te and 

/ "">\ e, ') 
}~::) ~1ects the addressed d evice ( sends the FY!DX>r or n:svx·•.1:- signal) aft e r t> .. cd:n-

' 0%4f~ -c s t;J.r.t cl el ay ~ At R •re time th e re a d signa l ( RCDX ~--- ) is s ent to th e . 

devic e and the r cc;a d flip,~flop ~ (S RA) is s etc Th e d ev ice re a d. s d a ta . 

from tap e ( see par agraph 3o41 ) and t he CU de -se rializes the dat a hu t 

does_ not check the LRC ( see par agraph 3~5"4) There is . no d,:d;a exc h Qnc;e 

with th e CI>Uo The device s_toi,S at t he interbloci~ gap a fter a Tap e !.1ark 

is recogn ised and FST03 i s seto At the next 39 TC time FHALT is s et and t hn 

. I 
CU s-r1itchess to the Wait Status_ stat e ~ a.-.J. 4-v.,,_d,,:, /l1L/ t-o Y-<--&. C/(), 

The status. word s .ent to tbe CPU gives the device number and bit 3 

(rrr, •• 1) · t ..1.ape I,:ar,<:. is s e o Tf the oper.::.tion is p ei·forrne d on a blank :{fr~'P':,1li. t:ra c::: 

(no previously :reco rded data on the tr a ck) tJ1 e tape is moved (for wa rd. or 

backw a rd) to the end of the tape a~d no interrup t is sent to the CPUe 
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<ievice . for r e cording a block of data: ou tape .. After the co;n;,1an d L:; 

accepted,. it i s fol lo-wed by O TR. co:nraauds whic h are received j_n r e s ,­

pons e to })roc;rc1J-:1 I n t er1/up ts ( PII /) or B1·eak Requests ( BRL /) gi v en-­

by the G:Uo Da ta .. tra.11.sfer is stopped by eitho r a CIO HAL'I' co m;n aucl or 

an En d of Range ( EOR) signale 

Jc 37 Fig ure 3.,,fft,· shows, the timi ng for a typical blo ck transfcro When 

th e co mman d. is. accepted. the CU m-;J. switch e s_ to. th e Execute st2..te and 

sends the \'! rite signal ( wcnx~il) to the F~i'- select ed deviceo After the 

s.t aJ~ t de 1 ay J { f:::,~~1:&~'>:j , th e addr ess e el devic e is. s.el e c t ed ( F'.';"D~(~ . · 

· i s s en. t) and ;.,.-f \l?J>Q;<U,.Ki\;'1/'.,~~&~CY-.'-- 1 a t n '11 C ti m e} th e r e a d f 1 i p -~ 

fl o}) ( SRA) is sot. \'/h en the 'l'C-coun.te':r re a ch e s TC7f and th e Write Bit 

Co un.tc r ( WC-r o6 ister~ . see parag r a ph. 3o51)1is at 1YiC/s the Preamble 

ch aracter is l oaded into the Writ e Seriali ze ro Flip-flops~ FR ~AD and 

SWA n.re sot ar""d the TC-counter i s stoppedo The CU S\7itches. to the 

Ex ch an6 e sta:,te and s ends a Break Request ( BRL/) on th e Multi plex 

ch annelo Th e Pr eamb.le ch ar;:icter is serialized and s .ent to the select ed. 

devic e on th e WDL linec 

7. 38-,.h . 
-:Je ii 1en the OTR command is recei ved from.Multiplex, 

data._ 
the}.ch n.r~-,_,cte~~ on 

th e BOU lines is load ed in to th e C:3-reg if_(t.e::c. o The CU switch es. to · the 

E>~ecute state and , who :::1. . it'l~ serializ;;.tion. of the previous, ch2.r a cter is 

flin ished,.. i'/SR is . again loaded by l Y,'C/. At this time '?READ i s c1gain. sot, 

_.switching the CU back. i n. to the Exchange s.tate and BR.1 / is s en t to the 

1Iul ti p l exe The data tr an.sf er continues_ in tni s manner, ,1i th the CU in 

· the · Exchanee st a te to receive c har acters from the Hultipl ex and in t:i e 

Ex e-:;ute stn.te to -~ serialize the characters and send t he:n. to th e 

( ',~ .. , s e 1 e c t c., d d e ' f i· c T,,., 1 t 1 t I· r-1 · · ~-' J ..., " h , , ·J - · ~ - Oe ., e 2.S C.lCl.1' 2. C ·e r r eC,l' E:ii'8 Ci lS CllC a ~\v C .ar 2.cter. 
\ \.Y .:J I 
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0
~')1111 characters are r oe.d back a pprox:Linat ely 20 msec ( rcacl head to 

0rito h ead gap ) after t he f reamhle characte r is written on tape . Read ­

ing b ac k the d a t a r ese t s the TC--coun ter to zero. The charac·~ ers are 

d es e rialized by the HL R-- r e5ister ( see par2.graph _3o54) to p erforr:i. £>. 

~ ead- af ter- 't•,rj_te LRC ~ error ch eck. When a CICJ HAL :rlcor:1 i:1and ,. 02· :SOR 

fro m th o Hulti plez.lS,. is r e cej.ved
1
Ereak Req u es ts a r e i nhib'it ecl and t he 

Po stamble is se:ci a lized and .?µµ't~Ji se1i t to the d ev ic e .. \'/hen the read.-

, a.ftc:c-•wri t e. o pe ra t ion. en.ds
1 

20 ms e c afte r the tfrl:fJ:.1dr Po s t .ar:i b 1 e i s 

f 

I 
' I 

t en, t he TC-co un.t er is sta rted and the 85 rnsec write s t op del a y beg in s . 

3. ,41'.) At TC6 ti me .fl ip-flo p FH.AL'l' is set ancl FWDX-i( to the device is ~-i3-,.,... 

d ropped.~ W~o CU wait s_ a fur thor 85 ms ec before swi telling to t he 

\'/ait Status .. st a t e to ensure. tha t the device is: s to pped. ~1he CU nends 

PIL / t o the CPU and rec e ives an S S· T co mmand in. rep l y" J:£-~ The subse quent 

status Viorel g i ves . the d evice nu:;iber an.d if a d.ata error occurred durin.; 

th e t1.' an.s f er bi. t 13 givcsc the Parj_ ty Error i n.di c ati on . ., 
I 

This co m;nand is u se d to rea d data. from t ape ~ l:;;;_:; 

Aft er · th e co,r.,nand. i s. a c c e pted it i s follow ed by I :t--TR cor,1::.ands which a:r-e 

r , ( ~ -) re ceived in . r esponse to Prog ram Inte r rupts PIL /) o r Break Requests 

. ( B RL /) g iv e n by th e CU ., D at a tr an s f e r j_ s s to l) p e d e i th c r h y a CI O HAL T 

com:nand or an E011 signal f .,.. O!'J. . the J,rul tip_l--ex . 

3e4'C Pi g u re 3 .. 11 sho ws th e timing for a typical Read One Blo ck o pcr2, tio~ . 

When . the co mmand is a cc epted the CU swit c hes to the Execute s ·l;ate • .,g___ 

The ad d r essed device is sel e cted a t the e~d of th e st~rt d e l ay ( F~DX ~ 

is, serit at TC5 time ) a:ruJ. abou t. 1 6 mscc_ l p.tcr ( durinz HTC t_im e ) fliJ: .. 0 

<:;le,;~<-//..;_ lv'C - r0i°~ t-~,f'" b-l,;."] u'..;clcu.1 b.J.C1JU·J/ ( o-<-..:. />,'.-l•'JI-C:.jJ /,, 3 , 51 )..F _ 

flo p SEA is. set., This s .to p s the 'i'C-.:;cunter/ o.n ci the Reo..d s i g ru-'.. l ( RCDX < ) 
/ /, 

i s:. sent to th e de:v iceo Ti1e CU IT~.its for t h e devi ce to t rans f er se2:'i2.l 

cl cda.o:ri_ t i1. e RDAX/A- line. 
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3:0 43 When. d8_ta is received from th e device, the Rc2.d Circuit ( see 

par a[~rc.ph 3.Gz) is start e d. and the TG~coun.ter is :reset to zero~..b:::~~ 

The ·data.re ceived is deseri a lised by the Re ad. Do stic..l­

izer (see par2.c;raph. 3o 57-) and made availb..b le to the CBw•regis.ter., 'J:'he 

RC--couater i-7!4'"'"•; (see parag raph 3o $°3) resets flip-flop F'Elrn.A· a t th e e n d. 

of the F1'ear.1blC1 charact er and Z2d,{--1~~4- 7RC produces CWC.R/ to clock 

the WC-counterc At the end of suhse c1uen..t clata characters/ 7RC produces 

STRR/ which loads. the Cl3,-register and sets flip-flop FR:SAD. The CU 

swi tclrn s . to the Exchange s t3, t c and e en.crates a ERL/ signal y;hi ch re s ­

ults_ in an IHR com,11 a nd being receliecl from. the },i:ul tiplexo 

3.44.'.Vh en: the nm com,1:and is received 
I 

the data char a cter in. :the CB­

reg i ste r is lo aded into :SHIL ~~~ and BIITR and put on the 3TH lin.es 

to the Llulti p lex. The CU returns to the Execute state to proce sa the 

next charac ter and dat a transfer continues as, described abo.ve 0 'l'he 

clata ,. read is also proces sed by the RLR-register (see paragr2.ph 3eS<').) 

and. -)~r;~~y-~ .,g if a ci.uta er1·or has occu1·red flip-flop FST13 is set by 

MP at the end of Postamble des£rialization. 
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a.n d. d e c o c. e :--

}) l us the S eLec tion J. oc;i c , .· ·dii:.cth con t:r:ol the in s true tion op erat io ns c>.nd. tne 

data flo r.ro In. the fol loswing d e sc1'ip tions these P.re rou;; i-.ly crouped in-to 

t hose ele,c.onts. con ce:rned prima1~i l;1 Yiith data .. flo i'~ , tho se co1!.cq~0!0d. with. 
~/ 

ti ming a nd d e l ay functions ancl. tho se concerned \'lith I/0 co mmands: 2.n ·i cass-

~tte in s tructionso 

under ct.~.n;. a sing l e 

~ - . 

l~~ :::· .::.....,,ff,~':il:'&H"'t~.ilk:~~.f.~ S... two qu a cl. 2 - in }l u t mu]_ t i p 1 e :,: e r s 

nbich are arc coutrolJ.ed. by READ/ o It s .e l ects either ,nit e d.2.tc<. &r.. 

f rom B0U08 to 15 or read dat a . f r om, t he Read Des eriali.zer ( RS R). The o ut;rn "~ 

i s f ed to tho CB-reci s texe 

3 ,., ") c·- n . J 
. o t:1, f ...:.D·.:_!~_<~.s:'. l S CC r • 

wri te o j ) er.a ti ons 

This is the main: daia .. buf fer in 
( vi a CI3. D) 

d ata f r om th e BOU J.i ncsj is clocke d in to the ree;i s tel' ~y 

ACOTR/ o During read operations the registe r is lo ade d by STR2/ o Th o ou tput 

is . either· to the Bilf l ines. ( via BIHL and BINR) o Y..· t o the Write s ·o.ri2. :Li.zer 

( via WSRD ) o 

~h ~se are quad 2-inJut multiplexers ,, 

_which l oad e ither read data fron t he C3 -rogi ster , or s ta t us infor□-

ation, onto the BIN.line& to the CPU. The s e lec t ion is co n trolled by 

B.Ilr:E/ ( ACSS'l' + ACI}rn) a!1.d WST. 

}i.4S,, WS RD-S e lector. Ti1ese a1·e quad 2-irLJ? :tlt multiplexers whic:1 are 

controlle d by FEITDA and uho se out¥ut load th e ~rite Seri a lizer ( ~S~). 

T'.ne Pr caL1bl e / Po st3.rn':) J. e ch aracte r - ( 01010101 ) 2 is r1ard-vrired on one 

s e t of tho in.puts~ At tho b eg inning o r end of a write o pera.ti o n . ( s e ~ 

wJ1 on F-S:i.I DA is !1i.ch.o • C,. • . • • • • •• • ; 

·-r\f {~1 ~ ~ ~ C:¥.. {~.a 
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this cho,r·act e r :i.. s loade d in.to the Write S erial:L ze r ( WSR ) ., Durinc; tr1e 

2;omain.cler o f t h e t;.z,;-,a. oper a ti on.1 th e cl a ta ch a ract ers rec e ived fro m. the 

CB- r-cc;ister 2.r e lo a de d. i n to \'!SR ( :3'E:~11DA· is lo w) o 

J• 50 \'irj_t e Seri a li 7:~ ~{,'SH ) . The W1·it e s ·e rializer co mp rises t wo 4•-bit 

shift r ec i s t ers c ascaded to for m an 8-bit shift regi ste r~ Pa r alle l 

in:p_ut i n.fo r mat ion ( one 8-bit ch aracter) is lo ade d into the r egis t er 

{;;;,t,1-_ contl·ols the writ e d ata flip-flop WDLa 

Thi s i s a 4- :fai t bin a r y count er who se output s.o 2.re 

decoded by W-45\'fC ~ The co un ter i s con troll ed by the r,::1,:- WCPE/ an cl '.'iC:S? 

oigr1.~ lsp v1hicl1 b~oth ;nu s t b e h igh to enable t h. e count 111..o de , ancl i s U-5~!3:-:: 

··, clocked by th e CWC puls es ( C\'TC :::: C\'iC H/ -}- C\'.'C W/) at D.Po 2R 'r tim e o Togethe r 

_with 01 4~W~ , . the WC-re~ i s t e r f orms~ bit c o unte r _d~ring wri te o~era tio~ : 

and is clook ed 6nce per hi t hy cwcw/. ~ uri ne re a d ope r a t ion s t he Wc -
recist e r is clocked b y CWCR/ a n d forms a byt e count er with Ol45 WC. 

' 

3 e Sc R e 2. d D e s e 1· i 2 .. l i z e r ( TT S & . Th e .Re a cl D e s er i a 1 i ~ er co n 1-' :::.- i s e s , two 

4-hit shif+ r e£ '.c0 s te ~s cn ~c nQ' e d to .Inor· ·n An 8 bi~ c},i"ft 1' ·st 
v ~ - •. -- - ,. c.. - ·- v "' • e1::: :1. er o 

Shift reg isters h ave J-K inputs which are _ti ed togeth er tQ give D-typ e 
( ?, :/,)· :~>-~ < · r ;.--,~··< ~ i; r .,{; ___ •·· -:7 -•~-.,r . ' '? · '.,:, ,;> •.• /· r, ." - ( ; , J ~ f>.,_;, _/), , , .:~ ! 

entry clrn.r a ct eristics . · T110 se r i a l d2,ta · ( Im ) j_s shifted right by the 

BT clock pulses fr om.. tne Read Circui t ( see 1rnrag r2.r)h 3a ~"t) The output 

is t8.ken in parallel for m a nd lo adei into the- C3-rec; i s ter (via CED) 

by the STR R/ pul s es . 
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3 ., 5 3 R C ~- g~;,:.,;..._~~;,.e.;r ., rrhis is a 4 - bit binary coun.t e r whic n is . c ontrol l 0d 

by th0 R EAD s ic;n.al an.cl clocked hy the PT pul se.Sfror01 the Read Circuit 

(s,ee par ag r ap h. 3o e:,·2 ) o During read op er::1 tio ns the decod Gd outp_u ts:. 

pro du c e 7RC ( at the ond of 

and the charac ter f ro m. the 

CB:-:regis t"ero 

every 6-b.it ch2..r~cter)· which en a bles S'l.' ?..!1 /2 
Des c1' iaJ.ize r 

Re ad. / S:1/.5,..,-'t~½;.:;x~~:I!.. is lo a.cl c~ d. in.to the {23-i;; 

This reg ister is ide~tical to the Re ad De s E riali zer 

and is used to detect e rrors :i.n the LRC char:\ct e:c·. -The data. r eceived. 

serially f2.'om tape is.- exc1usive-ORed v1ith the most s J.gnificf,.n t b.it 
and 

of the RLR-- r e6 istcr. PJ,RX is prod.uced ;o.ti~:v.-~ is shifted th ro ug h th e 

r egister by BT. Parallel outputs from th e reg idter are d ec od e d to give 

OHL H/,, \'/hen. the LRC char a cter :i.s shifted into tho re f; ister) th e contents 

should bo al l zeros and OTIL H/ should b e low. If ORL.R/ is hic1:,; a 0 da,ta 

erro:r.· h as occurred and results in bit 13 oi t he subseq_~uent s.tc: tus .:: wo:::- cl 

h~ing set ( FST13Zl / -~ TRANS. 

~~ ... in.dication .. to the CPU. 

3., 55TC-Coun t e r: 

OR1R/) to g iv e the Parity ,Error 

4-bit binary counters cascaded to 

fo~m an 8-bit couuter,uhose decoded outputs provide the necessary start, 

stopr read an.d write delays r~quired. hy the casset t e tape subsyste2~ Th e 
. . ,,, 

counter is in.crer:,ent e d once per character by TCC (TCC/= BP.OR':'A.TC::;. 

OV!C)( and has, ther e.f ore, a period 0f 1.333 msec. It is reset to ze::i:-o 

when a CIO START co,:uan d is accepted and when data. is read from t ape 

( mrq,n - "0.101~- -~ m\ m • 1 .Lv .. !H - -'~'--' I D·l·; • J.aO. e 3.4 g ives the TC-counter bit settin0 s, nhich 

correspond to the various d e l ays . )- •. J-V'-i <", • ~ ·- '1 ~ .. ,,.,.. ... "-'··"-1 

~ ~(;·q. ,. 
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T8,bi'e 3o4 Pro- r e cor d and Post-record Time Delays . 

TC BITS SIGNAL 'l'IME RAME 
7 6 5 I~ 3 2 l 0 ( ms e c) 

0,0 0 1 1 1 1 l 3 9 'l'C 4J .. 3 l[o r:aal s_top do l a ,y' 
' --

:X,); 

0 0 1 0 0 0 0 0 :-,PT"~ r,,,, V-,' 4206 Start delay. 

0 0 l 0 1 l, 0 0 RTC 5 8., 6 Star t re a d del ,aye 

0 l 0 0 0 () 0 0 'I'C 6 85" 3 Write s.top d el 2.y . 

~ (-("-.,· t w <~ .... h:. 
l 0 0 0 0 0 0 0 'l'C7 ]_70Q6 \~;.~,.....a,,:t,o.s:.:, de l a.yo 

. ,.,,_r,j bv tlCAl CL<J,j l 'f ~;.,p 1--o /. s s ,y\ r . 
-NO TE: · The times given a 'oo v e / a-:X· e-- ex-a<J-t--h--u t---tfre-- a-c-t-ua;]:----t i-mee:•-me.-y-b-e 

s-J....i-5-h-·t;l-y,.-:c,J--0.s-,e. d u e to the asyn,::;hronous na tur e of CI◊ cor,1n1ands 

• an.d th e s_tar t and end o f r ead d a.ta> signal s .. 

The clock circuit co mp:r.ises t wo i n.tercontt e cted 

D- typ e flip-flops.: which are s:brohecl b.y the AP and B'E pul ses i'rom the 

Writ e Circuit~ The ORT to 3RT puls es are produced which are used in . 

conj un.ction. Y1ii.:h. the AP an.cl BP puls.e s to pro-.ride tho general timing 

r equirements o-f the CU, Picure 3.,f:. g iv es th e cloc k pulse timine 0 

AP 

r --r~&~r.-r=7 ____ r~-~7 - r-
( ~--------' 
\ ~-:!!:'..li'r'!o'i' ______ __, 

BP .. OR-r ___ --'r~;,._ ____ _...!,._ __ J 'srl ________ n_ 
_Ir( .sfv· .. ,/_ 

BP. 2 RT ________ _jr, , . . Ji ___ _ 

3 1 
o C\w Cl o cl~ Puls o 



f.flv~ ~ 
31) 5?·co 1-1:·nal1d Dci ~od c-J.) [cow,;,~}L~~/j.s 2, 1- of·-10 decoder u sod to d ecbclc -the 

T ccoiv ea l - ~ 
r / o co m,nan dj orl... th e BOF li ne_so Provided the CU 2.cldress. is cor:::-ect ( A~CA/ 

- mus t be lo w) tl10 ap pl'O }Hi ate low ou_put is .. produce.d o 

3
0 

58 Fune tion: ... De cod 52. r ( :?crrl_. IJ.'liis compr:i..s.es .four D- type flip-flo1,s 

are set accordir-1g to the c asse tte instruction.. code on ~tM 3 0U12 to 15., 

' The flip-flops .a.re clocked b.y ACIOB: when a CIO START command i s 

a.c ccp t ed., 

3 0 5~ CIO Docoder o Thia is a 1 o f 1 0 decoder us e d to d e code the stnte 

of the Function Decoder fl ip- flopso It eives a low ou tput appropri2te 

to the ce.c.:sette in.s .truct ion to be e:-:ecuted o 

3~ t o Selection Lo .:·;ico The S e lection: log ic co mprises a number of fJ.ip -• 

f J. o ps 1 e n. t e s and s e l cc to r ~ e 1 e ::1 en ts w h i ch pro cl u c e s i c n.a J. s f o r cl e vi c e 

co ntro l ~ the device b.ein.g se l ected according to the devic e number. 
· fl.w1,J,._-..r 

The devi cct_ is:.. g iv en by DAO and DA1 wh:'tic:b. 2.1· e decod ed t o produce KUl.10 to 

NUll3 and NULlOC to NUM3Co NUhlO to N~Ll3 are u sed to s e lect the appropri at~ 

1}U1ll,XiA- Rewind ( RWDXA), Reverse ( TIEVX), Fo :rward ( Fi'IDX ) and Kot Qperc:.ble 

( F1WPX ) sigul:d.s ., nur.wc to }[U::I3 C· are us.ed to s.e l ect the appropriate 

\'trite . ( WCDX ), Read ( RCDX ) or Loc k ( LCKX ) si 6 n a l as r equired o DAO a.:::i.<l 
/ 

DAl are a loo. used during s .cam1.ing ( s.ee :paragraph 3o 23) e An in1rnt 

control si z;n.al f:ro :n a d evic e i s n-6t reco 0 11.i scd r~HC~-k, by the CU urrless­

the devi·c e nu,·,,ber c or'rPSJJon-ds to +1,-,a+ c--r·v en 'o ,r J)A O ancl DAJ. IL -- ~ •-. VH V t., • • !~ .:, 0 
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Tr1is is a spcci2.l circuit ( s ee parag rap h 3. jOt 
which provid e s~ timing pulse&. for write operations~ The circuit 

basj_cally an oscillator with a .. hase.: frequency of 6.,l,l4 KHz v.rhich 1 

after suitable division and decoding, provides. the AP and BP tim.in.:; 

pulseso 

3o l2 Read Cj_rcui t. T11is is - a special _ circuit ( see paragraph 3,,'1°/ ) 

whic id.: driven 1)y the data. bi ts .read fron1 tap 00 
tim1-11g 

, t;hc \B.~ ancl ,P'T:/pul.ses used during any read operation~. '11hc l.1P 
ttth,.,,\.~,QOft- ~tJi•~~ 1

' SP- A . 
s -c"''~'S•'"'a1i"u) l"esets.:: the t"-'1...---v.~ flip-flo.p at the G<-~,;;1? • .-;t--=~.,n~ end of an. ·opc r-

atio.n and is:, ins.trumental in status b,j_t s etting for the Tape Mark. 1; 

Incorrect Le~th and Parity Error indications _., 



'.!.'he following table lists and d esc ribes th e ril.ost i rnpor t an.t fli p -flo ::::is _ 

j_n .. t he CU. 

J.rn.emoni c De scri.:ption.. 
-----, --------

FEHDA 

FEND3, 

FEOH 

Jt'HAL T 

FN0 PO ~- ?:N0P3 

Erid of serializ at ion. flip - flop; enab le s serializ.atio:o 

of Preambl~ and Postamb le ch a ract er &. dur ing write 

operations. 

End of deserializ a ti on flip-fl o p ; s to ps Preamble and 

Pos .tamb l e characters being s en.t to the CPU durinc 

r 8ad op era tions. 

tnd of ran[:;e fl ip•- flo p ; synchronizes EOR signal or 

a CIO STOP co ramand~ When set dat a transf e r is steppe~ 

and the Postamb le character is serializ ed Tihen. 

wri tin6 • 

Stop cond i t ion flip-flop; set at the end of a co r­

rectly ex ecu ted operation or if a fault oc ~urs du r-

ing an operation . Th e CU switche s to lt$.W Yi a it Stat us " 

Devic e not o perab le flip-flo:pso Set ~ ·}i when t:::. e 

c orresponding d evic~ is not op erable; r eset ~hen the ,, 

CU goes to Wait Statu sf r the devic e becomes ready, 
---------~~-~·- - -2 

FR:SAD Initiat e B.r eak Request ( :SPJ, /) fl ip-flop,. S e t d.uri :c.g 

t ape dire cti on . 

F0 ~ 1~1 Two fl:i.p-flo :p s e quensor ( see par2cg rap:i1 3. 18 ) • 
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The followin£ signal list contains tho 

sicnificant interface sign als related to the PB33 CUo The signaJ s 

are grouped according t6 whether they are r e lat ed to the CPU or & 

device. Sie;nals-- rel a te·d to the cassette drives ,- are inde:c ed in. text 

an.d on cl:i;-ani nc s by 0,1,2 a.nd 3o However , j_n this list they are in­

dexed by X as it is- considered uruiecessary to qu adrup licate the 

info 1_'r;i9, ti on., Signals within_ the CU a ]~e r1-0 t l isted here but are 

included i~ t ext and on the logic dr awings . 

GPU Int e :C:;face Sign.al s 

Sie;nal 

BADOO / to DADOl / 

BAD02/ to BAD05 / 

DAV / 

BOFOO/ to BOF02 / 

BOUOS to BOU15 

ACC/ 

AHE/ 

PIL/ 

BRL / 

EOR 

uc/ 

EDT.Olli/, 3Ui03/, 1 
BIR06 / to 3 I H15 / 

Device address lines . 

I/0 c om,;wncl l ines _. 

Cassette ins true tion a11d data_. but 1 ine s · fro a CPU" 

Co mxancl acce~tecls 

Address r e cocnised~ 

Program interrupt. 

::Srea:c request., 

Master Clear~ 

D2.ta. in_ and status lines to CPUo 



,/ •-: 

L/ 

/ ,,.....,,._ ··. 

(·~·.:·~-/ . 

.... ~ . .-/ 

CU to Device 

Si g n a l 

F'i7DXX · 

WDLX/f 

\'/CDX·-i' 

RCDX·f 

L CKX•:i-t 

Dev:Lco to 

AX l :r: 
I 

RDAX/N 

CIPX/-,'.' 

RDYX/,r 

cu 

Mean ing 

Reverse t ape moti on. indicatoro 

Forward tape motio no 
With 
:iilc~~-:t REVX' indicates. f as:b :rewind~ 

Write Data line. 

Write co mmand. 

Read. co mmand . 

Lo ck or Un lock. 

Cassntt e A side or B sidee 

File Protect.indication. 

Read dat a . linee 

Cassette i~ place indication. 

Device Ready., 

Begin~in~ or End of Tape • 

.,,. 
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The 1'833 cassette to.pe ~Vi:rj(cl CU c'o mp ri scs three printed circuit cards 

mounted in a .. standard 5 - card rack a lo ng With an. I/0 Extender card 

(Io ne ) 8-!1<1 th e povrnr S .U }?_p_ly r:1od_nl eso See Fie; ure 3o 11iL • Th e r/o 

Ext en.dc:c ce.:rd is cle scrib.ed in. Section__ I of thi s 1:1.anual and modul a r 

po·.vcr surrply info:cmatio u is j_n_cl ud.ed as Appendix B: of tlH) ma!lu8.1e 

The CU log ic i s containe d on standard 

[ ) P855/P 860 lo g ic cards .• The CU cards. ar·e co.11ed KA, KB and KD; their 

relative mounting positions are shovrn i n Fi/gure 3o14 and c ard l a yout 

is shown :i.n.. Fie;urcs 3 ~ 11 

e 
3"67 TX'.2 :S~(GOlErE CTICJ:TS:- Ge~yral c ahlin6 information. an.d conncctio!l.s 

is given:. i n_ Figure 3., 7S o I/O c ablirr.g info rnat:i.on. botneen the 5-card 

rack ancl the CPU i s g iv en in. Sec tion Io Tab l e 3c S lists th e connect ­

ions b-etr;ecn. the IO TIC card an.d the CU cards} '11ah l e 3o C'-5 list .s the 
CU c a ::c·d .. - ·· -- -

j\:1.tJ_j<:.J~::.-z.-:fxl.1-f!"_~:r?.'".J:>.!s;...___ :i.n t ere OlL..'1.e C ti OE s ' Tab 1 es 3. r- ~-l cl ~-. ~; J l ✓e.. 

( ~) cablinc; infor i!1a tion between the CU an.d u_p_ to four c asset te tape driveso 
.... -~" 

.,, 
The CU address code e.nd the 

channel must he set_ by TTi rint; s tr 2.ps on card 1:3·· ( s ee ?ic;ure 3. f8.,) 

pri.or to or . duriri,s s~,r s :-t em. ins t2.ll a ti 0~1. The address l o0 i c involv ed 

and an . exaupl c adciress strapped is shor;-n in Figure 

working on the i-.iuJ. tiplcx Channel in. the e:x:a.mpleo" 

z 1r ")., ; (i) 0 The CU is 
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~-_L__----~0 
. 1 

;f,-____:.J__ ____ ----{0 

1 

1 (Q) @m:e-a@ cc, 

i ~-@ @o 

.1@) ~0 0 

(he. ( Co.J.Jz;cro R _ 
c.tS 

' 
Cu A«dKs'.: A,,__d Chcu,:\tl 'S·l1 8 ffv.j · 



- ·--··~-- ... - -·----~~---- ---~-•-·----.. ---.-•.•··• '. 
I 

Co., r d, 
'.r' ah J. e 3 ~ 6-~ I /0 . G-&-9'-1-~ 0 Conaec tions 

Si t:;nal I/0 Ca rd KB Signal I/0 Card. KB 
Pin l{r o Pin. lii· ~ Pi.n l{l ... b Pin. .N:c . 

BADOO/ 2/\.22 2A22 BOU13 2Fto& 2A06 

R/\D01/ 21\211 : 2A24 BOU.14 2f\ClS 2A05 

B/\.D02/ 2A25 2A25 BOU15 2. rl \) 2A11 . 
13AD03/ 2i\13 i 

2A'.l.3 DAV/ 2 Fl il1 -2/\14 

BAD04 / 2A15 
I 

2A".i.5 EOR 21102. 2/\02 

BADOS / 2A1G ! 2A16 MC / 2.f\12. 2A12 
I I BOFOO/ 2A01 2A04 

. . . . 

BOF01/ 2A03 2A03 l\.CC / -ff{f?J '.l.A13 

130F'02 / 2A01 2A01 ARE/ 1 f\ \l\ 1A'.l.4 

BOUOO 21128 2A28 BINO'.l./ 1 f\O l~ 1A04 

BOU01 2A27 2A27 BIN03 / 1f\D6 I 1A06 

BIN06 / I I 

BOU02 2A26 i 2A.2 6 { !10~ I 1A09 
-· ··- I .. 

BTN07 / I BOU03 .?. n '2. :- I 2A23 P\10 1A10 
I 

BI!W8/ { P, 2 \ BOU04 2. r. '2 '1 I 2A21. ".LA21 

BOUO:i 2 l'.\ 20 
i 2A 20 - BIN09/ H\2o 

I 
1A28 

BOUOG 2 P.F) 2J\ 19 BIN10/ HW9 I 1A29 
i i 

DOU 07 2~~B 
! 2A18 · BIN11/ i ~3t) I 'lA30 ' 

BOU08 211\) BIN12. I i f\ 3I I 1A31 2/\17 I 
I 

BOU09 2r;oe, 2A08 BIN13/ , { fl 26 1A26 
I 

• BIN14/ I BOUlO 21w9 
I 2A09 H\'22. 1A22 

I . ' { nn BOU11 2 F\\O 2/\10 BL\/15 / 1A27 
; 

BOU12 ! 2A07 BRL/ { !\ \E:, 1A16 2 no1 : - . .. -
PIL/ 1 f\SS 1A15 

--

. -- , . 



cd 

S i t; nal Car d , r ,, . Ca1·d. 
,,~ 

Ca. rel KD 
)\_ "' r,. ~, 

Pin 1 T ~ 
j_\ .,_" Pi n }h • -'- - ~ Pin lir o 

-

ACINR/ 2A19 23 19 

· /\CI O 2A24 2B24 

ACOTR/ 2A14 2B14 

. ' AP3RT . 2A 13 2B13 

AREA/ 2A16 2B16 

B/\ Di\O 2A26 ·2B26 
.. 

I:l /\DA 1 ·2A27 2B27 

CVJC H/ 2A08 2808 
/ -"'\ . 
I ·· .... _~~; / 

. 
EHf)W 1A14 1B14 

FEORZ 1/ 2A25 2B25 

FST01Z1/ 1A09 1B09 

FS T0 1 1A06 1B06 , 

1A31° 
. 

1B31. 
F':!D , ' 

RCJ\D 
. . 

2A01 . 2B0 1 

SCAN 2A03 2803 

SRCH. 2A02 21302 

SST/ - 2A15 2B15 

STR 2A28 2328 

T R1\NS 1A30 1B30 

2RT 2A06 2806 . . 
,-~ ., 

,,_) ACSST 1A04 1B04 
-..._ . · 

CLOCK FO/ 2A18 2B18 

DAO 1A21 1 B2 1 

DA1 1A16 1B15 
.,. 

ENDSCAN 1A13 1B13 

FEOR 2A23 2B23 

FHALT 
. 

2A20 2B20 

FS'11 '.i.0~1/ 1A29 1B29 

F.ST _15?J/ 1A26 1B26 
I 

··-



rrablc 3o Ci Con i irtucd . 

Si ;;11a l . Ca rel. y f . . -., 
- Pin N:r:-~ 

.. . 

FO/ 2A17 

F1/ 2A2 1 

INIBRA/ 2~\22 

REJ\DC/ 1A02 

' R\·JDOA 2A 12 

R\·JD 1A 2A11 

R\·JD2A 2A10 

RD\'!D3A 2A 09 

SW/\ 1A27 

\vROl~GCIO/ 2A05 
, 

r WST 1A22 . 
i WuN 1/\.10 

1\-IC / 2A04 

4\·JC 1A28 -
ANUM 

AP .. 1B24 

BP '.J. B23 · 

- CIP 

FNOP 1A05 

" MP 1A17 

PT 

BT 2A30 

RD 
·-
VlDL 

FST I O 1A07 

MC 1A18 
- · 

BETO/ 2B16 

BET1./ 2 814 

BET2/ 2B12 

BET3 / 2i310 

Ca rd I{3 
Pin Nro 

-

2B17 

2B21 

2B22 

1A02 
~ 

2>12 

2B11 

2B10 

2D09 

1B27 

2805 

'.1822 

11310 

28.04 

1.828 _ 

. 1i311 

1B24 

1B23 

1Boa 
-1BOS 

1B17 

1B12 

2B30 

2B29 

1B02 
-
1B07 

1B18 
; 

Ca:!:'d 
Pin J 

1B 11 

24 

23 

08 

1B 

1B' 

1A 

'.J.A 05 

1A 1 .7 

12 

0 

9 

02 

07 

18 

1A 

2B3 

2B2 

; 1!-1. 

1A 

1B 
.• 

2/\.1 

2A1 

2A1 

2A1 

6 

4 

2 

0 
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Tab le 3 6 contiuued . 

Sien.al 

- . 

BET 
: 

CIPO/ 

CIP1/ 

CIP2/ 

CIP3/ 

RDY 

WU NUM 

DAO/ 

DA1/ 

FNOPO 

FNOP1 

FNOP2 

FNOP3 

FWDO/ 

FVID1/ 
FWD2/ 
f\'/D3 / 
LOCK/ 

MP CLE/1R/ 
-
REVO 

REV'.!. 

REV2 

REV3 

RvIDOA / 

RWD1A/ 

RWD2A / 

RDW3A / 

SRA 

WCD 

39TC FA/ . I 

Ca:.':'cl KA 
P:i.n j{ T • 

2B17 

2B15 

2B13 

2B11 

2B09 

2B2 2 

2B23 

2B03 

2B04 

2B18 

2B19 

2B20 

2B2 1. 

1B10 

1822 

1/\08 
1i303 
2B07 

1A19 

2B25 

282 7 

2B24 

2B25 

2B02 

2B06 

280 5 

2801 

1B21 

1304 

2B08 

Cq,rd }~B Ca rd KD _j PL'1 iI r o P:i.n. Kr. 

2A17 

2A15 

2A13 

2A11 

2A09 

2A22 

2A23 

2A03 

2A04 

2A18 

2.J\.19 

2A20 

21,2 1 

1A10 

. 1A22 

"1A09 
1!·,03 
2A07 

1A18 

.2A26, 

2/\27 

2A24 

2A2 5 

2A02 

2A06 
,., 

2A05 

2/\0 1 

1/\21 -
1A04 

2/\08 
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-~ Tab-l e 3of. Ca b le Co n.n. c ctions CU to Dev i.ce i:{rso O An d 1. 
(\ j 

Sign.a l Card KD C ;:i __ b 1 e J2 Sicnal Carel KD 
Piu J{r o P i .n Nr o 

p · , . J __ n· Hro 
I 

- .. 

\'lUNO'k- 6A06 l FAST&~ 6Al5 

wuin 'f'. 6A05 2 L CK O-½ 6A21 

J3:ETO/'f 6A09 3 L CKl·* 6A22 

B.E'!.'l / t-· 61,10 4 CIPO/f 6A07 

RCDO '):" 6Al3 5 CTP) ; ~:.. 
- - . • I"' 6A08 

H.CD1·'1::- 6A14 6 RDYO / -'¥ §.A0 4 

V/CDO 'f- 6A20 - 7 RDYl/t' 6A03 

\7CD 1 -t- 6A2 3 8 AOj,f. 6A12 

·:RDA~i/ct 6.A'24 9 Al/l 6All 
- -

RDAl / r 6A'25 10 REVO ~: 6A02 

WDL O/t 6Al9 11 REVl ~ 6A01 

\'/ DL 1/-~' 6AlD 12 FWD O* 6Al7 

P AS TO'f~ 6Al6 13 li'WDl -;t 6B01 

--

.,, . 

Cab le J2 
Pin. l{r " 

14 

15 

16 

17 

34 

35 

36 

37 

38 

39 

40 

41 

42 
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HEAD 

HWDOA - RWDjA 

S-.sLOA" - S~L3A 

SHCH. 

SWk 

SY/T 

TRANS 

Lo~k flip-flops. Set or reset during a CIO LOCK. 

coLl~n;;tn.d to loc k or iln.lo ck the ·correspondi.nc; devic e 

dep ending on previous condition. 

Function flip-flop; sot by BOU14 and indicates read 

or write operation. 

Hcwin.d. flip-flops; rewind conditioQ on 

co rrespondinc device~ 

Select flip-flo ps ; mernorizel device sialected.o 

R ea d fl i p - fl op • S c t a t t 11 e s t a r t re ad ti m c ( RT C ) 2. r: .( 1. 
condition.. 

r eset by Y..fP Yihen miss ing d a taJi s detected,., 

Fune ti.on .fli1)-flo1); set by BOU12 a nd indicat e s. a 

search operation. 

Write flir{flop~ Set at start of Preamble soriali.z2.t---

ion and removes i n._,_\-iibit fro;n . YJDL; 
--- -----

reset i-;t 

Pos t2.iu.ble serializo. ti on roy 

Start delay fJ.ir-fJ.op. Set by F1/Yrhcn th e CU coos -;;:::, 

Wait Status o r Inactivp state} Reset approx. 40 ~sec 

Function flif-floJ; set by BOU13 and indicates a 

dat a tra.n.sfei· o;ie:2:1.tion .. 

Write d a ta fli~-.flop. Driven by i'.':r-ite S c:>: i a lizer 2. ::: -i 

slJeJ:_s serial d2. ta on. the Write Do.ta lin e of t!"le 

add resse d d e v i c e . 


