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PREFACE

The KEYII-LE Programmer's Coansale tuterfane Module Operation and Mairfenenoe Moanyol provides
the information requircd to operate this oplion in console ot maintenance mede, The manwal also
presents a detailed theory of operation of the interface module hardware wnd saltware companents,
data wn the ublizabion af the programmer’s console as 2 maintenance toel for the PDP-1 /04 /14
procezsors, and inlormubion on the troubleshooting and maintenance of the interface module iteelf.
The informadion is presentsd i nine chanters;

Chapter 1

Chapler 2

Chapler 3

Chapter 4
Chapier 3
Chapigr a

Chapter 7

Chapior &

Chupler ¢

Crovides en inrodoction, peneral deseription, and avervigw of ¢lestrical and
mechanical specificalions.

Fresents o functinnal deseription of the console. operating modes, coneols
and indicuiors, and 8 general disgussion of interface module hardware organ-
izarion and soflware favilities.

[eseribes, on a detailed block d.i:lgra.m leveel, inlerfuce modole Tunctions,
regristery and comfrals, and the functions of the MOS/ L8 microprocessar.

Dwescribes Lhe mictoprocessor instrugtion sci,
Presenes a desceiption of the M7339 Interlace mudule to the lagic level,
Provides aperating infarmation on eousole utilization in console mode.

Conraing procedures [or using the consale in maintenance mode (maintes
nance of PDM-11 /M /34 processor).

Cuvers same maintenzngs teehniques for the KY11-LB interfacs module,
Drescribes installatics procedures [or vanous aptions.
NOTES
In the materisl presented in this manual, the rerm
“provessor” refers to the KDD1-1), KIDL1-E, and
EDLI-EA IPDIP-11/043 processors, .

If the operator is nor tamiliar with console fusetons,
Chapter & should he consulted.







CHAFTER 1
(OPERATING CHARACTERISTICS

1.1 INTECGHUCTLION '

The PIF-11,/04/34 Programmer’s Console and Inerfuce module (K¥11-LB) provides all the func-
lions e oflered with the FLP-11 #05, The Progremmer's consale interfrees to the Laibus (Figuee 1-
11 theough a gquad SPC module, To use fhis oplion, the normally provided K¥11-1.4 Programmer:s
Console must be removed und the K ¥ 1-1LB Congale installed in its pluce. The KY11-1.H Cansole
containg a 7-sepment LED display und a 20-key keypad for generating the conzule commands. Several
dicators are alsa pravided for additional cenvenience in monitoring system scams.

4 — r ' ¥
EE?‘E;{H.MF [: L . IEA1 17
= ADDITIONAL o

T WLK1JIAT .
INTERF |E|.l'.r | AIrTHIf= I K- -ra
MuLHLE FROCESER
EY11LA L_- ] .

’ - I diins
i

Figure L-1 l"rﬁgramrm:r'a Cununl:ﬂnﬁ:rl‘un: - PDP-11/14 /34 Canfiguration

The KY11-LB Programmer's Console/Interface module comprises an INTEL B0OS single-chip, lurge

scale intcgration (L3I0 microprovessor and associated registers, Linibus sontrol logie, and auxiliary

memory. The unit is alse provided with a Hekey keypad for operator/pragrammer interaction wich

the KIDD11-T), -, -kA via the interface module, six indicutor LEDx, 1 f-digit, 7-segment display far -
address or daly, end 4 de power switch, The microprocesser connumicules with & read-unby memory

{ROM ) which conluing v number of fixed Toutines for use during normal consele and mainlenance

nperation.

1.2 QENERAL DESCRIFITCIN

The MTEEY Interfave moduls (T igure 1-2) functions as the interface bersrean the programmer’s consoles
and the KM 10, KDI-E, or KD 1-CA processar, via the Unibus, The unit consists of solid stare
mteprated sircoits with TTL-compalible inpul and output Bnes. The heatt of the ingerface module is a
sinple-chip, laree senls integration (LI micropricessor which executes desipnated keyboard functions
vid programs slored m ROM memary, Auxiliaer logic funetions including vlock, decoding and Gming
cirevitey, and addressange and Linihos drivers /Teceivers comprise the remaining logic of the bourd.




H1+1-14

Toterfuce Module (M 7559

1-2

Figurz

-1



I'he microprocessar chip is an 8-bit, paralle] control element packaped a6 8 smgle metel oxide silicon
circatl i an JE-pin dual ion-hne package. Willi the addition of extecreal clock driving ciecuiies and
decoding elements, plus memory and data bus conteol, the unl i capabte of performing as a poweciul,
goncral-purpose, contral processing wait, Lnternal logic of the microprocessor chip is struetured around
an ¥-hit infernal data bus and includes instruction decoding, memary control: acoumulasor and
scratehpad memory, anthmetic and logical capahility, proeram stachk, and condition code indicators.
Dhalu Lrunsfer belween Lhe miccoprcessor chip and the remainiog loxic Tuectiony ol the nlecloce
medule i3 accomplished through an #:-Dbit, bidirectional data port which s an intepral part of the
migroprazesacr, An internal stack (seratchpad memary) contains a 14-hit program counggr (P and
an additional commlement vl seven 14-hit regiaters far neating up to seven levels af subrootines. The
[4-bil sddressing capacity alluses he mictoprocessor Lo sceess up 1o 16K memory locations which oay
colapeise any mix of ROM or EAM.

13 FUNCTLIONAL DESCRIFTION

The K5 11-LH Programmer s Consale permits the implementation of 8 variety ol Tunctiony throeph o
20-key kevpad focaled oo the frenl punel of the propremimer’s consale. Keypad funcelions ace divided
ito two distiner modes: console mode and mainenance mode. 1n conscle mode operation, & number
of Facilitics exist for displaving addresscs and data, far depositing data in and cxamining the contenc al
Umibuy addresses ineluding processar registers for gntering data inte o wemporary hulTer for ese as
address or daty, snd Jer sinple instroction sleppieyr the processar. The lutler Teslore 1z especially uselut
during progcan debugreine luoncticns.

Marmal consalg keybaoard functions are not available during maintenance made. This mode permity
sampling and -::hs.]_':nl:-a].r of the 1nihus address linss and Lnibus daty lnes, and may allow the consale Lo
luke contoal of the Unibus 1o examine and deposit Unibus addresses i1 a processor (s ool present o the
sviler ar s malfunclioning. Additdenally, the maintenance function nermits assertion of the manual
clack ¢nabic and displav of the cwrrent proecssor icraprogram counter (M PC), Single-clock cyeling
of the M 3 alyo possible o Ffacilitate step by step checkout of priveessor op cmles and comleal lagic
durinp maimnlensnee Tunctans. Tn conjuncoon with s Juncoun, usseclion ol maneal clock enablc
permils e processor Lo be slepped throwgh ils powec-up routine. The manual clock eaable may hc
dropped via he START key at any time with a resulting dislay of the cuercnt MPC, Exic from mainte-
leﬂncﬁdlﬂndc to consale made may be accomplished ac any time hy depressing the CLR key on the
eV

L4 SPECIFICATIONS
1.4.1 M7HSY Interface Madute Perfarmance Hpec.:iﬁ{:atinnﬂ

Cperuling Speed al S0 kI1:

Two-Phase Clack Period o lus
Time Stute (RY N d ps
Trsiruction Tune ["fhmupmu:wur] 12-44 py
Word Rirg
TuLy B-hit word
Trsiruction ) [, 2, or3 3-hit words
Sddress . 14 Bils
Memory Sire . g
ROb 4 512 ¥ 4 orgemzed ux 1024 5-bil words
RAM : 16 words by 3 bilg




Imput/Cotpue Lines
Memory Trata
Address
Canteal (Address)
Limihue Cantril

" Micropracessor Instesciion Reperiofpre

4% Basie [nscroctjons -
Imslruction Cateporics

1.4.7  Electrical Specilichtions

Power Sunmly -

Inpuc Logic Levels (]l modules) _
FTL. Logic Low
TTEL. L.ngic High

Cutpiut Logic Levels {all modules)
' TFEl: logic Low ’
TTL Lagic High

Pavwrgr CanalpliGo
Enterface Module
Momitor/Control Panel -

1.43  Dechanical _Spu:.'-iﬁ;:utinm :

WITESY Imterface Modulte
Baard Twpe -
Dinicnttoms

Heiplt
Length .

I4 hits
A hits
2 bity
3-bits

Eepislet Opecalion

S ceumulator

PC and Stack Control -
140

Muchine

F5 Y ut I A

15 Val 60 mA

0} ta 0.8 Ve
20 te 16 Vde

D0 ta (.4 Ve
2.4 1o 1.6 Vil

14 W
t

Quid SFC

2044 cm (5.4 in}
2608 cm {1044 ia)

Programmer’s Consols {Overalt Panel D:mu:ngj.:uus] .

Width
Height
Deplh

ldd  Environmental Specifications

Amhient Operating Temperature

Hunudity

47,63 em (1E.73 in)
EAA2 om (5,125 in)
£.76 cm {2.66 1n)

5%t M O (417 o 1220 Y
10% o 95% maximum,
wel bulk 32° C (40° F)




CHAFTER 2
FUNCTIONAL DRDESCRIPTION

21 INTRODLCTION .

Lopical arganizadon of the KY11-LEB Inlerface module js centered uround a microprocessor and a
bidicectivnal dats bos (Figure 2-1) The 8-hbil duta and address bus (DO-D7] is titoe mulliplesed to
permic contral siznuls, 14-bir addresses, and dats W be transmitied betveen Lhe THCrORIOCCEsDE, Memn-
oy, And ddditicnal buller registers, Twa registers, the switch register and the bus address register,
contsin data and addresses {respectively) ta be rovted 1o the Unibus. The ranseeivers permit Ui-hit
dula wards to he loaded inta the microprocessar from the Unibus via the 2-way data bus. Duts flow
depends un the type of aperation indicated by the keypad and the inslruciion the MICIOPIACEESIT 5
Sxcouting Al & gaven Lime.

Tn a tymical aperatica involving wn instruction forch, for example, the microprocessor proEram sounter
conlenls are transferred to the address repister in two successive A-hit bytes, The address register
autpuis aclivele the appropriote ROM locetion containing the instruction. T'he instruction i= toated
Back vig the lrslale transceivers and the bidirectional bus ¢o the microprocessor for decoding and
suhsequent cxecution. Inslructions range from one Lo three hywes in lenath: the state connter decading
15 capahle of discriminating between the op code tvpes and the resulting insteuctiven length, The micro.
processor 1= driven by a nominal 300-kHe, symmetrical, 1wo-phase, nenoverlappine clock and is
cupable of responding Lo externally genceated interrupt conditions, The data interfree is a bidirectional
B-bit hus and the unil wlse provides four gontrol autputys which include Uires state cantral signals and a
syne sumul. The control signals are upplied eo exrernal decoding lagic to generule svstem timing stales
and are subsequently distributed we the remaining interface module contral circuitey. The state conteol
signals are also ulilized in the chip for sequencing data processing uperations,

11> PROGHEAMMER'S CONSOLE KEYPAD FUNCTIONS /CONTROLS AMND INDICATORS
Qperutoryprogrammer contrel of the KY 11-1.8 is accomplished through o 20-key keypad locared on
the consale partel (Fipure 2-2). A semmarized deseription of the kev functions and other controls and
indicators is contained in Table 2-1. The table firsl presents those fnetions invalved in console mode
which ere primarily of interest te the programmer. A second portien of the table describes cntry inlo
Mainlenunce mode and peesents facilities vseful far processar checkour and muintensnee, The
CNTRL key [unctions primarily as an inlerlock which prevenis accidents! incrference with ather
onngale aperalions. '

201 Consele Mode e

Detailed presentution of console mede keypad funstions and Lheir use ia progeam debugging is
remerved far o later chapler; Lthe various functions wre outlined and brielly described in Table 2-1. The
operalor mmaicacors availadle foc buth mades arc also deseribed. Lpon power-up, the programmer’s
eomsole 18 I vonsale made, If in maintensnce mode, pressing the CLE bew cruses a reversion 1o
comanle moede thrausn « HALT.

——— ———
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Table 2-1

K¥11-1.H Conirols wnd Indicators

leru].-‘[;l:n.ii:atnr

Fuoction

Ecybward - Canzole hMode

LALDY

DEPR

CNTRL

Luied Address — Mowes the 1E-bil number in the temporasy reg-
igler i Lthe Unibus address pointer. The lemporary register is
thea cleared and displayed.

lasd switch Register — Boves the 16 lowsr hits of the tempu-
TAry repisber B0 oa registol el vun be read via Unibus addrecss
FTI30. The swilch rewiiter contents will be displayedl.

Drepowt - Causes fhe console o do o AT an the bus address
putnlsd e, using the data in the lernparary Teeister (bag M5 Hs
iwre Lruncuted). Sequential deposits cause e address netinteT ta
be ineremenled. Thiv key is aperative only il the provessor i
halted. -~

Mumerics - i'hese kews are used Lo enler dury into a temparary
data bulTer prinr tn use as either addeess or dalu, (Tee of 4
mmeric kew lorees the comsole o digplay the daca leldd in Lhe
temporaey buffer. A &-dieil number & penerated as octal disis
are entered fromt the riehl and fefl shilfted.

Contral = This key 35 used coly in conjunclion wilh uther kevs
cither to prévent wwadental operation at ceetain funclions or La
pravide cary o muinlenance made ot ofher features, Wlen
used, the CNTRL key musl be pressed first and held down
whiie the second kev js pressed. Thoze keys which sre inter-
locked with the CWTRI. key arg indicared by “CH TR L-second
kew™ [¢.p. CNTRL-START). :

- ——,

-1




Cootrel /Tndicator

Table 2-1 kY [1-LB Cowrrols a0d Indicators (Cont

Functinn

CRTRE-LNIL

EXAM

LR
ChTRL-BOOT

CNRL-HALT,SS

CMNTRL-CONT

CNTRL-START

CMNTRL-T

CMTRL-A

CNTRL-1

Initiaiize — Operaive only 1l ithe processor 1% halled, Caoses
BLUS INIT | o be generated tor 130 ms.

Drsplay Address — This kev causes the eurrent Linibus address

poinler Lo ke displuved. The next examine or depasit will aocur
al the wddeess displaved.

Fxamine - Canses the conzole o do 2 DATL en e bus addiess
poimted to and stares the data in the temporary regiscer which iz
then diynlaved. ﬁm:luﬂnu.ul exThines cause the address painter
to be weremented by 2 or by | il the uddress 1 in the Tange
TITI0-7TI717. This key 18 operative anly o the PrLCEaOT 35
halted.

Clear Lnitry — Clears the current contews of the tcmparaw rog-
ieler which iy then displayved.

coauscs MBI Booarap teeminator 1o B uelivalsd ;T presentin
the aystem, Consale will boot only if the processar js halved.

TTall /Single Step - Halts the prosessor if the processor is ran-
ning. Il the processor iy giready halted it will singlc-insirucrion
step the pridcessor. T alao retrieves snd displavs the confenes of
Y {proeract countery,. The ONTRL key is nat requited oo
Single-Inatruction Slep the ciachine.

Cunumue - AHows praccssey to Sonrnue using its cuesent pro-
gram counter Jrom u hulled stuce. The contents of the switzh
register are displayed.

Operative only if Halted, this covses the progeam counler (R7)
o he lowded with the contents of the Unibus addeess poinler.
BUS INTT L is then gererated and the processor is allowed Lo
ru. Switch eeghster contents are then displaved,

Causges the Unibus addeess peincer o be added 1o the lempu-
rury data buffer which s alse incremented by 2. This allows Lhe
vonsile Lo caleulate che carrece offset =ddress when made 6 oc 7,
tepister 7 PIC |Posiion [ndependent Code) instrugtions are
crcountered.

Uhiz cauzcs the switch register Lo be added o the lemporury
duata noffer, This iz useful when moede & oe 7 instruglions are
gnoeunlered et using B

"'-{ajntcnﬂum Mode - This combinulion puls the consale inLo
muintenange mode with sertain maidtenance featuces availuble.
When the caneole is in maintenanse mods, the nermal console
Imunde keypud funciiony sre not availahlz, The CLE key causes
1he consale W exil Fom muintenance mode inta consale mads
Yia o prooessor lall.

m————
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Table 2-1  KYT1I-L.B Controls and Indicators (Conf]

Cuntred/ Indicator

Functicon

e g e e e

Kevbourd - Mauioleounee Mode
LK :
In maintenance mewle the keypad functions are rede-

fined with the Tollowing definitions.

Causes the Unibus addeess lines tabe sumpled and displeyed.

LS Al
CLR Feturns the comanle to eansole mode via a conzcels halt,
EXAM Causes the console o sample the Umbus data lines and despilay
the data,
3 Clauses the conanle o take conerot of che Linihus, Should he
uztl amly when o provessar % not present in the system.
Hi.1 /5% Asserts manval <lock enable and displays e corrent mucru-
program cownier (MECT,
CONT Avserts manual elock ensble, generates & manual slock pulse,
und displays the current MPLC. :
BOCYT Baots the M9, IF manmal cleck enable s asserled, this will
allow the proesssor 1o be stepped theough the power-up rouline,
|
RTART ' Drops memual clock enable and displays the cerrent S B
Indicator LEDs - Any Blode
DC O All de power {+5 V) ta lagic is an,
HATT Ballery monilor mdicatur, operufive pnly in machines having
thie bartery back-up aplion. This indicatur hus Joue steles
! OFf - Indicates sither no hattery present or bartery fail-
' ure i o hattery iz present.
" O (eenunuens) — Indicales thel w baltery is present and
charged. .
Flashing (slow) - Indicutes we power is ok snd battery is
churzimg.
Flashing (fasty - Indicates loss of ac power and shat bat
tery s discharging while maincaining MOY memory
cLinLenls.
RLN

Indicates ihe slale of the processor, either running or halled.




Tuble 2.1 KY¥Y11- IH ¢ omtroda and Indicaknrs (ot

Contrel S Indicatnr l'umtl{lll
1 [3[5T : Indicatcs that the coarent ol e b'r'rllli.]] r|:L1:->l-::r it heing
111-.p!u_l.-|:r.i
BIATNT [ndicades thal console 1% in maintenance made,
BUS ERE Indicares thal an exastiine or deposit resulted in a4 S5Y M fime.
¢ oui or that HALT BEQUEST lwled Lo recsive o HaLT
LR ANT, '

BC Power Switch

MO . AIL d¢ pawer to Logic is off.

F:'C A _ All de power to lngic i3 on,
STMBY : : DO power v provided to MOS memary oniv.*

*Avadeble inoall BATLC mochings, Ariingge b BA_LE boses which lae
Battery Hackop Uipliun unly.

Tahle 2] reforg 1o cerlain regislers whivh are Jocuted in the seratchpad #A M, These include the
[l lerwroa:

Trspiay Dhta

Kavpad Lmage

Tempurary |Jata Buffer

Coibus Address Pointer

Switch Register Imape

BXAM, [DEP, ENB and C1 Haps

L [ Chy Ty 1 e

-
3

Drztaled duscussion aof Lhe HEF:-J.‘i‘EE‘lE‘IHd BAM and its registers is se forih in Chepler 3.

2.2.2 Muintenance Vode

Blarienanive mode i entered by pressing the CNTRL kev and the 1 Rev simulieneously. Wale that Lhe
Femeziens performed by ihe appropeinle kevs are yuite dillerent from consale mede, [his mode offars
e abulily Lo assett the suanual clock cpabie and thus to single-clock vvele Lhe processur while mon-
ioring the contenls ol lie provssyor micrnprogram counter,

23 HAERDWARL QEGANIZATION

A detailed hlock diagram of the interfuce module shewing data flow and control is indicated in Fipure

&1 The cantral fiincrions show include thase Tor the Unibas interface and the internal data bus wicth

the ficzopTessLoT. The fatier conirols wnclude those Tor reading from and writing inte the RAM,

coabling ROMs | und 2, and resding the Unibes lemporery bulfer register or loading the bug addrdss

;nﬂ swireh registors, All of these Fu-tr.tmnll aechr on apprapriate conlrol Irum Lhe stored pragram znd
(S LE [

o
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Under micraprogram counrrel e data bos contre] logse develops the lnading or resding signal for the
apprapTiale remster #nd thus determings the selected inpu/outpul potL via the data hus concrol and
Lhe (unclion cureenlly beings executed.

As shown in Chapier 3 when 1he detailed microprocessor cycle is prosented, the microprocessar sxe-
cules lour basic machine cveles, They are summarized here Lo show their relaticn ta interface module
Tuzctiens.

1. PCT - This is abways the Orst cyele of o microprocessar inscruction and initiates the instruc-
tian fotel, The progealn sounler is trunsferred in two hytes from the micropracessoe (o the
10-bet interface module addreess regisler (14 bils of aldress, & contrnl hits) to ferch the
matruclion dats from gither the HUM ar BAM. A sinsle |::-11|: el imalTuclions 1% retrieved
during ths a.-_'|-L|

2 PR - This evele may reteieve an addition] bvie of instructton 4if the inatrugtian is a 2- ar 3-
bvle instructiony or it may ferch a data byie if the indiculed instruction containg only ong
E:H. le.

i PCOC - This eycls specihes the Tunction as an 170 operation, This maching cycle reads and
loads the address and data, repislers which cuuse mlormyton to be resd from ot writcen into
the micTapToeEssaT,

4. POW - This cyele vontroly the memory write funcrion according ta the desigoated address.

Figure 2-3 shows that the basic satellile logie and eantral far the micraprocsssor <hip consists of the
Following elemencs:

2-phize master clock
ecoder for tnlecfuce module time stagess
Fawer-up [ogic
16l wdddress rewister
Iward X B-hbit KAM
Ci2d-word K B-bit RAM [Tour - 512 % 4)
Swdtch rogister (L6 Dil)
Swatch register address decoding
Bus address register (20 bir)
Tristale lranseeivers
Kovpad scan and diapluy logic
[¥ata hus cantrol
Lmbus contral and sjiople-cyele conteal
Indicator comtral
Iall vondrl

These major functions are brielly described in the following pacageaphs: detailed theory of operation is
nresenled in {haprer 5,

Z-Mhase Musier Clieh

The master 2lgek deives the oicroprocessor internal logic and geperaws the system siales foe bnslrus-
Lo sequencing. The nominal 1 MHz clock Trequency s ogeled down to twa nomaverlapping, 300
kHz pulses kniran ws phase 1{00) and phage 2 (02). Phase 1 is nermally wsed Lo pre-charee data lines
and memarics wlile phuse 2 contrals data transfees wichin the miceoprocessur.




Decoder for Thoing Stabes

The decodee clemenl receives the stale outpuls 300 51, and 82 from the rniccopricesyor and gensrates
the fime stacss r-:n Ll aperdt fpn of the imerface module. A syoc pulse corresponding b Lwa phase
clock periods (1 dime ﬁtw.fj iz afsa provided by the misroproccssoe.

Power-up Loxie

Tliz circniley aclivates the microprocessor, clearing 10 vuriows teesters and generating a clear line to
all che registers of the wnerface moduie. Thers are sepurale cleacs Tor the address reeister and all other
TCEI SLrs

Address Hegisfer

This [fi-hit remiuter i the principgl buffer between the microprocessor dnd the remainder of the fogic of
Lhe interlase rrmd ule. Although designated a5 an sddress register, the clemcnt also handles contral data
far the Untbue. data bus, und other eontral functione and outpuss to the tos address and switch
registers, Qe ol ils L:ul_i-ur Tunctions 3% Lo receivs the micriprocesenT pragram counger confents for
feeehing news instnictions fronn the ROM or RAM.

RAM
The lo-word by B-bil RAB gives Lhe wrterfuce rmodule o seratchpad memory which muy he cead ur
whese cantends may be mpadilied woder prosearn conral.

ROn
The RO, consisting of Tour 312 3 4-hic ROMs, makes a potal -:jf HEX4 H-bir byvtes available for the
slored procratms which siecute the consnle funotions.

Swirch Hegister Address Decoling
Vhis logie deendes 777570, an 1E-bit address defining the switch repisler and a DATI on the Paibus 1o
cuust the switch regiscer 1o be enabicd onco the Linibos,

Swilch BEenisier
Thiz lo-bit butfer repizier Bandles the dula ward Lo the Tinibuas.

Bus Address Register

This 2-hit remiscer huffers address informarioon thrtv-een the inlerface mu-;]uh: undl Lhe Tnibus. Eigh-
Lewer ity ure ellocaled (ot the actual address, and pao gontool bits indicace the direction of data low.
Sean signals Tec e kevpad and WM lnes Tor the display logic are spesificd by chis rogister,

Tristate fiates

These wnits ure used o gace huffered Linibos dara (16 bits) and Unibus address (12 Bie) lines onto the
Lrizlale dala buy by asserting an appropriate read input line, Keyvpad vutputs and lhose mainlenance
lines provided [or display of the processor migroprogram eovuncer acc similady buflered and gated. The
anutputs are all wire Ged vni the internal dats hos and applicd as input to the rristate transceivers.

Kevpud Scan and Display Logic _

This cireinley develans read snd drive signals for the kevpad and LED display vespectively. Five read
sighalz developed foam e scan signuls ore uued b seun the keypad swicch elosumes in groups of four,
1 he drws signals arc applied 1o e LED displays whose values are determinel by the 3-hit M1
input.

Dratn Bus Comtrod

Chis civcuilry perlormes all intemal mnterface madule conceol funetions including BAM conteal, RO
enahly, and sclection of inpulfvutpul ports. The lopie alin deterrines syecem aparacion during instnice
Lo, duen feteh, or data out (T33) vio w 32- % E-bit ROM.

—_——




Ligibus Coalcol

The Lhnibug conteal cepister supervises data teansfers between the interface module aod the Unibus.
Avcarding {0 tac wpul bil patlerzs ta the registee, dawa teansfer rom the intertace module w the
Lmhus, haiz regoest, bus masier syne, and other fanciicns may be penersted as required tor proper
inleclacing ol the twa glements, Two ether signals pencrated ia the Unibus control tegister permil
singic slepping of Lhe orncessnr ¢lock, .

Indicator Lagic : .

This d0il remsler drives approptate console indicatars ta show cerlain console atis or orrers. Ao
indicaror 18 Lurned qm Lo show the cajstence of u bus errar, when the switch register is beinp s syed
ar when in mainteranee mods. :

Hadt Lorpiee _ oL .

This vircuitry halts the processos nnder vurious conditions and performs hundshuking funations when
*he cousole laker compleee wantrol of the bus. When 1 HALT from rhe consols is detssted by the
Progessor. the prissessor recognizes I 4s an ilecrupt request. The processor Usen inhibity ice elnek and
FELUMTS § Mesofiiticn sizonul Lo Lhe ennsoic causing the console torassers an acknowledpe. The console
ne has comaplete contrel of the nibos and processor and may muintain this condition, with tie
pracessur halied, as lnng as desired. : :

24 MICROPROCESSOR INSTRUCTION S&T

The iaterfaze moedule micrapracesaoe has o repertoiee of 38 basic instruclions. According to the
msiruclon Lype, these may range from 1 10 3 beles 08 to 24 hits) in lenpgih, The successive bytes of 5
given instmetion winst be located in sequential memory lncatinns, Instructions fall oo une af live
CuleTnrics;

Tadex Hegister ’ .
Avcumulatar {Arithmatic/ Logicaly
Cropram Counter and Stack Coarel
Inpuc/Crotput

Machine

A-deseriprion of he micropracessar instmetions aod Lhe number of Lme states cequired er ther
exsculion 18 piven in Chapler 4. .




CHAFTER 2
INTERFACE MODIULE

31 MICROPROCESSOR

A1 Geweral Drpanization .

The micraprocessar sends und receives daca over an B-bil date und address bus (13 ¢o D) and viilizes
lour mput and fowr outpul lines {Figure 3-1), Fhe microprocessor contuing six &-hit datz registers, an
B-bit sccumuldatar, two S-bit temporary rewisters, four flag bits, and an B-bit purallel hinary srithmetic
uoit. The anthmetic clement is capuble of performing addition, sublraction, end logicul operations.
Additionally, & memary stack contalning a [4-bit program counter and seven 14-hil words s wied to
storg progeain and subroutine addresses, The microprovessar machine cvele vsnally requives five
sedjuential states: TSI, T2 TS3, TS4, and TS, During timg starcs TS and TS2. 1he external memary
ig. addressed by a lower and an.upper addeess byle respeetively tn frrm 3 14-bit address. Alse ar TS
fime, the program coanler {PCY) is ineremented for the aeal instructiom Fetch gyele, Puring rine statc
T53, the instruction addressed during states T51 and TS2 is ferched and during the final ten cyeles,
T54 and 185, it is cxecuted. Figure 3-2 shows the possible number and seyuence of the instructian
stirles. Mot that for this application of lhe mieroprocessor, the intereupl funclion is ulilized only
duting the power-nm sequancs,
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"Figure 3-2 * Timing 1}agram - Migropracessor Instruction

A1} State Cenirol ) ’ -

The microprosasser opecales az a sequeniial slale machine,. contrels Lthe use of cthe deta Bus, and,
aggarding to ics stored progrant. derermines whother o sends or reccives dard. Outpuer state signals 54,
31, and §% are decoded externally and distributed to the peri ipheral |:|::un|:1'|::-| Ing'h.,, f:—hh: -1 shows the
codig ol Lhe state bits e vield o eiven phaye. . .

3.1.3 Microprecesser Timing :

I he migroprogessar machioe cvele is shown in Fipure 3-2. Singe machine pperolion is esyochronous,
the exaet timing scquences depend on che instruetion cxecuted. A typical cycle may consist of fve
stoles. During T1 und T2, an address s sent co memory; at 13 time, instruetion or daca feeeh ogeurs; T4
and T3 provide saeculien Lime.

A vumber of micruprocessar instructions mav requitg up to three @veles and do not require she ™o
axecution stales T4 umil TS, As a result, cwvele length 95 vurishie and the stute counter determings

whether T4 and T3 are to be execnted or omitled. This is uecamphzhed via the cvele contral coding
{Tahlr- 3-2) in hits % and D7, Cvele Lis alwavs an instruciion fich ¢ycle (PCT). The seeand und Lhird
cycied are for daca reading [PLRJ data wrizing {PC‘W] or L/C operations (PCCY. I]ae -..t-:le 1P Bils
D und TT are present on ,,hc data hue during 12 time c-"-h

Table 31  State Control Coding

sl =l by bl B2

1] 1 0 Tl

4 L I TLL

1 ] l T2

L 0l 0 WalT

1 0 ] 173

] 1 0 STOPPED
i 1 1 T4

1. ] L. T=




Tahle 22 Cyele Coding

|1 P . . Cyde Fanwiinn

0 0 PCT ' Dessignates the address is for a memary eeed (il bvle of
inslTueLan]. '

ik 1 PR Deeignates e addeess is fur o memeory resd dats (addicionz!
bytes of instruction or daca).

! 0l i L Designales the dula s a commend 170 aperation.

1 1 P designates the address is for 2 memory write data.

314 Tramition State Mggram

Posable slaie transicons within the processor are shown in Figare 3-3, Note that & noemal machioe
¢yule would begin at cycle 1, run fram T1-TS. and revert buck o evols 1 again, The state counrer
withinn L mcroprocessor aperates as a 3-hit feedback shift register with the feedhack paeh controlled

hy the current instruction. The number af states ngrmally required by each instruclion 3% discussed in
Chapter 4.

KEYCLE 1 IHZ1 - 1T I AFTURN ICGFH + S ILE 20 ILUT L)
IEWEL £ 31 TLWI 1 JUNE T - CALL SCF
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| — E¥CLE 1
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1

¥
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HDTE: GF = Fuiurs Zonddion
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1% System Starl-Lp

The micraproeessor of the inerface module B2 Fuaning any iime power s applisd 1o (he system. When
power [¥IS1Y) and clocks (01, 023 are firzgl turnec on, 3 fip-fiop inernal to the microprocessar is sel by
sensing Lhe rise of YD This interea! rigna! foroes g HALT (DORODOODY into the instrastion repister
and 1he qucroprocessuc 15 Lhen o the si (T'n-r:::.i state. The naxe 16 clock periods arg required to clear
interngl chip memerics and olber exiernai toeic wnad megiviers, Upon cleartng the registers the syatem is
ready for-operadoen, If for any reason during aneration. the micropeocessor decodes a HALT, Lhe
SWEleN) reverls L Lke hmlnnmg af the pragram after 16 clock pn:',nﬂ-ds

312 INTERFACE MODULE REGIETERS AND CONTROLS (Figute 2-1)

121 Address Kegister :

This 1 ke principal buffer register detween the microprocessor and the rest of the interface module
togic, It has a cupaiity of 16 hits (bwo 8-bét bytes), The low arder byte is loaded by time state TSI and
the high ordee byls By lizme siute TS2 during each eycle, :

3.2.2  Dus Address Hegister
The bus address register huffers address data between the interface modube and the Ln]'l:lub Address
||'IF'l:lll'l'l"|1.El_"l]] iy be louded into this register at T.lm:; state TS3,

103 me'i'l Regloter : :
Similar to the bus address register, the switch ree:sl:rhuﬁ:rt putioing duta. This c]:rn-:nt may also he

loaded wl TR3.

324 Dt Bies Ceatrol

The pringipal funcrion of the data bus conteal s Lo delecmine inlerface module operation during 153
lemee. T determines, theongh jopur bit codiang, the cype of function te be peefeened (e, RAM control,
EOM enable) wr proprams any of its other 170 in accordance with the stoced propram.

325 Unibns Control

Thin repister ie also louded 21 TS und is selected by the duks has eontrol for activation ar chat time.
According 1o its inpot eoding, U OC R, ey jssue a ITALT requesl, BUS TNIT, enwhle-data bus-to-hus,
ur penersle 2 bus master syne in addition to-other funclions.

L
1
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LTMAFTER 4

MICROPROCESSOR INSTRUCTION DESCRIPTION

4.1 BATA AND INSTRLOTIIN FOENMATS
[ata in the CPU is stared ini the form of S-bit binary indegers. A1l data transfers to the system data bus

will ke in the same formatl.

[D: Ds D: D; Dy By D, 1y

xATA WORD

The program instructions may be one. Lwo, or three hyees in length, Multipls byte instructions must be
stored in succesaive words in program memory. The instruction formars then depend an the parlicalar

Opelalion exscubed.

Chne Byte lustructions

|D',' Dn .Dﬂ_ D.q D:; n: |]| ]}.;.l

Twuw Byle Tnstructions

|l':!:I Dﬁ D!ﬂ Dl- D1 DJ D' D:IJ

|02 T 13, 13 0 D I D

Three Byle Inslructioms

00, Dy D: 0o D D |

D:D. DD 1 13: 1, B ]

| X X D Dy Dv; D Dy 1D |

*Fon vac ikind byle al thi: mar-nghon, T nod D aoe "don't care’” bita,

OF CODL
O CODE
OPERAND
OPFCODE

LOW AIMDRESS
HIGIT ADDRESS*

4-1

Fegister to repisier, memory referenos
[/} arithmetic or lopical. rolale or
return instrustinms,

Immediate mode instruclions.

JUMP or CALL instructions




4.1 MICROPROUCESSHOR INSTRLUCTIONS

4.2.1 Index Register Lasiructions
The lred instructiong do oot affect the Hug Qip-Nops. The incremend and decrement inscructions affect
all flip-Mops eacept the carry,

y——— T = —

i Minieaen Ingriering Caogle . .
Mlucmcenic Swtcx | DD, D00, DLD,D, Deseriplion of Operakion

Hrquired
[L¥Lryr, (51 11 DLD &8 8 8 Loud indes regisler 1) with fhe contont

o index roEisier Ty,
{21 Ll 15] T 1 Loee 11 I Leadl mudex rewsLer rowilh che ST
. : : el toetnaty rowzier b,

.My 7 I A Lzad memory remsler B wilh the can-
tent af index perister o,

(33 Lel (1) D

0 DDoD.1 1O Lok index register r with Jata B .. B,
_ FLI BEBELE DDLU
LMI et S I I S I P A Loswel memnomy regiktor Mowith dats
i R ERERB D E G.. . L. ' '
(Y 3] i nnn g Incremenl the conlenl of Index rogistor
rir & AN
. r3). ;. g0 PR oo Deciciaent the conlenl ol idos repisler
‘ rin SAL

4.2.1  Accumelaor Group Instractions

The resull of the AL L inscructions affect all of the ﬂng flip-tlops. The rlate idstructiony $ffece cml:,- .

the carry lip-flop.

Minimunr [rst mietian Code .
M e Stales 3,03, 0,00 N, IO Dwscription af Opevation
By uired '
Al . (A La a0 58 83 Add the eontent of inlex emster T,
ATM ) b L0 oa0a 1 menery ropister M, oc dafa B, Bl
: , ) I wecumvlator. Aot oreecdive (o)
ALY (41 a0 200100 B
. L I LT [ o1
Alr {51 Lo ool 555 Add che coneent of index repiscer .
ALK () LI N I v S A I B memery eegisior Mo ordata B B oo
. the seenmilatos with caery. Ao over-
AT 0 oo oy DD e
frvar (earme) sers the cacey Nip-Mloep
| B3 L DWH BB ¥) i St
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—_— e

M enEnmic

L
SN
s

SEr
SBM
SEI

Miar
NDM
NDI

XEr
NEM
HRI

CYEr
CFHM
TR
[Pr
L o1

Ny

LAES

EEI:
. BAal -

EAR

=
{5}
4]

{51

{5

31

s
(H]
&

(5)
(%)
(&)

(3
(M)
(M)

()
{4}
(8}

M uineL e
SitAtes
- Required

= /s

Instructinn Lode
I, b, b, D, 0,DD,

—

0
]

=

(1
]

=

f—

—_

(1
]

— TR

L= T = =

—_ < —
—I.m- :c:._l

= —
= un = i

=
e o

T3

=T o — Mom oD = A

— o

= RO

Dreseriplion of Cperalivn

Suberact the roncent nf index register
1, meiney (2piarer M, or date B-. . R
From the arocuchulacoe. Ao voderflow

“Chaarrow ) zers she carry Oip-Oop.

Subreact the conrenr of index cepsier
Corosrooeey cerslor Mo or data B, L B
Ieotn the acoucnulaler wilkl borrew,
Ao underilow (bormew b seis the carry
Tip-llagp.

Camputs the logisal ANTY of the con-
Lant afindss izt r, mamary
regizlar B, or data B .. Bowith rha
azcumuilacar.

Caompale Lha Bxechisive CHE 2 Lha con-
Lent. af inddax remstor ro mamary M, or
Aala B. .. B with The accumulalar.

Compule the [nchisive OF af the can-
tont af index register [, meniary
repfeter M, ar data B. . . B with the
acgnmilatar.

Compare the content of dex register

r, memnory register Mo ordata B, B
with the sccumulsloc. The content of
the accumulalor 35 unchanped.

Eotate ihe confent ol the acoumualator
Leit.

Rotadn the coofent of the gecbonulator
right.

Botuie the combLent of fha wocwmulador
oL Ehrwweh Lhe carey.

Botate the comnlent of the wecwmulaior
right sheweweh the carey.




4.2 Fragram Courder and Stack Contred Instroctions

Mnemnnic

i41 IMP

(5} J¥C

{51 1T

{31 Cle

(2 CTe

4y RET
(51 RI'c

153 BT

K&l

M it rr | Listruction Code o
LITeS B.D, B DD Iy Description of Operation
Renuired ’ ’ ' '
(11} P XXX Looda Thconditionally fune o meisony e
%.E. E,E;E; E;B; B, i diess By . BBy L LB '
XX EB.B.B; ]3_1.]33_]3;, .
Aarll] g1l 0C,C; 000 Jugop foomemoee addres .
B:B., B,0,0, B, 5L By...030, ... B, il ithe cenditiom
X X DyB,B, ByI,D, Mip-Mep v lalse. Dherwiss, |
cxeculs Lhe noxl ineslrwclion in
ECQUEn e,
(Foarll) oLl 1 G0, 00D Jump L mzmery address
Doy Ty 06y My By By My 1y B; ... H;B, .. By iftha mnﬂjr.in|1
'O QU TV IR W TR TR T Hiperlae ¢is tmg. (Hhararise, oxacuks
' I the nast instmatian in s2quena.
LD melox X x 110D Linzonditianally aall the suhrauting a3
B.D, U-0,B. BL.W1,08. mamary addrzzs B, oL BB . I-I_
¥ X D.0.B, B, 0.0, Suvie Lha enrre nt addross {ip ans level
T S in the stsck.
Ynorll) n 1 nc.g; 0 Call the subroutine al memnary adidress
H, B, R, B8, BB, B, E... B3B; .. B i the comlitivn
| X% Ry B,B. BB, B, Aliprflaps = is (alse, andd 2ave the cuccznk
: I ' Addlress (g ane level in the stazk).
! {hherwise, exzrute Tle ekt s I.'ru:.f:-
Tion in seguens, ’
Sorll) L I N P L I | {all the subnoutine ot memaory address
HoHy B E;H, ByB,E.; F,...E,B. .. By i the condirion
XX BiBl B, KB B, fip-flapr ¢ Is time, and save the currene
ST address {up ane eve] In the stack),
CHherwiss, execnte the next bistrus-
tiaun i sequense.
(3 B0 % XX 1711 Undonditionally rerarn (down aze Jevel -
_ in the stack).

[3or 3 L0 a0, 011 Fotuen (dawn ome level i the staes] if
the condition Lo e s Lilse. Othel-
wine, evecure the nex? instraction is
RECIRILGE-

[3urS) L Y T P A I B b Resura vdown oo Level o the stack) 10

i the conditicn flig-Lop o is true, Ot
Coowiar, ewecut: thy nest nsteection L
 sEuenCe.

) a0 AA A 1D | Cull thz subenuiing ot maemery sddress

AAADDD Dup vne level in ihe stack ).
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-4.2.4

Input,/Ouiput lesiucHons

Tnstructiom Cade

D-D; Dby, 00,

rescriprion of Crperutivn

01 00M MM I

01 EEREM MMI

! Minimum
Mnemanic | Strates
Required
INT (&)
OUT (6]

Fieud Lhe conlant of the sglectad input
potL AM MM} inta the gesmnlator.

Write Lhe conlenl af the geenmulator
inlo Lhe selected antpuat port
(EREMMM) (KK =000

AL3  Machine Instruction

Lrstru ction Code

Drescripting of Operation

Entor the STOPPED stute aind termnam

Enntel the STOPPTD stale and romain

Minimum
Mpemynic . States D0, LD:IxnL, D, DI
Required
(4) IILT (4) i 00 004 00X
thers watil terrupted.
CHLT (43 L1110 111
ther unlid inlerrupted.
MNUTLS:

C1) 584 = Bource Index Roplater
- Lr Y = Dhestinarion Tndax Rapgster

These repklers, ), urc desipnated A {accumualatur OEHI).
WY, L0100, DEO0 ). BI100), H 108k, T41 160

CZ) Memory registera sre addreraed by the conlemis of regislers L& L.

L3y Addivioon] beetes of inatroesion are deshiace) iy BEREREAL.

[} ="' gy,

I:S:I- Flag Tigr Mg are detined by O30, -

carnr (00 rverlaow oo moler Tow ), were (01 1esull is zeral,

sign I:]."J MEE ol reguld is "), parliy (1 1-pilgigy i |;".'|:r_:|,
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_ CHATTER 5
INTERFACE MODULE DETATLED LOGIC DESCRIPTION

31 INTRODULCTION

Keypad operation initiates appropriule mmnprmc:ss-::lr rowtines which: purlurrn cettain duta transfors
within e inlerluce module, betweed Lhe inlerfuce madule and the Unibus, and belween Lhe interface
module and the programmer’s consale display. Prior ta discussing the intecface muodule logic, the

sequences (Le., register lranuler, 1,0 aperations, etc.) which pisur after pressing A given kev are brielly
described,

Figure 5-1 shows the 16-word by #-bit scralchpad RAM and its address allocations. This data is ako
summrized in Table 3-1.. The keypad image wilhin the RAM iz shown in Figure 5-2.

. RAM

. L ot I T I O L
ADDREEE
n CIEFLAY NATA
1
i A
. ?
3
4
KEYPAD IMarti=
5
f
¥
10 TEVFORARY
n v
Vi
12 e Lo
-1’ UnIBLE ADDREBE SINTER
"  EXEM | DER T
m - rlas | Flas WU"EFIE”//{{% EME | = |
15 SENTCN ARGISTER IMAGE
aT

172221

Figurz 5-1 RaM A..l:lrlr:.r.ﬁ Alloeations

a-1




ELTI'AI ITd s

3 4 n
|
kK CLA L5 LAL [k an
d o 1 4 7
- MIT ' i [ CEH AR
f—— T
B CRTFL i = I LEF . l
1 =ZTART BZOT LK1 HL i =X
1
i1 .1,|s-5n

Ti .t_Tur: .5 -2 Keypud Tinage

‘Tabla 5-1  RAM Konction Address Assigrments

Funetinm

Display Dula
(L8 biis) '

Keypad Imags,
20 bals)

Temporery Dute Buller
WER-H

Linibus Address Poincer
(14 birsy

EXAR FLAG
ITEP FLAG
ENB FLAG
1 FLAG

Swilch Repister [inuoe
16 Dits)

Addresy (k) Address By
o Word D Bits 01-7
Ward 1 - | Hitg -7
Word 2 . Rits 0k 1
Word 1 Bils (-3
TWordd Bils 0-3
CWord s Bits0-2
Word 6 Rits -3
Wore T . Mits (=35
© Word 10 Bils -7
Wooed 1 . Bits =7
YWord 12 c Bitg 1k, L
T Wordia Kits -7
Waord 14 Hits 1-7
Word s Bils 0, 1
Word 15 Bit7
"Word 1S Hit &
Wiard 15 Hit 3
Word 15 Bit 2
Word LG Bils0-7
Word 17 gits L7




CHAPIFR 5
INTEHF#( EMODULE DET%ILED LOGIC DE‘?{ RIPTIGN

S &1 INTROBLUCTION

Keypad aperagion initiates appropriade microprcessor routines whizh perform certain data teansfers

williin Lhe interface module, hetwesn the interface module and Lthe Vnibus, and beraecn the interiace

module and the programmer’y ennsole display, Prior to discussing Lhe interface module togie, the

;W'-’fjl-:m {1, regisier leansfer, T70) operatinns, ete,) which occur atier pressing o given key are briefly
eseThed

Figure 5-1 shows the 16-word hy 8-hit scratchpad RAM anad #y address sllocations, This daa s also
summarized in Table 5-1. The keypad image within the RAM i shown in Figure 5-2,

Ao
T | |5 | &+ | 3 ] 2 L
ACDRESE
L
T Iy
2
a
4
KLrran IMaGE

g
B
- - —_—
1 TIRFCIRARY )
11 -

s p T T T

& N f 4.4’;
17 - . : .
13 UNIOUS ADARESS FOINTEA
1 Exnrd | nFp P T
1% FLAL I-LAL:V UHQEED% ENE | cl |
e AWITCH HELISE EN IMAG L
17

14, dF A

Figure 3.1 RAM Address Allocations
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HEY=00 IMARE

b ] a
= CLH 1L5A [ ) Ll Ao
& ] 1 q F
6 N1 i E v Exmtd
[
|
] CRTHL | = ar:=
S1ART EHIT CONT HLT!=ZE

- 11024

I-'i;g_L.ch 52 Koypad Image )
Table 5-1 KAl Funciinn Address .ﬂésigllmﬂlm
Fungtion l Adavess (Ldooni! | Adidress Bits
[ispluy [data Word D | His0-7 .
W ERLEY) [ Word L Bils -7 |
A Word2 Bis 0y,
Eovpad limage. Ward 3 .i Rits 1-3
(200 hita) Word 4 | Hits11-3
“Word 5 fORis0-3
Woends © Bils (-3
W o T Bils (-3 |
lemnparery i2ace Buffer . Word 10 - Hits -7 '
(1% ita) Word11 Hits (17 \
| Wordil2 Bits 1, 1
1
Lnibus Addreess Poeinier Word-13 VO Bils -7
18 bits) L Word 14 Bits Q-7
Word la Rits I}, 1
EXAMTILAG Word 15 BT
DEP FLAG Word L5 Bila
ENB FLAG Ward 13 Bil3
C1 FLALG Word 13 Bit 2
Swilch Remsier [muge Word 16 Hits (-7
(L6 biish CWord 17 Bals -7




51 PROGEAMMER'S CONSOLE KEYPAIN FLNCTION SEQUENCES
5.11 Consaele Mode Kev Funclions

NUMERICS {0-T) )
1 ¥alue of Key | el shitedl em porary Data Buller
2. Temparary -+ Display
3. Cleur indicators.

I lemporary -+ Laibus Address Pointer
i Ferv— Temporary

3 Tempurdry — Display

4, Clear/Indicaloers.

L5R
I Temporary -+ Saitch Register Tmage
2. Bwich Register image —+ Switch Register
i, SR DMSTP indicator i3 scf.

CLE

[, Zerr — Temporary
2 Temporory — Divplay
A Clear Indicaluvrs.

EXAM
L. Pre-increment Unibus address pointer if the BXA M flag is sel.
2. Limbuy Address Pointer — Bus Address Register
I Bus Address Remster .« Ulpibus Address
4. Asscrt MSYN.

MNOTE
Conanle waite for BUS SSYMN te be returned, If
S5YM does not oeonr withiv 20 us, the transfer is
aborted and the BUS ERR Indicatur is set.

5. Unibus 17at3 . Tempocary

6.  Temporary - Display
7. Bel EXAN (up.
DTP _ :

L. Pre-increment LUnibus address pointer il the DEFP Nag s set.

2. Unibus Address Pointer » Bus Address Repisler with 1 = 1,

1, Bus Address Repister — Unihus Address

4. Femparary =+ Swilch Regivler

3. Switeh Hegister — Uaibus Dala

th - Aseert MAY M,

' NDTE

Cuensole waits for BLIS 55YN 0 be rebarned. TF
S5YN dovs nol oceur wicthin 200 s, the ansfer is
aboried and the BL'S TRE indicator is ser.

T Ser DED flag,

8. Switch Heplster Imapge — Switch Register

a-3




0I5 AD
1.

-1
“ .

CNTRL-

Llnibiz Address Painler — Dhiwplay
Clear FX A% ar DET flag il seL.

INIT
et Bil% ANIT and TIALT REQUIEET for [560 ma.

CNTRL-HLT/55

L.

Lo T b

|
v

6,

Cheurs BLIS SACK /BUS BUSY if set and sets HALT REQLUEST
When HALT BUSY is active, sete 777707 — Bus Address Reprisler
Bus Address Resrister = Umbuy Address

Asserr MEYN

NOTE
Console waits for BUS S8YN (o be relurned. If
SEYN does oot ovcor within M) us, the transfor is
abort=d and the BUS TRER indicatar is sef.

Cnibus Daty — Temporary
Temparary — Dhaplay

CNTRE~CORT

Clears HLE S.-'"ut'l‘i and BUS BUAY.

2. Swilch Register Image — Display
] 51 8 DISP indicator,
CHNTHI RN
1. Sets sndl clears BOOT signal -
2. Bwitch Kegister lmage — Display -
3. Sel SR 1215 indigator,
CMITRI-START
L. 779707 —+ Bus Address Repister with C1 = 1
2, Bus Address Bepgister -+ TInibus Address
3 Linibus Addreess Pointer — Switch Repister
4. Switzh Ragister — Llnibus Dalw:
5 Assert MEY ™,
MNOTE .
Consale waits Tor BUS S8YN o be mu.ruul Ir
S5YN does not nocur within 240 g5, the truosler is
aborred sied dhe BUS .‘ERR indicatoT is sef
. Swilch Repisler Tmapme - ‘ij-.,,h H.-::glster
7. Assert RLIS INIT for 130 ms.
8.  Switch Register lmage — Dhsplay
9. Sel SR DMSP indigacor.
CMIR =7
© 1. Lnibus Addrcss Pointer + Tempurary +2° 2 Temparary
CMNTRL-&

1.

Temparary + Swilch R:Ln-..ti:f Imdqn: » Temparary




CMTRI-1
1. 8et muiriensnee indicalor, -

2. MPC Lines (swumpled) - Display
521 Maintenance Made Key Punctious

ULR
E. - Clears indicators,
2. Cleury rnanual clock enable, 17 get,
I Goes 1o hail condition.

DIs AD .
1. Lluibues Addeess (sumpled} — Displey

EXAM :
i.  Unibuy 1ata (sampled)y .« Dhsplay

HLT/ISS
F.  8ots tmanual clock anable.
2 Wlears BLIS SACK and BUS BUSY.
Y MPC {sampled) —+ Ihsplay

COMT
L. Sets &nd clears manval closk
X MPC (zampledy - [hisplay
GOOT

L. Bels and clears BOOT sigaal.

START
I, Clears muanyal clock enable, if set,

2. MPC (sumpled) — Dusplay

Mg, 5
1. SHoz TAKE BUS signal, forcing console to assert BLUIS BUSY,

53 DETAILER LOGIC DESCRIPTION

54.1 Clock Clecuilry

The M785% Inferface board is driven by an MC 2024 (E42) I-MIz clock (deawing ©5 M7858.0-1,
gheel 20 The [-MHz autpot at F42-8 is toggled down to two nonoverlapping 500kkHz pulses at E12.5,
t, and E30. and Lhese pulses ure applied to the microprocessnt {E18) input as 01 and 02, The 02 clock,
designated as KY1 CK2 H and KY L CK2X L, s also used as o control polse (o cleur sysiem repristers
and together with the syne pulse to define the end of a timing cvcle,

Figure 5-1 shows e relulion berwesn the towo clock pulses.

5.3.2 Power-Lip Logic/Interrupt {Drawing C5 Y7TES, Sheel 2]

The power-np logic/interrppl cireuitry is comprised of H1-6, E4l-18), El-4, E36, E12, EZ9-1, E4. and
LE2f. These elements scnse when the systen Luvds on, penersis the intecrupt to the microprocessar
needed Lo slart i, and clear repisters to force program startup ar location 0.

B3




BLIE DOC L0 at EL-3 iulutes the funetion by clearing E36 which is confipured as an 8-bit counter and
gencrates K Y] PUF ] L, This signal 15 couted to the Linthos gontrol, indicator control, switch register,
wrd bus wddress repister a3 3 master clear line. The address register i= provided with itz own clear line.
KY| ADRCIR L. : .

BUS DT LC L puts the microproeessor in the STOP state. The counter atatts gounking in the STOP
stawe (E6, E3op KY1 STOP L and KY1 C2 L at E2%1 clock Eé. Ef i a divide by two on the clock,
while B3 enunts from (=7, Sixteen clock peciods ure thus covnted. At the transition of E36 from 7 o
0. the mlerrupl 15 generated at B12-8 and the microprocessor goes into the TIT state {[nterrupt), KY 1
TILE and KY1 CK2 L then reset E12 and clear the addeess register vin ES-6 and the system s
initialined, '

b3 Microprocessor (Treawing C5 MT¥S, Sheer 2)

The R Microprocessor Chip (E18) was discussed in decail in Chapter 3. According 1o drawing C8
M7TESS, sheet 2, the unit communicates over an E-bit bidirectional data bus wia 8§33 tristate trans-
ceivers E16 and EL7, with the satellits logic of the interface module. A single interrupt line i recsived
[rom the power-up logic to initisle microprosessor operations. Driven by a 2-phase, 500kH: clock
{Figure 3-13, lhe slement yizlds a 3-bit state owdput code, 80 81, and 52, plus 3 svne pulse, ta drive 2
7442 Timing Phase Decoder. The latter element provides cight separate timing cyeles for the sequenc-
g of mtecface madule data transfers and other discrete aperations. _

534 Timing State Decoder _

The timing state decader (E23) receives the state outpues S0, §E, and 82 (rom the migropracessor and
generates the timing stales or the interface modules (drawing TS M7ESD, sheet 2. This wnitin a 7442
d-line to 10-line decoder. with twoe unused nutputs, that yields an E-cutpul sequence sceording e ity 3-
inpul slate code. State control coding s presenied in Chapeer 3. State control inputs are determined in
the micropracessor und depend on an internal S-bic feedback shilt register with the feedhack path
contralled by the instruction beinp eaceuted. :

%35 Address Replster (Drawing 5 W THRY, Sheat 1)

The addreas register, the principal butfer bétwesn the microprocessor and the remainder of the inter-
face module logic, consivty of four 74175 quad, Detype, double rail output latches, The low order bits
are handled by E5 and E4 which generate KY1 ADRD O L through KY1 ADRD 3 L (ES) und their
vomplements {for RAM addressing), and KY1 ADR[ 4 H through KY | ADRD 7 H {E43, respeclive-
Iy, This B-lrl byle i the |ow arder unit of the address or duta with 10 and E2% containing the high
order information ADRD 08-13 und PG FUN 1 and O .

The data contained io the wddress register is rowted o the following localions scearding w direction by
Lthe slored program: ’

I, ROM {address of nest instruction){(KY] ADRDOL - KYI ADRD 8L plus ROM | ENL
ar ROM 2 EN L} ) o )

FAM {address of data to be read or written) (KY1 ADRD 0 L - KY1 ADRD 3 L)

[

Unibus Control (K YT ADRD II} [ - .F;'.'r'1 ADHRIT I H) .
Imdicaulor Control (K'Y ADRD AT - KYLI ADRED T H)

E S

Duata Hus Control {(KY1 ADRD 9 H ' KY1 AIIRD 13 H, KY1 PC FUN 0 H, KY1 PC
FUN t H} - '

f. Switch Register (XY ADRD O H - KY1 ADRD 7 Hj
20 Bus Address Register (KY ADRD 0 H— KY1 ADRD 7 H)

3-6
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The address regiscer is loaded with a low order byie (E4 and E3) by sipnal KY 1 LD AD 1 H, penerated
by AND EZ2-12 at 1ume stute TR1, The high order hyte is gated in E28 and E10hy K¥1 LD AT 2 H

gencrated an E22-6 at timing state TS2.

5.3.60 EOM '

The inteeface module ROM consiswe of E3, E21, E33, and T39 (drawing O3 M7359, sheet 3. The four
312-word by 4-hit ¢lements are addressed so that the ensemble looks like two 512- X 8-bit RMa. E3
and E2] wre setivated by KY4 ROM 1 EN | apd K33 and E3% by KY4 ROM 2 EN L. Address bits
K¥1 ADRDDH through KY 1 ADRD 3 I are routed fo all lour ROM elements with the gnable 1 or 2
deterimining Lhe addresy activated and thug viclding 1024 3-bit locations, Outputs are wire ORed with
warious inputs te give the KY2 DIN O H throuph KY2 DIN 7 H inpuls Lo the Lostale lranseeivery, C16
and EL17. '

The HCM 1 ar RM 2 cpables are peneratad by the data bus conlrol logic.

337 RAM

The seratchpad RAM consists of EL] and E27T {drawing €8 M7459, sheet 33, These unics effectively
comprise a F-word hy 8-hif read /write memary, and serve s working storage for the migroprocessor
programts o slornng addresses and data, ata is rovted to the BAM (KXY 1 DOUT 0 H through KY1
DO T By diecerly from the teistale Lransceivers of the micraprocessar bidirectional data bus during
RAM wrile operations. The 4-hit address lines KY 1 ADRD O L through KXY 1 ADED 3 L specify the
address to be read from of weilten inlo during read farite,

Selectivn uf the RAM lor read or write is determined by the stored propram via Lhe date bus control.
Fither KY34 RAM — DIN BUS L or Y4 RAM WRITE H must be eruc ro sclect the BAR, Output
lines are wire {Red with varions other microprocessor imput parts to be routsd to the 8533 tristare
LEAISCEIvEDS . .

538 Switch Hepister ( Drawing CS M7859, Sheet 8)

The swilch remsler conlaing the 16-bie data ueed and consists of fouwr 74175 quad, D-type, double rail
putpul latches. The four clemenrs comprising the regrister are E9, EIS, E2, and F15. These units feed
the i6d] bus Lransceivers ET, L23, T, and K13 (respectively). Incoming 16-bit data (KY35 BB DX H
throueh KY5 BB 1315 H) is appiied 1o the BO93 Lristute buffers and gated by an appropriate tead line
trom Lhe dats bus contral, Owigaing data (BUS DOO L through BUS D15 Ly iy pated hy KY4 EN DH
L, a signal peneruled in the awitch register address decoding logic (shest 33

The switch register is addeessable feain the Unibus as address 777578 a5 described in Paragraph 5.3.9.

w39 Swlich Begister Address Decode Laogic (Drawing C5 MTBS9, Sheel S)
The switch register address decoding logic ellows the Unihus to address the switch register via &
decoding of address 777570, The logic hay twn autputs;

I. BUSSSYNL
42, KY4EMNDB-BUSL

K44 EN DB — BIIR L. at K43-10 gates the data lines ool the Unihus (C8 M7858, sheet &) while the
asseriion of BUS S8YN L designates that the slave device has compleed iis part of the data transfer,
The secand stage of the address decode at F32 is zated by asserdion of BUS MSYN L al L12-14,
Asseriion of MSYN requests that the slave defined by the A [sddress) lings perform the function
teyuired by the © lings, In this case, KYT BB C1 H at invertor ¥4 specifics that the daes is to be
transferred o the Unibus aka lines,

5.7




5310 Bus Address Beoister (Dbrawior €5 M7T35D, Shecks 7 and BY

The hus address register eonsists of five 741735 quad, Detype, dowble rail cutpul latches. The Live
elementy comprising Lhe regisier are EGT, EST, K73, #3534, and B3], Input fo che bus addeess register s
feoim 1he addreess repister (KY 1 ADRD O TT throwgh KY1 ADRD 7 H). Outputs are rauted to che
display and keypad logie and to the 8641 Unibus rranseeivers E6l, E56, EaS, ESS, und TS0

A Lnihus sddress & enshled o the Unibus via che bus address transceivers from the bus address
regiseer by KYT EM AR L gencrated ar E51-11. The switch register is available to the Unibus as
’1ddress T77570 via (he bus address wansceivers and Lhe sWilch regm-:r decode lopie. The lutter fune-
tion is discussed in Paragraph 5.3.9,

F67 and ES7 contain the kevpad seen signals (K56 SCAN | L through K4 SCAN 6 1) while EY3
deives the display {KY6 NUM 1 H (hroueh KYa NUM 3 IT).

Invoming 15-bil address informuaction K ¥6 BB A H through KYT BB ALT H)is ﬂ.pplled to the 3093
Liztate buffers wnd galed by an appropriete read line from the data bus control,

A.3.11 Dara Bus Conrrol Logic (Dreawing C5 37859, Sheet 5) _

The daty bus contrnl directs-the reading and loading of the variouws interface madule registers, the
reading of the ROMs, ond the reading/writing of the RAM, It also determines che dircction of data
flow in the interface module and between the interfoce module and the Unibus, ie,, whether dats will
be read from or he routed co-the Lnibusz, A list of 1,70 functicns and asseciated selecl sipnals Tollows:

Helect signal Function
EEAID INPLITOL : LNIBLS DATA
READ INFLUT 1L : .
READINPUT 2L LNIBLS ADDRESS
REATD IhE’LnI L
READ IMPLUT 41,
HEAD IMNPUT AL - KE¥PAD Rk

"READ INPIIT A L. , MAINTENANCE
READ INPUT T L ' .
LD RBEGOH : BLS ADDE REG
LD RLG 1T H . : '
1Y REG 2 H .

LDREG3II ' SWITTCH REEG
117 REfGF 4 H ' '
IDRLGSH _ UNIBUS CONT LOGCIC
M B . ROM SCLECT
EM R 2L :
Rasyl WRITEH RAMWRITE
EAM DIN BIISL ENABLE RAM DATA
IHM DEIYERS DIS 1 DISABLEDATAIN

e ————— —




Specilicully, the duts bus control logic decodes memory relerences into three arcas (ROM 1, ROM 2,
and KAM) and determines whether the seeess is a read or write, The logic also decades |0 instrug-
Lioms and penerates loading or galing siznals depending on the direction of data transfer and the port
sclzered,

Lip peder 1o facilitale undecstanding of che logic, the following explanetion ol memory addeess alloea-
cirn and A0 insteuclicn operution 1y inelwded,

OM 2 L35 and K39
Memury wddressing space spans locations O through 777.

BEOM L{EY und E21) ]
Memury addressing space spans localions 4000 Lhraugh 4777,

FAM (E11 and F27)
blemaory addressing space spans localions 2000 through 20017,

.. Ihe twa hus conlrol sienals privided by the uﬁcrnpm-:nssur and Jalched with Lhe upper byle of the
aldeess register, KY L PC FUN 01 and KY1 PC FUN 1 H, derermine date transfer dicection and 170
aperativns. The lallowing talle explains the decoding of these signals.

PC FUN A PRI T
L L Memuory read of first hyte of instruction anly [fereh)
l. H Memaory read of additienul byles of imslroction or data.
I . H © Memary write {used only to write into BA M),
H L [/ aperation |

Memory reads and wrebes signify thar the address cepister (K'Y 1 ADRT 0 H through KY1 ADRI 13
E[) comtuins che address of U locution in memory to bo accessed.

" The code for I/0 operatons, however, sipnifics 3 very diffecent silualion. This is due to the following
acenurring atier the initie] instruction fetch eyele

1. Thuring 151 the content of the A register (accumulatar) in the microprosessar is available on
Lthe dutu lnes and is latched into the low bywe of the address register,

b2

During T82 the vontent of the instruction register (conlaining the 170 instruetion} is avail-
able on the datw lines and s latched into the high byte of the addeess register.

A Touring T8I of an NP (inpul) instruction, data an the data lines is Foaded indo the A repis-
ter. On OLT {oufpui] instructions, the dels is strobed oot of the low byte of the address
Fegriyter,

[/ Instruction Code:

ANE 01 DOMMMI
OUT 01 RRMMM]

5-9
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Note that the tea mast significant hits of the instroction will mrr:s]:lcmcl to PC FUK U =] and PC
TUN 1 = 0 when Towded into the high byte nf the uddress register, thuy dl:'l'll:!ltjl'lj:! an 10 operaticn,
Therelore, e Jata bus coomtrnd ]uyu determines whether bo gele duoty inw'the microproeessar douring
T34 (INE) orta load the d’m from the ].-I:I'F'r h_'rLe af []1& address register ml-:u an euipul porl durine TSI
(L.

The 31 & & PROM (E534] does the initial deceding of the type of transfer (read, write, ar /(3 fram the
signals KYL PCFUN O IT end K¥! PC FUN 1 H. T( the trunsler is a cmemory cead ar wribe, 1t s
decaded inra ane of the following four sipnais. KY4d RAK — DIN BUS L (RAM read), KY4 ROM |
BN L (memaory read in addreas range #00=4777), KY4 ROM 2 EN L (memory read ih address range
DIO=T7T), and an cnable which is ANDed with KY] SYNC H, KY1 T53 L. and K¥YI1 CK2 L ta
provide o write pulse, KY4 RaM WHITE H, to che RAM,

Another enable from the PROM iy AN Ded with KY1 TSI L ta provide u'n: sigmal i::w T3 DRIVER
[315 H. 'This signat is normally high, disabling the driver p-uruuns af the 8813 lrunal.:m'-!:r:i (E1& und
7). 1t will be low goly during TS3 and when data transfer is into the microprocessor.

Two ollier vulputs uf the PROM ars used for 10 aperations. One nutpuot of the FROK {I—f?ld--’.'}, when
[Tow,enables the 74154 4-10-16 decoder an all I/00 instruetions. The second output {B34-9) determines
wheher the 1A instruction is THP ar QUT.TI the instructicn iz OUT, then the signul will he high.

Mote that address register bits KY1 ADRD 1L KEYIADRD 10 H, and KY | ADRD 9 H, are applied
Lt Lhe bow order inputs of the 74154, This selects which of the possible ports will be wsed, The fourth
_intpul, Lhe hizhest order input, detgrminegs iFit is an [NP or OUT instruction, This input is the AN Ded
conditicn of 1he PFROM autput (EM- N EY1TSYMNCH, KY] T3, and KY1CKE Thus, ifehei instrag-
ol is an INP, then e inpul guling sJJ:rml will be one of the lawer arder mght putputs of the N'I 54
[K¥4 REAIY IN QL through KY4 READ INTL).

Il the PROM signal {E34-9) is high, signifying an QUT instroction. then initially a Jow order ontput is
selevted (dues not suhstantisliy affect anything) and then a high erder output will he pulsed us the
galed cliwk pulse is upplied ta the high order inpat of the 74154, Thus, the high erder outputs are
pu]scd and butfered 1o provide ]I:J-'_ldE]fIE_ pulsey to lhn: stlected ﬂ:lqmtl:rq (KY4 LD RLG O H, :’u:]

5312 llmhu'- Cantrol { Drawing C5 M7859. Sheat 5 '

Unibus contrl 19 aceamplished via teen 74075 quad, [3- -type. dovhle rail output latches, E52 111|:| End,
The stored progrum input bil configurationy are tead in under contral of #n appropriate dats hus
control signal, LD REG S T1. E&4 D2 und D3 lawches are utilized for the, manual elack enahle and
manusl clock lings while the oiher six lines ure Taibls control sipnaly.

5313 Keypad Scan L[I-gli: {Drawing C%5 541 1%00-0=1]
The logic and driving circuitry for the keypad and display elements is located o & circuit board in the
vear of e programmer’s cenysale panel.

Scan signals for the kevpad are generated at'the imerface module (bus address rerislecy. These six lines
(KY6 SCAN 1L through K¥e SCAN 6 L} arc then rovted through hex 7417 bulfer deivers to (e
consale vireuit hiwurd where they are designated as REALD and 13RIVE signals, As indicated by C8
SI1EM-0-1, sheel 2. RCAD 1 through REAIY 5 signats continuously scan the kgypad in groups of 4,
As cach READ sipnal is epplied Lo cheek far o pressed key, & cotrespanding DR IYE signal is simulta-
m::nll;usl}' gﬁncrﬂtcd and applied to the appropricte lrunsislor in 1He LED display circuitry (05 11800-0-
1, sheet 4], .

A prossed key o resulls in activetion of 1 ta & lines, This information is mu‘_ﬁ:rl out through 11 ta the
interfage maduls and applied ta the dala bus for evenlual read-in ta the miropracessor.,




5.3.14  Indicator Logic (Blrawing 5 M7RSY, Sheet 5)

T he tndicator contral consisis of g single guad, D-type, latch conl ['gLLnJl on, 74175 {Eﬁﬂ] und four 7417
oper solleclar mverlers (E69) [or doving the panel indicatoss. Inputl bii coding KY 1 ADED 4 H
through KY1 ADRD 7 H via the siored program determines which of the following panel indlcators
are turned o

BE'5 LRE
SR DHSP
KMAINT
BOOT

ol Lo =

5315 Halt Logic (Drawing C8 MTESR-1, Sheet )

The halt Tagie allows the sonsele w ebtein copdeal of the aibus in ocder 1o paclorm Unihus lransac-
tions. Centrol of the Unibus is passed to the KY11.L3 from the PDP-11 procassor via 4 HALT
REQUEST and HALT GRANT sequence. Use of the HALT/SE key initiates 4 program soquengs
within the K ¥11-1.H to iaue 8 HALT REQUEST ta the FIXF-11 progesser. The procesor will urhi-
trate the reyuest vnd et the spproprate me will respand with HALT GORANT. The receplion of
ITALT GEANT I by the hall logic divecl 2elz the HALT SACK fijp-flop on E63-, causing BLS
SACK L 1o be genemt&d al B62-13. The =&t output of the HALT SACK flit-flop [EA3-3) sets up the
data input of the HALT BUSY flipflap {E63-12),

The recention of RS SACK | by the PDP-1 pm-n:;'unr will cause it ta drop HALT GRANT H.
YWhen the Umibuy becomes free (unesserted BUS BUSY L and BUS S5Y N L), the EA1-11 will be
clocked, selting the FIALT BUSY Nip-Mop. This, in tirn, asserts BUS BUSY L through F&62-10 and
causes (e RUN indicator to be turned oft via the 7417 buifer {B66-12), This lopic operates in the same
manner if the HALT (FRANT iz gencrated not by 4 HALT REQUEST from the KY 11-LB but by 5
HALT instruction in the PIIP-11 proegssor. The putput of the HALT BUSY flip-flop (KYHE HALT
BLISY H) can be tested hy the microprocessar program to check if the consele has condeo] of Lhe
[nibus beluce performing Unibos transaslions.,

The HALT SACK and HALT RUSY flip-flops are direct cdzared by gither BUS INIT L. from the
Linibs ar by the signal K ¥4 CLE BLIS L which can he generated by the microprocessor program.
Clearing these Mip-Mops relmnguishes comtrol af the Unibos ta the FDP-11 processor.

The signal KY4 TAKE BUS L, which can direct set the HALT BUS flip-flop, allows the micro-
processor program o perform Unibvs operations withouwt first obtaining the Lnibus through a legal
request, This signal is anly used during maintenance mode aperation of the KY11-LB 1o bypass a
faibing ar hung procewsar. '

5.3.16 Buflers {Drawiog TS5 M7T859, Sheet 4)

53101 Iristate Huffers (NM3] - The fallowing unics, which are gated by reed input signals from the
data hur controd, buffer input data from severul aources.

I Unibus Data

2. Unibus Address

3. Keypad Register

4. Muwnlenunve Tnpuls {fros processor mictoprogram connter).

Cutputs from the 8093s are wire DRed and sent to the iristate transceivers with the ROM and RAM
data az KY2 1M 0 H through KY2 IMN T H,

5.3.16.2 Tristale Tramsecivers {$333) - These wiily bufler dula Between the miceoprocessor hidirec-
Liou] dala bus and the sateilite logic of the interface module.
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CHAFPTER &
CONSOLE MCDE DPERATI{]N

N INEROILCTIEIN

This chapler is u recapitulativn of all consale k{:_'.- and indicalor funclions, Operation, use, and exam-
wlee ul the ulilizulion ol eacl key are presenled. Kev cperations are divided into curs-:ul-. thode and
mainlenance tlode. Examples of console sequences to demonstrace the proper use of the KY11-LE are
presented {ogether with turther notes and hints on operation.

67 CONSIHE KEY OPERATIONS
Thiy seclion desenbes the operalion of sach key in a slep-by-siep pfr:uL.ltliLll'e T]‘J-& mader is mssumed [-:I
have rewl earizer chuplers as soe desoriplions include the wie of kevs previonsly described.

A notation for cach key will be introduced in cach deseription and is enclosed in angle brackets < >,
These natatians sre nsed extensively in Paragraph 6.4 tn deseribe varioos sequences of key operations.

<ULE> - [Tsed Lo clear an incerrecl enlny o1 exisling dala.

1. Iress and ecleasc the CLE key.
2, The display (six digits) will be =il zgros,
3. Cleurs che 5K 12SP, BUS ERK, ot MATNT |11d1r.,.ur.u-rt| Li'u-n

Mumerles -7 - Lsed 1o key in an ocral aumeric digit {0 through 7.

1. Press s numceric key (1 through T

The commespondimg digit will fe lel shiftéd into the G-dipil oceal] display #idh the previonsly
displaved digils wlso being lell Hhﬂl-ﬂli

3. IRelease the numeric kev.

| ]

To enger the number <yxixexi> | cg, 123450

Fress and releuse the CLE ey (00000 «ill be displayed).
Press aond release the | ey (00001 will be dispiayed
Peess and release the 2 key. (QIOL2 will be displayedy
Fress and relessg the 3 key (00123 wall be displayed).
Press und relesse the 4 key (000234 will be displayed).
Prese aod relewse thee 5 key (012345 will be displayed]
Prese and releass che & key (123456 will be displayed)

A k=
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The numhber has now becn cotered, Leading zeros do not have to be entered.
LS - Used Lo Joad Lhe swilch reginter {aocessible s Unibus address 77757)0),

1. Press and releasc the LSE key.
2. The display will shaw the data loaded and the SE ISP indicator will be o,

Ta load the number 777 Le, <LSR 777>, inta the switch register:
1. Press and release the CLE key.
2, keyin the number T77.

3. Press and release the LER. koy.

4. TITwill be dih‘plu}':d and the SR ISP indicator wil be an.

CLAD> — [Tued to loud the Unibus address pointer prior to performing an E}LAMINE. DE.P-DSIT ar
START.

|, Press and release the LAD key:
2. IMsplay will be all zeres, :

T leod wddresy 2080 e, <1 A1 M0

Press And rolcase the CLE kev,
Kevin 200,

Press and relesse he LAD Jn:!.r
Dizplay is all zecos.

Bl

<'DIS Al¥> — Displays the current contenls of Lhe Unibus address painter.

[.  Presy and relesse che 115 ALY kKey.
2. Display will shaw the corrent Unibus address painter,

Tur perform the sequence:
LAD 400
5 AD

*-Press and reledscthe CLR key.
Key in 400,
Press and release the 1A D keey {display is all zecos),
Iress wad release the DIS AD key,
isplay shows the 400 from Lhe Unibus adidress pointer,

Ao L

<DEP> - Tised Lo deposil u number into the location’ pointed ta by the Unibus address pointer,

Processar must be halted {RTTN 1 |iu,u1-:-r nm therwise k:::, is 15n::r¢d
 Press and release the DEP key. :
Displuy shows the data deposited.

e |2 ==
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To deposit <DEP axax> (ep., 5252} inte location 1{KX} the sequence is as follows:

1413 100K
[2EP 5252

Press and relagge the CI_R key.
Key in 1008,

Press and releasg the 1A LD ey,
Kev in 5252

Press and release the EP key.

L

<EXAY > - Used 10 cxamine Lhe coittedls of u loculion pointed to by the Unibus address pninter,

I, Muchime muwst ke halted,
2. DPress and releuse the EXAM key.
3, Ddsplay shows the contents of the localion examined.

To exanmine peneral-purpose register R7 (program counter) at Unibus addreess 777707, Lhe fallowing
sequence 15 used:

LAD 7T
EXx A0

Fresz and telesse the CLE key,

Koy in TIIT0T.

Fress and release the LADY kew.
Preas and release the EXAM key,
The contents of BT will be displayed.

brode i bd —

<CNTRL> - The CNTRI. key is ulways wsed in conjunction with some other key. When it js Lseed it
tust be. pressed and held dawn while the seeand key is pressed and released,

<CNTRIL-ALT/S5> - LUsed to halt the processor,

Iress and hold down the CWTRL key,

Press and release-the HLT /58 key.

1Yigplay will show the CUrLent u..::nmr,nts of R7 [program n::tmt:r) am:l t]u: FI U"-iI mdwamrm]]
he ofT.

4. Relegse the CNTRIL key,

i Fd —

I¥ the provesser 18 already halted, the use of the HLT /8% key will single-instruction step the processor.
{The CHURL, key is not reguired 1o smgle-inslruclion slep the processor ones halted,)

l.  Preis und relesss the HI Tl.-"ﬁ‘i key.

2. Processor will perlorm ane instructian and hzlt, :
3 Bisplay will show the new curenl contents of BT {prﬂgmm m;runt*r}
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SENTRLACONT> - Liged toallow the processur to begin rpnning from a halt,

el b —

Press end hold down the CHNTEL kev,

Prees and melease the COMNT key,

Procesaar will Tun unless u proeram halt instruction is encountered, The RUN wad SR DISP
indicutors sttozld be on and the concents of the switch register should be displayed. If 4 halt
instruction vwas encountered. the indicaiors will he off und the prl.‘-gr;l:tl counter will be
digplavaed,

Relause the CNTHRIL key

NOTE
If the processor i alregdy rumninmg, wse of
UM TRIACONT > will ceselt in tie swileh repiscer
heing displayed; there will be ne other etffect on the
PrAMAEEST, ’

< \TRI Hm’}T} Lsed tu iniliate runnm@, u:-t‘ MQE-[H Emmmp pmgram

Bl —

5.

Pmme.:-s-:r must be halted.

Press and hold down the CNTRL key.

Prese and rebense che BOOT key.

PFrocsssor should atart ru111111'|L, {RUL indicator om) the bootstrap prc-grarn aclmtcl:l an Lhe

Modal.

NOTE
For mora infermation concernioy the BI9301 Booe-
strap orsgram, coosull the sysiemn users guide.

Rn:]ea-.a: 1ll|: ChTRL ke,

{E]’\ 1 RL-57F -Hit - L ?;d Lo gtart T,hv: [COCEYSH TUNTINY 4 ]1r::g|=ru|:h [mm 1 gLveln smrt-ng a-d-l:lrcss

ol kb —

tn

Procesyor musl be halied; olherwise key 15 raored.

Press und hold down CNTERL key,

Press wind celeass the START key. :

EUN ipdizator will be on vnless a halt i LI'IHELlI'-'TJ{Iﬂ 1 nnumnb:mi The SR DISD indicator
shanld alse he on and.the contents of the switch rerister should be displayed.

Relesye the CNTRL key.

T atarl m:mmg a pr-u_g.ra.m an mc’m-:un KD, th: fullcwrlnq ﬁ:qu:ncn i wsel;

Ly b —

=

PFI:‘IE and I:Ii:..ﬂ-l: thn i LH key.

Key in 1000,

Press und release the LAD kv,

Press wod hold down the CNIRL key.
[Proes and telease the START boey.
Heleaye the CNTHIL ke,

< CWNTRL-INIT> - Genesates a Bus Lnitialize withont thn.;. [roceeant staring,

e e e b —
P o

Processar st be halted,

Fregs and kald down the CNTRIL key.
Press and release the TNIT kew.

Bus Tnivialize wibl be penerated Lor 150 ms.
Eelease (e CINTLRL key,

=




<UNTEL-7> — Used 1o culdulute the correct address when a mede 6 or T register BT inslruclion is
covanntcecd,

1, Press and hold down the CNTHL key.

2. Pressand rolease the 7 key. 7

3. Drwplay will show the new temparary reister which contaifs the ald tem poTary register plus
Lhe Dlnibus address point ar plug 2.

See Pa ragraph 6.4 for an example.

CCNTRL-6> - Llsed ro calculate the offset address when mode 6 or Tinatructions ather thun register
BT are encunniensd. : . .

L. Press wnid hold down the CNTRL key,
L Teces wnd release Lhe & key.
1 [315;!]&1' shows 10e new leroporary TEpiRter, uhn:h eeneains the old temporary plus the swicch
register, :
4. Relewse the CNTRL key,

Sce Parageaph 6.4 for un example.

<CNTRL-1=>- Lised to enter the consele inla maintenence mode. Ham'rén;mér: made should onky be
witd ux an wid o trouhlgshooting hardware probléms. Muinlenance mode ]_'_I-r|:|1."ll.'|.l:'! no help in debugg-
ing soltware prohlems, ;

Fress nod hold down the CNTRIL key,

Press and release the | key, '

MAINT indicater will be o and the MPC Em1:rnprugram courtery will be sampled wnd
dusplayed, . ) e .

4. Release the CNFRIL key, ' " .

Lk —

63 NOTES ON OPERATION .
An crroncous display will result i, while the pmccssm s mnning and the wwvitch register is being

displaved, a mumeric key is pressed. Allthough che SR-DISP indicator will remain on, Lhe displuy no -

- longer rellects the actual contends of the switch register. [Fat any time while the processor is running, it
13 desired Lhal the switch register contents be displayed, the CNTRIL-CONT keyvs showld be uzed.

As i general practice. prior Lo entering 1 new G-digit number and if the display 35 nonzern, the CLR key
chould e wsed 10 Indtially ceru the display.

Moo wrder to single- lnsmlcu-u:rﬂ smp the pracessor from # piven seatting address, e PICEEIN Colnler
(BT musl be louded with the starting address using the Unibuy address of B (727707 je., to single-
instrugtion step rom the heginning Df‘1 program slarling al ]u-;..uLmn KON, the fallowing sequence is
NEECSSary:

N N

LYEP 1040

CHTRL-INIT [if desired)
HIT/55

HLT/SS

[+ {n
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The console reyuires an 18-bit address, This s cspecially important to remember when yooessing devies
regislers (i.¢., TT1560 instead of-177560), Otherwise an erroneous access to memaory of Lo & nonexistent
address will cnc::ur

The Unihus addresscs For the genecal-purpose regisiers can only be wsed by the consale, 4 PDP-11
program wsing the Unibus addresses for the general-purpose repistera will lrap 38 3 nonexisient
addreszs. Also, inlernal regrigters R 10 through R17, which are used for various purposes (depending
U processor), may be accessed by the conanle through Lpibus addresses 777710 theough 777717,

The BUS ERR indicator on the console refieets 4 bus error hy the console only. The indicator will not
reflect hus errors due to other devices succh as the prooessor.

6.4 EXAMPLES OF CONSOLE SEQUENCES
This section combines key operutions with sxample scquences to demonsirate the proper use of the
K1 1-LB Programmer’s Console.

The Tallewing sequences use the notations for key opérations as described in Paragraph 6.2

The angle bruckets € > will be used in the sequences to identify the display contents after the
operulion 15 pecformed, ie, LA 200 <05

1. Tress and release the CLR key,

2. Press and release 2 key.

A, Press and reléase 0 key.

4. Press and relcase 0 key.

5. Press and release the LAD key.

. 000000 will be displayed in the E -digit readu-ut
Example 1

This sequence uses the eadmine function and the switch register Unibus address TTTS'H} Lo n:.u:l the
contents of the switch register.

L5R 123456 < 1234565

LADTIISTd . <[>

EXAM _ 123456

DIs AD <IN

LSR 71 ' <1

HX AN ' -4
Example 2

Thig seyuenee demonstrates the use of the following kevs: LAD, DIS AD, LER, EXAM, DEP.
CNTRL-START, CNTRL-CONT, and CNTRL-HLT,58.

This example loads Lhe fallawing program into memory, which is then run to demanstrate various
operations,

Program Muenory Luvcation/{ ontents
L0, L3737 ;Move the contents of
1002, 177570 : the switch register to
41014 memary logation 14 14
1N6 S KITK] {Hult .

1Mo a3 - Jump ta lpcation IEI{H}
10121000

10140000
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Sequenins

LAD 1000
DEP 13737

. DEP1TTT

1DEP 1014
I D

DLP 137

DEP 100
DET D

LAD 1000

HXA M

EXAM

EXAM

EXAM

CXAM

EXAM

EXAM

DS AD

LSR 123456
LAY 1000
CNIRL-START
Laly 1014
LXAM

DEP i)

EXAM

DIS AD

| SR 1235252
CNTRL-CONT
|.A13 144
EXAM

DTEQ

LAD 1006

DEP 240
EXAM

LAD 1000
CNTRL-START
LSR 70707
CNITRL-HLT /S8
LALY 1014
EXAM

I{LT/88
HLT,/88
HLT,88

]

LSR 05252
HLT58
LA 1014
EXAM

<=
<1373 T
< 17750
€ 014

Lo
13T

< 160K
(b

o a3
13737
< [ TI8T0>
Lol (] [ e
ol

< |37

- < 10K

<
<104
<12H56>
<0

< 010>
<0

< 1234565
< [

i
<04

< [25353>
<1010>
<0

< 25252
<>

<=

< 240

< 24000

< [

< 128242
< 10707

<>
< 10707 >

< 0523515

0
52525

&-F




Example 3

Tlhis seoueice dermnonsttaies the use of CYTRL-T and CNTRL-S, The follo

FLELL

[OXME 1Y
10612 100
L0 4000
[ 006 ¢ 3060
L4 L0208

1104 711G

RO = T7TT80

The soquence ta load 1he dula i s Tollows:

AL 160K
[PERP17Y
DIF 10
DCERO

DEM 3060
I} 14020
LAl 11
T 100k
LATY 770
DET *rrman

Sequence

[LALY FLXIG
EXAM
EXAM
CHTRL-?
LA
EXAM
[.AIL2
CXAaM
EXAM
LSE

LAY TITIN
EXAM
CNTRIL-R
LAD
EXAM

Lo | e

<71

. J (0

o

< ANA0

< B0 -
<=

< | MG >
<)
=Tl

=0
<177
< 0=
<110 >
<)

< {06 =
<0

< 60
< 11200
< 112007
<0

S TTTIR0

< LEHHIRE =
<=
<177

ti-R

wing data are loaded inLw




CHAPTER 7
MAINTENANCE MODE OPERATION

T4 INTRODUCTION
Thiz chapter vivers the kevnad facilities of the progrummer’s console available for hardvwere muinte-
mance of the processor,

12 MAINTEMANDCE MOLRE KEY OFERATIONS

The following definicions apply 1o o subsel of the xame keys used (o console muds; hawever the
Funetions and operutivny differ from 1lose in consule made. Tn gengral, console mode funclions re
not available while in mainlenance mode, and many keys huve no Functn;:-n in maintenance tade.

. NOTE
Mainmlenee mode operztion 1s indleoted by the
MAINT fdicutor being on.

[n order 10 use e hardwete maintenance features availeble in maintenanece mods, the mainlenance
cuble (117041 or cables (11347 must he connected. between the KY1-LB 111t|:rFa¢: board (M 7859 and
Lhe cor n:ﬂ]'lr:n ding pru-.uaaur board {M7263-11/04, M7266-11/ F3, MB2R6-11/34A, ar
MEZET-TPII AL Anexeeption 1o this is the 5 (maintenance rode) aperalio which ullows the consale
[ cxamue or depnsit into memesy ar device registers without the processor being eilher present or
fiangtianal. :

DIS AD (Mamtenance Molel - Tised to di?plﬂj-'. Linibusg address tines.
L. Press wnd relesse the DIS AT key.
% Linibus aldress hines will be sampled {read onmee) and displaved, Le., dispiay will 'rmL be
updated as uddress lines change,

EXAM (duintenznce Mode) - Used o diupla}- Unibus data lines.

1. DPress and relesse the EXAM key.
2. Llnibus data lines will he sampled and displayesd.

HIT/35 {Maintenance Mode} — Asserts manoal clock enable and displuys MPC (micropregeam
couier).

Fress und release the HEUT /S8 ke,

|
2. Manugl clock enable will be assereed,
Lo MPC will e sampled and displayed,

1-1




CONT {Maintenanas Mode) — Single microsteps (he processor throweh one mictostale and displays
the MPC. ..

1. Trese and relesse the CDONT ke,
2. Munuul clock will be pulsad,
3. New MPC will be sampled and displayed.

Eﬂl‘._‘.l']: [Maintenancs Mode) - Boobi the M9301. It manual clock enabic s asseried. the M30E rovtine
will not b eatered but hecause the M9301 simuolates a power fail the processar will power up chrough
lcation 4.

I, DMress and eclease the BOOT key.
2. The display is nol affected. 1f manual clock enable is asserlel, the MPC s now st the
bepinnine of the power-up sequence, To see the new MPC, use the HLT/SS key.

START {Maintenanss Maded - Divps manual clock enable.

1. Pross snd release the START key,
2. Blanuad cleck cnable is released.
3. MM will b sampled and displuyed.

LR iMaintenance Madeh — Relurns consale 1o consale made npétation.

. Press and release the CLR key,

2. MAINT indicator 1 ofl. '

%, Procossar shoold hall.

4. Progrum counlee should be displayed.

5 (Mainteriunce Mode) - Allows the consale tn take voniril of the Unibus if 3 processar iy nal ik e
L aLel. :

1. Press and release the 3 key,

2 The MAINT indicatar will be aff {console mode pperation now),

3. Conselc atfempts to read the program counter which is not present und Lherefore the BLIS
FRRE indicucor will beam. o

T3 NOTLCES ON OFERATION |

II the sinale-micrastep feature in maintenance made is Lo be used. it is preferable that the processor be
halted prioe 1o entering maintenance moede, iC i is possible. This i3 because the assertion ol manual
clock enuble, which turns off the processor clock IF i is rnning, sannot be synehronized with the
processor clock. Therefure, if the processor is not halted, the clock may be running and the assertion of
manual clock endble MAY GAUSC AN erranesaus candition e oocur.

In order to single-microstep The processor [rom Lhe beginning of the power-up sequence. ihe following -
ateps may he wsed:

I, ITall the procesaor if possible,
T Lae COMTRL 1 w0 enter mandedancs mode,
] Lse HLT /5% o assert manual glaock pnuble (RUTN ihdicator shovld come an),

4. Tose BOOT o peaecate a simulated power-fail (will nat work i0 M9301 iz ot prescni in the
sy sbein).

| 2%}
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Use HIDT/8S 1o display the MPC {micraprogram counter) for the fiest microsten ia the
THYWET-LTT Ti1 LLL'iTI'.'..

Use COMT to single-micrasied 1he processor thio ugh the paveer-up routine. {The new MPC
wili be displaved at cach seep.)

Unibuy sddress hnes and TTathos duta (see NOTE helow) lings mav be examined ol any
micTenisn by osne DS AD und EXAM, respectively. Tlse of these koys dags not advance
s crceopragram. To eedigplay he cuerenl MPC sithoul wdveneing the migroprogram. vee
e HILT /55 key.

Ta return from muimtenance mode, use the C1LR ey,

To sinple-microsiep ireugh a peogrem, the proprem counter [RY) most first be loaded witk
the slarviing address af the program vl in single-insteoction stepping the progessor prior to
EILIring Maintgnance mads,

MEXTE :
Bovsinsye the daty transfer tecurs asvachronogsy
with the provessor clock, Tnibus dutas will not be dis-
played o DATT in mainicounce mide when wuing
the consale with an 1170 peovessor. Uoilus daks on
BATO on the 11 ond Dot DATT ool DATO un
the 11,3 will ba dispiayed.

Due o hardware chanpes, the 3T8266 module will
gare the AMUX lines oolo the TUnibus when manual
cliwck enable is asserted and @ Lnibas iransaclicn is
ook aeurring.







_ CHAPTER 8
KY¥ 11-LB MAINTENANCE

£.1 PRLELTMINARY CONSIDTRATIONS
The [ollowing is 2 puide to locating possihle prahlems an the KY11-LB.

L

Lt

Power Switeh Failure - |F the nower swilch Tails Lo codtrof the poower suppy, check cuble
HITTAI-2-2 [BA -1y st T2 ar cable 700199200 (BAL1-K) ar Faston tahs THE and TBI an
the berel-mounted buurd L ensuce thar cable(s) are scourely and correctly inslulled.

It the power 51.1.1T|:I1 dnes tarn on the power supply (Lans e but the M ON indicater dies
nat come an, check eable 701 1992-0-0 (BA11-K) at tabs THE and TBT un Lhe beecl-moveied
beurd.

If the four indicators an the left side of the keyped are all on, then tie cable M2214-0-0
canneeting the bezel-mounted banrd Lo the inlecloce board (B 785%] is prabably plugged in
nackward an gne end.,

B ome display wmid aone of the tour indicators are an, then check cobls TRL2214-040 a1 11 on
the bercl-monnted hosrd snd %7859 bowrd o ensure that it 8 correcsly and securely
insealicd.

Muote that there shoeold be oo cables from gither the besel-mounled Board or the MIESS
beard attached to the backplane, The connection wt the buckplane is for use by che KY11-
LA Qperator Console anly,

If the R UN indicetor is on bul there s no display and no response fram the kevpud, Lhe
probiem is peobably al the M783% Interfage madule, Check the moduls 1o ensure that the
micropraccssor ¢hip (H18) s seourely instulled m s sockel.

I Lhe display works aind the conzole eespands to the kevpad except Tor Live BOOT kay. chock
that =able *00141340-0 is properly connected to the M2101 und 1o the bezel-maoumnted board
at tabhs TBI and T'HZ,

IT the display MPC. single microstep, elc. funstions in maintenance mode do nel work
curcectly, check Lhat Lhe cable(s) fram J2 and )3 of the MTESD ure properly melalled.

NOTE
These cubles should e Installed only Tor mainte-
nance of the processor. By disconnecting these cables
for narmal aperatinn, the effect is that the moine-

nance functions are meneperntive excepl for the
TARKL BUS fupelion.

#-1




.2 MTHSY FAILIIKES

In gencril, thers are wo levels of possibic failures on the AMTESR module, The first level and most
difficuls 1o fix 15 The microprocessar and its suppart logic which constiutes about 173 of the logc, The
secund level is failnres which oceur in the peripheral logic constizuting the Unibus interface and the
display skeynad inlezluce. These are generally casier to traubleshoot,

Cienerully, o firsr lowsl failare is readily apparent and will nsually be indicated when no display is on
wzd the only indicators onoare 200N and BTN,

A sopord level Guilure, althuugl 2asier ta trowbleshaat, i nol ahvays resdily apparent as it may anly
accur un cerlain key lanclicas or may be dats dependent. A failure on the display/keypad interface
would he indicated by odd displays. raw, or column Tuilures o 1he keypad, The Lonibas interfuce cun
be lesled with & goed confidenee level hy lowding the switch register with a 123456 data pallets and
then reading it beck owver the Linibus by examining location 777570

he fallnwine is 4 euide to reeubleshaating a Failing MBS0 medule, Generally, the minimum equip-
mezl needed iz a dual-trace ostillosenpe with deluyed sweep.

1. theck that 9 ¥ ix uvailuble al pin b of the micropracessor, E1R.

2. i‘neck Lhal the clock feegueacy is 1.0 MHz £ 2% al Lhe lesl point, TPL The frequency can
b corrected i needed by adjusting the variable resistor at (he top of the madule.

1, (Check thac the bwo clock signals are ar B15:15 and k18-1f. These clocks should be 500 kHz7
requency with nonoveelapping positive pulses al 0.5 mys duealion (Figuee 5-1).

- I N
|..._,_, ) 2.-9:":.-. 4..'

. o T L T i ’ .
Ef13-150 n2 | |

FIG K

i dARa

Fi,gu.r-: B=1 Clock Wavelnnne
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Check the signul at E18-13 which shauld be at logic bow. I the signal s high the micro-

processor may ol have responded w Lhe inlerrupl request on power-up, T the signzl =
toggling, this may be indicative of o diffecent class of problemy discussed 0 the following
paragraphs.

The MT783Y logic iz such that if the micropragessor encounrsrs & HALT insuruction und goes
to the STOP stute, penpheral loge will automatically try to reatart the migreprocessor from
lopation {1, Henee, if there are probiems in e microprocessor suppoerl logiv, such ay address
or dala Twilures, time state decoding failures, ete., the microprocessor will not follow Lhe
program and generully encounters 1« HALT instroction.

The genceal technigue (o solve this class of problems is 1o svne ool Lhe sypnal STOP 1. and
to uee delayed sweep to track addeesses backward 1o Tind the specific Teiling address. &
yuick check of the number of times TS L iz true between the Limes that 3TOP L is lrue will
grive un idea of haw far inta the program the failure pceurs, In genetal the eaziest Lachnigue is
Lo wse Lhe TS L wipnal uy 8 visual key on one channel while using the other channel to prabe
addresses, data. timing signals, elc.







CHAPTLR %
KYI11-LB INSTALLATION

9.1 EY11-1.8 DESCERIMTLON

The KY¥11-LE is a programer's console eplion Jur hoth the 117004 and 11734 CPUs, It replaces Lhe
K¥11-LA {wperator's consale) whizh is the standard console on 117045 and 11 73ds, The hardware in
the Y1 L-LE oplivn is exuclly the yamg for both the 11704 and 11734, The KY11-1.B cantaing a bezel
asaembly (copsisting of u kevpad, T-sepment display, indicator lamps, and OX/OFF swdtch) and a
separate SPC quad interface module (M 73590 Alsa, thres loose piece cables: two 10-cunductor, 45.7
em (18 inch] lomg cables and one 20-conduclor'cable. The twa 10-gonngctor calles ace nol reguired fr
narreteal vonsale Ffunctions and should cely be instulled when using the conseie in maintenance mode.

3.2 CI'MDI BOX TYPE

P11 04: and 117345 ure wvailable in both the BATI-L 13,4 cm (5-} /4 inch) box and BAV1-K 267
am {10-1,/2 incht) bas. The dilference hetween theose two hoxgs creates the only difference in maLailing
the K¥ 11-T.B, In all cases, the [0<onductor cable, running 'Fri:m'u the operators console o the CPU
buckplane, iv not used and must be cemioved when the £Y11-1.H is instalbled. 1¢is exor n:u_uel\ important
el fy comnect the 5 cahle o the KXY LI-LB as a shorl areuil may cesolt

9.3 (PI l]lJ-I'H-?.I""llLI:".-I-

The 1104 1s a single-modute CPIT (MT263). The 11734 3w 2-medule CPU (37265 und MT2E6).
Mainteninee mude connestions berereen 1KY 11-LB and |1/04 ure mude on the M7263, Mainrenaince
mode caleciiens belween KY11-0B and 11734 are made on the MT266 {Figurss 01 and 9-2), Nate
that all figures in this provedure show the M7206 module {11734}, This i done because the hook- -Lp
for notmzl K ¥ 11-1LE operation is the sume lor both CPLUS,

T identity cables and part qumkbers far cables, refer to Figure 9-3.
G4 BATI-L 133 CMN (S04 INCILBOX) TNSTALLATION

I, Remove the operator's console (KY L1-LA), noting to whick Faston labs the 39301 i can-
' necled. The conneotions will be o the same labs oo the K.Y11-1.8, The cable from H777
Puw::r Supply plugeed into J2 an the K Y1 1-LA will plug inlo 32 oo the K Y 11-LE, The cable
fram the CPU backplans tie J1oan the KY 11-LA must be removeid. No connection is made
frora the hackplasc o the KY1-LB.

31




CTHHNFCTOR FOR K i1 .LE
LLIMM LETS T A3 Nk W59
II.I'_ RHRIYS FMAIN G MUUE 3" CRATIONS

M73E2
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Figurg 9-1 87263

COMKMECTOAS FOR KV 1LLE
CRANRMPCTER TO R CHD LM,

DUFRIRS MAINT KODE OPERATION

1 =R

Figurg %2 MTI60
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CHAPTER 9
KY11-LE INSTALLATION

© 81 KYII-LB DESCRIPFTION

The Ky 11-1.H is a programer’s console apliun [or beth the 103 and ll..-':‘--f'r.CPT_TE. It replaces the
K L1-LA (operalor’s consale) which is the standard console on 11448 and 11 /345, The hardware in
lice KXY | I-LB eprica is exacily the same fior boch the 11704 and 11734, The K'Y 11-T.R contuing u bezel
ugsembly (consisting of a kevpad, J-segmene diaplay, indicator |E""]'Ii'l and ONOFT swilch) wnd a
soparate SPC guad inferface maduls (M TS Adsa, thres loose pece cables: Lo 10conductor, 43.7
crn (1% inzh] long cables and one Ml-conductareable, The lwo |0-conneclar cables are nol cequiced for
narmal consale functions und should enly be instelled when vsing 1he console in maintenance made,

9.2 CPUBODX TYPL

POP-11/045 and 11734s arve available in both the BAT1-1.13.4 em (3-1/4 inch} bus and BATL-K 267
cm (10-172 inch) bex, The differencs between chese twa hoes ereates Lthe unly dilference in installing
the KY11- i_Ji Im all cases, the 1oreonduetor cahle, runming frem the operators console 10 the CEPLI
backplene, is not waed snd must be removed when the KYLL-LB is installad, 1t i3 I:".Uu,ml:]k important
not to conaect £ hiy cuble to Lh{: EYIL-LB s a shoect cirenit may result.

4.3 CFL IMFFE I:"'.r"'ﬁlfl""-'i-

Fhe 11504 35 o single-module CPU (MT263), The 11/3 65 24 Z-module CPUT (M 7265 and M72643,
Maintenunce mulde connections bevwesn Y1 1-LB and 11704 ars mads on the M7263. Maintgnance
moide conneciions between KY11.-LB and 11/34 are made on the M7260 (Figures 31 and 9-2). Node
1hal all figures in this procedure show the M7 madule (11/34), Thiv = done hecaose The huok-op
for normal K ¥ 11-ER aperation iz the same lor both CPLU s,

Tu identily cables and part numbers foe cables, rafer to Figure 9-3,
24 HAL-L 133 CM {5174 INCH HOXT INSTALTATION
1. Remawve the eperator’s console (KY 1i-LA], nating te which Faston twhs Lhe M930L is coa-
nected. The conneciions will be Lo the same 1abs cn the Y 1 E-LB, The cable from HITT
Puwer Supply pluogeed inio J2 on the KY 1 1-LA will pivg into J2 anche K¥ 11-1.8. The cahle

frort the CPL backplans ve 11 on the K.Y 11-LA must be removad. Mo connection is mede
from the hackplune tn the KY 11-LB.

2-1
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Fipure 3.3 Cahles

2. Install M783% (KY1L-LB interface) tn any SPC stot {within CPU backplaac) and conneet it
L Lhe KYLI-LB bezel as shown in Figure 9-4.

COMFIGURATION NOTE
The MTI5Y consmiles 24 ar +5 Y and can only be
plupred iote the CIPL backplane.

WARNING
When deing any reecnfipourating of the CPL bhack-
plane that wight be necessary (o mnke ream for the
MTESY, be sare that the i 9302 ia never installed ina
itgdiffed Linibms slot {which results in shocl cireuils ).

9.5 BALLK 26.7 CM (H1:2 INCT BOX) INSTALLATION

. Hemove Lhe operator’s console (Y [-L4), nating to which Faston Lubs 1he BI%301 is con-
nected. The cannseiicn will be the same tabs vn the KY11-LB (Figuse 9.3} ¥ ou will notics
Lat J2 an the eperatar’s consnle is nol ssed oo the BALLLK box, The signals and voltapes
that come in on this jack in lke BALL-L box come in an Faston tahein the BA11-K hax. The
cahle commectine LThe CPU buckplane to 11 an the operator’s consple must be recoved and
it commection freom the backplane to the KY11-1H 3% made.

o

20 lasall M7539 (K ¥ 11-1LH interfacs) in any SPC sloo (with CPU backplareh and conrect to
kY 11-i.B berel s shawn ia Figure 9-3. )

WARMINL
When doing any recanfigurating of the CI'L hack-
plane that mighi be necessary o make oo for the
MTESY, be sure that the MY3GT §s pever inscalled in a
miudified Uailos slot | whilch vesolos in short cireuits ).
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96 MATNTENANCE MODE HOOK-LID
To utihee the KY11-LE a5 & maintenance tool for trosbleshooting the CPU or system, additinnsl

cables} munt he installed. The 11,04 requires oae uddilional cable and the 1134 requires Lwo uddi-
tianal cables. '

FDP-11/04 [ ¥laintenavee Mode {abling)

The L0704 requites anly one additional cable for muintenance mede operation. This 10-canductor
cable iPart Mo, Wi-i 141 [-1D-0) conmecte 2 of the M7859 to the upmarked mule connoctar an the
W26 (11704 CPU) The gable (T0-1141 1-1Tx0} has 2 poittler on cach end o indicute in 1 45 shawn
tin Figure 9.3, Inslall the cahle with the painter on theend of the ceble lined up willy pin | on the CPL)
module (MT2631 Pin 1 un M7263 s called cut om Figure 9-1. Pointy on 2 iM7E5%) ond the cuhlg
should alan he Mned up. _ -

POP-11/34 (Maintenance Mude Cabling! ]
The 11734 requires two addisional cubies for maintenanse tode operation. Both cuhles are the same
und arc the same purt as iz used on the 11704, Sec Figure 3-3 for ATt number.

NOTE
Maintenance cables for beth 11,413 and 1134 are sl
457 emi (18 inch) long, L0=tonducinr cables.

W hen installing muintenangs cables connect 12 {M 7839y 1o T (M7206) and 13 [MTE50Y 1o 12 M 72660,
The pointers o the cuble und board must be matched at both ends of the eghles.
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APPENDIX A
KY11-LBE MICRO-CODE LISTINGS
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Bodl UAD BL 5 TRANSC KIVER

The W41 consists of four identical receiver /drivers and a single r..nul:l]:lng Lut: in one package Fnr
interfasine with the PDP-11 Unibus, The ieansceiver drivers ate enabled when ENABLE A and
ENALBLE B ase both low, The other input of cach driver is connecred (o the data.io be senr io the
Unibws, Far cxample, when enabled, [X4ATA IN 1 (pin 2) is read to the Unthus via BUS | (pin-1].
[Juring & write aperation, data comes from the Limbus as BUS 1 {min 1) and 5 passed through the
receiver ta the deviee us DATA OUT 1 (pin 3).
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TN 54 4-TTNE TO 16-LINE DECODER

The T#134 4-Line 1o Fh-line Decoder decodes four binavv-coded inputs ioo one of E6 mulually-
exclusive oulpuls when buth strebe puts (€31 and (32} are low, The decoding fonelion s performied
by nsing the four input lings Lo d@ddress the oulgul hne, passing data from one of the strobe inputs with
the other strobic inpur low, When gither sipobe inpul s high. all autputs are high.
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QUAD STORAGE REGISTER
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KY11-LR Progrummer’s Console Tatecfue
Mrdule Crperaton and Maintemance Yannal
ER-HY I1L3-0MM-001

Reader's Comments

- Your ecomments and suggestions will help us in v condinooes effook 0 bnpense rhe quakity and wsefulness of

our putdications.

What is vour geseral reaclion o this monual? Ta vour judpment is i complete, accurate, well oeganizod, well

wreblen, ele.? Ts el masy Lo use?

Whatl Teslores wre moosl wysiol?

What Tuwlty do vou Bind with the manua?

Dres this manuad satisfy the need you think il was intended to satisty?

D if satisfy vowr needs? ¥hy'

e

e

Wonld you pleaze indicate any Laclusl o vou have Tousd.

Please degeribe your position.
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Strect : - Depuriment
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ity — State
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