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SECTION 1 

GENERAL DESCRIPTION 

Tl't1s manual contains the spec1ficat1ons 1nsta11at1on infor· 
mat1on m,,emon•cs hsts maintenance data. and theory ot 
operation tor tr1e ootion board Oepena1ng on tf'le system 
cont1gurat1on. tr1e option board contains some or all of the 
1011ow1ng teatures 

Common 1091c 

I O Control 1091c 

Tetetype controller (TC) 

Keyboard d1so1ay terminal controller 

?ower ~a11ure restart (FIF F1) 

l=leal·!IMe CIOCk (!=ITC) 

Memory protection (MFI) 

Memory carity :og1c 

i:ir1ority memory access (l=MA) (Sff not11) 

Note ?!\i1J~ :annot be added 1n tf'le held 

1.1 FUNCTIONAL DESCRIPTION 

The V70 Se,•es oct1on t:>oarc: contains mainframe features 
for !l'le SPEl=ll=IY UNIVAC V70 Series Compuil!f' Systems 
Tacie 1·1 11sts t~e ~·ne ava11ab1e option t.:lOilfd ecnt19ura· 
t1or,s toget'"'I!' w1tri current rec:u1rements for eacr1 •5V de 
opera!•ng vo11age Tne curre,.,t reou1reme,,~s for tne ·12V 
de anc ~24V oc ooe•a11ng voltages are 1es1ea in tao1e 1·2 
anC: are tr"IEt same lor all COl"!f1gurat1ons 

t="gure 1. i is a oiock d1agra,.,., of the option board and its 
1nter~aces Commun1ca!•o,. oetween the option ooard anc: 
tl"le o·oce:ssor ooa·~ '5 triroi..g .. :rie COl'l"l'l'IOn 1og•c Suffer 
reoower1ng ,,., tne coml'l'lon 1091c reduces tl'le ioad on the 
processor 1 0 ::us and a1so reauces tne numoers ot 
1ntegratec1 c1rcu11s r IC) reciuirec: for tne ODt1ons The 
:: ·-:icessor 1 0 cont•or section wn1cn is iocatea on tne 
~ ;:;11on ooara •S 01scussed 1n tne V70 Senes Processor 
Manual 

1. :L.1 Teletype Controller 

The Tete~ controller (TC) is a control and interface 
aevoce tor data transfers oetween the processor board and 
a Model :33 or 35 Teletype Oata is transferred between 
the processor board and the TC 1n 8-011 t:lytes over the 
I' 0 ous 1Jnder eitner 1nterruct or sense control Data is 
transferred oetween the TC and tne Teletype over a serial. 
asyncN01ious. full duplex interface 

Note Tht~ keyooard:a1sptay terminal (CRT') uses the same 
comrouer (with minor mod1hcatton) as rne Teletype 
Througnoul 1n1s manual. all references lo Teletype 
(TTY) also pertain to CRT 

2 

:s 

4 

!5 

6 

1 

8 

9 

Taote l·l. Option Board Confi1urat1ons 

Confl1urations Current 

110 control 1011c: 25 amos 

Common 1011c. 1. 0 CO!"ltrol 1011: ~.1t-:·, I :I 1 a mes 
1 • -

parity roc•c" 

Is s Common 1011c , , 0 COl"ttrol IOi•C ~'TC a mos 
TC1CRT PF R 

Common 101•c 1 C ccntro1 101 :: Me-:·, i : c. 
I.,• A""OS 

parity 1og1c:• R'!'C TC CR':' ?F R I 

i 
C:ommori 101•c. 1 0 control 101·:: Mt--:·,. I's a~i::s 
parity 1011c •. RTC. TC CRT PF ~ Ml= 

Common 1011c I 0 c:ontrol 1011c Mt..,..':'• 1 7 S itmcs 
Plflty IOC•C: . RTC CRT (ol"tty·· ;:: :; ~-·:a 

Common 101•c I. 0 control 101•c Me~eP·• l~ C al'l"t:lS 
p1r1ty 1011c ... RiC TC CRT PF R PMA 

Common 1011c. I ·o corrtrol lo&•c. Me-:•1 12 0 !!'T'QS 

parity 1011c•. RTC. TC CR~ Pi:' R MP P•.u, 

Common 1011c I 0 contro1 rea•c Mt~ory lZ: a~cs 
parity 1011c~ RTC CRT (onl)') PF C> 

MP. PMA 

"Tf'le memory parity 1091c: is tunct1ona1 o,.,•y wl'ler'I rne 
entire system memory •S c:ornpr!sec: ot oc:t1ona: car.1, 
core and or parity sem1c:onduc:tor me,.,..o•y ~oo .. :es ( 15 
b•t) 

1.1.2 Power Failure/ Restart 

Tl'le power failure 1 rutart (PF R 1 prcacts C:..ir1ng ioss :ir 

reduction of ac prime power the oroc•am 11'\ ;::r•og·'!~! anc 
the contents of comcuter memcr)' and registers !..;CO'"' 

restoration of power. tne l=F' R automa11ca11y restar': ·iie 
c:omouter and causes 1t to reenter the interrupted procram 
at the point of 1nterrupt1on 

Power reduction. failure or turn-ott 1n111a1es a power-down 
cycle during wh1en tl'te ?F F1 comp1etes execution ot tne 
current instruction and then 1nterructs tne processor 
directing 1t to tne address of the SAVE su1:>rout1ne This 
service subroutine loads tne contents of tne volatile reg1s· 
ters (A. B. X. P. and overflow) into presetec:ted addresses 
rn memory. After tne execution ot SAVE. tne PF l=I c:llSat:lles 
the processor and memory until cower is restored 

When powef is restored so that all power up c:ond1t1ons are 
sat1sf1ed, the PF / R enables the processor and memory. 
1n1hates the system·start signal. and directs tne processor 
to the address of the RESTORE subroutine This service 
subroutine reloads the registers ..v1th the saved data. and 
contains a 1umQ 1nstruct1on that directs the processor to 
reenter the program at tne point of 1nterrupt1on and 
continue execution. 

l·l 



GENERAL OESCRIPTION 

1 .. 1.l Real· Time Clock sottware·setectabl• int~al can be anywhere in the1 ranee 
~n4t to 4.09S. 

·n,• rea&otime clock (RTC) crov1d11 the followin1 rtal·tirne 
functions: Th11 memory·o.,.,trow interrupt. which operates in c:1ln1unc· 

tio111 with the Variabl•lnt~al Interrupt (VII), is 1mcl• 
mttnttd by loadin1 an 1ncrement-mernory·and-1·eplace 
instruction into the VII address. This is monitored by tl'te 
O\lttrflow-<leta:tion 1011c. which trigers the mernory·o..,erflow 
interrupt when the contents of the var1able-ir1terval· 
interrupt art incremented to 040001. 

" Variabl•inttrYal interrupt 

Mernory•O\lerflOW inttmJgt 

Readable tr .. runn1n11 counter 

The variaol•1nterval interruot l'tas three i:ireselectable 
hardware tirn1n1 sources: (l) a 10 kHz s11nal (standard 
unless other"#•se specified), (2) line frequency from ~he 

power supply. or (3) a user-supplted external source. The 

The 16·b•t readable fr .. runnine counter is continually 
updated andl read under crogram control. Counter t1m1n1 
is based on H'le lOkHZ·clock. the var1ablt·1nterv.al interrupt 
rate. tl'te lint trequenc:y. or a user-supplied external source. 

~.,,,., ... , 

l 2 

r-----, Q<=. . 

,.........,___ · vo __ au_s ____ .,,,. COMMON 1..001<: 
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1.1.4 Memory Protection 

Memory protection (MP) prevents unauthorized or unin· 
tent1onal procram access to. or mod1f1cat1on of. protected 
areas of memory. 

Memory is divided into 512·word secments. each of wn1cn 
can be tither protected or unprotected. Seaments not 
des11natedl as protected are. by dtf1n1tion. unprotected. 
The protec:tedtunprotected status of eac:h ucm.,,t is 
stored 1n the MP 1n four l6·t::11t mask re11sters that art 
loaded by 110 instructions from the proctssCJr These mask 
re11sters can store the status of up tc) 64 memory 
secments. 

The MP rnon1tors tl'le address of the instruction be1n1 
processed. the address specified by the next 1nstruc:t1on 1n 
seQutnce. and tne address specified by ~he ttftets"e 
address IJs1n1 this 1nformat1on itnd the status of the 
stored segment. the MP determines ancl operates on 
errors. 

When a 1:wo1ram is executed in unprotected m~ory. any 
of tne tollow1n1 operations constitutes an error: 

Over·llow1n1 Into a protected secment 

Writ1n11nto a protected se1ment 

Jump1n1 into a prottcted secment 

Executing an 110 1nstruct1on 1n an unprotected 
secment 

Eucuttn1 a halt instruction 1n an unpro~ectt(I secment 

When the MP detects an error, execution of the eurrent 
1nstruc:t1on is completed However. if the 1nstruct1on 
spec1f1es wr1t1n1 or 110 oc:ierat1ons. the contents of the A. 8. 
anc~ X registers and memory are not mod1f1td Processor 
program processing is tl'\en interrupted and directed to one 
of five prtiass1gned memory addresses From tn1s address. 
tl'le orogram is directed to a user-written service subroutine 
for error analysis and ;orrect1on. 

NOTE: By defm1t1on. an error cannot eiust during the 
execution of a protected 1nstruct1on even wt1en 1t indirectly 
reference! an unprotected address. 

When th11 memory map option is 1nst:alled, memory 
protection is disabled. 

1.1 .5 Memory Parity logic 

The tnem1MY partty I011fc generates and checks parity for 
all memory access. The parity cneck11~enerator generates 
parity on memory writing ooerat1ons. and cnecks it on 
reading ooerattons. The parity control generates an 1nter
ruot reQuest when a oanty error is detected. The parity 
logic is functional only when tl'le enttre system memory is 
comgr1sec~ of optional parity core memory and / or parity 
semiconductor memory modules ( 1 8 btt). 

GENERAL DESCRIPTION 

1.1.6 Priority Memory Access 

The prtority memory acc:HI (PMAi is tl'lt interface (f11urt 
l ·2) bttw"" memory and the four data·transfer c:nannels. 
Tht channels hl\lt hardwart·fized prior1t1ts. All s11nals 
tll'insmitttd on these channels art controlled by an 
ttUerlock scheme that makes the interface independent of 
circuit and cable speed. This permits process1na of data 
u11n1 1 wtde variety of transfer rates and circuit speeds. 

The PMA continuously scans the tour channels and 
1enerates 1cknowled1ments as rtQu1red The order of 
i:ir1ority for memory access on the B port is: 

PMA 

• Direct memcry access (OMA) 

620 compatible direct memory access 

Processor 

In dual Port systems in wn1cn ~"'• processor is contigurtd 
on port A, reQuests to separate memory modutes w111 Cio.1So 
both feQUfftS to be serviced at tt'le same time (figure 1 -3) 

J'tt•r receiving an acknowledgment. the i='MA controller 
clears tl'le reQ1Jest unless consecutive memorv cycles are 
reQuired. in wt11cn ease tno lint remains set T,..e controller 
then enables me 20.btt address ous gates tne data onto 
the 1s,.18°b1t bid1rect1ona1 ous. and. 1t a reading ogerat1on 
was reauested. enatlles the read 11ne When tne buses are 
stable, the data transfer oeg1ns When the PMA detects 
tf'le memory·clata·ready signal frcm rnemory it gates tl"le 
data to tne PMA bus and eiears tt'le ac:knowledgmel'1t For 
reading operations. the controller uses trie tra111ng edge 
of me acknowledgment s1gna1 to ctock tne data 

lJp to eight c:ontrollers c::an snare ttie PMA option Wnere 
s;everal controllers are connected to a given c:nannet. only 
ane can be active at a time. 

The memory access 1091c scans the PMA and OMA reQuest 
lines at the main system clock rate tt the fines are not 
41nabled. tne processor controls all memory cycles If tne 
PMA. OMA. or 620 compatible OMA reQuest lines are en
abled. me processnr is tocked out of memory atter a reQuest 
is recognized, and no other unit nas access to memory 
os long as a PMA reQuest is enacted. PMA reQuests tnus 
talte or1onty over tnose from tne OMA. PMA reQuests are. 
'">wever, ignored in ease of power failure. 

1.2 SPECIFICATIONS 

·rabies 1·2 through 1·8 contain the pl'lysacal. electrical. and 
operational si>ee1fo:at1ons for the OQtion board and each of 
~he OQtions. 

1·3 
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POWER 
FAILURE-+ 
LINE 

GENERAL. DESCRIPTION 

OPTION BOARD PORT A 

PROCESSOR BOARD 

Note: The proc:essor, parity, anc:I PMA are al I connected to 
port B on a V72 system. 

Fi1ure 1·3. Memory Access 

'f aole 1·2. Option Board Specifications 

Parameter 

Organization 

Lo11c Levels 

lnterconneetion 

Power reQueremen1ts 

O~rat1onal Environment 

0Hcription 

Contains circuits tor tne common 109;c 
11 C) control 1091c. TC. PF Fl F=liC MP 
memory parity 1091c and PMA on a 

15.6·by·19·tn<:h (39.6-0y-48 3-cm) 
ciri:u1t board 

H11h: + 2.4 to + 5.5V de 
Lo11w: 0.0 to + O.SV de 

Plugs 1mo th& backplane of the 
computer mainframe. interlace s19na1s 
are routed via card..edge connectors. 
PMA bus and TC signals pass througl'I 
separate connectors at tne rear of 
the board 

- 12\1' de at 10 milliamperes 
24V ac at 10 milliamperes 
+ !5V de at 12 amperes (maximum) 

O to 50 degrees C; 0 to 90 percent 
rel•at1ve hum1d1ty w1thoul condensation 

PO~T S 
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GENERAL OlSCRIPTION 

t 6 

Tabte l·l. TC SP1teiffcation1 

Parameter 

Oraanizatian 

Transmission Speed 

O•v•c• Address 

Memory Access 

Interrupts 

Description 

Contains inpu1t and output re11sters. tim1nc 
control circ:-uitry for simultaneous two·way 
transmissiM. and procnsor1TTV interface 
loeie 

Sperry Univac: modified Modet 33 ASR 35 
ASA. or 35 K!3R Teletyo• unit 

Controlled by TTV: ten characters per sec· 
end ( 100 m1mseccnds per c:naracter) at ttther 
random or s1.;1sta1ned rate 

Input: from i'TY keyboard or pager·tao• 
reader 

Outgut: to T1'V printer or paoer·tace punch 

001 

Controlled by the processor 

Write ready and read ready available to PIM 

TabDe l-'. PFIR Specifications 

Paramet:er 

lnterruot Addrt9sft 

Oescription 

Contains stQutncer 10111c. power·up. co·..,.,. 
down 10111:. :start·proctssor 1011c, and 
rnterruct 1011c 

Second only to MP on 1. 0 bus 

Power·down SAVE subroutine at 040 and ".l4l: 
power·uP RESTORE sul:lrout1ne at 042 and 043 

Wl'len power tails. SAVE stores volatile register 
contents. ,,.,,.,, l'lalts tl'le processor 

Wl'len power is restored. ~E:STORE reloads 
volatile rl!!l1sters. tnen enables program 
resumption 



GENERAL DESCRIPTION 

Table 1·5. RTC Specifications 

Parameter 

Modes of Ooerat1on 

FRC Capab1hty 

1. 0 Capab11tty 

lrtterruct Pr1ortty 

Descriptiori 

Var1able·1nt1rval 1nterruot. memory overflow 
inttrruot. unfef"ila! ac:c:umulat1on time·Of·day 
accumulataon. and event accumulation 

Counts uc to oi 77777 wit,, truee 
h1rdw1r•1se11ctac1e t1m1ng sources 

S.ven external control and two data transfer 
instructions 

10 kMZ s X oerc:ent. SQuarewave; variable 
1nttrval 1nttrrur:it ranee 100 l"l'llC:fOHC:OMdS 

to 409 5 n,1ll1seconds (11"1 lOC·m•c:ros.ccl"\d 
1nc:rem~l"lt!i) 

I.in• fr&QY1tncy. derived from 24V rms 
s1newave. var1ac1ee1ntef'\lll 1nterruet 
range cnorn1nal) 16. 1 m1thseeonas to 
68.3 seconds (1n 16" 7-mithsec:ond 
increments) at 60 Mz. and 20 o m1111. 

seconds tc1 ai 9 seconds (in 20 o. 
m1111seconc~ increments) at SO 1-iZ 

E.1terna1 t1m1n1 (YStf·Sucpiled) m1n1mum 
positive durat1ort. S 0 m1c:rosec:onds man 
1mum n11at1ve duration 5.0 mu:roseeortds 

Tabht 1·6. MP Specifications 

Parameter 

Modes of Ocerat1ori 

lnterruot Priority 

Up to 64 sernents (512 ~ord) of memory 

Detects halt overflow 110. wr1t1ng. and 
1ump erro1•s 

H11nest or1 the I. 0 bus priority chain 

Sra e:rternal·eontrol and e1cnt data transfer 

Table ·1.1. PARITY Specifications 

Parameter 

Mode of Operat1ori 

Interrupt Priority 

110 

Bus 

Interrupt 1091c issues 1nterruct 
reciuest upon detection of a parity 
error 

Follows Pf,. R and MP on the I / 0 bus 

11 O interface via the interval II 0 bus I ogre 

Generates and checks parity on either 
the A or 8 bus. but not both The hard 
ware·selec:table bus is the same as that 
used by the processor. 
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GEN£RAI. 0£SCRIPTION 

Taole l·&. PMA Speciftc;atlons 

Param1eter 

Number of C:hannels 

Maximum Number of 
Controllers per PMA 

Larency ITvc11ca1 far 
10.foot cable .usuming 
60 n1ntnec:anct uset 
cantrollw d•fai,y) 

Maximum tra1isfer rare 
( i'lpic:aa for ta.root 
caote a:ssum111g 60 nano. 
second user-<:onrroller 
detay) 

Conrrol Signals 

F'rror1ty 

1.3 RELA TEO OOCUMENTA l'ION 

OescriptiOft 

Four. with l'lardware·ass1cned priority 

Eiaht. variousty distributed amon1 tne four 
cn1nn1ts (only or11 active controller per 
enannet ar a 11vcm time) 

20 fHt (6 metr.1) 

530 nanos•cands I mtn) 
1190 ntnoseconds (mu) 

Sern•eonduetor rnernory 
1 tO MHz (wr1re) 
t Ot MHz (read) 

Core rnernory 
1 Ot MHz (wr1re) 
0. 93 MHz ( rea1d) 

1nt1rtoekld resporise? to all s19na1s al· 
low true asynel'lronous 001rar1on 

Second onty ro ~,::~ ~ 

Ooe1.1ments siuen as 1091e diagrams. 1enemar1cs ancr parts 
11sts are s1.101,111<2 rn a system documentation oac:1cage. 
iP'lrs manual 1·s assemOllttl wrten tli• tQurgmenr •s snipped. 
and ~etiee:s tl"lt co_nti9urar1on ot a scec1tie sysrern 

r~e ro11ow1n~1 rrsr contains t"• cart nurncers or orner 
manuals pertinent ro r,,e V70 serres c:ornourers (tne 111 ar t"e 
end ot 6aen croc:ument numoer rs tl'le revision nurni:mr and 
can ~· any a191r q tnroug,, 9): 

Title 

'170 Arc:r11rec:rure ~e'erence Manual 
V:"O F'roc:essor Manual 
V70 Sem1concr1Jc:tor Memory Manuai 
V75 Sysrem l=le•ference Manual 
V7:"-600 Sysrer" ~ererence Manual 
~,!~INiA.IN Ill Manual 

9SA 3906 0011 
9SA 9906 02x 
9SA 9906 04• 
9SA 9906 2:3x 
9SA 9906 40x 
98A 99!2 07" 



SECTION 2 

INSTALLATION 

Tl"l1s section describes tl'le steps to be taken dur1n1 the 
unpac:1c1n1 and 1nstallat1on of the option board. 11ves a 
phys1c:a1 d1sc:r1pt1on · of the board. and ltsts the pin 
ass11r,m1nts 

2.1 INSPECTION 

The oct1on board has been inspected and packed to ensure 
its arrival 1n aood work1n1 order To r;>revent darna11n1 the 
boarc:I. take reasonable care dur1n1 unpac:ku"'I& and nan· 
dlin& Check the sh1pc11n1 list to ensure that all tQu1pment 
has been rete:eivtd. Immediately after unpac:1(1n1. inspect 
the tQu1pment for sn1pe1n1 dama1e. If any •S found. 

Notify ~he transportation company 

Notify Sperry ur11vac 

2.2 PHYSICAL OESCRIPTIPN 

Tl"le ogt1on board is a 15.6by·l9·1nc:l'I (39.ii·by·48.3·c:m) 
pr1nttd c1rc:u1t (PC) board that mounts 1n any mainframe 
c:nass1s slot (f11ure 2· l) 

VTll· ,10fJA 

Tne.'1ntt1rattd c1tcu1ts (ICs) on the option board art dual· 
1n-1tnt. plast1c·tnc:astd chips. Under certain circumstances. 
sorne ceramic ICs art used. 

2.:3 INTERCONNECTION 

Tht option ooard interfaces with otrier system components 
tP'iroug!'I c:ard·edge connectors r:iius connectors mounteo 
at tl'ie rear of tt'le tloard These connectors carry a11 s1gna1s 
1nc1teated by tt'le OIOC:k 01agram (figure , -1) as 1nterfac:1ng 
w1tn tl'le rest of tMe system TC and l='MA·Ous s1gna1s r:iass 
tf'lrougl"i tl"ie connectors at tne rear of tt'le ooara to spee111 
catltes leading to tne Teletype ana PMA controller (respec· 
ttv.aty). Tht memory bus provides tne rnterface between 
memory and tl'le.opt1on beard (MP FIA~ITY. and PMA) 
Exceot fer the Fl'MA. wn1cn does not use tne 1 O ous 111 
I• 0 Signals between tne CPU and trie option bcaro a•e 
repowered 1n tne option board common 1091c and d1s~r O· 
utttd via the option Cius w1tn1n the board 

Otmon·board c1n assignments are 11stee as !'art of trie 
1091e chagram (916040~) 1n t,,e system aoeu""'ef"ltat1Q~ 

package. The signal mnemon1¢S are aef1neo rr- seet1ori 6 

FJQure 2~ 1. Typeca• O~Uon Bo•rd lnst..U•tlon 

2 l 
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SECTION 3 

OPERATION 

'T'ne oe>t•on ooard l'las no ocerat1ng controls or indicators. 
Corncuter ocerat1ons t1'at affect t1'e Ol)tlC)n board are 
txl)ta1ned 1n tt'le V70 Series Processor Manual 
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SECTION 4 

THEORY OF OPERATION 

Opt1on·board 10111: (locie diagram 9180401) may c:ons1st of 
ont or moire of the circuit blocks shown 1n the option board 
blotk d1a11ram (fi1urt l · l }. Sicnat mnemonic:s for tl'lt 

oot1on board are defined in section 6. As shown in fi1ure 
1 · l. all option board features (uceQt PMA) are 1nttrcon· 
nec:tld by tne ootion bus. This bus is tne intlfrfaee between 
tl'le 1nd1v1dua1 sections and the option board c:ommon 1011c. 
Thu common 1011c 1n turn is the interfact betwffn the 
option board and the t:11direct1onal 11Q busi wr11ch carries 
data and r.ontrol s11nals to and from the rest of tne systtm 

Th1e ?MA nas its own PM.=. bus. The thru OC)t1ons that deal 
directly with memory (MP PARITY. and ?M~) are also 
connected to the memory bus. 

Th., comrnol"I 1011c: circuits consist of buffered system 
control lines (IUJX-1 to OIUJX +, ORYX• I to OORYX •. 
FRVX- I to OFRYX..... SYRT- I to OSYRT.... IUAX- I to 
OIUAX •. IUCX- J: to OIUCX +. and OIURX• 111a OIURX + 
to IURX- I) and a set of mutually tllclus1ve drivers and 
11tes tl'lat tither transfer data from the option bus (0800-
throuch 0815-) to tl'le b1d1rectional 110 bus (ES00-1 
throucn EBlS-1) or voce versa. Thus. for 1 data-transfer·1n 
(t1m1n1 fiaure 4· l ). receivers are disabled by OBOUT A
and OSOIJTB- while tl'lt drtvers are tnabltd !:ly OSOUT ... 
and oeoura... On data·transftl'·OUt. th• reverse is trYe. 
1.K82 • c:reates the 12. !212 MHz internal opt1on·board 
clock. 

4.1 TEL.ETYPE CONTROLLER 

TMe Tetetype controUer (TC) (figure _.-2) consists ot tne 
to11ow1n9 tunct1ona1 blocks 1nstruc:t1on decoding and c:on. 
trol logic:. MOS transmitter receiver. TC ctoc:k. data· 
transfer-out Outfer register and the TiY interface logic 

The mstruct1ot1 t:Jtcot:J1rtg ana control 1og1c responds to 
cmcessov aata-transm1ss1on reQuests ana s1.1pptres 1nterruct 
signals tor cr1or1ty interrupt module (PIM; c:ontrot The iC 

FRYX-1 
DEVICE 
ADDRESS r-L---1 

~ ORYX-I 

OBOUT+ 

• I 
I 
I 

• • __ ______r 

c~eeodes tne device address (01) from t,.,e iow-order six 
l>its of tl'le option bus (OSOO- througn OBOS-) proaue1ng 
·rcA ... after ANC1ng w1tl'I not interrupt ac1enowtedge 
(01AUX-). It an address 11 on tl'lt ocit1on bus. 1t 11 recognized 
w;,en OIUAX • is false Tl'le 1 O·TC interface provides for 
·re in1t1ahzat1on and storage for processor-iC data transfers 
in a two-word tcmtat ihe c:ontrot 1og1c generates s1gna1s 
tc control Other TC logic otoc:ic.s. 1nc:tud1n; tl'le MOS trans
m1tter·rece1ver It also provides 1og1c for external control 
instructions and 1n1t1a11:at1ol'l 

·rl'le MOS transmitrtr rec•1ver rs a s;n;1e 40-pin chic It 
1Tion1tors all data transfers oet'f'reen tl'1t iC ana tne Ti'Y 
ineluding para1te•·tO·ser1a1 data conversion and transm•s· 
!IBOfl to the TTY. ser1a1-to 0 cara11e1 data conversion tor 
transfer 9rorn tf'le rrv to uie i:irocessor ana data flags to 
the 1nstruct1on decoding and contro1 1091c 

Tl'te TC ctoclc supphes t1m1n1 s11na1s to tl'le MOS transmit 
teorect1ver and the control toc•c: by ccunt1n1·00..,r. a 
24 2424 MHZ sael'lal from the processor internal crys:al· 
controlled oseillator The counter can be cro1rammed 1.1s1ng 
1umpers to vary the transfer rate (f11ure 4 3) 

Tl'l'1 oata·tl'ansfer·out oufter re1·ster provides the neceuar'Y 
t:11.ifftr1n1 for data transmission 

The TTY interlace iofrC: orov1des a tt'trtt·ltne 1ntedac:e from 
tne TC to the TTY The interface lines ar! 1so1attd frerr: the 
TC by ootu:al couplers to control goss1bte l"l1gM ..,ottages in 
the TTY interface (up to l40V ac: dur1na :>ower surges) 

4.1.1 Signal Interfaces 

Tl'te TC interfaces with the basic c:omo1.1ter and a factory 
modified TTV No other options are reci;.i1ree nowe"''?' tl'le 
TC can 1nterf3ce with a PIM to provide eharacte• ready 
1nterruots. 

t 

DATA 

Ficure ·•· 1. Common·Locic Timing fof Data· Transfer-In 

4.1 
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THEORY O' OPERATION 

E42 E40 E38 E36 E34 E32 E30 E28 E26 E24 E22 E20 
BAUD RATE. TO TO TO TO TO TO TO TO TO TO TO TO 

E43 E41 E39 E37 E3.S E33 E31 E29 E27 E2S E23 E2 l 

110 bps* x x x x x x x x x 

150 bps x x x x x x x x x 

300 bps x x x x x x 

1200 bps x x x x x x x 

X = INSTALL JUMPER 
• = 110cps IS ST ANOARD 

VTll·IJf.CA 

Fleur• •·3. TC Clock Jumpers for Various Transfer Rates 

4.1.1. l ·reletype Interface 

The TC interlaces a model 33 or 3S TTY via the option 
boaH'd TiY connector The iTYs art mod1f1ed at the factory 
prior to delivery to the customer. To mochfy the 33 ASR 
TTY. 

a Set tne TTY tor 20 mA ocerauon This includes tl'le 
add111on of a ware mat enaoies the TTY to succ1y 
.. banery · for tl'le send and receive data ioocs to me 
etoetit c:ara (tne TTY is the current so11re1 tor the TC • 
opt1c:a1 couplers). 

b. Set the TTY for full·duplex ocerahon. 

c. Disable the WRU contacts. 

d Disable parity on the keyboard. 

e. Modify tne answer·back drum. 

f. Install the 180801 function lever. 

Th11 model 35 is s1m1larty modified. Modm 33 and 35 TTYs 
are electncally interfaced and cabled to the TC 1n almost 
the same manner, even thou1n they are t)hys1eally quite 
different 1n appearance and 1n tnetr internal operation. 

Th<e cable used for the TC/ TTY interface for the 33 ASR 
run's from S connector plug ?2 1n the TTY ~o option board 
TC c:onneetor JS at the rear of the CPU. The S connector is 
located aa the right rear. top row second connector from 
the right. The TTY cable is normally 20 feet long woth nine 
leads. thr1ae of wh1c:h are used with standard Teletypes. 

·r11e 'n'Y end ot tne cacie (1'2) 1nc1uaes two otner wires 
Pins 7, '· and 5 are 1ntercQnnected These c:onneet1ons 
tie together internal TTY teaas prougnt into the S connector 
t)hJg as part ot the wmng Note tiiat ootii ends of the eao1e 
are tteyed to ensure grocer mating 

NOTE 

The T'iY cable is normally installed at tl'le TTY 
by Sperry UMivae Oefore customer oehvery 
The modet 33 TTY reQuires about 3 amperes of 
ac power and tl'le modet 35 TTY about 6 
amgeres 

TIY DESIGN: The 33 ASR 1s primarily des11nee1 for tight to 
medium use. N~r""ally. 1t is the basu: computer 1nQut1 
output device an:! is the most widely used unit Its full· 
duplex operatinc mode allows simultaneous input and 
outg:iut. 

The 35 ASR performs the same function as the 33 ASR. but 
it is des1cned for heavy sustained use. 

The 35 KSR is used for keyboard send1rf1Ce1ve only and 
lacks the paper tape punc:h (PTP) and paper tape reader 
(PTR) capability of the ASR models. The operat1n1 
cnarac1er1sties are s1m1iar to model 33 keyboard operation. 
·rhis unit is also designed for heavy, sustained use. 

TTY INPUT METHODS: TiV 1nQut can be via tl'le keyboard 
c>r the PTR. At the keyboard. the operator types at a 
l'andom rate not areater than l O c:ttaraeters per second 
(cps), the maximum rate for TTY 1npul. Standard eight· 
level paper tapes are read by the PTR at a rate of l 0 c:ps. 

4.3 



THEORY O' OP!RATIOH 

TTY OUTPUT METHODS: TTY output is tither print•ed 
(tys:>ed) or punched on paper ta1:>•. For tn• printer or tl'le 
IF'TP. the TC sends control codes or data at a random rat• 
1~r at the maximum output rate ot 10 cps. Cata are printed. 
or control functions. sucn as line feed or arriac• retu1-n. 
are performed on the printer. Similarly, control codes 
re11ulate the operation of the PT'P, and data are punched 
into e1&ht·lev .. paper tape. 

TTY SWITCH!S: The ON10FF !1w1td'I controls the motor. 
Tlie power supply and battery fc1r TC relay drivers remain 
on. 1ndegendtnt of this sw•tcn. 

The line switch controls th• TC1TTY interface. In the ON· 
LINE pos1t1on. the 1nt1rta.:1 is c:omolete. and th• TTY is 
under C?U control. In the OFF-LINE pos1t1on. th• TTY is 
independent ot tne TC. and can b• used for print1n1 or 
pr'!parin1 tapes. 

The follow1n1 sw1tcMes corHrol tl'11 tao• Jnd are not on Zhe 
35 KSR ih• START, STOP 1 FRe:e: switch on tl'le ?TR CiU!Sft 
the tape to rnove 1n START. to stop 1n STOP. and to b• 
released from tl'le sproclu1t drive ,,.heef an FREE. Press1n1 
8SP on the PT? oackscacn the tape one character. 
i=l"''!SS1n1 REL. removes pressurn from the tape. Prns1n1 
LOCK ON 1oc1cs the puncl'I on (prt'lents chan1e of pund'I 
sUtus). ?r1Ss1n1 UNLCCK unloc:tics tl'!e i:iunch and enables 
puncl'I status cl'lan111 by the TC cir from the lceyboard. 

The 35 ASR rnadt s·..,•tc,, rnechan1sm enables the tot1aw1n1 
ocerat1n1 modes. 

Position Keyboard R-eader Pri"t" P1.1ncl't 

K On line 01sabl•d On lint Ott Line 
Kr On line On hn1 On hMt On line 
i Ott hne On hn•· On hne Off line 
r:s Ott .. ne On hn•· 01sabled Off line 
iT~ Ott 11ne Disabled 01sa,cred On line 

TiY FUNCTION COOES: The TTY receives the tollow1n1 
control COQH trom tMe TC; that C3USe it to gerform 5QtctfiC 
functions. An enao11n1 code rn1,st follow a d1sabhn1 code. 
(C.::aes ~. i. Q. Jnd S :trt not 3i:;1phcablt to the 35 KSR.) 

Code Bit Format Function 

Control A 10000001 Enable gr1nter 
Control 0 10000011 Disable grinter 
Control R 10010010 Eriable punch 
Control T 10010100 Disable pundf · 
Control Q 10010001 Enable read• 
Control s 10010011 01sablt reader 

OPTICAL COUPlER ISOLATION: Oi:it1cal cougters (figure 
..i.4) 1n rl"te TC comi:irrse trie acn.1at interface bttwfft1 the TC 
.;ind tne TTY. The couoler'S c,,ys1cally 3nd electrically isolate 

the two units. Tht rece1v1n1 coupler, is driven by thtt TTY. 
The s.ndinc coupler, is driven by the TC. The couplers 
sw1r-ch approa.imattly 20 m1lhami:ieres of current on or otf 
tl'I• hne. This method of interfacinc is called "1'Make1 
bre.1k". Each coupler can be said to drive 01 be drwf!l'I by a 
current loop. When there is current flowin1 thro<Ugh a 
coupler, the current loop •s closed. The line is then 1n the 
rnalc• condition (also referred to as the m1rk concht1on). 
Wh·tn na current is flow1n1 throu1n the coupler. the current 
looc3 is open. The line is tnen 1n the break cond1t1on (also 
rehtrred to H the space condition). The steady state ot the 
1001'5 is the mart« condition when both tl'le comoutltt' and 
mr power sus:>phes are on, and both couplers are active. 
When comouier i:>awer is otf tne current 1000 is rna1nta1ned 
on the transmitter via the coui:iler and is kegt 1n thet marlf 
C:Qti:dit1on. Wt;.,; tht m power IS Off, the Steady s·tate Of 
the current loop is in the break cond1t1on. and neither is 
•active. 

Exc:1pt for the difference in sw1tch1n1 control locatu>n. ti'!• 
1nr:;1ut and output loops have 1dtnt1ca1 functron'.S. The 
tactory-rnod1fled system is full duplea to :irov1de simutta· 
n~lus transmission of data 1n botl'I directions. 

ihe current !IOurce ror t,,e two 1000s originates 1n me i"r'V 
ania is sometimes referred to as · oattery. · ihe i<: uses 
no 1000 source current. since 1t is isolated oy tl'le ogucal 
co·1Jglers. iyg1cal current 1n a tactory-moCJ1tied iiY 1nt1r-
1ac:e 1000 is 20 mA. 

The coupler-controlled current·tooo interface rnetl'1od tn· 
ac:les the processor· TC and the TiY ro be c1aced far 3gart 
w1tl'lout no1s,1 interference. around loops. etc .. atfect:1n1 th• 
system. Nori'Mally. the TTY cable is 20 feet :ong. 

W,,tn eitl'lei• the TTY or t,,e TC sends data. the ogt1ca1 
coue>lers oi:ierate (rnakt or break) to conform to the 
cJ'l·aracttr pattern bt1n1 sent Characters are ~1ent or 
received serially by tl'le current loop. 

T-rY CHARACTER SIT FORMAT: E.acl'I iefet'/Pt cr•ar3cter 
or command is serial and is d1v1ded into 11 ::ieriods or bits 
cons1st1n1 of one start bit. e1gnt data bits. and t\iwO stog 
bits (Sff figure 4·5). 

n,. bit pattern !or tl'le character shown in f1gurct 4.5 1S 

10101011. The. bit· 1en1th is 9.1 rn1lhsec:onds and tl'le bit 
rate is 110 bits per 5econd (bOs). The c,,aracter leuigtl'I is 
lClO rn1lhsec:onds. and !ht character rate is 10 cps. ihe 
start bit is always a sgact • zero bit • no current 1n 1000 
• loop ooen. Oata bits are tither rnark or space. A mark 
., one bit •• current 1n loop • loop closed. 

il,e eighth data bit is always mark It can be ysecl by the 
rrY as an even parity bat (ootronal). ihe stoo btt:S in tl'le 
ct,aracter braclcet the data bits. This s1rnphfres tl'tet design 
a1,d operat1•on of the TC input circuitry. 
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EC!uivalent, ,,ot ac:tual, circuit witli two indepen1~ent current loops for full-duplex operation. 
The current loops rnay have a single common current source and return wire. Isolation is 
achieved by optical couplers. 

Ficure 4-4. Optical Coupler Isolation for TC1TTY Interface 

BEG/N~ START LAST STOP BIT END l 
BIT FIRST STOP BIT 

1 2 3 4 s 6 7 
~~ ____ ,__ __ ........ .__,........_,,, 

l L_ EIGHT DATA BITS t 
r#O PREVIOLJS STOP BITS OR NORMAL LINE STEADY STATE 

Fleur• 4°5. Typical TTV Character 
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NOT! 

The txf:)rtssion. tne rrv is l'unn1ng open. means 
tne send loop to tne 1"TY lades current • steady 
soac1n1 condition. 1"his oi:curs 1t coupler K2 
remains ocen. at :l'le loop ciirrent source tails. or 
1t tl'le send loop opens at any point. 

TTY INPUT CHARACTER: The rec1tv1n1 circuitry synchro
na;ces at start-bit time. ·me bit pattern is sampttd and 
shifted 1n tne i:enter ct ti,• sta1rt bit and continua at tl'I• 
center of each data bit tnrou111 to the 111ntl'I data bit 
(f11ure 4.6). When tne last data bit has been sampltd and 
shifted. the cl'laracter 15 ready tor transfer to permanent 
storace (1.1 .. the computtr). Th11 TC enables transfer to the 
CPU at the end of tne first sto12 t::ut. The stoo bit cier1od is 
used tor the transfer ot the i:l'laracter to tl'!e cirocessor: 
tnerefore. these bits are not sampled. 

·ro ~eeo the recaiv1n1 urut syncl'lron1ztd #1tl'I ti'!• send1n1 
·rrv. th• rec1ttv1n1 osc111atcr cir equivalent ttm1n1 circuit 
1-nust be allowed to stoo and r11Start ... non tne start t11t ror 
il'le next character occurs. If tt,• send1111 dtvu:e outguts a 
,.,ew start bit before the rece1vin1 oscillator has time to stop 
~nd recover. the two units are out ot sync:l'lran1zat1on and 
erroneous data result. The next new cl'laracter start t:11t may 
occur 1mmed1atety after tl'le stop bit cir may not occull' tor 
1n rndefin1te time 1ntctr1al. This IS tyg11:al ot asyncl'!ra1,ous 
tr3nsm1ss10,, Th• rece1 ... 1n1 u111t must be able to receive 
3nd synchronize to new ctara at· any '""•· 

TTY OUTPUT CHARACTER: TMe TTY is assumed ready to 
f<!Cetvt data at lny t1rnu. The re output sequence l:J~t1ns 

Ni'len a character is lo.aded 1n 'h• MOS transmitter. A 
continuously runn1n1 oscillator circuit is syncl'!ron•zed wl'len 
feady to send a start t:11t. All t:M times (start and dara) are 
l!Qual. and each bit takr.i l6 o:ic11tator cier1ods. 

Wl'len the iut data 1!111 is s1tnt. tl'le TC obtains a new 
cttarac:ter from tne CPU in cireoarat1on for tl'!e ,.,·ut 
character transmission. The o~sc:1llator in ti'!• TC continues 
to run durinc ti'!• stop bit. rycr1c:ally. the TC oota1ns a new 
character dur1n1 the ~ast sto1> bit. If there are no more 
output characters. the re osc:1Jlator continues runn1n1 and 
ctac:l!'S a steady one·b•t level <Jn the outciut line. The TTY 
c:in tnen 3wa1t a new start bit ... rucl't occurs on tl'!e next 
output cnaracter 

A~SYNCHRONOUS TRANSMISSION: The previous para· 
arapns detailed basic TTY input and output. Several points 
should b• stressed: 

-~ 

a. The sendin1 unit transmits at a full or random1 rate at 
anytime. 

b. The ree11vin1 unit must be able to accept data at any 
time. at a full or random rate. 

c. The rec1tvin1 unit must resynchronize w1tl'I uch new 
start bit (every cnaracter) to maintain proper 
syncnr·on1zat1on. 

d. The 1en1th ot tne out~ut character must be t:arefully 
rna1nta1ned. Tlie rec11v1n1 circuit can 11ormally tolerate 
some d1stort1on (less tl',an 112 t:11t cer total cl'larac· 
ter). ihe waveforms of figure 4. 7 illustrate an example 
of grocier output cl'!aracter len1tn out malad1usted 
input t1m1n1-

! ! ! I ! I 

Pi1ur• 4°7. Maladjusted Input Cloc:k 

4.1.1.2 PIM Interface 

The TC cirov•des two interrupt hne outputs: one (IUSS-1) 
1rtd1c:ares tl'lar tl'le 1ngut butter is ready. a second (IUAA-1) 
1rtd1cates tl'lac tl'le transmitter is ready tor anotMtr byte ot 
data. These· lines must t:Je wired to PIM 1nterrugt 11ne 1nciuts 
'f1111t1en •tis desired to ooerate the TTY under 111terrucit control 
rclfP,er tl'lan sense c:antrol. The computer system must. ot 
course. c:or1ta1n a PIM to operate under interrupt control. 

4.1.2 Circuit Description 

T't1e re ogerat1n9 :Meory desc:r10ed nere1n IS a sequential 
seritt Of lunc:t1onal Ogerat1ons tMat e:.erc1se tMe TC 
circuits. To oetter under"and :1'1e functional ocerat1on ot 
tl,e circuits tMemsetves. refer to 1091<: diagram 9·160401 
(:system documentation :iac:1ca91). t1m1n9 d1a9ra1T1S t lig

ures 4 a !l'lrougl'I 4·12). mnemor.1cs (section 6). and 
11irertac:e c:ara t section 4 1 1 ) 

A~.1.2.1 Initial Condition 

When comouter gower IS hrst turned on. tt'I• re 3nd tl'le 
cirocessor circuitry are 1n an undefined state. Pre5.s1n1 tl'!e 
RESET sw1tc:n on the control pantt 1n1t1alizes tl'1e TC ( 3nd 
tl,e cirocessor) to ciroperty ciertorm >1ar1ous lunct1or1s under 
ciro1ram control. This enaotes the TC to monitor tl'le iTV 
ltlf 1nout cl,aracters and to ac:cei:it output cl'larac:ters irom 
tl..,e proces:sor to tl'!t TTY When 1n1t1ahzed. tl'le re .31SO 
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transmits a steady maric to the TTY Oy keep1nc the 
transm1tt1nc o;>t1ca1 couoter ac! .. ~e The TC can also Oe 
1n1t1a1tzecl under program control but the 1nstruct1on 
cannot be issued wn1le the TC is 1n commun1c:at1on with the 
TTY Figure 4-8 snows the software 1n1tia1rzation t1m1n1. 

NOTE 
An 1n1~1a1tzat1on instruction performs the same 
function as pressing the RESET swotch 

4. l.2.2 TC/Common-Logic Interface 

The oroeessor controls the TC with external control and 
data transfer 1nstruc11ons vea the optton bus When such 
an 1nstruc:t1on is issued. tne following device seQuence 
occurs TOA+ is h19n 11 the proper addr1ess (01) is out 

on tl"le option Ous and OIUAX - is iow (no •Mte"'u::lt or OMAJ 
·roA • h1gn enao1es tne 1nstruc:t1on-9enerat1cn gates 

The functions of the option bus signals are OSCOo ttirougn 
0805- enable the device address s1gna1 TOA.,. 0806-
tnabtes .the output·ready sense response TTS + 0807-
enab.les the input-ready sense response TRS + In add1t1on. 
the b1d1rect1ona1 signals 0800- through 0807- enable the 
data-transfer-out buffer register 08 l l- enables the 
so1twarf) reset one-shot. 0812- enables sense resoonse 
SERX~ I. OB 13- enables the input seciuenc:e and 0814-
enabtes the output seQuence. 

OIUAX + 1nn1t>1ts TC selection when the processor has an 
interrupt or direct memory access (OMA) 1n orocess The 
processor can issue any of several 1nstruct1ons All ot tne 
following 1nstruct1ons issue a device address ana OFRYX + 
(FRYX-1) and several issue OORVX + (ORY X-1) 

4.7 
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a. Sense output ready (0806- ): OFRYX -+- only 

b. Sense input ready (0807- ): 1:JFRYX • only 

c. Execute(in1t1alizt)(08ll- ): OFRYX .... only 

d" Outcut (load transmit butter regi:ster) (0814-): 
OFFIYX -+- and OOFIYX • 

it. lnout (read input t:lulfqr register) (OB t 3-): OFRYX -+
and OOFIYX.., 

Figures 4-8. 4-9. and 4-12 contain the timing d1agra1ns 
tor tnese instructions. 

If a sense eondwon is met !SEFIX--1 goes iow Under sense 
c:ontrot a sense 1nscruc:t1on is norrnally issued oetore 1ngut 
<lr outcut SEFIX-1 iow is enacted Oy e1tner TTSFIEA • or 
n~S ... :ne !arter t:1e1ng tl"ltt ANO ot TOE- and TOFIA .,. 

TO 

~ 

TTelFIEA-+- and TRS-+- signify rescect1vely tl"lat the T'C has 
an 111pu1 cl"laracter or is ready to accept an outcut Cl"lat'acter. 

Whttn in1tializld. the TC is set to enable 1mmed1ate 1:>utciut 
Yinder processor control. TRS + is not true until the m 
has loaded a comol•t• character into tl"I• rec•"""I ,,alt of 
tne rtctNer / transm1 tter. 

Wh1tn the pirocessor issues an output instruction. an 
OFF!YX • 100RYX .... sequence sets and resets fhp· flop 
T01~0 •. Whm the processor issues an 1ngut 1nstrtict1on. 
an OFRYX ... / OORYX + sequence sets and resets flip· flop 
ro1r1 +. 

4.1..2.3 TC Output (Write) 

CJuring a TC ourcut operation. portions ot :l"le TC corn· 
rno1,·•og1c 1nt1trtace. outcur t1m1ng con1ro1. t!"le \10S :rans· 
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Start time, the negative transition of TTROA+ for the start bit, is on tt-le first negative 
traniition of TCLK+ following the negative, asynchronous TBRLa pulse. 

VT/ I· l.•"t 

Fi.cure 4-10. TC Data· Transfer·Out Timir·: 

m1tter 'receiver. and portions of the TC; TTY interface are 
used C1rc:u1t elements are control flip-flops, a group of gates 
enacted Dy the oot1on-bus signals. a programmao1e tree 0 

running clock that is synchronized with tne processor. the 
transmitting l"lalf ot tne MOS transmitter / receiver. and an 
output co~1pler to the TTY with associated drivers. The data 
and control output waveforms illustrate the loading of tne 
output from the processor to U'\e TC and thence to the 
d8\IOC8 (fi~~ures 4-9 and 4-10). For these waveforms. as0 

sume tnat tne TC has been 1nitiahzed. the transfer rate is 
110 oos. the data is 1n 11 ut:)lt format. tne processor has 
sensed write ready and has issued an output instruction. 
and tne output cnaracter is 10101010. binary Cata are 
ou~ut from the processor in a tw~worc:i format. the first 
contains the device address (01) and tee function. and tne 
tecond 1s character data. The device address is sampled 
on the trailing edge of FFIYX-1. and data are sampled on 
the tra1hng edge ot ORYX-I 

4.9 
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4.1.2.4 Loading the Outpu1t Buffer and MOS 
Transmitter 

trarismission be1ins. The MOS device 11nerates the start· 
bit. tial'lt d.1ta bits. and two stop-bits without the 
intttr1ention or supervision by the TC. The MOS transmitter 
serial·output s11nal TTRO + aoes low to sicnat, via the 
opt11cal coupler. th• b11inn1n1 ot transmission. Load1n1 of tl'le outout buffer rq1stet occurs from tli'le 

leadin1 to the tra1hn1 td&• of ORYX- I. The data pres.nt on 
r.ne buffer re11ster inouts at Utl tra1lina te11• of ORYX·• I 
;ire latched into the buffer anc:t pres.nted to U't• MOS 
transmitter via TTOSO + throu111'1 TT087 +. The traililf'll 
td&• of ORYX- I also enables thct TBRL- loadin1 signal to 
tl'le MOS transmitter. The character to be trJnsmitted is 
loaded into the MOS transm1tttir on tne tra1hn1 tdl• of 
TBRt.•. 

4.1l.2.6 TC Input (Read) 

Curing a TC inout operation. portions ot tl'le TC / TTY or 
fCi lntoton interlace. input timing control. tl'le MOS trans
m1ttartrecetver. and portions ot ,,,. rc1 common-1og1c in· 
tart.ace are used. Circuit elements are c:ontrot flig.fl.oos. a 
grouo of gate to enat11e tl'I• ocnion t:lus. and an input cipt1cal 
C:Ol.l1pler from tl'le iTY. The data and control wavttforms 
1lluntrate tl'le loading ot t"• 1ncut from tl'le dev1c:e to tl"le 
TC and tnenc:e to tl'le crocessor (figures •-1 t and 4- 1 2). 
r-or :l'les• waveforms . .:.'.surne tl'lat tr.e iC ~as t:een 1ni· 

4.1.2.5 Output to th•· TT'f' 

Wnen the character to be transmitted nas bun loaded into 
tiie ~"105 transmitter butter re11ster. automatic da·ta· 
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t1alized. the device !'las 1ust begun to transmit a enaracter. 
ano tl'te input optu:al coucter is deactivated. Character 
reading is initiated by the negative tr1ns1t1on of Tl=ll· 
s19na1tng t"'• startct)it. From tl'l1s trans1t1on to Jl'I• positive 
traMs1i1on of ~l'le data-ready sagnat TOR• all operations are 
under control of the MOS transmitter. Tl'le positive 
trans1t1on of TOR• indicates tl'\at tl'le cl'laract1tr l'las been 
received anu toaded' into the MOS device. About 500 
nanosecond!S later the data accear at tne MOS device 
outouts iRl=IOO • tnrough TRFI07 •. The t)fOCH$Of ,,., 

aporo:i,,mateJy one "cl'laracrer ttrne" to execute a Oita· 
trans1.Sttr·in 1nsrruct1on before aat• .,. /OSf. Curing t"'• 
execution of tli1s instruction the common-tcgu: drivers are 
enaoted Oy C'BOUT 0 low TORFI· clears tne TOR fhp·fiop 
w1Hi1n trte MOS dev1c:e at'ld i:irepares tne next cl'\aracter 
Cata are transferred to tlie ::irocessor on tne tra11tn9 edge 
ot ORVX-1 

4.1.3 Programming 

The TC can t>e orogrammec:t directly under processor con
tro1 (w1tn or w1tnout interrupts). 

The l'C c:an sucply 1nterruots (input ready and output 
ready) to the PIM when this option is 1nch.1ded 1n tl'le 
computer system. thus sav1n1 c:omoutin1 ttme ;and s1mphfy· 
1n1 software sinc:e procrammed delay at'ld sense loops can 
be avoided With tlies feature. the 1'ro1ram ru1nn1n1 1n the 
processor is interrupted at the proper tame. 

Tl'le software 1n1t1ahzes tne TC (as does press1n1 the RESET 
switch on the control oanel) Tne TC is then r111dy to ac:c:eot 
output from the proc:essor and is also capable of acceptin1 
ari input character from tl'le TTY The softw;are normally 
issues a sense instruction and. 1f a sense-ready cond1l1on 
exists. follows it with a reading (input) or foacJtng (output) 
1nstri.1ctton to enable the data trans1er of 01,e character 
betw~n tne TC and the processor. 

THEORY OF OPERATION 

Except for interrupts. the TC ooerates. for 'l"TY operations 
w1trr11n the follow1n1 11nera1 ttm1n1 rtstric:t1ons. 

Output: Maximum data transfer rate is l 0 
• characters per second. Thert is no ,,,in1mum 

• rate. The processor can output a s1n11e c:harac: 
ter. discontinue output for an 1ndef1n1te period 
of time (lon1er than 100 m111tseconds). ano tneM 
output another character without loss of data or 
syncnron1zat1on. 

Input: Ma:11mum data transfer rate is l 0 c:harac· 
ttrs per second (100 m111tse:onds i:ier c:harac· 
ter). The processor must read tlie input charac:· 
ttr iransftrrtd from t!'lt TTY by the iC Our1ng 
tl'le last (second) 9. l·m1111second stocHM period. 
If the processor fails to rue tt'le character input 
dur1n1 this. ~1me and oetore tne TTY inputs 
1111n. the c:narac:ter is lost 

Th• TC and the TTY r15pond to the 1nstruc:t1ons ltsted 1n 
tabl• 4· l and rne standard TTY codes '" tac1e 4 2 The 
in1t1ahz1n1 instruction performs the samt function as the 
RESET switch on tf'lt comouttr c:onsote. Tl''I• TC is prepared 
to accept rJrocessor output and to monitor 'fiY input Tn.s 
instruction c:an not be issued .vl'l1le the TC is c:ommun1.:ar 
1ng with th• device. 

Th1t sensana 1nstruct1ons art tl'lt senst ready tO·Pt!ld and 
tl'lo sense rtady·to-wr1t1 1nstruc:tions. wl'licl'I er1ab1e the 
Pf'tllCISSOr to determine TC suitus If the sense cor1d1t1ol'l is 
met. 1 data trans1er can procHCl If tne sense cor.~1t1on is 
not met. the processor must wait to periorm data transfer 
A sense 1nstruct1on can be tSSYed at any time and nor~alty 
pr«:edes any data transfer 1nstruet1on 

Th!i data transfer instructions are ti"le read (input) and 
load (output) 1nstruct1ons. whu:M transfer data betwee~ !tie 
processor and the TC tnrougl"I the read and write registers. 
lssu1n1 a read1n1 or loading 1nstn .. c:t1on at ttie wrong time 
results an incorrect data transfer 

Taole 4·1. TC and TTY Instructions 

Mnemonic Octal Code 

lbternat Control 

EXC 0401 100401 

Transfer 

OAR 01 103101 

OBR 01 103201 

OME 01 103001 

Functionat Description 

Transfer tl'\e A register to the 
transmit Dutter register 

Transfer the B register to tl'le 
transmit Cutfer register 

Transfer the memory address to tl"le 
transmit t:>utfer register 

(continued> 
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J. l2 

Table '91. TC and TTY Instructions (continued) 

Mnemonic Octal Code 'unctlonat Description 

INA 01 

IN18 01 

IME 01 

CIA 01 

Cll3 01 

SEN Ol<ll 

SEN 02<ll 

1unc:tlon 

Pf-int Enable 

Flnnt Suooress 

?un·c,, On 

?unr:ft Ott 

~ 
A 
8 
c 
0 
e: 
F 
G 
H 

K 

L 
M 
N 

0 
? 
Q 
R 

102101 

102201 

102001 

102501 

102601 

Sense 

101101 

101201 

Transfer tne input butter register 
to tne A register 

Transfer t"'• 1nour butter register 
to tntl a register 

Transfer tne input butter register 
to tne memory register 

Transfer tne input butter register 
to tne cleared A register 

Transfer tne ingut butter register 
to ,,,. ::tared a register 

iransm1t cutter register ready 

tngut butter register ready 

TTY Instruction Cc1dH 

'Symbol C1~de Typed As 

SOM 2()1 Control and A 

EOT 2<)4 Control and 0 

XON 2:n Control and Q 

TAPE 2:u Control and R 

XOFF 2:z3 Control and S 

TAPE OFF 2:z4 Control and T 

Table 4-2. ASC11 TT'f Codes 

300 x 330 
301 y 331 
302 z 332 
303 ( 333 
3()4 ' JJ4 
30!5 33S 
305 JJEi 
307 JJ7 
310 Blank 240 
JU 241 
312 242 
31J :r 243 
314 s 244 
315 ~ 245 
316 & 246 
317 247 
320 250 
321 251 
322 252 \ corrtrl'lued l 



1'.ible 4°2. ASCII 

Teletype Symbol ASCII Code 

s 323 
T 324 
u 325 
v 326 
w 327 

4.2 POWER FAILURE/RESTART 

The ocerat1on ot tl'le power failure1restart (PFtR) (figure 
.i-1 :3i 1nc:udes 

PF R cower sucoly 1nteract1on 

PF· R internal functions 

NOTE: The PF 1R is operative only when tllle comp11ter is 
'" RUN morel•. If tht eomcuter IS 1n S:o:"Ei:» rnoclt wne~ cower 
is last. the PF R 1nte,,uct is not ack,,owlt<l&ed and the 
eonients of the volatile rea•sters are lost 

b. _ .. o g:••tt<~: .......... 

I • • ·""""" '-"··~ 

Fi1urt 4°13. PF· A Functional Block Oia;nm 

In tne PF.· l~·power supply interaction ther corrtputer power 
sucpty generates a low power favhm~ signal at tl'le start of a 
power up sec;uenct. When alt de voltages are w1th1n their 
operating ranges and the line 1101tage is 105V ac or nigher 
the powe~ failure signal goes M1gh This pos1t111e transition 
tr1g&:ers the ?F, ~ power up SeQuence 

When power is lost or below m1nrmum requirements for 
computer operation. the power failure s1r1a1 goes low The 
PF. R then genera/res an 1nterruct r~...est causing the 
processor to ellecule the SAVE subroutine •t tt1e computer •S 
rn run m1:1de In halt mode. the proc:eS!SOr does not 
acknowledge the reQuest. In this case. the memory and 
processor are 1mmed1ately disabled. and the contents of 
the 11olatale registers are lost 

Ourvng a l)Ower loss. the PF ;R interrupt reQuest is not 
acknowledged until the rnstructeon 1n proc1ess completes 
executton If the 1nstruct1on reQurres mull1te'1el addressing. 
this acknowledgment can be delayed up 10 five memory 
cycles. depending on the number of addressing levels (one 
machine cycle per level). OMA memory activity can also 
delay lhe interrupt processing up to one OMA cycle 

SAVE includes operations such as storing the contents of 
the 11olatrle register~ so that the interrupted program can 
complete e:•ecut1on wnen power 1s restored. 

TTY 
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Codes reo"tf " .. tc. 

T~tletype Symbol ASCII Code 

... 253 
254 
255 
256 
257 

The power supe>ly causes the system.reset s1g~a1 to remain 
law from tur"·on to 100 m1croseeonds before tl'le cos•t111e 
trans1tron of tl'lt power failure s11!"a! tl'lus d1sac11n1 tl"le 
processor. When the po.-,e" farture signal goes ~1gn system 
r<tstt is removed anci the 1nterruct c:tock is enaoled 
Ai:>pro11mately 900 nanoseconds later the PF' R s1mu1ta 
neously places tlit processor 1n run l"l'loOe and reQuests an 
iriterl"YQt ine processor 1c:kf'low1ec:ges tl"le reQuest Oy 
1ump1n1 to address 042 H seetl11td by tlie PF ~ Tlie 
processor then executes tl"ie PF R RESiORE suorout•ne 
durina wl'l1c:l"i all otf'ler 1nttrrupts are 01sabled. At tl'le 
completion of RESTORE. the croc:euor 1umi::s back (under 
pro1ram control l to tlie program be•nc executed wnen 
power was lost and reenaOIH all otl'lev interrupts. 

Ourin1 a power·down SeQuence. tl'U! power failure s1ra1 
fefff'ilif'IS low H ICU"il H CIOwer failure eond1tu:lf'IS flJnst 

Follow1ne; tf'le ne1at111e trans•tron of the pow•r·fa11ure s11r1a1 
the li'F' • R 1nterrug:1t reQuest logic is enac1eo ine processor 
then. after txecutin1 the current 1nstryct1on ac:k"lowled&es 
me reQuest by 1ump1n1 to 1nt1rruct address 040 and 
tllltc:ut1ng tne l'F R SAVE subroutine durir~i ""'"'c~ all ottier 
1nterruc:its except mtMory protection are d•satlleC: 

AQfJFOE1mately one m1ll1seeond after SPr:'4- goes iow tne 
P10w(lf suoety aenerates SRST-. wh1Cl'I drsaoits !lie proces 
sor and l'l"lemory 

il'le usual SAVE and ~ESTORE subreut•nes use a ~alt run 
flag to 1ndrcate wne!Mer a powe• failu•e cci:;1,;rreo "Nh•lf! ''ie 
processor was 1n t-tAL 'T' mode It so tl'le !lag ,5 uncnari~t:d. 
since SAVE was not exeeuted Ucon res~crat1on ot oc..,er 
RESTORE examines the flag to determine "Nhettier tlie 
p1rev1ous data can be restored 1n the 11o:a111e registers or a 
HALT is rtQurred. 

Tlie PFtR intem•l logic co"s•sts of three tunct1ona1 01ocks 
seauenc:er. system start. and interrupt reQuest 

The seQuencer logic sends control signals to tlie otner ?F :R 
logu: sections to &enerate the reQuired output signals 

The system start 1011c produces a short pulse for starting 
the system when state 01 1s true. 

The rnterruof reQuest logic generates signals to reQuest an 
interrupt cycle and to dei1ne the memory address of the 
interrupt. The interrupt pr1or1ty logic generates a signal 
that disables lower.priority options and per1p1ieral control 
lers wnen the PF 1R is executing a power up RESTORE 
subroutine or a power.down SAVE subroutine 

4 13 
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4.2.1 Timin1 

Fitures 4·14 and 4-15 snow the PF;R powttr·up t1m1,,1 on 
the POWttr·supply and processc1r 1ntlf'faces. respect1v1tly. 
Fi cures 4· 16 and 4-17 snow thtt PF / R gower·down t1min1 
on tl'le interfaces. Ficure 4· lS sh-ows the sequence ot t'Ytnts 
in the PF / R control locic. 

The s•c"'ficance of the t1m1,,1 cons1d1rations in the 
operation ot tl'le PF, R is d1scu~lSld 1n the descr1pt1ons ot 
tl'le c:1rc:u1ts (section 4.2.2). 

r- POWER TURN-ON 

I 
ALL DC VO~T AGES I' 
SPFA-

4. 2.2 Circuit Description 

Tei better understand uie functional ocieranon ot uie F'FtR 
circuits in tl'hs section. refer to 1091c diagram 9'160401 
(S•fstem doc:umentation package>. ttm1n9 diagrams (sec· 
ttc1n 4.2.1). and mnemonics (section 6). 

A powet·~ condition 1x1sts when the power·suooly de 
vc1lta1ts are all w1th1n tl"lttr operat1n1 ranees and the line 

_s~~ST_·------+,---------------------_j, 
RESTORE I 
SUSROUTINE -----------------------------·---+-------------! 

I .. ,, _____ ) 200 MIU.ISECONOS.---·--i 
lOO MICRO=-

-SECONOS 
soo:100 I 
NANOSECONDS I 

. ,,,., .... 

SPFA-

OPSTRT-
POWER 
TURN-ON 

, __ J 

.._ ___ n_n_n_r 
.__. ______ ,J 

'---·--J ____ r 



ALL OC 
VOLTAGES 

r-- POWER FAILURE 
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SPFA- 11--, _____________ __ 
SRSi-

<100 MlCr?OSECONOS 

<300 MICROSECONDS 

TINE sus~~~-L 

SPFA·· 

IUCX-

IURX.-

IUA.X-

PRNX-

SRST GD 

VTll·/1~ 

.?1 MILLISECOND -

figure 4°16. Power·Down Timin1 at the Pctwer S1.1pply 0 PF' R lnterfact 

POWER 
FAILURE 

Ficur• 4-17. Po,ver-Oown Timinc at the PFtR-Processor Interface 
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II 
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Fi1ur• 4° l8. Control t.0&11c Sequence 



volt.ace is 105V ae or 1reater. A power·dl~wn cond1t1on 
11usts when one or more of the power·up r1tQu1rtments is 
not fulfilled. 

Prior to the btc1nn1n1 of a power-up sequenc:t. SPF.A- and 
SRST· artt low. The seQuenc1 becins when the power 
sugply forces SRST- hich Approximately 100 microseconds 
later. SPFA- cots h11h. The in1t1ahzin1 flip.·llop stt·output 
FCX l • 1oes h•I" on the clock trans1t1on w11th the control 
lo11c 101n1 to state 01. This sets the one-shot and 
cenierates iysttrn·start pulses OPSTRT- and OINT•. Thus. 
tne pos1tavct trans1t1on of SPF.A- causes tne PF 1R to enable 
the 1nterruots and tne CPU to be11n tJu1icut1on of the 
reseitort subroutine w1th1n 500 to 1000 nanoHconds. 

The interrupt request to tr1e CPU for the RESTORE 
sub1·out1ne 11 generated wnen tne control fhp·flop is reset 
(FCl x- h111h> and control state 01 s1cna1 FCSl• 1oes low. 
ena1:111n1. when 81NT- is l'l1&h OIURX- low. 

.After a reauest. the CPU activates the interrugt.aclcnowl· 
tdir,,ent sacnal OIUAX + h1&h. and this es sated with 
StNTE- l"d FCS12 .... if e1tner control state 01 or 10 is 
active (FCS12 + l'l1gn) and the memory·pror11:t1on interrupt 
is disabled (81NT- l'11gh). the 1nterrupt-1ddress flip.flop set 
output FICO.., coes n11n on tl'le rxis1hve trans1t1on of clock 
FRYX + Acknowledgment of the il"lttf'rupt d1Jttn1 power·UP 
cau5es uie control 1011c to enttf state l L tht power· 
quiescent state. Internal interrupt s11nats FCS12.,. and 
FIOAK + 11enerate the interrupt address (OBOS- and 
0801-) and output it to the 110 bus w1tl"I ltO·transfer 
control s11nal OBOUT-. 

Whein an interrupt address is aecee>ted (Fl('O • n11n> 1n 
control state 01 (FCSl .,. l"llih). the control flip.flop set 
output FClX • eoes high. The flip.flop clears when FRSTA
goes low 

RESTORE reloads the volatiie CPU registers with the same 
data as they held before power loss. and a 1urnp 1nstruct1on 
at me end of RESTORE reenters the interrupted program. 

All 1ower priority oot1ons 1nc:tud1ng all 1nteirrue>ts e•ceot 
memory protect are d1sao1ed durung this time by a low 
PF l=lmaCtlVll! signal FlNTE-. generated by either the 1ni· 
t1ahzat1on or control flip.flop. The 1net1a11zation flip.flop is 
cleared by a low system-reset signal FRSTA·- Upon com
pletion of restore. FINTE- returns to the n1gn inate. allowing 
tne 11 O priority cna1n to become active again. 

The system·start 1011c produces the short pu~se OINT- low 
when the c1n•shot is set and the PF 1R is 1rii control state 
01. thus start1n& the system. 

Upon po~r failure, the power.OOwn sequence begins with 
SPF A- 101nc low, where 1t remains as Iona as there is a 
pow<er·dowrt condition. The negative transition enables the 
PF / R 1nterirupt·request signals IUCX- and IURX- . When 
SPF A- goes low and the one· shot exptres, the 1n1t1ahzing 
flip.flop output FCXl- aoes high on the next necative 

THEORY OF OPERATION 

transition of clock OIUCX • w1tl'I the control lcg•c: 101""& t: 
statt 10. The control fllcHlop set output FCl x. • is ~:r· 
and is reset wl'len FCS2 + 1oes n11h. If tl'le me~or, 
protection interrupt is disabled (SINT- 1i1ar: 1. 01ue"Jx-
1oes tow to enable the PF R interrupt reQutst to tne C?u 
a1ntf cause the CPU to txteutt tl'le SAVE sub~oul•r°!t 

Memory protection 1nterructs tf tnablea. wrll be ac1cncw•· 
ldged first Acknow1ee1;ment of the 1nterrucn after tne proc· 
nscr completes the instruction 1n grogress is 1l'la1o;ous 
to the acknowltd;ment during cowereuQ txce;:t trt1: !rt& 

control logic enters state 00 on power·dewn 

1'tle request 1entrates tne 1ntt"rupt address c.:: spei:·'·e: 
by the PF1R. and txocutes tl'le SAVE sucreut1.,e ~ur·"·i 
tt'Hi seciuenc:e of events. all otrier 1nterructs a-o oct :,..s 
exeept memory grotect1on art disabled 

~tOTE: If the l)roc:esser 1$ 1fl a multiprocessor system a'": 
Clots not nave tl'le 1i11nes1.priority memory cort 1t may '"·Ot 
a•t port access in time to process the SAVE sul:lrOt.i' .... e 
after gower loss. PMA reciuests are 11nored wl'len tl"le pc: ;; 
is active. 

4.2.3 Programming 

.Altf'lougn the standard Scerry Univac crol,draf"'ls oo '"::'~ 

contain l'F ~ service routines to• saving ane res!:•·..,; 
contents of ttie 1101ati1e registers ana sense s .... •'.:"'es '""e 

PF ·R cm:u1try proviaes cacaoo1·ty tor f"iaf'li!' -; s;..:l"I 

routines io utilize tl'l1s caca!'l1l1ty tne use• ea~ w••:e: a 
SAVE il'ld RESiORE service routrf'le 11ke tl'le one s"'Owrt :~ 
figure 4m19 

Ourina I CJOw•r·down cond1t1on. 1ntem.1pt addresses c~c 
and 041 must eontau'l a 1ump·and·mar1<1 to tl'le SA'JE 
routine; dur1nc a power up cond1t1on interrupt addresses 
042 and 043 must contain a 1ump to tl'le RESTORE routine 

If th• computer is in the nalt mode durinc a e>ower loss tl"le 
PF,. R interrupt reQuH '. :: not acknowledged the memor 1 

and CPU are 1mrnea1ate~y disabled. and the contents ot tne 
volatile ree1sters and sense switches are lost. 

If a multilevel address1n1 1nstruct1on is 1n cirocess when 
power is lost. the CPU acknowledgment of the ?F R 
i"terrupt request can be delayed up to five memory cycles 
An active OMA request at the time of power loss (SPF'A-
1oing low) could delay acknowledgment up to one OMA 
cycle. 

A halt instruction must be located at the end of the SAVE. 
fl>utine. This stogs memory act1v1ty before SRST- is forced 
low by the power supply. 

The service routine should contain a halt/run flag Tt11s 
1"d1cates whether a power failure occurred while the 
processor was in RUN or HALT mode. so that either the 
volatile registers can be restored or a HALT ellecuted 

The RESTORE routine execution time must not exceed 400 
nuc:roseconds, and the SAVE routine. 300 microseconds 
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,,.LT" 
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SAVllt 
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~O" 
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4.3 REAL·T1M£ CLClCK 

H\.T,. 
h"S 
071 
077 
uva 
•:S•G 

~·"· !•VS 

·""' ,, 
.. , 
.41lY& 
sna 
~A'll 

f't7 

HYO , 
~!?8 

! 
UTft 

~!TS 

,AVS 

~ .. " 
0 
t 

' 
' l 
' OIU 

·:-ne real·hm• clock CRTC) ocuion c:ompr1sn seven tune· 
tional otocks: c:lock·c:o1,frol 1011c. t1m1n1 source input 
logic. free·runn1n1 c:ounl·er. vanabl••nfel"lal 1011c. overtlow 
detection logic. 1nterruot control 1011c. and 1nstructJon 
decoding and control logic: (hgure 4·20). Incurs to tl'le ~TC 
include tl'le internal I / 0 Ous. a 24 2424 MHz s11nal ~rom 
1ne processor. an l!Jlernal t11'T11n1 source: and a power 
'SuQCly line frl!'Quency. 

~he ctock·c:o,,trol logic orod1Jces tl'le 10 kHz c:toclc1n1 
;.~nal 1 ts 1nout is tl"le SQ~1arewave signal from tl'le 
~ o~ ;n ::J'Jara·s 12.1212 MHz. crystal·confrolled t 10 clock. 

J, l8 

ConltfMftt 

lt'l ... '.• U" !.,TllY 
G!T ~•'-~ t~ •u~ '\..•C 
J1J .. • I' •Qwt11 'UL. l'itQT t,_. ~·~~ 

~!!!T ~ALT I~ ~U~ 'L'G 
~!' S!~sr !w?TC" 'L•GS 

~!S!T !!~!! !WtTeM!S 
r.!T ov!•''-0• 'LAC 
Ju•• 1' ,._.a ~OT S!T 

•U!T 0'4!"'t..0" 
•E!!T a •!Gts'l'!llt 
II!.!!. T 9 ,9 !!U.S T !R 
•!S!T Y ~!GtST!~ 
llTU•,e TO f'ff!U11'9T!O L0C:.ATt011t 

•ow'.• ~ow~ !~T•Y 
~'"'- ·• •!aBT!• 
!lYt I! !!~tl"U 
Si"! 1r ~r;t!f!lt 
z!•o 1,s,1 aratsT!•s 
AOO O~!!,~a~ TO A •!GIST!~ 
!AV! 1lV£1,\..0W 

SAY! U3 'li\0 

SAV! S!~Sl 3~tTCW ~~AG1 
~!T wa1.1 t~ •u~ •t..aG 
w11.r IH •u~ ''-'G 
S•Vt • •!r. ~~,W!• 
~AV! ~ ~fG iU''!• 
~•v! i ~!~ ~u,w!• 
!A~t QV!R~L~~ !U''!~ 
~lV! S!~S! 5wt?CW!~ ~u,~t• 
w£•G 9 & 1 &~0 SAV'- fM 1 

T'he timrnc source input tocic consists ot a pulst·shaper for 
'"'' lane frequency s1newave input and tl'le 'iC)ec1ally "'''ed 
t1m1n1 source selection plugboard (figure 4.-2ll. 

'rhe rr..tunnt"') counter (RtC) crov1des real·1:1me and 
ttvenf accumulation. Timing is ~ardware·setectao1e (t19ure 
•&-21) and can oe e1tl'ler tl'le line treciuency source. an 
11xternat source. or tl'le var1at11e-inferva1 interruot rare. rMe 
<:ounter is tactory-wired to tl'le line treQuency unless ocner· 
wise specified Oy tl'le user. it runs continuously. and. 1f 1t 
is wired to tl'le var1ao1e .. ntel"lal 1091c·s zero·defec:tron out· 
1:>ut. IS 1nc:remented at the variaDle-.nterval 1nterruot rate 
1tven 11tl'le1nterruot is masked. Only ttie c1ear·,:~c: 1nstruc· 
t1on (EXC 04'7) resefs ttie counter. wn1cn continues to count 
1tven wtr11e tl'le processor is 1n steo rnode. 
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Th• variabt•interval to1ic c:on!;1sts ot a 12·t:llt int~1al 
selection register. variable0 1nturval c:ounter, and Ztro 
1~etect1on 1011c. T1m1n1 tor the var1abl•1nterval c:ounter is 
i"lardware-setectabl• and can be ct c:rystal·c:ontrolltd 10 kHz 
·source. an external source. or l:he line frequency (fig1.ir• 
·'·2 l ). The standard sourc:e is t:,,e 10 kHz sianal (unless 
•otherwise soec1fied). Thus. the variabl•interval interruot 
rate is normally l kHz because the 1ntlt"lal selection 
register •S loaded ·.-.1th 000012 clurinc 1n1t1alization of the 
FHC. rne interval selection rP.11ster is loaded. under 
programmed 110 control. with a binary numoer that is 
proportional to the desired timing 1ntlt"lal. The rq1ster 
contents are tnen transferred to the 12·bit var1able·1nteNal 
counter. rne counter •S decremented to zero under 
Mard·Nare control and. 1f ~he var1abl•1nterva1 •nterrupt is 
not masked. tl'le CPU is interrupted. When ::--1 variable· 
interval counter is decremented to zero. it is a1a1n !:.l..!ed 
from :ne 1nterval·se1ect1on •e11stctr and again decremerred. 
rl'ttt "ar1aOle·•nttrva1 1nttr"1..Pt occurs continuously at a r;ate 
determ1ntd t:l'f tl"lt count 1n tl"lt interval se1ect1on r111ster 
until tl"le interval is .;l"!anged by tne pro1ram or until 1ne 
~re 1S re1n1t1a1tztd Oy tl"l•I EXC 0447 1nStl'uC:t1on or when 
rl"!e ~ESEr sw1tc:I"! on tne c:omout11r control pantt is greuld. 

Wl"!en tl"lt ATC is 1n1t1a1tzad. tl"!e interval selection reguuer 
is set to 0012. i-towever. 11 tl"le r•J91Ster count is sel. by ti"!• 
program. :o zero. tl"!e AiC l'laraware reacts as 11 tne c:ount 
l'las oeen set ro o.io9ES. 

r"'• overttow det.ctton logic 1·.auests 1ntarruptS of tne 
comguter . ....,,.,,,, a soec:ilied ad•:Sress 1n memory is 1ncre
memed oeyond a :ireseiecred c:ount and overflow results. 
Wl"!en me rnemory..overttow 1nterruot is ••oected. tt'le vars· 
aole-1nte,.,,a1 1nterrt.1ot address (04'4') Always contains an 
1ncref"'lent memory and rec1ac11 1nsrruc:t1on ihe address 
to oe incremented is tne ne:1t seciuenttal iocahon (045}. 

fl"!e overflow detection 1091c mc1n1tors ti"!• most s1gn1tic:ant 
::nt ot tl"!e processor A register (A 14) attllf' a vatt.atue-interval 
'merruc:n a,,d dunng tne t1tecut1c1n ot !l'le increment memory. 
and rectace .nsrructron. if t:11t '14 of tl"!e memory word is· 
one. tl"l1s 1091c generates a rne'"ory-overttow 1nterrt.1ot re
Quest: 1 e .. wl'ten tne 1nc:r1mented ac:cuea c:ount reacnes 
040000. tl"le ne11t ''ar1ao1td•ntervail 1nrerrup& regresents over· 
''ow il'lus. tl'le 1nc:rementtta address contains 040001 wnen 

tl'm memcty overflew interrt.1pt occurs. assuming tl'lat tne 
address was initialized to a value under 040000. The inter· 
ru1::it coutd bG set to occur at any value that enaotesi bit t '· 

The interrup~ cantrot tocic processes RTC interruots. Wl'ten 
botn RTC interrupts (var1abl•1ntlt"lal and memory over· 
flow) are P·tnding. the var1abl•1nterval interrupt has 
priority. It tttner or both of th• interrupts are maskitd. tn1s 
sec:t1on stores interrupt requests and transfers tl"!trTt to tl'le 
pr«>eessor when the interrupts are enabled. The 1nrterrupt 
c:o11trol locic c:an store one of eacl't type of 1n·terrupt. 
Subsequent interrupt requests wnen tne 1ntemmts art 
masked are lost. · 

The instructlion decoder and control locic decodes ,n~truc:· 
hons rrom tl"le proc:assor and aenerates control s ~I" Jls to 
enable data transfers. mask ~r unmask interrupts. and 
1n1t1ahzt or clear tl"lt ~iC functions. 

4 .. 3.1 Timin1 

iht uttrnaa tim1n1 source supplied by tl"le user must bt a 
cic1s1t1v1·101nc pulse .-1tl't a 1T11n1mum pulstw•dtn ot 5 
m1crosecone1s and a m1n1mum cycle time of 10 m1c:rosec:· 
orids (!l'lt ne1at1vt·ltvtl m1n1mum duration is 5 
m1c:roseconcls). 

iht hne fre<iutnc:y source is a 24.V ac oo·,.,er 1ugply outgut 
It is 1napea Oy a TTL Sc:nm1tt tr•uer on tnt ~re :irc::J1t 
bciard. 

4.3.2 Circuit Description 

To better undentand tne function at tne RTC circ:u1 ts 
sr1own 1n fi1&ur1 4-20. refer to !l'tt mnemonics (sec:t1on 15) 
and to loaic diacram 9190401 (System Maintenance 
Manual). 

The following subsections d9'cr1oe tl"le seven hJ1ict1ona1 
Sttet1ons of tne i:tTC: tne 1ns1ruc:t1on decoder ana c:ontrot 
1og1c. rree-runn1ng c:ounter. c:tock counter 1091c, t1rn1ng 
SClurc:e 1og1c:. var1atlle 1nterva11og1c. memory overttow dt!tct 
1og1c. and 1nterrugt control 1091c. i aote oi-3 :1sts rrie ~re 
f1Jnc::1ons 1n re1ar1on to r,.,e t1rn1ng ana raiiges ot tl'!e vari
a1~1e-1nterva1 interrupt ana tl"le rre1-runn1n9 countttr 

Table 4°3. Major RTC P'unctions 

V ariabl•lntenilt 

.1 20 

P'unctt0n 

~·gn ratn interval 
interrupt 3na in· 
t'!!r,.ugt '1C:cum1Jla· 
ticn 

"'""iM r .Hit interval 
•n19rrucr ~nd t'llent 
Jc:-.mu1311on 

lnterruot 
Source 

LO kHz 

10 llHZ 

100 micro· 
seconds to 
409.5 m1lll· 
seconds 1n 
lQQ.mrcro· 
seconds in· 
c:rements 

Same as ab•ove 

Frtte·Runnin1 
Source 

Varrabl• 
interval 
interrupt 
ra~e 

Eiternal 

Counter 
Rani• 

6 . .5 seconds 
to 7 46 nours 
degend1n1 on 
terrupt rate 

Uc to 65.536 
events 

in· 

rcorirrrrued) 



Function 

H1gtwate interval 
interrupt and time· 
of·day accumulation 

H11twate interval 
interrupt and l'l•&li· 
rate interval IC· 
cumulation 

l..ow-rate interrupt 
and interrupt ac 
cumulation 

L.ow-ratt interrupt 
and 9Ytnt accumula· 
ti on 

t.ow·rate 1nterruc:it 
al'ld time·o1-day 
accumulation 

Low.rate 1nterruc:it 
and hmt·Of·day 
accumulation 

Event count inter· 
ruot and interrupt 
accumulation 

Event count inter· 
rupt and event 
ac:cumulatton 

Event c:ount inter· 
rupt and time-of· 
day accumulation 

£vent c:ount inter· 
ruct and hme·of· 
c.~. accumulation 
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Table 4.3. Major RTC Functiclns (c:ontmutdJ 

Variableelnterval 
Interrupt 
S13urc1 Rance 

10 kHz Same as abo~ 

10 kHZ 

Liine 
frtQuency 

Line 
frequency 

L.1ne 
frequency 

£.xternal 

Same IS above 

16 7 m1lh· 
seconds to 
68.3 seconds 
1n 16 1.m1lh· 

SKOl'ld 1n· 
crements 

Same as above 

Same as above 

Same as abave 

One to 4.095 
events 

FrM0 Runnin1 Counter 
Source Rance 

L.1ne Uc:i to 18.2 
frequency minutes 

10 kMZ 

Variable· 
interval 
interrupt 
rate 

External 

10 kHz 

Variable· 
interval 
1nterruot 

6. S seconds 1n 
1 OO-m1c:rosec:ond 
increments 

18.2 minutes to 
Sl 8 days de· 
pending on •t'I 

terrupt rate 

Up to 6S.S36 
events 

Uc:> to 18.2 
minutes 

6 S seconds 1n 
100· microsecond 
increments 

65. S36 to 268 
m1ll1on ever'lts 
deoend1n1 on 

rate 1nterruc:it rate 

External Same as above External Up to 65.536 
events 

External Same as abc>ve 

External Same as abllve 10 kHz 

Up to 182 
minutes 

6.5 seconds 1n 
l 00· mu:rosec:ond 
increments 

4.3.2.1 Instruction Decoder and Control Logic hons or data are acceoted by the receivers and data are 
transmutted by tl'le drivers. R801 +. R802 + . and RB05 + 
21ssert the RTC interrupt addresses on the option bus. The 1nstruct1on decoder and control locic consists of 

receivers and drivers, fhp-flops, inverters, ICJfi:''· 1ates. and 
an 1nstruc:t1on decoder. These 1011c components decode 
1ns~ruct1or1s from the CPU and generate the control signals 
to enable data transfers. mask or unmask ~nterrupts, and 
1n1hahze or clear the RTC. 

The 16·bit bidirectional internal option bus interfaces the 
RTC and the processor (0800-- tl'lrough 0815- ). lnstruc· 

'rhe instruction decoder is a 3·to·8·hne decoder that 
decodes 0806. 0607. and 0808 into on-e of the states. 
REXOCF through REX07- (REXOS- not used). These 
sienals enable or disable logic functions in the RTC cm:u1ts. 
The 1nstruct1on decoder is enabled by RFRV +. 081 l. and 
ROA47. 
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Memory overflow tt1abhn11 flip.tlop RMOE act1v1t11 th• 
memory overflow detection 1011c. RMOE is preset by 
REXOl- to tt1abl• the RTC. Th•t memory overflow detec· 
t.ion 10111: is disabled by c:tearinc tt'le flip.flop with REX02•. 
REX03-. or RRST-. The same 1011c dec1pl'lerin1 is true for 
the set and reset conditions of variable 1nterrupt·tnablin1 
flip.flop RVI£. This s11nal act1v~t11 the interrupt c::ontrot 
1011c. 

Oata·transter-1n and data·trans;ftr·out instructions with 
OFRYX.., and ROA47. are decoded to ROT! and ~OTO. 
rescectro1ety. RPOTO- proets !tip.flop ROTO. 1ndicahn1 
ttiat th• RTC is acc:ept1n1 rec1shtr selection data from the 
processor. ROTI and ROTO are cloc~td by RKFRY- aind 
RORY-. 

rhe FITC device address rs 04;• (Fl0A47). The states of 
CBOO- lhrougn 0605- are dec:m:tCI by a NANO gate and 
•nverter rn tl'lt aosence 01· tne 11iterrucn acxnow1ecgm•nt 
signal to generate F!OA47 

Processor s1gna1s OIUC'C ~. CllUAX •. OFRVX •. and 
OORYX ... lted various tunct1oria1 circuits. FilPFO.t ~ is a 
priority signal trorn a 1i1gn1r-prronty device. FIFI.ST: rt a 
system reset or on1t1ahze·i:ITC s1 1;na1. 

4.3.2.2 Free-Running Counter 

r~e ,,..._,unn1n9 .::ount•r (FFIC) consists ot 1 El fliO·lloos 
and can ce rHd unr::er program c:ontrol. One iPQhc:at1on 
ot tne Fr=ic rs to 1nd1catt to tne g1·oc:essor tne 11aosed tirne. 
ay suotrac:t1ng a grev1ous count from the c:urrent count. 
trie processor determines rne m.1mcer ot eventS 1n a given 
peric::id ot rrrne. the rime ot day. ar rne etai:ised rime. 1'>'1• 
F;::!C os contro11_ee1 by thg-t100 Fill'tFCl. and gating c:irc:u1ts. 

~KFCL rs cloc:lcecl by RFRCK • 'l"lit outout of RKFCt. rs tl'rt 
i:ond1l1oned cloclc 1ngut lo the L6·b•t FRC fftg.flops. ·n-.e 
direct cloc:k. rnout sets Rl<FCL. thereby clock1n1 tne FPfC. 
RF~EN • presets RKFCL This aatt prev.,,ts ~FRCN • 
from c1earin1 tnt fftg.ftoo dur1n1: a data transfer rn (Ro·n-

~EXOO- rs output by tne 1nstn.1c:t1on decoder It 5oes low 
dur1,..g ~n ~XC :47 onstrtJc:tron. c:tear1ng tne ~RC REX00-
5oes to !"'tt FRC u ..,.11 as to tl'lt reset input ot RKFC!
-Nl'len an EXC 04.7 onstruc:t1on is euculecl. RKFCL is 
on1t1alized "''Sh and otl'litr FRC:,thg-ltogs. to zero. This 
provides a point ot reftrenc:t tor tl'le program rn eomour1n11 
e•acsecl time and 11me of day. Tlit FRC oulguts (RFROO
t 5 • J .ire routed to tl'le oct1on b1us. 

4.3.2.3 Clock Counter L.ogic 

rl'!e ctoc:x counter 0091c (CCl.l ad1usrs tne 12 12 t 2 MHz 
octron OoarCI SQuarewave c:IOClC to generate a 10 lcl-tZ t1m1n9 
source. ~ 1 Ol<H • nus source can t::I• setected as an rnour 
to rne Yar1ao1e-1nrerva1 onterrugt 1og1c: and. or to the tree
runn1ng counter as desired oy me user The CCI. consists 
ot rt1p-t1ocs. counters. and gating 1og1c. '!"he 12. 1212 MHz 
signal r~a2 ... reeds a senes ot counters rriat reduces th• 
treQuency !O 20 lcMZ. Fl1i;:i-t101::1 =120KH enaotes the clack 

J. .22 

to the 10 kHz flip.flop R10KH. The counters can be c:teared 
by RTRST- Cly any one of tne following: RAST- from the 
SYSTEM RESET switcn on tne computer front panet. 
ROTO- during tne execution ot a data-transfer-out instruc· 
rio·n. or REX06- enabled by a software reset. 

4 •. 3.2.4 Timing Sourc• Logic 

The timing srourco logic permits user selection at a timing 
sorurce u an inc:iut to tne veriatlle-interval 1nterru~1t 1og1c 
(input RVIC>( ... ) and to the tree-running counter (input 
RF:RC>< + ). 

Four t1m1ng :sources are ava11a1:11e for selection: 

t. Cutout of the c:loctc counter logic (l O l<HZ) 
:2. External !im•"";' source (see table t-4) 
:3. OutQut of tl"le .ariaole-1nt1rva1 interrupt :og1c 
., wne frequency (50 or 60 1-tz as ava11ao1e See ~aote 

1-4) 

iirning source setec:t1on rs accompltst1ed Oy m1uns ot 
1urnpers tletween ·e"' -points as snown rn figure 4-2t Sotl'! 
src1ndard and oottonal 1nterc:onnect1on are 1nd1cate1:l. Note 
rn•at 1urnpenng lhe var1at1te-1nterva1 onterruot 1og1c out1::1ur 
(Et6) to its rnput (E1S) rs not a useful connec:1on. 

Tlie t1m1ng source tog1c derives tr'le line treQuenc:-; signal 
at 1091c 18'1els by ;)ass1ng tr'le 24V ac rms mrougn a ~01ta9e 
d1"1der- rec:t1tier1 filter circuit 1011owed by a Schmitt :r19ger 
T!i·e 24V ac 1•ms rs ,,,. power.turn-on relay control ·~ottage 
trc:1m tne mainframe power suooty. 

Tli:e ttm1ng source logic: t2utfers the ticttrnal 11m1n9 source 
s1~1nal (ETR ... ) by means at a pair ot inverters on series. 
El'R ~ must t:I• standard TTI.. compat1t11e ·N•th d\Jratrons 
as sciec1hed rn 1aa1e 1-'. 

4.3.2.5 Variable lntervat Logic 

Tl'"• var•atue interval 1og1c generates an outcut at me varr· 
acue-1nttrva1 rnterrucit rate. Tli1s out1::1ut (AVll ... ) is sent to 
tl"l1t1nterl'!JQtcantro11og1c to generate the OtUAX ... onterruct 
re1ciuest signal. Figures 4-22 and 4-23 st1ow tl'le var•· 
aCll9-tnterval t1m1ng. 

The var1at:Ue interval to11c ean be d1v1ded onto h"o 
functional suoc1r1:u1ts. 

Tl'1e iirst circuit consists ot a 12-cut buffer re91ster tl,at can 
Ott programmed via tl'!e 1nstruct1an dec:oCler and control 
101;1c. The register consists ot 12 O·IYP• flip-flops 1oac:1ed 
frcim 1ne ootron ous (0600- tl"lrougn 0611-) with a 01nary 
n\.1mt1er procomcnal to tne desired trme 'nrerval. All 1 2 
1111::1-lloos are ctocxed by AOTO • on tne 1ra111ng ~age ot 
data reacry (00RYX ~) during a data-transter-01ur. rne 
mo-1100 outtiuts (RIAOO- trirougn F!IA 11-) are trarrsterred 
to the 12-bat counter. The 12·0•t re91srer can oe ctearl!d 
ov ARSTA-·. 
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Ttie seeond circuit consists of 1c11c: gates. fhp·flops. and a 
12·1:>1! counter. Rt~OO- throucn ~IR 11- are transferred 
into tht counter The load1n1 of the counter is sycl'lronrzed 
wrth RVIC>t + so that the counter does not attempt to load 
and increment at the same tame. 

Note that 1f the 12·1:iit selection rec1ster as set to zero the 
counter reacts as 1f the count were 4.096 Wl'len the 
counter reaches zero, at is a111n loaded anct incremented. 

The var1ao1ee1nteNal interrupt continues to c1c:cur at a rate 
determ1nec1 Oy the treQuency source and the l>uffer register. 
until the contents of the Ouffer register are changed under 
program control 

Tne interrupt process is 1n1t1ated l:iy RIST&-· settu"ll !Nit. 
every time the counter cycles. 1nd1catin1 a variabtt·1nterva1 
interrupt is 1n process RVll is then set nel"'ltrat1n1 tl'le 
var1abie interval interrupt reQuest wl'len the variable 
interval 1nterrugt is enabled and the memory-overflow 
interrupt is not 1n process. RVIL can be cleared by 
OSVRT .... when tne processor is transfemn1 data out. or 
wne.., the counter is 1n1t1a1tzed 

4.3.2.6 Memory Overflow Detection Logic: 

If an 1neremef1tQmemory.reo1ac1 instruction is located at 
the var1ao1e-int1r"a1 1nterr:.ict address (044). ,,,, memory 
overflow Qtttection togic:: 1nterrygts the processor wl'ien the 
contents of t,,e 1ncrementec:: memory address overflow 
Prior to 1ncrementat•on. the contents of tl"le murnory address 
soec1f1ea t>y the IN~ 1nstruc:t1on 1n address 044' (typically 
acaress 045) are c1aced 1n the memory0 1np"t latct'l M!Lxx 
and tne FlTC memory overflow detection togu: Checks the 
1 Sti, c11t dumig tRe execution ot an 1ncre1T1ent-memory
and-reptac::e (INM) 1nstruct1on It tl"llS rm IS :set. 1nd1c:at1ng 
a count ot 040000 or more. the ~TC rec:orcis an overflow 
cona111on 

Tne ~emory overflow detection 1091e consists of gates and 
f1tc-f1o:;is tc)r generating t,,e memory overflow interrupt re
Quest signa1 FlMF1.... Flip-1100 i:::ieMT sets wn11e a var•· 
ao1e-1nterva1 1nterruc:i1 is oesng executed The ::>roc:essor tNl=I 
1nstruct1on signal CCS:lO .... AK16f' · a,. ;..:MT+ com
'01ne to se• " ~· fl1p-ttop FIMTFF 1f 1:-.<J mer- :.;ry 1npul latch 
oit 14 (MIL . -) is set wnen overflow occurs FIMTFF
sets memc.:y-overttow latch thp-tlop FIMFL.. Memory. 
overflow interrupt H1p-t1op FIMFI sets on the trashng edge 
of interrupt ctocM. (OIUCX + ) wnen FIMFL. is set and there 
is no variao1e-1nterva1 interrupt FIMFI + ts sent to the inter
rupt control 1og1c 10 generate an overflow interrupt. 

THEORY OF OPERATION 

4.3.2.7 Interrupt Control Logic 

1'he interrupt control 1og1e eons·s~s ~t t,,e gates and f11c:>a 
flops regu1recs to generate OIURX- l!"d interrupt acsaresses. 
11n~ to ensure FITC priority 

il'le priority outout s1gn11 PFll=ITCO- is sent to 1ower.pr1orrty 
I 0 devu:es to 1nd1cate tnat tne !=ITC ,,as seized int•rruot 
griorsty. Oh.JRX- is sent to tl"le grocessor along w1tn 
OCPFIM FUNT- low indicates tl'lat tMe 1nterruc:it reauest 
flip.flop •S Ht and no l'l1gher0 pr1or1ty 1nterruot reauest 11 
active. Either a var1ao1e-1nterva1 1nt1rruot or memory· 
overflow interrupt reQuest s1gn11 can ,,,.,, reouest tne proc· 
essor to execute an 1nstruct1on 

e1m.ir tl'le interrupt aaaress 044 or 046 or the contents of 
tne i:;:ic counter may oe ptacecs on the option bus wnen 
rttad1ng the FFIC counter the contents of t,,e counter are 
placed on tr'le oct1on Ous. W,,en an 1nterru;it 11 bt!ng ;)roe· 
essea the 1nterr1.1ct address •S ciiac:ed on the option ous 

''-3.3 Programmini 

The user writes tl'le RTC service routines using the RTC 
1ll"lstruct1ons 1n table 4.4 The RTC device address is 047 
lnterruot addresses 044 and 045 groeess variable 1nttrva1 
(increment) interrupts. and addresses 046 ano 047 i::iroeess 
overflow interrupts 

11tne memory-overflow interrupt is used 044 tT'luSt oe 1oaae:1 
with an 1ncrement-memory-and-reo1ac:e 1nstruct1or-1 (1 e 
INR. INRI. or IN~!) If tl'le rnemory·overttow 1nterruct is 
enabled. but not used and adoress 1ocat1ons 044 anc: 045 
do not eonta1n an 1nerement-memory0 al"IO·rec1ac::e 1nstruc· 
tion. an erroneous memory-over11ow interrupt tT'lay oc:c::ur 
Normally a 1ump-and-mark 1nstruc:t1on to a su1tao1e croc· 
esssng sut:1rout1ne is loaae-: 1n the mel""lory-ovediow 
11nterrupt 1oc:a11ons 046 ana 04:' Hov.ever If tne overflow 
interrupt c:aoao111ty is not use:i anc: is maskeC:: 11ie 
vartat>le-imerval interruot 1ocat1ons 044 and 045 shou1a con-
1.1in a 1ump-ana-mark 1.nstruc:t1on 

Ficure 4·24 snows a typical RTC se,..,,1ce routine 

The RTC service routine concludes wit,, enaottng 1nstruc· 
tions for otner internal computer options (e g "nority 1nter
r1upt modules) wticse 1nterruct reQuests have oeen 1nti101tea 
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Mnemontc: 

Eztitrnal C:ontrot 

e:xc 047 

e:xc 0147 

EXC 0247 

e:xc 0347 

e:xc 0447 

EXC C647 

e:xc 0747 

Transfer 

OAR 047 

CSR 047 

CME 047" 

INA 047 
I 

IN!! 047 

l~/1£ 'J47 

C:A 047 

c1a 047 

T;ablll 4-4. RTC Instructions 

0100047 

0100247 

0100J4L7 

0100447 

0100647 

01007.4.7 

0103147 

0103247 

0103047 

. 0102147 

0102247 

0102047 

0102'547 

0102647 

Description 

Clear FRC (the FRC cannot otherwise 
b•t raet) 

Ei,abl• RTC interrupts (pend1nc RTC 
1riiterrupts are 1mmed1atety processed) 

lr1h1b1t memory overflow interrupts 
(1inn1b1ts only ovtttlow interrupts) 

Enable "ariabl• interval interrupts 
(1nl'l1b1ts ov·erflow interrupts) 

1n1t1a1tze RTC (1nl'l1t11ts all 1nterruots 
a1nd resets the interrupt control lcg1c 
aind clocx control 1oa•c) 

lmhaltZI "airiable interval counttr 
(loads tl'le contents ot tl'le 1nt1r.1a! 
S•tlect1on reig1sttr in the interval 
counter and resets tl'te clock control) 

Clutput A register to 1nt&Nal 
s11ect1on rtt11ster 

C)utput a register to interval 
selection r1111ster 

Output memory to interval selection 
register 

Input FRC contents to A recrster 

Input FRC contents to B re11ster 

lnout FRC contents to memory 

Clear and input FRC cont;nts to A 
register 

Clear and input FRC contents. to 8 
register 
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•eetRTC INITIALIZATION COOING .. c. 

SET INTV • 1000 (interrupts to occur once each 
second) 

SET INSC • 10 (variable 1nterv11 interrupts. 1 r:ier 
m1U1on) •• 

INTV 

PERICO 

EQU 
ORG 
INR 
OATA 
JMPM 

1000 
()44 

PERICO 
0•0001-INiV 
TIMUP 

INITIALIZE AOORESSES 044.~7 

... INITIALIZE RTC•• • 

ORG 0500 
!NSK CATA INSC INTERVAL SEl..ECT COUNT 
BEGIN EXC 0447 INITIALIZE RTC 

EXC 047 Clear FRC 
LOA INSK 
OAR 041 OUTPUT INT SEl. COUNT 
e:xc 0147 ENASLE RTC 

(USER'S PROGRAM) 

•••tNTERRUPT PROCE.SSOR 0 0 11 

TIMUP 
ORG 
ENTR 
EXC 
STA 
1..0AI 
STA 

01000 

0247 
SAVE.A 
040001-INTV 
PERIOO 

PROGRAM COUNTER STORED 
INHIBIT MOI 
SAVE A REGtS'T'ER CONTENT$ 
REINITIALIZE RTC COUNTER 

(Other 1nstruc:t1ons can be u'lserted l'lert) 

SA VEA 
L.OAI 
BES 
EXC 
JMP• 
ENO 

0 
0 
0147 
TIMUP 

RESTORE A REG 

ENABLE MO! 
RETURN TO INTERRUPT 

Figure 4-2C. Ty11:au:a& RTC Sen•c• Aout11ne (In tymbOUc l:Odlng form) 

4.4 MEMORY PROTECT10N 

The memory protection (MP) option consists of tne sections 
snown 1n tl,e t>lock diagram (figure ~-25) and described 
below. 

The Mdresis MqUllfteet checks for pro1ram entry into non· 
prot11eted memory segments. controls loa1din1 of the 
instruction address rec•ster. checks for jumps and overflow 

. from non·protected to protected memory secments. and 
checks for write to protected memory setments from a 
program orug1nat1ng '" non-protected secments. 

Tl"ie tnetructlon aequencer cf'lecks for 1oad1n9 ot the pro· 
giram counter for a poss101e 1ump error and cnecks tor 
inout1outcut and halt 1nstruct1ons or191natin9 1n a program 
rusading 1n a nonapfOteeted memory segment 

ThE mau recister section (fi1ures 4-26 and 4·27) stores 
the protec::tedtunprotected status of each 512-word sea 
ment of core memory. If a 11Yen flip.flop 1n the mask 
re11ster 11 set. the c:orresoonding segment of c:ore memory 
1s protected. If the fhp·flop is reset. that memory segment 
is unprotected. The mask register section consists of eight 
16·bat mask registers. To load a rq1ster. the register is 
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MEMORY 
ADDRESS SUS ______ _,/ 

C.J.CIOC 
OR Cl 
CIOHLT 

CIDlO 
CIDJMK 

INSTRUCTION 
AOORESS 
REGISTER 

SEGMENT 
AOORESS 
STATUS 

INSnUCTtON 
SEQUENCER 

AOORESS 
SEQUENCER 

selected Oy an EXC 1nstruct1on and a data·rran1f11r-out 
instruction is issued ro transfer 16 bits of data to !lie 
selected register 111a 11'1• 110 bus. Our1n I error dtt.ct1on. 
tl'!e outputs ot the correct mHk re11ster are selected by tli• 
uocer three bits of tne addruss and are 1attd out to the 
segment address status sect1cin. 

The Hgment·addrus status section decodes bits 09 
throuan 12 ot tl'le address and ANOs tl'I• result ..with 
corre-soondin1 status <Ju!outs of the mask reg1stctr ro 
determine ..vheUier or not !ht addressed segment is 
crotected. Tl"le status cit the addressect segment is then 
5ated out ro tl'le address sequencer as the status ot the 
current weird. 

J. 29 

MASK 
REGISTER 

1/0 

lNrERRUPT 
SEOUENC:~ 

or~r ... 

SlNS ._ 

The instruction address rttister stores tl'le contents ot tne 
processor program counter at ti"'le beg1nn1n1 ot eacn 
1nstruct1on-tetcn memory cycle. The reg1'Ster is u'idated on 
each such cycle until an MP trror is detected. It is ti"'len 
disabled by the result1n1 error 1nterrugt. Furtl'ler updating 
is thus 1nt'l1b1ted until the MP is re11nablect l:ly an I 10 

1nstruct1on durrn1 the error subroutine. 

The interrupt sequencer raises an 1nterrugt request. to tl"le 
processor ..,;,en any MP error eond1t1on is detected. r1i1t 
interrupt sequencer disables 311 lower prror1ty dt"rc:es :.1nt1I 
its 1ntern.1gt request is raised. Our1n1 an 1nterrugt. tl'le 
interrupt ·sequencer abcirts any t10 commands 1u!lt started. 
restarts the C?U in the '!Vent of an unprotected nalt 
1nstruct1011. and forces !ht CPU to wait tor the pend1n1 I 1 0 
interrupt. 



ADDRESSES c 000000 . 000777 

b: 001000. 001777 

-

r"'.....-
016000. 016777 

017000. 017777 

020000. 020777 

021000. 021777 

- - -- -

-

-- - --- ._. 

036000 036777 

037000 037777 

040000 040777 

041000 041777 

- -

- ~ 
~ r-- - -

056000. 056777 

057000 057777 

060000. 060777 

06 1 000 . 061 77 7 

~--- - -

076000. 076777 

077000 . 077777 

THEORY OF OPERATION 

.-----------·---------11 c .. ~A7K,RE,Gl~TER~ . ' I I 
1s141312111os a 1 s s 4 3 2, a 

I 
I 

i--

l I 

l J 
J 

l I 

I 
! 

-. 

l 
C,., J 

MASK REGISTER 3 
-1. _l ..L .l 

,. 
.l I ..L ..L .l 

1s 14 13 12 , , 10 s a 1 a s 4 J 2 1 o 

Fi1ure 4-26. Mask Register Bit Ass11nment 
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'"° l...o 
0 

ADDklSS MlMOKY 

000000 - 0007 77 

001000 - 001777 

002000 - 002777 

{\,, .... ,,,,," l\n'l777 11.,_100 I~ l·fn. 
UUJUUU - UVJI I I ..., ...... "'-'' ............... 

004000 - 004777 PKOHCUO 

~ 
005000 - W5777 llQ 

ti 
UNf'lcOHCHO 

• ,. 006000 - 006777 N PROHCHO 
~ 

3: 007000 - 007777 UNPROHCHO • 1 
~ 010000 - 010777 
"' 

UNPKOUCUO 
)> ... 

O! !000 - O! 1777 ... • UNPKOHCUO 

3 • 012777 - 012777 ? 
~ 013777 - 013777 Al 

l 
I 

PRO UC HO 

PROUCUO 
ll • 014777 - 014777 PRO UC HO 

015777 - 015777 UNPROHCHO 

016777 - 016777 PRO UC HO 

017000 - 017777 UNPROHClfO 

. -
-
-
-
-
-

I I 

I: I I I I 
-
-
-
- l 

f o I 0 I I I 0 0 0 I 0 I 
I i _l_ .~ i 1 ~ _l_ I I _l_ 

:j 0 O I] 
• _l_ ..l I 

15 l<t 13 12 11 10 9 8 7 6 5 <t J 2 I 0 

MASK 
KfGISlfll 0 

... 
:c ,.. 
0 
:a 
-c 
0 ... 
0 
'11 

"' ::a 
~ ... 
0 
z 



,.,.<+ 1npyt ·01.1tp1.1t section dtc:odes tl'lt dtv•c:t address. and 
1.::.,:rots data transfers to the mask re&•5ittr and from tl'le 
,,.. S!ruction address reg•ster The 1. 0 stc:t•Orl also illtS the 
1~?t•rugt adareu on the 1 0 bus 

4.4.1 Error Sequences 

Tne MP pre-,,el'ltS ( i) rnod1ficat1on of tl'le contents of pro· 
tec:ted areas of memory by 1nstruct1ons 1n unc:irotectec 
areas. (2) program entry into protected arus of memory 
wh11e e•ecuttng programs 1n unprotectea areas. and (3) 

•oss of eomcuter control by protected0 area l)rograms to 
ur1;:irotec:t11d·area crograms Any attempt to aiccomp11sn one 
or more of triese eond1t1ons •S detected H an MP error 
condition. Tao1es 4-S and 4-6 snow U'lt MP error cond1t1ons 
cossaote unaer various circumstances. 

t.,,... 1nstruc:t1cn is a prottc1ed instruction af the first (or 
cn1 7 i ""ore! •S 1n a i:iretec!td area of mt,.,,O"; Sy defin1t1on. 
,.,c MP error c:enc1t1e!"I$ c:an t111st dur1t1& tht tJ.teu!IOf'I of 
Siu,ri an 1r1struc:t1on l'IOr can they tJ11St dur1na tl'le ezecuttOl'I 
oi a"" 1nst,wc:t1or: 1n a protec:ttd area tl'lat 11•1d1rectly 
reie•el'lc:es an ..in;:rottcttd address. 

Since the aggl1cat1on of p1oettr11n1 ttcl!ln1Ques makes 11 
1mcoss1ble 10 associate d1rec~ty tMe address status w1tl'I the 
•ns'•uct•ol'I be•l"la decoded. two tho ftocs <SANPT and 
811\i?iJ lilctep tracic of address status tor later 1.1st 1n tr,or 
cnP.c 1oi 1n1 BAN PT sets when an 1nstruc:t1on from an 
unorotecttd memery address is placed 1n tl'le instruction 
reg•ster E!tNPT sets #htn an instruction is decoded white 
8A>!\ll=li ;s set 

HALT ERROR: Tl'l1s c:ond1!1on fll.ISIS wt'len a I-It. T 1nstruc 
t•O"' 's, attempted from an unp,.otected area or whtl"I ~ I-IL. T 
•S attempted from any area \11a an e1ec:u11on 1nstruct1on 
IQ'-nled 1r, an .. mprotec:ted area (1-towever an tJ.eC:ut1on 
1r'l<str'.,,jc:1on •l'I a protected area can tJ.ecur~ a l-ILT located 
'" an:t area l Upon dtt~:1on ot a halt error the Ml. T 
':C•'rlp1etts. the C?Li 1S 1ntenupted to 020 ana ··.its after 
te•crung the rnstruc:t1on at this address The error detection 

causes the MP to nold its start signal (OINT-) true until 
cornc1er1on of tne interrupt Thus. the CPU 1mmediate1y 
reE?nters ~UN mode aner hatting. NOTE A manual halt using 
the STE? switch on the control panel cannot be detected 
Dy the MF1 

OVERF'l.OW ERROR: This cond1t1on tlltStS when a single 
word 1nsrruct1on. or e1thtt' word of a two w·ord instruction. 
is 1n the tast location of an unprotected afl!a and the first 
word of the ne•t 1nstruct1on lees 1n seciuence 1n the neJRt 
area wtuc:h is protected (Note that. when tl'le last tocahon 
of an unprotected area contains the second word of a 1ump. 
1nde•ed 1ump. 1ump·and·mark. 1ump.and·set return. or bit· 
~~st 1nstruct1on for which the 1ump condition is met. an 
ovurftow error cond1l1on does not eJ.1St Wl'len an overflow 
error is detected. the last instruction 1n the unprotected 
area completes. the ne1t 1nstruct1on 1n s~!Quence is not 
ezecuted. and the processor is interrupted to 030. 
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1. 0 ERROR: This c:ond1t1on eusts ~~ ... a s1,,a1e wore t 0 
1nstruc:t1on. or the first wori:: cd a dc..ible·word I 0 
1nstruc:t1on. is 1n an unprotected aru er 1t e1ec:ut1on of an 
I 0 onstruct1on located 1n any area is at!e""'::ited via an 
IJ!teutton instruction located 1n u,..cr-:te~~•C: area (1-!0w· 

e-,,er. an tateution 1nstruc:t1on 1r: a prote~ted area can 
tllteute an I· 0 1nstruc:t1on located r: a,..>' area . Whe,, a,., 
I 0 error is detect~. the 1 O 1nst"u'tron 1n process 
com~lttes. However. 1n all suc:h casts I O c:ontrot com 
mands and data transfers betwff!'! the proc:essor and 
peripheral c:ontrolltrs art 1nl'l1b1ttd Tnus tl'lt conte,,a of 
memory and Of reaisters A S ana X rt..,!1" ;Jnmodtfttd by 
r,,. ,,.o instruction This 11 accomo11srito oy l'IOtd1ng OtNT
true. Upon comp1et1on ot tl'le 1ns:ruet10l'l the cirocessor 15 
1nterruotea to 022 

WRITING ERROR: Thi' conditicn a;::g!tes only to 1nstruc: 
t•Ofii that wr1tt into mef'l"iory (operand storag'! rnstruc:t1ons) 
and is defined as e115t1n1 when an 1nstruct10,., attempts to 
wrtte anto a protected area and tithe• the s1n11e ""ord 
1nstruet1on. or the first word of a double word instruction 
•S 1n an unprotec:1ICI area. or the 1nstru,t1on attemgt1na to 

wf1tt •S be1n1 txtc:uttd as a result of an 11ec:ut1on 
1nstruct1on 1n an unprotected area (1-!owever an tzec:ution 
1nstruct1on 1n a protected area can tJ.ecute a wr1ttn1 
1nstruc:t1on in any area.) 

For an immediate instruction a wr1t1n1 evror t••SIS ont~ 
wl'len the first 1NOrd is 1n an unprotKted area ane ,..,, 

Hcond word is 1n a protected a,.ea 

All operand store instruction~ end w!t'" a,., ocieraF.d s,torait 
• C:yC:lt. dur1n& wl'l1C:l'I wt1tin1 errors 'a~ Oe ~etei::tea All 

memor)' cycles addressana proteetec: ~•,,.,or Y frc;l'T1 ul"l::ro 

tected memory will be c:l'langed uncor.C::~rOl"la1i 1 to ruc:·l'\5 
c.yctes To et\ange a wr1t1ng c1c:te te ! reaC!•'"i c;1c~e me 
read write (MWLV- MWRY-) 1np1.;:S 10 t!'le me,,,or 1 are 
pulled down to nearly OV 

Wl'len a #flit error is detected ttie ,,..,5tru:;t1C!'I ,,.. ;::roi::ess 
comptetes However tl'le writ1na c:yc:e is cnaMge:: to a 
reading c:ycte to prevent mod1f1c:at10l'I of memory The 
contents of registers A. 8. ane1 x rema11"1 unat'lectei::i \Jeon 
completion of the 1nstruc:t1on the processor rs rnterruptea to 
024 

JUMP ERROR: Tn1s cond1t1on applies onty to a 1umc 
indexed jump. 1ump.and·mark 1ump af'ld set return bit 
test. or sk1P·OM·reg1ster·eQual 1nstruc:t1ons and exists when 
an attempt is made to 1ump or Skip to a protected area and 
the first word ot the instruction hes 1n an unprotected area 

The jump, inde:11ed·jumo. jumo-•nd•Ht·return, and bit-test 
instructions eacn ends in an adoress1n9 cvc1e, and trie skip. 
on·reg1sten..ciua1 !SR El 1nstrucuon ends 1n a special sk10 
cvcle. The final Ceffect1vtl address 11 not available until .the 
final address is on the memory bus during tne first memory 
eve•• following ftte jumo aOdress c:vcte. 

For the c:ond1t1ona1 rump 1nstruc:t1ons rn the case where the 
rump c:ond1t1on is not met. a 1ump error cannot occur 
However. an overflow error may still occur tor this case 
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When a 1umg error is detected. the instruction 1n process 
completes. However. in th• case ot a 1umg·and·mark 
1nstruct1on. the writ1n1 cycle is c:nanged to a read1n1 cycle 

to prevent mod1ficat1on of memory. The contents of 
re:11sters A. B. and X remain unaffected. The processor is 
1n1rerrugted tto 026. Upon completion of the 1nstruc:t1on. 
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Table 4-5. MP Error Conditions Possibl11 Ourin1 Sincto Word Instructions in Unprotected Area 

Error Conditions Possible If: 

Sintl•Word 
I nnruction 

10 

Ctt'ltr Non·ad· 
artSs11,1 

J.ddres11n1 (Wratt 
or INH) 

1-+ Halt trror 
0 Overflow error 
W Wr1t1n1 error 

• 1. 0 error 
• None 

Instruction is 1n unprotected 
are• but not 1n last un pro
tected address. 

H 

Under curtain · 
conditionn 

w 

Instruction is in 
last address ot un· 
protected ar~ l Nt1t 
secment is ;;r ;,;ttetld. 

Alw•vs 
pouibl• 

Under certain 
conditiont 

1.0 

0 

0 

0 w 

Table 4-6. MP Er1ror Conditions Possible Ourint Ooubl•· Word lns.tructions in Unprottcttd Area 

l~rror Cond1t1ons ?ossabl• If'. 

Ooubl•Word 
I nstruct1on 

tO 

E:itende-<2 (Wrire 
Jr :NRE) 

8otl'I '#Ords are on 
unprotecrtd area 
but neitl'lw 15 in 
tt'le last address. 

Alw•vs Under 
powbte cartain 

condi· 
tiont 

w 

F:rst .. ord •5 1n 
tt'le tast address 
ot an unprotected 
area and the nest 
aru is protected 

Alw•.,. Under 
posa1bl• certain 

condi· 
tiont 

10 

0 

0 /II 

Second NOrd 
•5 1n tl'!e !ast 
3ddress ot an 
uncrotec:ted 3rea 
3nd tl'!e iie:1t 
area 15 unpro· 
tec:~ed. 

Always Undw 
POSStble certain 

condi· 
tiont 

IQ 

0 

0 w 

rco1'trnu&d) 
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Table 4·6. MP Error Conditions Jlllouible Dl.lf'inc Double Word Instructions in Unprotected Area (eo,,Mutct i 

Doubl•Word 
lnnruction 

Immediate (Read} 

Immediate (Write 
or INRI) 

Execution (COM· 
d1t1on met) 

E;11ecutron (con· 
d1tton mot met) 

Jump Jump.and· 
Mark. Indexed 
Jump. Jump.and· 
Set·Return. or 
Sit Test (con· 
d1t1on met) 

Jump. Jump·1nd· 
Mark. or Bit Test 
(cond1t1on not 
met) 

Siup on Re11sters 
EQual (condition 
met) 

Skip on Registers 
EQual (c:ond1tton 
not met) 

M • Halt error 
0 • Overflow error 
I • 110 error 
W • Wt1t1n1 error 

4.4.2 Circuit Description 

Always Una., 
POl1tblt certain 

cond1· 
teons 

H.1 
(not 
s1mul· 
tane· 
ously) 

J 

J 

To better understand the function of the MP circuits 
described 1n this section. refer to the error seQuences 
(section 4.4 1). programming considerations (section 
4 4 3\. mnemonics (section 6). and logic diagram 91B040i 
( sys·rem documentation package). 

The mutt recister flip.flops store the prctectedtunpro· 
lect1M:1 status of each 512·word segment of memory If a 

· fhp Uop is set. the corresponding memOf1f segment 1s 

Alw11v1 Under 
PGU•ble certaon 

cond1· 
tions 

0 

o.w 

0 

0 

0 J 

0 

J.0 

0 

Alwav1 
pou1bl• 

0 

0 

0 

0 

J 

0 

Under 

c1r111n 

cond•· 
t1ons 

H or 
0.1 

J 

protected. A memory segment rs unprotected when the 
corresponding mask·reg1ster fhp·flop is reset (figures 4 26 
and 4·27). · 

There are four 16·b1t mask registers An external control 
1nstruct1on selects the register to be loaded. A data· 
transfer.out 1nstruc:tron then transfers 16 bits oi data to 
the selected register via the option bus (0800 tnrougn 
0815 ). NOTE:: The mas" regrster cannot Oe read oack to 
tl'1f! processor 
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TP'le segment."addrua staitua lci.gic decodes memory ad· 
dress bu101ts 9 tl'lrougn 12 (MYA09X- tnrougn MYA12X-), 
and tt'len ANOs tl'le result w1tn tt'le mask-register outputs 
(SMROO + tnrougn BMR 1 ~ ... ) stttected 1n tl'le mask registet 
by tl'le nighest·order t~ree bits (MY A 13X- tnrougn 
MY A 1 SX-) of tt'le address. The ANOing results in SSPAO::. 
which. 1t true. indicates tt'lat tl'I• selected memory segment 
is protected. BSPRO = goes to tt'I• address sequencer. 

The instr1.1ction°1ddrtu reci:ater storn tt'le m1tmory· 
!ddress bus bits (MYAOO • throuat'I MYA'5..,.) on tt'le 
r11!gat1v1 trans1t1on ot tt'le address-not·protec,ted sianal 
(SKI.AR-> and outputs the result (81AOO + tnrouan 
St A 15 ... > to tl'le I. 0 bus drivers. 

4.4.3 Programming 

iJst ot tl'lt MP orHutnft tl'lt 01sttnc:9 of a orottcttd,.r" 
it11•c:~t1vt ~roi;iram to cantrol tl'lt usi9nrntnt ot rntmorv 
.ireas. il'lt 1nt1uugt adclr•ssn and trror sut:iroucinff also 
''.!s1dt , ,, prottc:ttd artas •. T!i1.1s, tl'lt first segment of tl'lt 
,,,a,,, . ~•rnory 1000 tl'lrc,ugh ·777) is nor,,,.lly grotecnd. 
s1nc:1 1t :ont11ns tl'lt addrt·U ioec:1fotd "Y tl'le 1nttrrugt1. 

A11 ·l"'!!err•JQt. OMA. 1nd ?MA ocerauons- are 1ndt0endtnt 
ot :l'"e ;:r~i"lm Ther'!fore. none ot tl'ltse operations nave 
~''ill"'l'ed d1rec,tty trorrr a grotecttd or an uncrottcttd 
t'?"!mer·1 lrea l-4owever. all I C) ogerations are 1n1t1attd by 
tl"!e !1f'!·..1t1ve grogrJm . .-r11c:h resides 1n a protKttd area. 
~or tl'!1s ruson. 1nterruot. (:)MA. and ?MA ogeratrons 
o-·g1n,ne from a grotecttd arna and are not restricted by 
:~e '.1? The t•ecuti"e grogram ensures tl'lat t,.,e memory 
1r.:ess from tl'!et tl'lret sourcl'S is to tl'!e groper addrr.is. 

::-t!t-:t-cin ot 3 ;umg error is 1nh1b1ttd durin1 an interrupt 
·:cerJt•on Tn1s 1110·,..s a 1umg lo a subrourrnt 1n a protected 
1''!3 ,.,..~,, Jn ,,.,terrugt <lC:ur.s .-n1te ••ll'l:ut1n1 a crogram 1n 
Jn i..-::ir-:~tcttd lrta. 

INTERRUPT INHIBITION: T!-11 standard c:ornguter #ltl'lout 
'.' 0 ::::as .. .,, '!COi,.,•Z:t 1nter,.1J.pts to11ow1n1 ti'!• e:1eeution ot 
ir• I 

Witl'I MP, interrupts are reco1n1:ed immtdiatety tollow1n1 
all 1nstruc:t11,ns except: 

b. Any external control (EXC) 110 instruction 

c. Any 11ecution instruction (i.e. interrupts will not be 
recoaru:td between an execution 1nstruct1on and the 
1nstru1ct1on executed by tt'lat instruction 1f tti·e c:ond1· 
t1on is met. nor between the execute 1nstruct1on and 
the instruction follow1n1 rn sequence it the condition 
is not met). 

d. Any instruction executed in STEP mode. 

NOTE: Err·or interrupts from tl'lt MP are l"IOt 1nh1b1ttd by 
any ot the a1bove. 

!iTEP MOO£: The MP can detect any error c:ondrt1on 
.,.,n1te tl'!e r:irocram is be1n1 steooed tl'lrou1h oy tt'lt ocerator 
from tl'le cc>ntrol panel. It an error interrupt OCC:?Jt''S dur11i1 
C:rl'lt manual step the 'tSultina interrupt subroutine .,..,11 be 
t1nttrtd du.rrn1 the follow1n1 manual steg. 

MEMORY WRAP·AROUNO: The computer has a .,..r;sp. 
around c:apab1hty to address zero wnen the memory size is 
•~K. 81<. l6K or 32K. (For other memory sizes. the CPU 
<lttemgts ~o read from non e:1111stent IT!emory "'"'" the 
rnernory size is t•CHCled). The MP does not have tl'!rs wrao 
••round capability. 1-towever, it is not normally de'!11rat1le to 
•!!tempt to 1ump to or· """ti into locations 1n nor1 tx1stent 
1T1tmory. Therefore. all memory se1rnents ...,nose !dClresses 
1111cetd the e:11st1n1 memory size should be des19l'lattd as 
1:2rotected. In tt'l1s way. any 1umo. o"erf!ow. or store from 
1~norotected area to non·tiustent memory is jttec·ttd as an 
·trror It •S assumed tl'lat procrams 1n grotec:ttd area are 
rotally dtt>u11td. and tt'lus tl'!at no attemct to entet or 
... r•te into non·tx1st1nt memory .111111 oe made trom a 
grotec,ttd .area. 

PRIORITY: Tht MP l'!as the l'l1gl'!est gr1or1ty posrt1on ,,, the 
t.tternal d11V1ce grior1ty c:l'la1n of tl'!e s·;stem. 1"hus . ...,nen rne 
MP is cresent. tl'!e r:iower fa1lurelr'estart (F'F R) (if also 
present) nas second priorrty. This c:c...,ers tl'lt c::ut .... l'tere 
MP error interrupt request and a PF R reQu.est occ:ur 
simultaneously. W1tn tl'!e MP i'tav1n1 i"l1gl'!est gr1or1ty. the 
processor IS rnterrugttd first to tht M? error s1.1brout1ne 
only to be 1mmtdiatety 1nterructed out to the perwer do·,,,,n 
subrouhntt. No turtl'!er test1n1 ot sucrout1nes c:an occur 
since the PF / R retains gr1ority tl'!rougl"tout tht pc1wer-down 
sut1routin11. Wl'len power is restored. the process1lr returns 
to tl'le MP error sucrout1ne after e:1ec:ut1on ot the power·uo 
subroufln·•· l-4ad the gr1orit1es of tht two ootrons ceen 
reversed. tl'lt MP error subroutine would l"IOt r1avt Offf'I 
entered. and the CP\J would nave no valtd locatio1, to .11n1ch 
to return s1nc:e durin1 power·uo tl'le error interrupt .11ouid 
ce lost and _the program ceuig tiec:uted co1ita1ns an 
"error .. 

ERROR INTtRRUPT AOOR£SSES: Tlie 1nterruct ad· 
dresses assigned to MP error 1n1trrupts are :1ste<i 1n tabt11 
4.7 



Tacit 4·1. Interrupt Addresses for MP Errors 

Error 
1-lAl.T 
OVERFLOW 
10 
WRITING 
JUMP 

Interrupt Addrtu 

020 
030 
022 
024 

.02EI 

OPERATION IN PROTECT!D AREA: When IHv1ng a 
protec:ttc <1rta to entef an unorotecttd area the next·tO· 
last 1oc:at1on (1 t the one cirec:td1n1 the 1umci type 1nstruc:· 
t1on)of the e11t s1.1broutine must bt an tnabtt·MP 1nstruc:· 
t1on If tl'lt unprotec:ted area is tnttrtd by " overflowana" 
from the i:irotec:ted area the last 1nstruc:t1on 1n the 
p•-:tectea airea must be an enabtt·MP 1nstruc:t1on 

I· 0 INSTRUCTIONS: Tnt I 0 1nstruc:t1ons for program. 
med c::omn,un1c.at1on between tnt MP and the CPU art 
fisted 1n table 4 a 

110 ll'UNCTIONS; To 1oact one of th• four 16-tl•t mask 
rtg•intri. first stltct tl'lt rtg1tt1r usong tht proi:i1tr stltCt·mtsk· 
r1911ntr trmrrn•l·control •nstruct1on. Anv one of the tr"irtt 

1v•1l1btt d11t1•tr1n1fer-out 1n1iruc·fion1 c.n thc;n be •Ill.Itel to 
loaCll tl"lt mo1sk register. NOTE: The MP nftd not tM tn•bled 
to loaid 1 m•sli! f990!ittr. 

MP error detection is enabled by tne tnatll•·MP external· 
control 1nstruet1on Oetec:t1on is c:hHbled by tht d•sable·MP 
1nstruc:t101"11. by CPU acknowled&m•n1 of an MP error 
1nterruot. or 1 true system·reset s1cna1 from th• control 
panel or power supply. 

The enabled status of tl'I~ MP is lost wnm power fails 
When power is restored the MP is automatically disabled 
by system reset from the power supply The c:ontents of the 
ma:sk re11sters are reinstated prior to reenabtina the MP 

The addrHs (plus l) of the 1nstruct1on during wn1c:h the 
error was detected c:an be transferred lo the procHsor 

THE.ORY OF OPERATION 

usina aMy one of the five data ~raris•e· 1nstr1.;:• :~.s ,.Fl: 
c:apabtl•ty is grov1ata for ust dur1n1 tr.e errer 51,;:·::.• ~t:;, 

One means of rtturn1na tc the t•ee"t111t prCi' ,:,:~·. 11". ct 

prottettd area upon eomp1et:on of tl'lt grci•a...., t>e·l"'i 
t1ecuted 1n an unprotected aru rs to ciro1r1~~ a 1 ...... :. tc a 
previously ass11necr address 1n the protectt'J aru Tl"l·s 
creates an MP error c:oncht1on Tl'te 1umQ error s..;:•:oit11°e 
then allOINS the 1ump to oc:c:ur uoon rr.oi~''llt ·-=- : 1 !"e 
spec111 1ump address 

4l.5 MEMORY PARITY 

· Tl'le three main blocks of the memory par,:, c::l·O:!"I 
(PARITY) art the parity 1enerator chteke~ c:e~tror IC£: 
and u"lttrrupt to11c (fi&ure 4·28) IMputs to ~;.~ "':Y 1"".::,.:H: 

the mtmory data bus. mt'TIOry ¥¥rit1r:1 C:Ol"'·~rc' line~ 

rnemory-completed lint. and I O bus s11na1s 

4.S. l Circuit Description 

To cetter understand tne memory oar1ty circui:s :es::r::i1:: 
11'1 this section. refer to the oioek d•agraf'TI ,,., • ;~··t .:.-2s 
1og1e diagram ~ieo..soi (system c:oe~rnentat:o'" :::a: ... a.;e 
and tne mnemonics list (section 61 

l't'IQ parit)' 11n1r1tor1cntcker checks odd par1!:f ·n an 
Ci&Jtout (read) stQu1Bnc:e and 1enerates odd parity 1n an 
input (write) HQutnct Curin1 1nout. MWP.Y • aMd 
MWL. V • art> h1cn The ninth bits. CEINR • EINI. - ) into 
the i)lflty aenerator I cnecktfS are hlil't and if all of tl'I! 

memory bus data bits (MYOOO- throua+i MYOl :- ) are 
hvgh. there art hie., output' EWRPR - and Ew1.r:i!=i ... 
"i'nue h11n outputs aenerate parity for r•aht ana IEH t:lttts 
~o memory on lines MV016- (low) ana MY0l7 ... (lo.,.,.) 
respectively Ourin1 output. MWRV • and MWI,. Y ... are 
low. Either EINR.... or EINl. + can be naan or low 
depenc:hn1 upon the previous states of MVYO l €:- and 
MYOl 7- If MV016- i;iroduces an even number of lows on 
the gar1ty aeneratortc:hecker 1ngut then EWRP~ ... IS rugn 
and there is no output parity error on the rrant byte 

Table 4·8. MP 110 Instructions 

Instruction Type 

External Control 

Data Transfer 

Sense 

Octal Cod• 

100045 
100145 
100245 
100345 

100645 
100745 

102~5 

102645 

102145 
102245 
102045 
103145 
103245 
103045 

Function 

Select mask re11ster 0 
Select mask re11ster l 
Select mask re11ster 2 
Select mask re11ster 3 

Enable memory protec11on 
Disable memory protection 

Clear and input to A From 
register Instruction 

Clear and input to 8 Address 
rec1ster Re11ster 

Input to A re11ster 
Input to B rea1ster 
Input to memory 
Output from A re11ster To 
Output from 8 register Mask 
Output from memory Register 

None 
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~CIU'• 4·21. Pa,.ty Clptian 

Analocous Jr1uments aggly ta 1 parity check of the left 
oyte. In ettl"ler case. 1f tl"lere is ain odd number of lows on 
tl'le parity aenetatortcl'lecker ingut, EWRPR + and/or 
EWl.PR • aoes low. dtpendinc on tl'le byte, to produce an 
0\1tput parity error. 

rne control iocic aanta1ns th• parttY·enablin1 flip.flop !nd 
controls error dtttct1on. If tl'lere is a parity errar on eitl'ler 
tl'le r•al'lt byte (EWRPR • low) or left byte (EWl.PR • low), 
tl'lt parity-errar flip.flop set inpuR aoes n11tt. The l'lill'l·tO·!ow 
trans1t1on of tl"le delayed clock pulse ( EKROO-) sets the 
parity error tlip·flop s11nat EREI~ • l'lr&t'I to ttac the parity 
error. There rs a delay hne be"''"" EKRO- and EKROO
to permit parity ricole throusn tl'le parity tr ... The clock· 
1naa11n1 pulse •S aenerattd wnen there is no ?MA 
ogerat1an (MAKO- l'lr&l'I). A c:l'l1eck on the left and r.gl'lt 
bytes is activated <EROR • and EFIOI. • l'l1&1't). and 
memory acKnowlectgment (YON ME-+-) is l"l1an. Then. wnen 
t~e memory culse YONME'. • ac1es low. EKRO- iOts low to 
ctocK tl'le parity.error t1rp.ttop. 1' direct reset of the parity· 
error tl1p.flog IS activated t:ly ERF.RR- ao1n1 low. 

T!ie interrupt l091C c:ontrols 1ne 1nterruc>t c:yct• and acr1. 
vares tne device and 1nterruc:it address 10911:. wnen a carity 
error is generated ( EFIEFI ... n19n), tne car1ty-1nterrugt fhp
ttop set outgut s19na1 !INT ... gon n1gn on tne n1gn-to• 
low 1rans1t1on ot tne interrupt c::ocx (OIUCX • ). ir born tne 
ti1gner-priority interrupts (PF Fl and memory crotecr1on) are 
1nact1ve (FINTE- and EllNTE·- n19n). a parity-interrupt 
reciuesr (011..iAX- iow) is gated onto tne oction t:lu:s. When 
tne crocessor returns tne 1nterrugt acxncwledgment su;nal 
OIUAX ... M1gn. tne par1ty-1nterrugt address (eAOO~
tnrougn EA007-> is gated out tnrougn tl"le oct1on ous and 
inen onto tne I 0 ous to cne· processor (tne part1cu1ar 
1nterruat address is cred1>terrnir1eo Oy jumpers. At tnrs same 
!tme. set-incur s1gna1 EIOOS ... goes n1gn to enaa1e rne 1ast 
oarr ot tne 1nterruc:ir cycte on rne cos1tiv• edge ot inter· 
rucr-address ctocx s1gna1 OFF! vx ... Wl'len ctoc1<ed. reset 
outcut EIOO- goes low to re~set ll'le parity-error tl•O··tlOO 
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(Ei='eFIR- tc1w) and turn ott the parity-1nrerrugt r·eciuest 
(OIUAX- l'lign). Set cutout EIOO • resets tne par1ty-1nter• 
ru1~t tlip-floo .. W1tn tl'le return ot tne l'11gn-ta·1ow trans1t1on 
ot 1nterruot c:tacx OIUCX •. EINT • goes low to OC reset 
rM EIOO fhp-ttoo. Tl'le memory-parity crior1ry is estao1ts"•d 
SOO microseconds attar the pcwer-uo seciuence is c:om· 
Phtted (FOS- l"ligl'I). provided EINS • is n1;rt (no F'f:. A or 
m11mcry protection active). tl"le parity 1nrerruor tlig-tloo is 
nc1t sec (EtN·r- l"l1g,,). Tl'l1s makes PANE- iow. which sag· 
n;~s priority to tne processor v•a the 1 0 bus. ?ANF.- can 
Ot11urncered to any one ot rne i:irior1ty lines ?A 1 x-1 t1.,rougn 
?'~9X~. Tli• memory-parity device adc:ress '' d1tcoded 
frc>m BFAO ~. 0808-. 0811-. and 0807- to croduce 
p.;1r1ty ... nacling 1nterr1.1gt ctocx EKENS • WMen OE506- is 
1i1.gn. tne pomt1v• edge ot EKeNS • ctocxs the ~esa1t outc:iut 
ce:ENS •) ot tne decoding tlig.tlop low. and tn1s raisers tne 
parity-error 1t1p.flop. ?AAITY can oe nardware·d1saoted Oy 
tying E39 ta E40 w1tn a soldered ·N1re 1umper t1~r easy 
rna1nt1nanc11. 

N~~T!: Paritv is generated and c:,.,ecxld artlv on tne 'ous 
c:cnnectlld tCI tl"I• i;iroc:tssor. It is not ~ss1ble to p1rf1>rrn t,.,1s 

function on oocl'I bus& 

4.5.2 Programming 

Tne device address for ?AF(lrf is 0:45. There art! t>'WO 

Hlernal c:1:lntro1 1nstruct1ons tnar enaOle tC~~~S) 3nd 
d1,abte (05'15) car1ty. ?3r1ty IS generated 3nd C:"iecked. Out 
an 1nterruct is not generated 11 PARITY is d1sao1ed. 

T'>ie 1nterrugt address is patc:l"l·setectabl• over tl'te r<1ngt 
COOOO tl"lro11.1gn 00370. modulo 010. 

'1k6 PRIORITY MEMORY ACCESS 

"!"he F'MA i~ divided into functional circ:.11ts· control. or1or1tv. 

data transfer. data dr"1ers. 'neut data rec11ver'S, and addreu 
rec11ven. l t ocer;nes 1n a 620·corncat1c1e moat. 



Tl"le c:cntro1 10;1c: oeterm1nes pr1or:ty tor tne four 1nout 
c:!'lanneis prov1C:es enac11n; s1gna1s to tl"le omer tunct1ona1 
btoc:11s full 0 •ntertock c:ontro1 of tl'le four input c:nanneis. ana 
c::ontroi s1gna1 1ntertac:e w1tn tne memory access 1og1c: 

i'"e :r·o,1r7 1011c: assi&l'!S priority to tiie four ~MA cl"lannets 
er-. a iiar::w1rt basis and controls tl"le c:iannel·acknowltdi· 
_,,,1 11,.,es Channel one has the h1gl"ltst priority and 
c"'l:'\,,-e; ~our tt'le lowest The prtor1ty 1011c constantly 
,.,..~,,.!Grs tl"le fowr c:nanMets When a rtQuest is rec11vtd. 
pr 0cr1ty is t$tabllSl'led and tl"lt prooer acknowltd&l'l"lent !Int 
•S fl" .. :te•ed The pr1er1ty I0&1C checks priority when 
"-C,..E~ - is rtet•..,td from the data transftr to11e. This 
3 .• ows a ti11tieF pr1or•ty channel reQuest betwttn each PMA 
me,.,.,cry c:yc:1e hfl'I t a 10 ... er cr1or1ty channel is rtQuest1ng 
CC"':St:i.1t• ... e memor,. cyc:!es If a h1gl'ler prior1t1 channel 
iea"es , ts •eawest ,,., at:1ed !II lower priority channets are 
1cr.1o1ea out 

T~e data transfer ioe:c: controls the flow of data throu&"' 
!!"le ~''.1A 

The e1g1i1e-e., da:a drivers and t1&htetn 1npi.;t data 
re:!·•ers :re.-•Clt the &a!·.,1 and •nttrfa~e between tl"lt data 
b1.1l"e· l OSu. and ~.,, PM.:. 16 bit b1d1rtc:t1c1r1a1 c:rara ·bus 
1FC.u - > 

T1ie e•gl'lte~,., address buf'feFs iA8u) provide 1at1na and 
1n1e~•ace Ottween tf'lt me"l"lory address bus (MYAxx) and 
tl"le PM~ address ::i.s (?Au i Tl'•e most s1gn1fu:ant and 
1eris1 s.g,.,1f1cal'lf ::lits o~ tl"te ?MA daia al"'id address ouses 
cc•"!SOC,,d to tne most s1g.,1t1cant and ieast s1cn1f1cant bits 
of !Me me,,,ory data and adortn buses res~ec:t1vefy 

4.6. l PMA Option/Controller Interface 

T~e tour ~~II.AA ocit1on chal"lnets sl'lare the .20·b•t address 
bus 1S-01t 01d:rec!1or.a1 data Ous and tne FleAO. SYFIT-P 
PMFIS ana GO lines eacn cnanne1 has •t:s own reauest 
(FIEC.a.-) and ac:11nowieagment (ACK•-) hries 

The- i=>Mt. c:ontre1te• prcv•des 1nte~fac1ng syncnron1zation 
Oet .veen th~ I 0 device and the ?MA rtie controller 
~rc111C1es Ou~er1ng tc oreve~: memory rate reduction If 

program .n1ttated Olock data transfers are desored the 
PMA c.o,.,trolle, can aiso 1ntertace w1lh the ex1erna1 I O bus. 
In this instance the ?MA controller is sent an 1n1t1al 
address and Clock iengtti 111a :ne 1 0 Cus The controller 
interrupts the orcgram #Men the blOCk transfer IS 
completed 

Figure 4 29 snows typical control-line out circuitry. 4·30 
b1direct1ona1 bus circuitry. and 4 31 adoress or contro1.11ne· 
1n circu1lry 

No more than eight controllers can tie onto the PMA 
option Tl"ley can be distributed among the four channels 1n 
any manner 

Mli•1mum cable length is 20 feet 16 rnetersl. The cat>le 
t"e>icallv is a pair of 40-conduC1or flat ribbon cables. 
Twmanat1on resistors are mounted on the PMA option board. 
On the lain controller there is a termination ihoe •t the end 
of the cable. 
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4.6.2 Timing 

The ttm1na for ?MA output (rtae!1n1. anc: .neut (wr1t1ni) is 
expta1ntd 1n this section. 

PMA output (Reading): In a reading ooeratron (figure 4-32). 
wl"le,n a reQuest (REOx-) from a controller is received. 
priority rs first estao11sned The FIMA can ooerate w1tn the 
exctu11ve UH ot a memory l)Ort. 1n wl"l1cn case memory 
priority 11 aosotute and immediate This mode •S l"lardw1red 
1n oy 11umoer from E89 to E90 tl"lat grounds ACKJ- The 
PMA can also share a memory port in wl'l1cri case PMA 
s11nds ORQM • to tne groc:essor reQuest1r1g memory ac:· 
c:ess When the acknowledgment (MAKO• ) is received 
the !)Ort will Oe free for tl"le PMA on the to11ow1ng cycle 

The !='MA then sets the proper PMA acknowleogment 
(ACKx-) and sends a F'MA 1T1emory0 r1Qutst (0~0M-) The 
PMA eontrouer gates tf'le memory address (!'Au - ) onto 
tl'le ~MA aderess ous. anc: ma11.11 ~EAO- true ind enal:'Jtes 
C30- i.l'le fi:!MA. warts for GO- and tl"le memory access 
lcg1e to respond w•tt'I the memory ac1tnow1ecgrnent s1gna1 
Tnen tl'le reaa fht1°flog (A~EAO). memory0 1t:1dress t:luffer 
(MYABu • ). and memory·oort reauts~ (MFl(,l'V-) are out 
on tne memory ous to await tne memory-comp1ete 
(YONM-). YONM- resets AC><x- remO\IH tne !='MA ad· 
csress from the me.,,ory eus. and resets tl'le FIMA memory· 
reQuest 1f t1•1ere are f10 Otl'ler reQytSts Then VONM- gates 
tl'le mefi'iory outout data to tl"le PMA butter (0Su) and senos 
tl"le data •fi tl'le data butter to tt'le FIMA data ous (POH - ) 
·rne tr111tl'lg edge Of ACKJi- tells tne FIMA controller tr:at 
tl'le data on trie ?MA 01direct1oria1 Ous (!='Ou•) are srao1e 
for at least 75 nanoseconas E~cect wnen using t"'e eon
t1nuous-reauest (MOG) hne. tl"le controuer removes all 

i11gna1s from tne ?MA option 1ntertaee (1nc1ua1ng GO-) 
wl"len ACl<x- goes ia1se 

PMA lnC"iut (Writing): A ?MA wr1t1ng operation (fiaure 4.33) 
is s1m11av to read•f'l&. l-4owever. the ?MA option outp1.1t data 
1:1 not aated to the PMA bus (POu) and READ- remains 
false Input data to memory are cated onto the ?MA 
b1d1rect1ortal bus ( POu~ ) when the address IS aated onto 
the ?MA address bus (MVA8u •) Tne PMA in turn &ates 
the data into the data butter (08u) when the memi::-· .· 
address is 1ated into the address butter (A8u) Tne return 
c1f VONM + from memory comgletes the ooeration. 

PMA Contlnuous0 Aequnt (HOG) Line: When a ?MA con· 
troller rs reauest1ng consecutive memory cycles. its reauest 
line {FIEOx-) rf!ma1ns true The t>as1c: seauenc:e remains 
unchanged, 1nclud1ng the determination of priority prec:ed· 
ing each cycle. After tt'le previous acknowledgment nas 
cleared. tne PMA responds in 165 nanoseconds with an
other ACK.I!- 1f the reauest line remains true and nci htgl'ler 
pr1or1ty aevic:e is active. By delaying GO- after ACKx
is received. the memory c:yc:11ng is sync:riron1zed to con· 
troller demand. Normally. during the delay oetween ACKx
and GO-. the determ1nat1on ot F'MA cnannel priority re .. 
Quests is susoended. The controller can force memory to 
appear busy on port A Oy act1vat1ng the cont1nuouS·f'eQuest 
line (HOG-). ?r1or1ty now stays With port e even 1t It IS 

Idle. This reduces F'MA latency times. 
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4. 6.11 Circuit Description 

T1<1.s section describes the circuits 1nc11cated '" the PMA 
01oc11 d1agr11m (figure 4 .. 34) and logic d1agr;am 91904lOi 
lsystem doc:umentatton package1. 

REOUIST ANO ACKNOWLEDGMENT: The reQuett and 
acknow•edgme,,t 1og1c consists of tour chann~11s tr,at have 
nardware·ass1gned priorities 1n the SeQuence channel 1 
through cnannet 4. 

Cl'laMel prumty is determined by 1at1n1 tht output of the 
touf channel t11p.ftops ARQl tl'lroucn ARQ4 These are set 
by tl'le requflst s11nals REQl• throu1n REQ4-. respectively. 
on tl"le 82·nanosec:ond clock AK82-. If more than one 
flQUHt $111'111 IS true tl'le par1ty lltlnl dettrmtl"lts wl'llC::h 
one of these s11nals is to be ne•t copied onto one of ihe 
acknowledament fllp·flogs ACK l .tl'lrouan ACK4. thus 
proc:11.1c1n1 one of the acknowledcment S•ttflals ACKl
througl'I ACK4- 1nverttd from the fhp·flop set outputs 
ACK l • throu1ri ACK4 .., . 

CON'TROL ANO CLOCK LOGIC; The control a1id clock loc1c 
t'las four no1°Hnvert1n1 receivers that accec:it control s11na1s 
t-tOG·. PMFlS-. GO-. and REAO-. 

l-IOG· true 1ates the memory-port override si1n1I MHGY
or MHMY- from PMA to memory 1f ~t'lere is no power 
failure (FIN"l"E- l'ltll'I) 

A controller resets tl'le PMA by 9"1b1tn1 PMRS- which 
1a1es reset !S11na1 ARST- low to reset the rtQuest. memory 
and data seciuencer tlip·flops. 

Tlie ?MA option receives tne controller acknowled1ment 
(GO- ). act1vahn1 tht reQuest and memory StQutnc:er 10111: 

The PM.A bus control s11nal REAi>- 1ates ~EADA- and 
sets the memory access mode (read. wrrte) tor a 11ven 
tran!sfer 

The three tree runnrna common 1011c clocks MOCLK-. 
LK82 ..... and MFCO... produce clock s11na1s AK4 l •. 
AK8:2.: . and AK 165 • respectively Tne nu1-nbers 1n the 
cloc~1 s11nal mnemonics 1nd1cate noanoseconds. AK165 • 
dern1ed tror:n the processor clock. is con!stantly being 
phased by processor memory control and is synchronous 
with all processor operations. AK41 ... and AK.82 • have no 
phase relataon to AK 165 •. 

REQUEST SEQUENCER: The three-stage reQuest se· 
Quencer rs composed of flip-floes that are triggered on the 
h1gl'l-t0°IOw trans1t1on ot the tree-running 82-nanosecond 
CIOC:k (AK82 "" ). 

The reQuest·sec:iuencer set outo1.11t (ARFl +) aoes high 
wf'len: ( 1) ai request is prnent (ARQ • hilh), (2) there is no 
power fatlure (flNTE- htgh). (3) the req1.1est·SeQuencer 
decoder is Idle (AROCI + high). and (4) a PMA controller 
acknowtedcment is not active (AGO- h11h). 

ARF2 • con high when memory·seQuencer !iignal AMlS • 
IS high 

THEORY OF OPERATION 

The reQutst·SIQuenctr set output (ARF3-) aces low at the 
same time as fhp·flop 2. It rs used onty 1n the write mode. 
In read mode the set is blocked by· REAOA... n11h The 
reQuest sequencer flip-flops are reset by ARIR + be1na n11n 
wl'le~ a clock pulse AK82 + is present. 

The memory priority reQuest delay fltp.flog set output 
(AROQ +)as enabled when ARlS .... aoes h11n. It is clocked 
by AK82 +. AROQ- low (or ARlS- low) then makes the 
lE~·nanoseconcl request ftip.ftoo set outc:iut CORQM •) n11n 
on the hilh·to-low transition of clock AK16S •. ORQM- low 
is the memory·priority request. 

All request·sequencer fltp·floos are cleared by ARST- (reset 
PMA). 

MEMORY SEQUENCtR: The three stace flip.flog memory 
H(luencer is clocked on the free·runn1n1 41-nanoseconc:i 
clot~ (AK4l ""'). This Johnson counter pro1resses tl"lroucn 
Sim st.1tu dufjl'll taeh memory HQutnce 

Tht memory-port rtQuest (MRQY-) is outciut whtn the first 
memory·slQueneer flig.flop set output (AMFl •) is made 
n11n by AM 1 S .... AM 1 S • 1oes nscl"I when Cl) the ?MA l'las 
memory.port priority (AACKA + n1&t'I). (2) the PMA GO 
s11na1 (AGQ •)is h11h. al'ld (3) memory·StQuencer fltg.ftoos 
2 11nd 3 1re ott (AMF2- and AMF3- n11n> The first flap.flop 
is reset by AMCC7 ... wh@fl all thrff fltp-ftops are set 
(AMFl +' AMF2 •• and AMF3 ... "''11"1) and AK82"'" IS l'llih 

Tl'le memory·s9Qutnc::er fl!p.1100 2 set outciut (AMF2 ... ) 1oes 
h11n when fhi;J·floo l rs set CAMF'l ... ti•&"') and flip· ftoos 2 
ll'ld 3 art both off (AMF2-o and AMF3- l'lrCl'I) At tl'le same 
t11rnt. the mcmory·StQuef"lcer s11nal AMOCl• is activated 
Fhp·floo 2 resets at tnt next c:loelt pulse at!er flap.flop l rs 
ruet. 

The fhp·flop 3 $tt output (AMF3 ... ) goes r11gn when tl'lt frrst 
two fhp·flops are set (AMFl • and AMF2 .. Mrgl'IJ. AMF3-
1s h11h. and the memory·seciuenc:e complete signal 
(AOON +) 1s n11h It is reset on the next ctoc~ pulse after 
fhp· tloo 2 is reset. 

The memory·S1Quencer·1dle and PMA address and data· 
buffer clock signals are activated when the memory 
soquencer 1oes ott (AMFl-. AMF2-. and AMF3- n11n> 

Tl-le enable PMA memory-port signal (AACKA + ) is active 
when tne memory priority request fhp-flops (AROQ • and 
ORQM • ), and the memory.pr1oraty·acknowlecigment signal 
(MAKO+) are all nigh. ACKJ- (jumoered to arounCI) 
enables AACKA + if no other user is one the memory pc.rt 

The low PMA bus output·rece1ved signal (REAO- ) is 
clocked by the low·to·h•ih transition of AMF2 + to produce 
s11t outout (AREAO- ) low. 1nn1b1t1ng AMOEN ""' . The high 
rttSet output (ARE.AO•) enables the memory bus s11nals 
for input when AACKA + is h11h. These signals are low for 
output (read) operations. 

The PMA controller acknowledgment·rece1veci signal GOA + 
·~ delayed 30.nanoseconds (GOAD+) to set the ?MA GO 
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fhp·flop set output pulse AGO.., hi1t'1. Th~t flip·flop is 
clocked on the h11n to low transition of AK4l .... When 

AMF:l ... is h11h. AGOI. ... aoes "'''" to reset tht AGO.., fhP· 
flop The ACiOL. + flip.flop is reset when thtrt is no PMA 
controller 11:knowltd1""tnt rte11veCI (GOA- l'lll&h) and the 
first memory stQutncer flip.flop is reset (AMF1.• n11n). This 
dual fhp·flog:1 latenina circuitry ensures that only ont GO 
s11na1 occurs for every PMA rtQuest. 

DAT A SEQUENCER: Tht thrff·Stac• data SfJQUtrlClr flip. 
flops art clc>ektd by the frff·runn1n1 4l·nanasecond clock 
(AK4 ls ) and the B2·nanosecond clock (AK82 + ). The data 
seQutnctr starts when tht m1mory·sequ11nc1r s11nal 
AMOC7 + 1i1 h11n and AREAO + is recttvtd. This produces 
data·HQutncer s11nal AOlS • n11h. which sets flip.flop 
AOF1 At the same time. reset outf;lut AOFl· lciw aates PMA 
data-bus enabhn& s11nal APOEN + . 

The second flip-flog set output signal AOF2 • 1oes l'l•lh 
when AOFl ... and AOON- (memory s1Quenc1 incomplete) 
are 1'1111"1 This resets tht first flip.flop and Hts the therd 
flap.flop (A(~F3- low). AOF3- low enables i1ne PMA data 
bus. The liteond" fhp·flop is reset by A025 • low and 
AK41- 101n1 1'1111'1 Tl'lt first two fhp·flops can 1610 be 
cleared by the low reset PMA s1cnal (ARST- ). 

The memory data buffer c:tock (AKMO •) is active when a 
memory HQuenc:e as 1ncomple'1 (AOON ..- l'l•Ch) and 
AOFl ... •S n11ti. The memory·SeQutnc:e eom1:ilttt s1cna1 •S 
YONM-

ADDRESS BUFFER: The 1nouts to tne address butter consist 
ot me l=IMA adoress-ous s19na11 (PAOO ... tnrough l='A 19 ... ) 
trom me selected eontrouer These 20 si9n111s go tnrougn 
Mtlilrate non°1nvert1n9 receivers tO three SIJ!<>Olt latcnes 
When tne ?MA aOdress clock (AMOCI-) goes low. tne 
latcnes are set oy the 1nc:om1ng signals. 

THEORY OF OPERATION 

The memory·address s11na1s (MVA900... tnrouati 
MYASOS+, MYPM09• tl'lroucti MYPM15• and 
MYKl 6.., throuan MYK 19 + ) are then cattd out to the 
mttmory bus wnen the PMA has mtmory·ciort priority 
(AACKA + l'Uit"). 

DATA BUFFER: The data buffer nu 18 data drivers and 18 
data rtc:eivers that provide an interface betweeri tne 
m1emory bus and the 18·b•t b1direct1ona1 data bus. 

Or.1rinc writinc. data s11na1s POOC • thrcuar1 POl 7 • enter 
tht data buffer from the 1ct1vt controller Eacl'I of the 18 
s11na1s 1oes throuch a seoarate. non·1nvert1n1 receiver tc 
Ht one of the 18 flip.flops on tnt low-to-n111"1 transition of 
AMOCl•. 

C11ta s11n11s MYOBOO- throucl'I MYOB l 7- are tl'len aatec 
01.1t to tf'le melmory bus when the memory data t.'IYS enable 
(AMOEN .. ) aoes h1&1't 

Ourin1 readinc. data s1cnals MY0900- throu&l'I MY0817-
.,,ter the data butter from the memory bus These 18 data 
si1nals stt tht thrff S••·b•t latches when tnt rnemor't data 

buffer clock (AKMO •) aoes low The inverted s11nats 
AOOOl."" tnroucn AO 17~... are re1nverttd and tl'len aated 
onto the b1direct1ona1 data bus when tl'le PMA enable data 
bus s11na1 (APOEN •) aoes n1cn 

4.6.4 Procramming 

Program control of dtvu:es tnat ut11tze FIMA fflemor.,. c:yctes 
occurs exc1u11vtly t:lttween tl'le oroeessor ana the 1nd1V1Cua1 
d11v1ce controllers attacneo to the FIMA cnanne1s Tn1s 
controt is tnrougn tne 1 O bus 
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SECTION 5 

MAINTENANCE 

The oct•on board common.10111: 11 t1erc1std by testing ttle 
1ndMdual 1)C)t1ons and nas no maintenance procedures of 
its own · 

5.1 TELETYPE CONTROLLER 

TC ma1nt1tnanc:1t eo,,s•sts of running teist crogra,,.,s 
trouo1esMoot1n9 and mail.1ng rega1rs if required The test 
e1eeut1ve t)rogram and TTV test program described il"I tl'le 
MAINTAIN 111manual.1n eon1unet1on with tl'le V70 Series 
processor maintenance manual. netc isolate an error 
eond1tton 'Trouo1esnoot1ng. is faeihtated t)y f.amihar1zat1on 
weth tne operation Of tne TC and use ot tne logic diagram 
This section provides troubtesnoot1ng data. e>rogram tests 
and a hst ot reference documents to be used as 
maintenance aids 

5.1.1 Equipment 

The tot1ow1n1 15 a list of reeommendtd test 1Qu1pment for 
ma1nta1r11rt1 the TC 

a Osc111oscoge. Tektron111 tyc:ie 547 

b Multimeter. Tr1c:ilett type 630 

5.1.2 Test Programs 

Tne cond1t1on of the TTY unit snould tit pe,.od1cally 
cne"-"eo u:s1ng program tests Tnese tests for TC and TTY 
are provtC2ed as part ot the reaular troublHhOOtrn& 
pac.kage 

NOTE 

One section of the TTY test pro1ram for ASR 
models includes a print suppression test. The 33 
ASR does not perform this function, so this test 
procram should b• bypassed when testin1 the 
33 ASR (refer to the MAINTAIN Ill manual). 

Thie TTY test procram is a good d1a1nostic aid because tl'le 
data besn1 sent are printed out and c:an be analyzed. Also. 
known input patterns can be aenerated (via keyboard or 
paper tage) and data an be analyzed 1n tfl'le computer or 
returned to the TTY for printed analys11•. If for some 
reason. such as PTR failure. the test procram tae>es cannot 
be read. ai simple input/output program for ~1fic:at1on and 
troubleshooting of the TTY-TC operation c.an be entered 

.· 
t1,rou1"' tl'I• comcuter control panel This pro&P!M"I \111wre 
5 1' tests ktybcard 1ncut and i:>r1nter output 

a E!'\ttr the procram throu&l'I the control panel 

b Turn the TI'Y to ON· LINE. 

c. Proaram starts at address OOCOOC. 

d Any character •neut from the TTY is tra,..sft•ftC: :a~• ~= 
the TTY as ar: outcut from the processor "'C a:,...,:st 
,,.,11,,.,.c:11atety. Various character i:iatterns !~O 1..i!": 

t1ons of me i'TY can be checked Oy tl'l1s tc""c rMt! .. :d 

Location Command Description 

00000 101201 Senst l'Hd• 'HC:l 
00001 000004 If yes. 1umc 10 0000.: 
00002 001000 Jymo oaci.. to oooc~ 
00003 000000 
oooo.i 102501 Cltar ll'ld 1ncut TTY c~a,.ai:~tr 

to A re11sttP 
00005 101101 S.nst write ready 
00006 000011 If yes. 1um;') to 00011 
00007 001000 
00010 000005 
00011 103101 Cutout A reaister no '!'Ci 
00012 OOlOOC Jump back 10 OCCOC 
00013 000000 

Fi1ure 5·1. Basic Input 'Output Tut Procram 

!S. l.3 TC1TTY Troubleshooting 

·riie TTY units are normally trouble *ree and reci1...re lil!1e 
attent1c.. tiowever 1f ooeratton is faulty tne totto""'"'i 
trout>ies• ~ot1n1 procedures are suggested V1si..ally 1nspei:t 
for broke!" belts. loose cams or compone,.,ts. ioose or pocr!y 
seated connectors. blown fuses or burned-out components 

NOTE 

The TTY casework is cast and. therefore. 
somewtiat fragile E.1erc1se care wnen removing 
and re1nstal1tn1 it. 

GARBLING; The followong are possible sources of 1nterm1t· 
tent character chanae (print1n1 or sending ""rong 
characters). 

TI'Y 
TTY 
TIV 
TC 
TiY·TC 

Incorrect power supply output 
Incorrect motor speed 
Incorrect range ad1ustment 
Incorrect TC freQuency 
Incorrect loop current (too low or too l'ugh) 
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MAINTENANCE 

MOTOR SPEED CHECK: 1'he n'Y character output rate 
rnust be 100 m11t1seconds per character. The motor spffd. 
'"'h1c:n is not ad1ustable. can be checked as follows. 

a. Check TRRA • with an oscilloscope. Set osc1llo1c:oipe 
SYNC to pos1tr,,e 1ntemal an<i set scope time to 10 or .20 
msec!c:m. 

b. I-told down tl'le RUBOUT anct REPEAT klfYS on tl'le TTY 
keyboard. Adjust osc11toscoc:1e to observe the TTRA • 
·.111avetorm. TTRA ... should S•lt on every stop bit l and 
remain set until a data-trar1sftr·1n is completed. The 
time ~rom set to set should b• l 00 milliseconds. 
Sw1t..:~. tht oscslloscoci• to observe tnat 10 c:l'laracten 
occur eacn second. It s1nah1 character time •S ott by 
more tl'lan 2 m1lhseconds. tlie TTV motor may r~u1re 
cl"la,.,11. overhaul. read1ustment. or otl"ltr 
maintenance. 

TROUBLESHOOTING CHECK Ll:sT: It tl"ll TC and TTY art 
"'Ct -:::ierar.na 

:: C-tck !P"!at the iC c:lock (iCt.K ..- ) ~as a 570· 

'J C~¥.:lc rriat both ogtrc:al cov.pltr'S art active 1n norrnal 
srat•c: l"IOnoctrat1n1 cond1ttc1n If not. the source of tt'lt 
::irooiem may ::ie the iTV. the coupler loog supply. or 
'r"!'! ~Qtical c:owgler. 

c =1-tmo·,e 3nd 1n1cect tri1t ogt1on board tor loose 
co~contnts poor solder cc:1nnect1on'l. and ... rol"li·>J&h.ae 
COl"r'ICIJM'!,,tS. 

5.2 POWER FAILURE/RE.START 

PF R maintenance con'lrsts cit runn1n1 the PF/R test 
pro~r3m. 1rouo1esl"loot1ng, Jnd rnalong reoair'l. 1f requir'!d. 
rne ?F R !!SI program. descnbed 1n !I'll MAINTAIN Ill 
manual \98 A 9952 07•). 1n cOl"l'IUnct1on w1lh tl"le Varian 70 
Series maintenance manual. helgs isolate an error cond1· 
~ion TrouOlesl"loot1ng is lacrlitc1led by tam1harizat1on ""'th 
trie operation at trie PF 1 R and u.se ot the 1011c daaaram 

s 2 

.·· 

5.:?.1 Equipment 

Th11 follow•na as a h'lt of recommended test equ1pm-1nt for 
iiia1nta1n1n1 ~l'I• PF1R. 

a1. Oscslloscope. Tektronix type 547 

t1 Mulhm11ter. Triplett type 630 

c:. Squarewave 1enerator 

d. Aurotranstormtr. Var1ac or equivalent 

5.2.2 Test Program 

Tiie ?F R · !ot procram is Jn 1nte&r!l cart ot tl"!e MAINTAIN 
11 1~1st proaraim system. It 1S provided as ;:>art of the re1u1ar 
1rc:1ucltshoot1n1 packa&•· 

?F R operation snould be per1od1cally checl<ed i.is.r,a the 
PF ~ test proaram. i.indtr trie c::ntrol ot tMt test e~ecutrvt 
pr1~1ram CnAOl07 001). i1"11s test 'Jtr1f1es that •Ola!rle 
re111srers and memory are not mod1hed by a 'oss ot ;:lower. 
M;Utul"lct1on~1 art reported 1n tl'le form of err::r rnussages 
:3nd or codr.s. 

Tne PF ~ !llSt ,recram 1! descr1bta ,,, cet31f 1n !Me 620 
te!U pro1rams manual. 

5.2.3 Troubleshootin'g 

Trouclesrioot1n1 tl'le ?F R com:ir1ses .er.f1c3t•cn cit 1ncut 
cc1o111er s15l"'lal !nd ;:iertormance te'St ::iar:Hr.eters :tl"ld 
m M&rnal ac power. 

INIPUT POWER: Verity - 5V de: ! 3 cerc!M .Md C:Ol'T'll'T'IOn 
< iround). 
SIGNAL TE~ST: l.oad tl"le ?F R test ;:r-::gr3rn '-: 110.,..11ng rhe 
(]1r'!(;t10MS given 1n !I'll 520 !e'St cror3mS IT'!Mual The 
crcgram resgonds :o OONer down :tna cc""er .... ;:i s:<i1.1encH 
1n111.:Hed by trie rest oceruor 

Pl!:RFORMANC£ TEST: 11er1fy1ng t!"!e ;:ertor- Jnce cf tl"le 
i:i1: R 1n tl'Te computer system requires ..ise ot t~e p1: R rest 
orojram ihe 620 test programs mal"lual describes loading 
.,,,d ocerat1n1 procedures. e"pected results. 3nij error 
cc1r1d1t1ons. In this test. power down power up sa.luenc!'l 
:'\re 1n111ated by turn1na cower otf and on fr•::im !!"le 
";mputer 

MARGINAL K POWER TEST: To "erify rri3t tl"le PF R 
properly 1n1t1ares a cower·down sequerice wnen ac ::o""'er •s 
~.~1ow111 rl"!resl"lold. plug the ac power ltne into a nuvy tjuty 
a1.atotran'5tormtr. and run rrie oertormanct rest. leJw1ng :Me 
c.cinrrol pantl power switc:l"I ON. ~d1ust rl'1e autotrJnstormer 
tc;r l lOV ic: Jl"ld slowly change the .oirage to :04V :tc A 
p1JN-tr down sequence sl"lould be 1n1r1ated "'nen n~i~t gees 
beio""' triresMold. 



S.3 REAL.·TIME CLOCK 

!=ITC maintenance consists of runr11ng me ATC test 
crogram troublesnooting. and making reoairs 1f reau1rec 
Tl'le ~TC test program cescrioed 1n tne MAINTAIN 111 
ma,.,ua1 tdocument number 98A 99!2 07•) in con1unct1on 
wit,, t"e V70 Series processor maintenance manual. netos 
1so1ate an itrror conC11t1on Troubleshooting is fac1litateC1 
Oy fam111arizat1on w1tn tne operation of uie ATC and use of 
tl'le 1og1c dtagram 

5.3.1 Equipment 

Tri.: fc11c,,.1ri1 •S a list of recomme..,aed test ttQu1pment for 
ma1r1ta1n1na the ~'!'C. 

a Osc111oscoce Te1t1tron1x type 547 

o M..i1t1r,.,eter Triplett tyge 630 

5.3.2 Test Program 

Tl"le ~TC test program is an 1nte1ra1 part of tl'lt MAl~iAIN 
11 lt'St proaram system It 15 provided as part of tnt regular 
trci..;l:llesl'loc;t1,,1 oac:1i1a1e 

~:c coeration should be periodic:ally cl"uteked #tfl'I the RTC 
test program. under ll'lt control of tl'ie uest taec:ut1ve 
croaram (part number 92A0107 001) The variable 1,.,ttrval 
and me""ory overflow interrupts and the free·runn1n1 
counter art sottware·t•med and tested Ma!funct1ons are 
•eoorved 1fi tlie form of error messages and,.oir codes 

Tl'le RTC test grogram is described in detail in the 
MAINTAIN Ill manual (document number 98 A 9952 07x). 

• 

5,3,3 Troubleshooting 

~ro""o1esnoot1ng the RTC comgr1ses 11er1tic:ation of c:r1tic:al 
input po,,,,er and t1m1ng parameters 

INPUT POWER: Vef'lfy • SV de t 5 percent and common 
(ground) 

SCHMITT- TRIGGER CIRCUIT: Verrfy 24V rm15, SO· or 60-Hz 
t 5 percent s1newave input at POl·A05 and 50· or 60·HZ ~ 5 
percent sc:iuarewave outpul at E3. Check ttlat the output 
signal follows the input signal 

EXTERNAi., TIMING SOURCE: If a user supplied eaternal 
t1m1ng so1.11rc:e (TPl) is 1umpered to either pin El8 (free· 
running counter) or pin El4 (variable interval counter) 

a. Apply + 5 t O.SV de to TP1. Measure ... 5: O.SV de at 
E!5. 

b Apply 0.0 t 0 51/ de to TP1. Measure O O ! O.SV de at 
El 5. 
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5.4 MEMORY PROTECTION 

MP ma1nte,,ance consists of running tne MP test crogram. 
troubtesl"iooting. and making rega1rs. 1f reciuired Tne MP 
tesi program. described 1n tne MAINTAIN 111 manual. 1n 
con1unct1on witn tl'le V70 Sef10S processor manual. netps 
isolate an error conC11t1on Trouo1esnoot1ng 11 fac111tated 
by familiarization w1tl'I tne ooerat1on ot tne MP and use of 
tt'le 1og1c diagram 

!So4. l Equipment 

Tl'le followrna is tl'le recommended test eau1gment for 
,,.,a1nta1n1n1 tl'le MP 

a Osc:1t1oscepe. Tektronix type S~? 

b Multimeter. Triplett tyge 630 

5.4.2 Test Procram 

The MP tnt proaram is an 1nte1ra1 pa,.t of tl'le M:.1NiA1N 
10 tni procram system It is provided as ciart of the re&uiar 
troybltshoot1nc packace 

MF ogeratton should be c:l'lecked with tl'le MP test crogram 
C92A010! 002). under tl'le control of the test tucut111e 
procram C92A0107·001 l MP rnalfunc:t1ons art ''"ortt(I 1n 
the form of error messaces an~ or codes 

The MP tnt procram. is described in detail 1n tl'lt 
MAINTAIN Ill manual (98 A 9952 071) 

5.4,3 'Troubleshooting 

Turn tl'le c:omouter off ooen the front panet on its n1nges 
conAeet the option board .n the toi: stot. turn tne computer 
on ana make tl'le tottow1ng c:neeks 

INPUT POWER: Verify • SV ac: : S perc:ent and common 
(IFOund) 

MANUAL TESTS: Pertorm1ng the following manual tests. 1n 
con1unet1on with the MP test program ensures a thorough 
test o1 ll'le operation of tne MP Before executing the test 
subroutines described below. press RESET and set run 
niode. 

MASK REGISTER AOOR£SSING Select a mask register and 
verify that its contents are not altered by data·transfer·out 
operations. 

Address ln1truction Mnemonic: Decription 

000100 100045 e:xc Select mask register O 
000101 010113 LOA 
000102 103145 OAR Load mask register 
000103 010114 LOA 

(eontinultd) 
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Address Instruction Mnemo"ie Oescriptloft 

000104 10310!5 OAR Addrtss1n1 test 
00010!5 103165 OAR Address1n1 test 2 
000106 103155 OAR Address1n1 test 3 
000107 103141 OAR Addressin1 test 4 
000110 103147 OAR Address1n1 test 5 
OOOUl 103144 OAR Address1n1 test 5 
000112 000077 HLT 
'JOOllJ 052525 OAT1' 
000114 125252 OATi' 

8!gtn H address 000100. Aftttr t1ecution of tl'le HLT 
instruction. ··er•ty tl'lat the contents ot mask re11ster 0 are 
052525. 

1 0 1!'4rERRUPT CONTROi.: Usu,1 the samgle subroutine 
:les.:r1bed oetow verity tl"lat: 

3 ~.t? normal performance of l:l'le I 10 sequence. 

b J.cknowledgment of an VIP 1nttrMJgt reciuest disables 
~.t? until runat:lltd by an'' IJ 1nstructton. 

-: ~o 1nterrugts occur wnen tl'le MP 1S d1sat:1ted . ...,.,, 
"'"'•" :;>rograms contaun1n1 known error'S art e1tcuttd: 
.n ~.,,, :a-se. c!°'an11 tl'le cc1ntents ot address 000124 
:c :050CO \NOP) tor tl'l1s s:ep only. 

1 a IN iE- IS ~tie! fa I st to locl' out IOwtf' priority e1ternal 
::i·11c1 eorHrotters durin1 ari MP-generattd 1nterrugt. 

Addrus Instruction Mn•monie Description 

::-:02, OOlOJO JMP 110 error 1nterrugt ad• 
dress 

:::::J 'J00124 

: : : ~ .20 l':C::~5 e:xc Select mask r'!llSttf' 0 
~: :121 ·:C6CLO LOAI Set ug mask 
:~:L.22 COCCOl 
:::123 lOJ:.:.5 C.J.R Load mask re11ster 
::;121 10·::"54.5 EXC Enat:llt MP 
·::: t.25 CClCCO ;MP 
:::~25 COL LOO 

:-: t;: J : : s·;~o '•OP 
~:t~:l t-~i:c.:.5 ~xc I 0 instruction 1.1npro 

rected 
'.:'3 L l :z CC0007 r-11.T 

1.•; r:~q•JPT CONr~OL; 'lerrfy th~t tlie C?U ean be 
,,~ '!""UC!id fr~rn a proirarn oc1erat1n11 1n an unc:irotected 
JreJ re J suorout•ne 1n a protected area by a non·MP· · 
sel"'!r J!ed 1nterr1..:pt reciuest. Verity that no error'S are 
dt!'!Cl'!d Jnd tl'lat rtie MP dcies not aenerate ln error 
,,.,,'!'''~Ct •'!Quest. 

,:·: z:::o 
: :·. ~0l 

~ . ~; l l 

j..:. 

COt'.:CO 
OCCOlO 

005000 
OCCC77 
~:1:00 

Oescript.wn 

Control panel 1nterrugt 
address 

~alt after successful test 
qeturn to unprotected 
Jr ea 

AdclrHS Instruction Mnemonie 

000013 001140 

0<)0026 
01)0027 

001000 
000040 

OtJ0040 000777 

Q1J0150 
000151 
0100152 
000153 
000154 
000155 
000156 

00l l40 
00lt41 

100045 
~06020 
000001 
103245 
10064$ 
001000 
()01140 

001000 
001 l40 

JMP 

HLT 

EXC 
LOSI 

OBR 
EXC 
JMP 

JMP 

Description 

Halt on test failure 

Select mask rec1ster O 
Set uo mask 

Load mask re11ster 
Enable MP 
Jump to uMorotectetd area 

Loop 1n uncrotect11:S area 

St11rt execution of the subroutine at address CJOOL51. 
01.1r•n1 tl'lt uncrotecttd·area 1000. issue a control panel 
1nt1rruot by press1n1 INT. il'le :iro1ram sl'lould l"l<tlt .-1th 
OC0077 1n tl'le I register. io reenter tl'lt loog 1n tl'le 
unprotected aru. press START. 

UNINTEFIRUPTASL£ INSTRUCTIONS: 'ltrrty tl'lat l'l'On·MP· 
11nerattd 11HttMJpt requests art not rec:o1n•zed by ti'!• 
C~'U 1mmed1atlly foltow1n1 tl'I• execution ot non1nterruot· 
ac•le 1nstruct1ons. 

Address Instruction M"•monic Oescription 

CIOOOOO 001000 JMP Control panet 1ntttrrugt 
ClOOOOl 000162 address 

Cl00l60 CC60t0 ~CAI Load A re11sttr pas1t1ve 
000161 000077 

c:oots2 100045 EXC External control 1nstruc: 
tton 

CJ00163 003004 XAN Execute. c:ond1tion not 
mtt 

CiCOl64 000077 Loop 
c:ccts5 001000 JM? 
(100166 000162 

Start e1ecut1on ot tl'lt sut:1rout1ne at address 000160. 
Ground 1uF~X- on tht option board and. 1n run mode. 
v11r1fy w1tti an osc1t1osc:oae tl'lat CINT- is 1nrr1t:11ted durrn1 
HL ro arid tht e1ecutaon of tl'lt EXC and XEC 1nstru1:t1ans. 

STEP MOOE OPERATION: Verrty that non MP ittnerated 
1r1terrugt re<iuests are not reco11n1zed by ttie CPU 1mmed1· 
ately follow1n1 tl'le execution of a non·~I. r. non-EXC. and 
non XEC 1n'Struct1on 1n steo mode. 

A-ddress Instruction Mnemonic Oescriptio1rt 

000000 001000 JMP Int errugt addresi• 
000001 000002 
·~OCOC2 000007 1-+l.i 
IJOC16o 001000 JMP Looo at 000166 
COOl67 000166 

Ciroun-d 1uf~X- on tl"le option t:loard lnd <steo thr1~ugti t,,e 
ioop at COC' l66. Verify that no 1nterr1.1pts occur. 



5.5 PARITY 

PAi:llTY m.11nt1nanc:1 consists of troubleshoot1n1 and 
mak1n1 repairs as required. Troubhtshoo11n1 with the 
osc:1llosc:op1 and multimeter is fac1htattd by fam1har1zat1on 
w1tn tht operation of tl'lt PARITY and use of the 101u: 
d1a1ram. 

Test PARITY H follows: 

1. Use a functioninc V70 series computer sv,stem. 

b. Enable PARITY interrupts. 

c. Outgut the bit patterns in table s-1 from processor 
to memor'\4 1n consecutive locations. Checx that tne 
parity bits are in the correct logical staies at the time 
tt'lat YONM- samples ine memory bus. tftat memory 
bus t1m1ng reQuirements are met and tl'lat no interru1::ns 
occur. 

d. Input the table from memory and eh.ck that no 
interrupts oc:c:ur. 

e. Remove 1umptr c:ho from bits 16 and 11 of the memory 
word on the option board so that on reacl·from·mtmory 

· operations tht parity bits to the parity circuits will be 
zero at au times. 

f. lngtJt ~ht table again H 1n (d) and c:htck that a parity 
1nterruot occurs for each word input except 8 and 16. 
With an OSClllOSC:OP• check that both ~WRPR + and 
EWt.?R + are low at tl'le l'ugn·to·low trans1t1on of 
EKRDO--

I· Repeat the above tests w1tl'I interrupts disabled by 
1roundin1 ENTJ:H- and c:l'leck that no interrupts oc:cur 
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h. Repeat the above tests (c) tl'lrouan (f) with 1nttrrupts 
disabled by 1round1n1 ENTR 1- and cheek that no 
interrupts occ:ur 

Repeat the above tests (c) throucn (f) with interrupts 
d1Hbltd by the system reset on the front panet and 
check that no interrupts occur 

J· Rec:ieat the above tests (c) throu&" (f) and 1nd1v1dua11y 
force FINTE- and BINTE- low and c:l'leck that 
PRNE- 11 n11n 

k. With c:omouter 1n steo. perform system reset and c:neck 
that PRNE- is n11n when FOS- is tow and that PRNE
coes low when FOS- aoes h1&l'I 

If any of the above tests fail. rtciair the c:ause of the failure 
by trac1na baekwords through the 1011c:. f1nd1n1 the cause. 
and replaeina the defective component 

5.6 PRIORITY MEMORY ACCESS 

PMA maintenance consists of runn.na test programs. 
iroubteshoot1n1. and making repairs. 1f reau1reo Tro1.; 
blesl'\oot1n1 IS facilitated by fam1tiar1zattO:'I w1tt'i the 
operation of the PMA and controllers. and with their 
ll'Hf)ect1ve logic d1a1rams. 

'fhe PMA ·test and associated hardware tests are not part 
of this manual as they are designed for 1n·house test1n1 
Oflly This section of the manual is intended for f1eld·serw;:e 
trt1Yblesnoot1n1. 

Table S-1. P•rlty Ch.ct& P•tt•m 

Byte Left Byte Right 

Ml!mory Bits 15 14 l3 12 11 10 9 8 7 7 6 5 4 3 2 0 16 

l 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 a 0 
2 0 1 1 0 0 0 0 0 1 l 

Word No. 3 0 0 1 1 0 0 0 0 l l 
4 0 0 0 1 1 0 0 0 1 1 
5 0 0 0 0 1 1 0 0 1 1 
6 0 0 0 0 0 l 1 0 1 l 
7 0 0 0 ·o 0 0 1 l 1 0 0 0 0 0 0 0 0 l 
8 0 0 0 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 
·9 0 0 0 0 0 0 0 o, 1 l l 0 0 0 0 0 0 1 

10 • 1 0 1 1 0 0 0 0 0 l 
11 

I l 0 0 l 1 0 0 0 0 l 
12 I i· 0 0 0 l l 0 0 0 l 
13 I 1 0 0 0 0 l 1 0 0 l 
14 ' l 0 0 0 0 0 1 l 0 1 • 15 'o 0 0 0 0 0 0 o' 1 0 0 0 0 0 0 1 l 1 
16 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5.5 
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5. 6.1 Equipment 

The tollowin1 is a hst of rtc:ommended test equipment for 
ma1nta1n1n1 the ?MA. 

a. Osc:1lloscope, Tektronix 547 {cir equivalent) 

b. Multimeter. Triplett type630{or equivalent) 

5.6.2 Troubleshootin1 

1 t an error condition eiusts. mak11 the follow1n1 checks on 
the ?MA and controller boards b11fore attemptin1 dynamic 
tests. 

a. C!itck "oltaae levels to ensure triat tl'le 5.0V de power 
suogly •S correctly ad1usted. 

c. ::Jemove tl'le boards ar1d 1nsuect for loose components. 
coor solder cerinect1c1ns. 1r1c:orrtct IC 1oc:at1ons. and 
incorrect comoonent 11alues. 

d C:--ec1c 1umpers tor carrect connections for trie rnode 
uncer test. 

c~ct tl'le'H checks have b"" comglettd and the boards 
~r• ''!IJlictd. perform tne follow1n1 dynamic: ct'ltcks. 

~ )ltter load•nc tl'le test pra11•am and .111n11e the ?MA '' 
c:int1nually 1ccns1n1' m.,,-1ory at 1oc:at1on 0777777 . 
• er•t'I tl'lat memory .1ddrt'S.s hnes MYAOO • tl'lrou1n 
MY Al 7 • lrt stable 40 nanoseconds after AACKA 
iCH true. and remain stable until AACK~ 1oes false 
\rna•• musuremtnt~s at tr'le L.5V 1.evet). The ?MA 
>nould send 'Hd 1ranst11·s continuously from the 
lbo"e 1ocat1on (it tl'le i='Am1 ,.. lines are left oi::ien> 
..,,iien :Me ro11ow1n111.1rnpers art connected: 
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REA°"' to 11round 
REQl• to 1round 
AC)(l- to GO-

b. Verity that the PMA can address all 32K of memo1ry. Use 
the test setup an step a and ground each F'Au • line to 
ensure that the resciect1ve MYO:u • Ii"" co fal:se. 

c. Verity that the PMA 1011c is initialiitd and th·t ?MA 
system reset s11nal SYRT· P goes true when tl'l1t reset 
sw1tc:n cin the console is pressed. SYRT·P rema11ns low 
dur1n1 tne time tne reset switc:h is pressed. 

di. Verify that the PMA 1011c: is also 1n1t1ahztd by PMA reset 
s11nal F'MRS-. To do so. around PMRS- and check 
that ARST- 1oes low (true). 

If a1n error condition still exists after tl'lese cl'leclcs. r11c1ace 
thtt PMA an·d send tl'le malfunctioninq one back to the 
Sperry Univac test laboratory. The PMA 1at:1oratory tester. 
1n con1unc:tion witn tl'le computer and ?MA test prc,gram. 
w1l1I make tt'l·t following dynamic tests: 

ii. Tl'le Input Block Tut cliecks tl'le abahty ot ,,.,, ?MA 
option to transfer accurately a 256·...word block ot data 
into memory throu&h eac:h of tl'le four ?MA channels. 

b. The Ou~put Block Test checks tht ability of the !='MA to 
transtltl' accurately a 2~6·word block of data trom 
memof"'/ tt'lroucn tac:h ot the tour F'MA cnanneh. 

c:. The Rud Word/ Writ• Word Test checks tl'le al011ity ot 
U'le PMA to transfer accurately a bloc:x ot data from 
memory and to reolac:e it ,,, memory at tl'le rnai11mum 
data transfer rate. All four channels are tested 
sequentially. 

::t. The Priority Tut ver1f1es the tollow1n1: 

1. Tho PMA s;wioritv logic correctly aui;ns gric>ritv ta 
rtQutsts for data transfer. 

2. Th11 PMA contrcll logic tunctioM c:orrecttv • 

3. Thlf memorv cvcle r1t• 1ssuccessf1.111v svncl'l•ron1ztd 
to 1 r1te less tl'lan tl'I• maximum ov rl'Serving 1 

rnemorv cvcte and dttaving ,,.,. memory start 
sigi1.tt. 



SECTION 6 

MNEMONICS 

Tn1s section contains hsts of opt1on·bo1rct s11nal mnemon· 
ic:s 1mmed1atety below art tne mnemonics for the common 
1011<:. followed 1n the subsequent subsect101,s by hsts for 
the 1nd1v1d1.1al options. 

Mnemonic 

OFIYX·I 
ESOC I 
ESC·l I 
E802 I 

EBC3 I 

ES\J4·1 
E5~5·1 
ESve 1 

e:ec1.1 
E808 I 

ES09 t 

ES!O I 
£8111 
E8l2 I 

£813 I 
ES1.:,.1 
£815·1 
FR'VX·I 
IUAX·I 
IUCX I 
IUJX I 
1ui=ix 1 
1..1<82 ... 
LKS2-
MFC
MFCO• 
MFHCO+ 
Ml-"IC· 
M1-tCO• 
MOCL.K: 
M'l'RC-

080UTA-

OBOUTB ... 

080UTS-

OBOUT + 
oeour-

0800-
0801: 
0802! 
0803! 
0804: 
0805: 
0806% 
0807! 
0808! 
080~ 

Description 

I: 0 bus data ready 
t. 0 bus bit 00 
I 0 ::ius bit 01 
I O bus b•t 02 
1.-0 bus bit 03 
1 ·o bus bit 04 
1 ·0 bus bit 05 
1.0 bus bit 06 
1, 0 bus bit 07 
I :Q bus bit 08 
110 bus bit 09 
1, 0 bus bit 10 
I: O bus bit 11 
1·0 bus bat 12 
L·O bus bit 13 
1, 0 bus bit 14 
1·0 bus bit 15 
1. 0 b1.as function ready 
110 bus interrupt acknowled&rnent 
110 bus interrupt clock 
1. 0 bus interrupt 1ump 
It 0 bus interrupt rtQutSt nee 
Frfforunning S2·n•nosec:ond eto1:k 
Frte· runnma 82 nanosecond CI04:1c nea 
165·nanoseconds 1ull c:lock 
Memory fr ... runninv cloc:k 

16!5·nanoseconds nali c:loc:k 

Oction board common logic ctoc:k 
Oot1on board common 1011c ctoc:k 
1ncut for RTC and TTY 
Ogt1on board common 1oc1c r1ttc:e1ver 
disabler A 
Ocmon tioard common logic driller enabler B 
Option board common loc1c r1ece1ver 

disabler 8 . 
Cotton bollrd common logic dri,,• en.o1er A 
Option board common 101u: output driver 
enabler 
Option board c.:ommon 1011r: bit 00 
Option board common logic btt 01 
Option board common to11c bit 02 
Option board common lo11c t:ut 03 
Option board common logic bit 04 
Option board common lo11c t>at OS 
Option board common logic bit 06 
Option board common to11c t>tt 07 
Option board common logic bit 08 
Option board common logic tut 09 

Mritmonie 

0910i 
qe1 i: 
oe12: 
OS13t 
Cl914t 
OBlS: 
ClOFIYX + 
OFAYX ... 
OIUAX+ 
ClliJCX + 
CUU.JX • 
C)IU~X: 

()SVAT + 
SYRT·I 
TR82 + 

Description 

Oot1on board common 1011C: t:M l : 
Option board common logic.: bit 1 ! 
Option board common logic bit 12 
Option board common 1011c: b• t 13 
Oot1on board common logic: bit 14 
Option board common 1oa1c: oit lS 
Option board common logic data rtadv 
Option be.rd common logic function rtadV 

Ootion board common 1o;ic·in11m.iot ack. 
Ootoon 1:101rd common 1091c·inttrrl.!c:it clock 
Oetlo" bOlrd common lo;ic·•nttrrueit 1umo 
Option board common 1oa1e interrupt 

reQuest 
Ootion bolrd common logic svsttl"I"' rtstt 
110 bus system reset 
82:5-nanosecond clock to ATC and ITV 

6.1 TELETYPE CONTROLLER 

Mnemonic 

IUAA·I 
IU881 
oeour-

oeocr 
0901-
0902-
0803-
0804-
080!;-o 
0806-
0807-
0911-
0812-
OB 13-
0614-
ODRYX + 
OFRYX + 
OIUAX + 
OSYRT+ 
SERX·I 
'iAOO + 
TBQO + 
TBREA + 
TBRL
TBO<r. 
TBOS--
TCCLK + 
TCl.K + 

TCl.K
TCOB + 
TCCC+ 
TCOO+ 

DHcription 

Output (writt) 1nterruot line to ~lr.1 
Input (read) 1nttrruot line to PtM 
Option board common I 0 1011c: outc ... t 
driver enable R • 
Ootion board common 0 1011c: bit 00 
Option board c:oml'l'lon 1 0 1011c bit 01 
Option board common f, 0 101•c bit 02 
Option board common f. 0 1011c b11 03 
Ootiofl board common 1, 0 1og1c b• t o~ 
Option board common 110 logic bit 05 
Option board common 1. 0 logic bit 06 
Oot1on boaro common 1 0 1011c b•t 07 
Option board common 1 0 logic b1! 11 
Option board common 1 0 101·c bit 12 
Option board common 110 logic 011 13 
Option board common 1•0 1og1c bit 14 
Option b<Mrd common I /0 logic data rtadv 
Ootion board common 1 /0 1og1c: function readv 
Ootion board common 1 /0 log1c·inttrruc:1t ack. 

'Option board common I /0 logic svstem restt 
Sense response 
Cutout of fint 4-bit counter 
Outout of second 4-bit counter 
TC input character readv 
MOS transmitter load buffer 
lnterrial 110 bus bal 00 
Internal 110 bus bat OS 
lntt1rnal 82·Nnosecond c:tock 
MOS transm1ttMlr.ce1ver clock pgs. 

MOS transmitter 1rece1ver clock neg 
as outout of third 4-bit counter 
QC outout of third 4-bit counter 
OC outpuc of third 4-bit counter 
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MNEMONICS 

Mnemonie 

TOA• 
TOA1 • 
TORA• 
TOAIO • 
TORR-
TOR • 
TOTIO• 
roTI • 
TO TI-
TO TO• 
TO TO-
TO TWA• 
n:xc
TFROA • 
TrROA
itNZA • 
; "IZA
TtNZ • 
i.'IZ
r11...i.:.X
iJOTl • 
iJO'TO • 
iKIO • 
il..OSF • 
':":C~R

roe • 
!'•JE-
~~1-

iRAOO • 
'TAA01 • 
TAR02 • 
T'RAOJ • 
TAR04 • 
TARO!• 
i~R06 • 
TRR07 • 
TRS.., 
iA82 • 
-:"SfS'T
rreRe ... 
1'TSREA • 
rroso .. 
ii'OB1 .. 
rroa2 • 
Ti'OSJ • 
1'TOB4 • 
Ti'OB5 • 
1'TOB6 • 
TTOB7 • 
Ti"ROA • 
ii'AO • 

rT~O

rT'R .. 

rrs .. 
iiWR .. 

Ti'YR • 
r1""g-
·rTYT .. 

'5 2 

CescriptiOrt 

o.:V1c• addr11ss 01 ·~etlCtld 
Lawer five bits at 1~evic• iddna 01 
MOS rtcetvtlf' dltl reac:tv flag r11pav.r«ld 
ANO af OOAYX •·. TOTIO • 
Reset data ready 11a1 
MOS receiver data rtadV fl .. 
Oat1-u1nst1t flio-floo lin ar aud t•t 
Oat•fransftr·in tlil)-flap PQS. 

Oata·transftr·in fha· floa nu. 
Oat•tra"'lf.,·ouc flig.flog QOt. 

Oata·transftr·out fha·floa net. 
ANO Qf TCOS .... ·rcac •. TCQO ... 

Internal reset en.abler 
ANO at TOA.•. OFRYX • 
1n~ers1on ot TF~()A 
,,,"'"''' 1n1tializtr pas. r•cowerld 
fl'lftrrtal .n1t1a11ze1r :ie1. rtoowtrtd 
1,,,.,,,,, i,,.t1alizlf pas. 

ln:ernal .n1t1atize1r ne1. 
lnttr.,al nrem.ipl line 
J·1nout ta d;1tl•tra1n1ftr·in flip.flap 
J·•,,OUC co diHl•tra'"1ftr·OuC flio-flog 
Clock to dlltl tran·1fer in anct ouc ftig.floPS 

Oara-rransftr-our load buffw 
N•1 owtcut ot :1.ata·rtady r1set ~ne snot 
NIOS rtc11vt1r aver1run error t119 ::>OS. 

~,10s receiver ovt.,run error rta1 ne1. 
MOS receiver .n.gut · 
MOS rte1M1t data bir 00 
MOS rtcetvtlf' data bit 01 
MOS recetvff' dlt• t:lir 02 
MOS r1tC11vt1t dlfl t:iir 03 
MOS rte••v., dara t:li t 04 
MOS rtellivtlf' d•ta t:11r 0!5 
MOS rtetivtlf' data t:l1r 06 
MOS rec .. vw dltl bit 07 
TC rectiv ... rHdV 
a2.s.,,anos.col'ld cloclc from common logic 
Internal S'1~t1m reset from front pantt 
MOS transmitter buffer r19u1ter tmO'V flat 
.\10S rransmitt., buffer r191nw """'V flat r•owr 
Oara-rransftt'-Out t1utfw re.;ister t:lit 0 
Oara-rransfv·our t1utfer reg11i.r bit 1 
Oata-rr1111ftt·out t1uffw regitt., bit 2 
Oatl·<ranstv-our t1ufftt regi·sttr bit 3 
Oara-rr1nsttr·our t1utfw re.;itttr bit 4 
Oara·«rll'lsftr·out t1ulfer register t:ur 5 
Oat•rr1nsfer-ouc t1uffw reg11t11r bit 6 
Oara-rraniftr·our t1utfw register bit 7 
\10S transm1tt., ourc:iuc cos. r1oowered 
MOS trammiu., sllf'ial ourgut pos. 
MOS rrans1n1tter outciut ne1. 
"'rransmitttr or rtc1tiver reactv S9f'M tin• 
Ouraur rndy s9ns11 rl'lconse 

2XMOS trammirttr/rtc11vw clack 
"'retervo• 1nttrtac1 in l'QS. 

re1etype interface .n ne1. 
Tetetvo• 1nt1Wtac1 out p09. 

T!!et'IC• 1nrerl!ce out neg. 
: <!letype 1rtter1act currenf toop return 

e;.2 POWER FAILURE/RESTART 

Mnemonic 

1=cs12 ... 
11 cs1 ... 
JICS2• 
1=cx1 A ... 
11cx1 ... 
11c1 XA • 
1:c1 XS• 
1:c1 x • 

':iNTE-
1:10AK + 
1=100• 
,:os
;:Rsi-
00our-
0001-
C805-
0tNT
~)ll,;RX• 

OPSTRT
SPI='~-

OtscriptiOn 

S«iu•nc• sratt 01 or 10 decoded 
S«iuenc• state 01 decoded 
Sequence stat• 10 dec:adld 
Anet FCX1 • 
l.tnt-significant s«iuenc:tr flip.floo 
A•tt FC1X • 
Set FC1 X + 
Mose-significant s«iuenc.r flip.flop 

lnterruot priority output 
PF/A interruoc priorifV 
tntttrugt rnoonse ft.,g 
PF t=f one-snot 
t=f9set PF R sequencer 
Common 1011c outgut 
E bus t:l•t 1 for 1nterrugt !ddress 
E t:lus t:11t 5 for interrupt address 
lnterrtal 1nterrugt outcut 
tnterrugt request 
Start 
PF. R JI arm from power suocty 

iS.3 REA1L.-TIME CLOCK 

Mnemonie 

1:1,1(16! .. 

C:CSJO • 
e:.TA • 
e:r~ 

l.FFIFC • 
~.F~FC· 

MILLJ.A-

c0our
c000-
c001-
0802-
C803-
0804-
0805-
0A06-
C807-
080S-
080~ 

0810-
0811-
C812-
08l3-
0814-
081~ 

CJOAYX • 
CJFAYX • 
CJIUAX • 
CJIUCX • 
CJIUJX • 
CllURX-

Oucription 

16!-nanosecond ctock from '"'• rnemor;-· 
protection 1011c 
tncr•rnlftt·and·reolac• instruction tron, groc. i:IOL 
E xttrn•I timing source 
E.1ternat t1rn1n1 source retur., 
24V ac oucout from cl'!• comourer oower suciolv 
24V ac return rrom tt'!t com::uter ;ower 
supply 
Memory input latcn bit· 14 from processor 
nee. 
Enable 110 comrnon.105ic: output 
Oct1on board comrnon 1. 0 1011c 01t 00 
Octton board common 1 0 1011c 01 t 0 l 
Oct1on board common 0 1oi1C 01t 02 
Cct1on t:loard comrnon 0 1og1c ::11t OJ 
Oct1on ooard common 0 :og1c 01t J4 
Ogt1on board common 0 :ogre bit 05 
Oct1an board common 0 logic t:11t C6 
Oct:on t:loard common 0 logic 01t 07 
Oot1on board common 0 1og1c 01r :s 
Octton t:loard common 1 0 1og1c 01t 09 
Oction t:loard common I· 0 logic 01t to 
Ogt1on ooard common 1 0 1og1c bit l l 
Ogt1on t:loard common l 1 0 logic 01 r L.2 
Ogtion board common 1. 0 logic bit 13 
Ogtion board common I :O logu: bit 14. 
Option board common I. 0 logic bit l 5 
Oction board common 1/0 1091c data reaclv 
Cation board c:ommon 110 1091c function ready 
Oation t:loard common 110 1091c 1nttrr1JCt lCk. 

Opt10,, board c:ommon 110 rogic 1nterr1Jct ctocx 
Oct1on board common l /0 1091c 1nttrr1Jat 1urM!2 

Common 1og1c interrupt retiuest neg. 



Mntmonu: 

OSVAT + 
pcrnrc1-

i:icmTCO
~es:J 
R9Sv4-
RB'r'14 + 

RS01 + 
RB02 + 
RSOS + 
RCA• 
TRS2 + 
ACS+ 
FICC + 

ACl..K • 
RC08 <> 

FIC128 • 
FIOA47 • 
R0.:..:7-
F\OOTI • 
R:lHT 
l=iCRv
FIOTIA • 
ROT! + 

ROT1-
ROTO + 
ROiO
RrnS-. 

REMT + 

RETA• 
RETR
REXCE
REXOO
REXOl· 
REX02-' 
f:(EX03-
REX04-
REX05-
~E XJ6-
FIFIP • 
RF'MN
RFFICK + 

RFACK + 

RFRCK-

RFREN + 
RFRY + 
RFRv
RFAOO + 

AFRO'i • 
RVR01-
RFR02 • 
RFR02-
AFR03 + 
AIFR04 + 

AFROS+ 
RFROS
AFR06 + 

RIFA07 + 

Description 

Ocmon board common 110 logic svtt•m reset 
Pr1or1ty·1n input from a h11ner·pr1or1ty 
controller 
Pr1ority·out to a lower·pr1or1ty controller 
Inverted source of 0903-
lnverted source of OS04--
tnttrY8t memorv inc:iut•latch bit 14 pas. 
lntll'ruot addreu or frfforunnint counter bit 1 PoL 
lnttrruot 1ddrm or fr ... runnin~ counter bit 2 oos. 
lnttrruot address of frfforunno"' counter bit 5 f:'OS. 
Outout of first stage of th• veriaibl•interval co1.1nttr 
82.5·ntnosecond clock from co,,,,mon logic 
Cutout of second stage of tht v1ti1bl•interwl counter 
Outetut of third stage of the v.,i,1bl•1nttrvtl counter 
Internal 12 MHz clock 
Outcut of f1rs1-programmld counter 
Ou1out of second grogrammld c:ounttr 
Oevict address 047 decoded OCISo 

Oevu:e address 06'. 1 decoded neg 
Oata•tr1nsf1r0 in flip.flop input 

ROTI fltp 0 fioo preset 
Inversion of OORYX. 
Oata•transfer·in flio-flop pas. reil:M)Wtred 

Oata•transfer-in flie>floo f:'OS. 

Data-transfer·•" fhp·floo ne1 
Oat1°transftr·Out mo-flop pos. 
Oata·transfer·OUt fltp·flop nee 
Pfestt memory overflow test enabler 
fito flog nee 
Memory overltow tllt ftio-ftoo enebler paa. 
lnttrnall••tern.a6 timing IOUtCI oos. 
lntern1111xternal t1m1n1 sourc:e nee 
Enable EXC instruction decoder 
EXC instruction decodlf' 0 
EXC 1nstruct1on decoder l 
EXC instruction decoder 2 
EXC 1nstruc:tton decoder 3 
EXC instruction decoder 4 
EXC 1nstryct1on decoder 5 
EXC instruction decoder · 6 
Clock i:.MPL flip.floe> 
EJ1eeute memory·overflow rnterruot nea 
FrH•runn1ng c:oun"tllf clock 
Input to frfforunning counter from freQuencv 
selection circuit 

lnout to free·runn1n1 counttf' from 
freQuency selection ctrcu1t neg 

Preset term to Rt<FCI.. flio-flop 
Internal ATC function·r•edv gets. 
Internal RTC funct1on·ready 1ieg. 
Ftffofunning counter outo~t bit 00 pos. 
Fr ... runntt"Q counter output bit 01 pas. 
Free.running counter output bit 01 nee. 
Fr .. running counter outout bit 02 pas. 
Free·runn1ng counter output bit 02 neg. 
Fr.,runn1ng counter outout bnt 03 pas. 
Fr ... running c:ountef outout bvc 04 pos. 
Fr....,unning counter oute>ut bot OS pas. 
Free·runn1ng counter output bit 05 neJC. 
Fvee-running counttlt' output bnt 06 pas. 
Free·runn1nia counter output bit 07 pgs. 

Mnemonic 

RFFI08 + 
RFFI09 + 
AFFl10 + 
IU'A11 + 
"fSA12 + 
t•FA13 + 
AFA14 + 
APA1S+ 

l~ICCL.-

RINT
~IROO
RIR01-
RIR02-
RIR03-
RiRQ4c 
RIROS-. 
Rlr::!OO-. 
RtR07-
RIROS
RIR09-
RtRlO
RISTEJ-

RiUA+ 
RIUA
ARIUC+ 
RIUJ+ 
Fl.JM~ 

RJM-o 
Al<FCt.. • 
RKFRV
AKMFI"' 
AKVIC + 
AK.Vii-> 
AK10K + 
RK660+ 
RK660-
FH.F + 
RLF
FlLVIC-

RMFI + 
RMFl
RMFL. + 
RMFL
RMOE + 
RMTFF+ 
ROUT+ 
RPOTO
RPRM+ 
RPVt£
RRME
RRRMT
RAST + 
RRST00 

RRVIE
RSVRT
RTC
RTINT+ 
RTINT-

MNEMONICS 

Description 

l'rfforunning eoumer outout bit 08 oos. 
Ft ... running counter output bit 09 pas. 
Fr•running coYnter 01.1to1.1t bit 10 i::ios. 
Fr ... running counter outo1.1t bit 11 i::ios. 
llr ... running co1.1ntll' 01.1tout bit 12 oos. 
,, ... ,..,nning counter 01.1to1.1t bit 13 gos. 
Fr...,unning co1.1nttr 01.1tout bit 14 001. 
Fffforunning co1.1mtt 01.1tout bit 1 ! oos. 
Output flip.flop follow1n1 variable c:loc:k 
source ne1. 
RTC eaecutin1 1nt1rruot ne1. 
lnterv1l·Stleet1on rea•ster output btt 00 nea 
lnterval·seltct1on re11ster outeut brt 01 ne1 
lnterval·selectron r111ster output bit 02 n11 
tnterval·Hlec:t1on r111ster outi:iut b•I 03 ne1 
lnterval·selectron rea•ster outeut brt 04 neg 
lnterval·Hltct1on re11ster output bit OS nea 
intlfVll·seleet1on re11ster output bit 06 neg. 
lntorval·Hlect1on re11ster outeut bit 07 nee 
1nter:val·stlect1on register outgut tut 08 nea. 
lnterval·select1on re11ster outeu! bit 09 neg 
lnterval·Stltct1on re11ster outout bit l 0 neg 
Variable interval 1nterruet to interrupt· 
1enerataon logic 
lmernel ATC interruot acknowledgment !)OS. 

Internal RTC interrupt acknowledgme.,t nee 
lnttvNI ATC interruot c:tock 
ltttlfftll ATC tl"iterruot jumo 
In.Ole interMI FITC interruot jumc 
Internal RTC interrupt 1umo 1umper 
Fr ... running coumrtr clock 
Clock data·transfer fhp·flops 
Koinc:iut to mtmorv overflow 1nterruot flig.flog 
\ler1tbl .. interval·counter clock 
Veriabl•interval·inttrruot fl 1p-flop clock 
Ooek 10 KHz flip.floe 
66().nanostcond frHorunnang c:tock gos. 
660·nanosecond free·runn1ng clock neg 
Internal lif'i• frt1Quenc:v sourc:t oos. 
Internal hne fre<iuer1cy source neg 
Load "ar1abte·1nterval counter neg true to 
load 
Memot';'-overftow-interrur::it flip.floe =~ ;·!. 

Memory·overflow·1nterrupt flrp·ftop neg 
Mernor.,. ov•flow latcn flip.floo pas. 
Memory overflow la ten fho· flop pos 
Memor'f' overflow enabling flip.ftoo 
Memory overflow test flip.flop pas. 
Output datl to I /0 common logic gos. 
Preset data·transfer·out fhg.flop 
Internal ATC priority·in tine 
Preset vartble·1nterval· 1nterrupt fhP· flop 
Reset memory·overllow·enabler fhp·flop 
RMTFF flip.flog reset 
Reset: ATC pos. 
Reset RTC nes. 
Reset varible·1nterval·1nterruot fhp·flop 
lnversaon of OSYRT 
REMT and RMTFF flip.flops clock 
Eneele interrupt reQuest oos. 
Enable interrupt request neg 
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MNEMONICS 

Mnemonic 

RTRST· 
RTRSTS
RVCOO + 
RVCOO-

RVC01 + 
RVC02 + 
F!VC03 + 
~VC04 + 

FWCO!S + 

AVC06 • 
RVC07 • 
RVCOS .. 
AVC09 • 
i:tVC10 .. 
FIVC11 .. 
FIVtCl< .. 
RVICK .. 
FIVICI.! .. 
::i:1cL~

Rv1c1 .. 
• Rv1e ... 
~ .·1-

AVll. • 
p. il.
RVI .. 

F~1Ql(i-+ .. 

P::l'i..
A20KI-+ .. 

~::·:,'4.~ 

Description 

Reset clock·control lc111c 
Reset control 1og1c nee. 
Outi:>ut of vari1bt .. int1tr11al counter bit 00 gos. 
Output of vartabl••nterval counter bit 00 
ne1. 
Outi::iut of vari110l•int1ervet counter bit 01 gos. 
Ouci::iuc of vari11at .. int11f'Val countw bit 02 i:ioL 

Outciut of vari1til .. int1lt'Vll counur bit O~ C10L 

Cutout of v••llOlt-inurvat counter bit 04 gos. 
Oucouc of variaOl•intlf'Vat counter bic 05 gos. 
Oucout of v1tiaat .. int1n1at counter bit 06 gos. 

Outouc of variabl .. 1ntlt'Yel count• bit 07 gos. 
Outouc of var11bl•intlt'Vat cout'lttr bit 08 l)OI. 

Oucouc of variabl••nurvat counter bit 09 QOS. 

01.£1 ::we of variaOl••nt.,.,,al counter bit 10 gos. 
OutQut of 11ari;i1blt-1nt1rvat counter =•c 11 l;)Ot. 

Variabl••nttrv~l·counttr clock 
Var11blt-1nterv~l·cloc~c sourca 
!nablt variabl•·•ntttv.11 load flip.flog gos. 
C:nablt 11ar1ablt·1nterval load fltg flog nee. 
ANO of RCA.., FICS ,. RCC + 

enable var•atllt·inttr'lll·inttrruat flio·floo 
Var•ablt·•t'I ftrv.Jl·•n tftl'rupt fltg· tlop interrupt 
ftQl.iest nee. 
Var1at1l•1nttrVal·interrugc tatd't flig.floo ::>oS. 

Var•atll•·•Mtf'Val·•nff!l'rugt latcl'I flip ll~g nee. 
Var•atil .. inttrvill•inttt'fuor flii>flop 1nterruot 
rtQwfft gos. 
10 KHz tho-flog oos. 
LO )(Hz thp·tlop ,, ••. 
20 KHz flio·tlog QOL 
20 KHZ fhp·floo nee. 

6.4 MEMORY PROTC:CTtON 

:3;..J~-

3~00F .. 
.3.:..: .·~ r-
13.-e:R-
3A;:ST' .. 

3~;:T1 • 
9ANPT 
3..:.:;sr-
so1eN .. 
90teNA,. 
3ENWP • 

3FAO • 
BIANN • 
31EAS • 
31eR .. 
81N10-
31NPr 
BINAS .. 
BINTA • 

81NfE:-
810S • 
81WENS .. 
31.'o'E:'lS-
31 :.E:N
SK::1e • 

Oescrigtion 

Jumg error tla1 
Overflow tr'f'Or flag 
Wr1re trl'Or flat 
Jumo. """re. 1Jr overflow !rror 
Processor memory r•::iunr tt.0.floo 
Fine clock c1r1od of crocessar 'memory eycte 
Address error ft19 
Memory orc:rect1on •eser 
enable mtmorv i:irotttet1on onto E·ous 
Aecowtrec BOIEN .. 
Address trror ti ag 

Memory crattct1on 110 address decoder 
Memorv prot11:t1on memory address r!'\JiStlf' 
Set term for BI ER 
110 or"'" 1nnruct1ort error flag 
1. 0 1Mtruc:t1on error flag 
Oetayed Jddress1ng error t1a11 
t nttrruot resoonH. fl<ICJ 
enaOlt common 10911: e·bl.iS 1ntttruat resoonse 
outOl.iC 
Memory orote.ict 1nt11rrugt cr1or1ty cutput 
Set 1erm tor 81NIQ. 
Jl.img.and·mcttk flacJ ·•et 
Jumo and marlil 'la@: 't!Set 
Jumo and marlil flail 
SMWEN • clock 

Mntunomic 

8KIAR-
8KIA-
8KIER-
8KISA
BKllSS + 
BK'l.Ot. + 
OKl.'vtWA• 
BKMWI+ 
BMPIN + 
BMRNN + 
8MRQY-
8MWAA-
8MWA8-
8MWEI.-

9MWEN + 
8MWEU-

13MWI..+ 
8N?rR
BPMA., 
3R'5r-
9SF1AO + 
CA1:Joe .. 
CIClt-11..T'• 
CIC:llO .. 
C:IC:IJMK + 
C:N,'.tPC• 
OJIJMP + 
IU~~X + 
MCR8., 
MFCO .. 
MIMC1 .. 
\ti=1SIA

MTM11., 
MWl..Y., 
M'VANN .. 
':SNN
•:eour
C:Nr
OllJRX
WWFl'V • 

O~scription 

nnstruction address recister clock 
13ANPT 
Address1n1·error t1a1 clock 
SIER 
Memorv·procection clock 
9PMA +clock 
IMWAS- and 8MWAA· clock 
aoteN ... ctock 
Mtmarv =rottction trtatlled flii>floo 
Mtmorv m11k register 
Memory request 
Mask re11ster .vrcte addr'!ss bit A 
Mask register Nrttt address O•I a 
C:l"lable mask re11ster lower !ddr!sses for 
Nflttnl 

1En1l:lle 1/0 tor writing 
Enable mask re11ster upger !ddrt!sses for 
...wrtt1n1 
Select lower m•k r191star address• for writing 
.~ddress· error fla1 reset 
1\.1tmorv rr1nsfir to instruction r191ster 1 flag 
~eset memory protection 
Memory s19mettt grotteted 
enatll• instruction dtcocltr 
l~tCCd• n1lt instruction 
l:::ltCCd• 1/0 instruction 
Oecodt jumo and marlc instruction 
E.-eeut1on 1nstruc:t1on t1a1 
Procassor j"'mo instruction execution 
lnttrruot acknowledgment 
l'roceuor rnemory rtau•t 
Memory fr..-..unn1nt ctocic 
P1ocassor writ..,nta-memory status flag 
Memory strot:lt comclete 
.Enatil• memory transfar to 1nscruct1on reog1ster 1 
Write into memory left bytt 
Memory addrlSI bus 
Common 1011c E bus 
E,.,able common :og1c: E bus ourout 
Memory crotec:t1on internal 1nfen"JCJf 
Memory crotec:tron 1nttrr1Jpt re-,::1.;est 
Write into memory rigl"lt byte 

6.!5 MEMORY PARITY 

3FAO • 
BINT'! • 
3RST
EAOu
EENS .. 
EINl. .. 

EINR .. 

E:NTR
etNT' • 
SINS• 
e1oos • 
Et<:>O • 

Oescript1on 

Oevice addrtss decodllt' 
Memory orottct1on inurruot active 
System reset repowered 
Parity·1nftrr1Jgt address driver' 
enaote parity0 inttrrugt flit> flog 
Nintr. bit into parity cl'lteker/generator 
(left bvt•) 
Nintl"I bit into parity cl'lecker/generator 
l rigl"lt ovc•) 
Enable carify·1nterrugt S!!Quencer 
Paritv·inttrr1JOt tlio-floo 
EnaOlt parttY·PrtorafV Out 
Paruv interruac cvcl• 
Partty·error interrupt tlig-flog 



Mn1tmanic 

EIUXl + 
EKENB 
EKROO
EKRO
EN'rRl• 
EROI.+ 
EROR+ 
EREAO + 
ERl~RR
ERl~R • 

• ERERS + 
£WI.PR+ 
E'.WRPR • 
EWTL+ 
EWTR+ 
FINTE
FOS-
MAKO• 
MWLY+ 
MWRY+ 
MY Ou 
oaour-

08xx
OFRYX + 
OllJAX ... 
OIUCX • 
OIURX
PRNE
YONM+ 

Description 

Enable parity 1nterrui:1t 
Enable parity interruot flip.floe> clock 
Delayed parity·error fhp.flop clock 
Parity·error fhp·flop clock 
Parity option disabled by jumi>er 
Parity check (left byte) 
Parity check (rtCht byte) 
Enable parity·error fhp·flop clock 
Parity.error flip.flop direct reSttt 
Parity-error fhp·flop 
Parity·error fhp·flop set 
Parity error left byte 
Parity error ricnt byte 
Input parity left byte 
lnc:iut parity racnt byte 
Pow~r ta1h.1rt active 
Pciwer·fa1lurfl ono·shot 
Memory cycle for PMA 
Memory left byte input 
Memory ri1nt byte input 
Memory data·bus bits 
Option board common 110 to111c output 
driver enabler 
110 bus bit 
Interrupt .address clock 
Interrupt cycle 
Interrupt c:tock 
Parity interrupt request 
Parity or1or1ty out 
Memory acknowledcment 

6.6 PRIORITY MEMORY ACCESS 

Mnemonic 

AA•x
ASuS+ 
ACK 
ACKEN 
ACKJ 
ACKx 
ACKxS 
ACOMP 
AOON 
AOFx 
AOxS 
A On 
AO:ul. + 
AOnL
AOuS 
AGO 
AGOL 
AGO LS 
ACiOS 
AHSM 
AKEN 
AKENR 
AKMO 
AIK165 
AK4l 
Al<.82 

Description 

PMA address·butfer bit 111 

PMA address·buffer bit u (rece1"e' output) 
PMA OR gate 
Acknowledgment clock enabled 
PMA 1umper 
Channel x acknowledgment 
Channel x acknowledgment Ht 
Compatible mode selected 
Memory cycle completed ref:)Owered 
Oata·seciuenc:er btt x 
Data seciuencer btt x set 
PMA data·butfer bit xx 
PMA data·butfer bit u 
PMA data·buffer btt u ref:)Owered 
Memory data·buffer bit xx (rnce1\ler output) 
PMA·bus GO delayed and converted 
GO-latch flip.flog 
GO·latc:n fhp-flop set 
GO pulse set 
Not used 
Acknowledgment enabled 
Acknowledgment enabled reset 
Memory data·butfer c:lock 
Free·running l 65·nanosecond c:lock 
Free.running 41·nanosecond ciock 
Free-runn1n1 82·nanosec:ond clock 

Mnemonic 

AMOCI 
AMCCx 
AMO EN 
AMFx 
AMl.Al 
AM1A2 
''Ml El 
AM1£2 
AMlS 
APO EN 
APR!x 
AROCI 
AREAO 
ARFx 
AROQ 
AROQS 
ARQ 
M~QA 
ARQR 
ARQx 
ARQxS 
ARST 
ARSTA 
ARTlS 
ARTx 
AFH23R
MbR 
AFbS 
ASTRT+ 
ATGO 
CPMAST 

. OBu 
FINTE 
GO 
GOA 

GO.AO 
HOG 
HOGA+ 
HOGA
LK82 + 
MAKO 
MFCO
MHGY 
MOCLK
MRQY 
MWl.Y 
MWRY 
MYASu 
MY08xx 
NHCO+ 
ORQM 
PA.xx 
POu 
PMRS 
READ 
REAOA 
REQx 
START 
SYRT·P 
YONM 

MNEMONICS 

Description 

Memory·HC1utnc1r idle 
Memory·seciuencer state x 
Memory data·bus enabled 
Memory·stQuenc:er b•t·l fltp·flop 
Memory·stQuencer bit 1 OR set 
Memory-stQuenc:er b•t 1 OR set 
Memory·StQutnctr bit l ANO set 
Memory·stQuenctr t:"t 1 ANO set 
Memory·stQutncer b•t 1 set 
PMA dltl·OUS tnabltd 
S1t·l priority aatt 
RtQuest·stQutnc:er decoder idle 
Memory·stQuenc:er outout flip ftoc 
RequeSt·SeQutncer 011 x 
82·.nanosec:ond reauest flip-floe 
82·~anosecond rtQutst flip ftep set 
ReQ~est C)rtstnt 
Request fhp·flop ANO reset 
82·nanosecond r1ciu1st fhp·flop reset 
Reciuest b1t·x fhp·flop 
Reguest bit·x (rec11\ltr output) 
PM.A reset 
PMA reset (rtceivtr output) 
CoYn1down·counttr bit l set 
Countdown·counttr bit x 
RtQuest·seauenc:er bits L 2. and 3 OR reset 
RtQ1.1est·seciuencer b•t·x flip.floe reset 
Request·stQutncer b•t·• fl1C)·flep set 
Start fflp.flop (not used) 
Countdown completed 
Start PMA controllers (not uHd) 
Oata·l:lutfer btt xx 
Power· fa1turt1 ftstart act1\le 
PMA controller acknowledgment 
PMA controller acknowtedgment (receiver 
output) 
GOA + delayed 30 nanoseeoiids 
PMA cont1nuous·reciuest to memory 
PMA cont1nuous·reQuest inverted 
PMA c:ont1nuous·rec:iuest (rece•"'er outcun 
Common.1og1c 82-nanosecond ctocic 
Memory.priority acknow1edament 
Memory free·runn1n1 ctock 
PMA to HOG memory 11 PF' R 1nac:t1\le 
Common·log1c free·runn1ng clock 
Memory-port priority reQuest 
Memory-bus readtwrite left byte 
Memory·bus readtwrite right byte 
Memory.address bit u 
Memory data·bus bit xx 
Common·logu:: 165·nanosecond clock 
165·nanosecond reQuest flip.flop 
PMA·bus address bit u 
PMA·bus data bit xx 
PMA-controller to reset PMA 
PMA·bus output 
PMA·bus output (receiver output) 
PMA request x 
PMA·bus start (not used) 
PMA·bus reset (controller cleared) 
Memory c:ycle completed · 
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