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1.2 PREFACE

Thie mamyal describes the M93d1 Bootstrap/Terminator module and idts

vari{ous versioms, Complete umderstanmndimg of 1ts contents r2quires
that the user have & germeral krmrowledge of digital circuitry anmd a
basie urderstamding of PDP=11 computers, The following related

decuments may be valuable as references,

PDPi1l Peripherals Hamdbook
PDP1! Processor Handbooks
PDP=y1/34, 11/39, USERS MANUAL

2,0 INTRODUCTION
2ol Germeral Description

The M930)1 Bootstrap/Termimator is a double height extended module
which plugs finto a termipator slot om most PDPi1l computers (see
Installation Section 4), It contaings a complete set of UNIBUS
terminatiomr resistors alomg with 512 words of Read=(nly memory which
camn be wused for bhootstrap programs, The module also provides
eirecuitry for initiating bootstrap progprams either on power ups oOp
from an extermal or logic level switeh <closure, See Figure | for
photo of module,

2.2 Features

0 Combimes UNIBUS termimatiom amd bootstrap capability on ore
deuble height module,

. Camn be used {n all PDPI1 machimes which <c¢an handle an
extended length module im the termimpator slots,

’ Bootstrap programs cam be {mnitiated by the following means:

i, Direct program Jumps to the memory space occupied By the
pootstrap,

2 Programmer console lLoad address and start sequence,

3, Power restarts (See Sectionm 3,3)

4, Extermal Boot switch closure

R Provides capability of emablimg or disablimg boots on power
restarts,

0 Provides 512 words of wuser memopry space which Cam be
programmed by the wuser or purchased with standard pAtterns
provided by DEC, (See sectioms 3,10 and 4,2),
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2.8 Physical Deseription

The M93@1 1s a double height extended (B 1/2 x 5 1/2 imches) FLIP=CHIP
module which plugs dmto the A and B terminator siots em the PNP1
backplame, Externa) coprections are made via three FAST ON (TPL1,TP2,
and TP3) tabs provided at the handle end of the module,

2,4 Electrical Specification

2y4,1 Power Consumption

¢5Y DC = 2,0 Amperes tvpical

24,2 Electrical Interfaces

The UNIBUS imterface is stamdard usimg 8837 and B864¢ receivers and
BBB8] drivers,

2,4,3 Extermal Electrical Interfaces

The extermal interface consists of three FAST ON tabs (TP1, T2 armd
TP3), each having the following loadinmrg amd usage constrainmts,

TP Represerts one standard TTL lead with a (K ohm
. pull=up, Imput should be stable during a novwer up,
Refer to Sectiomn 3,3 for TP{ usage,

TPe Represents two stamdard TTL loads with a (K ohm
pull=up resistor, Irput signmrals should ke V1imited to
a 1|00ns mimimum pulse width with all switch bounce
poise restricted to a 5ms maximum duratiom. Note
that triggering is inftiated upom release of am imput
fow (logie "2") pulse, Om all power=ups, tridgerimg
is disabled umtil approximately 19%0ms aftepr power
returns (See Section 3,7) assuminmg that +5 VOC wil}
be available from the power supply within 27ms, 1t
is also I{mportamt to realize that this imput khas no
over voltage protectien capability and aleguate
filtering must be provided when remoting this {mput
outside the stamdard DEC computer enclosure, Refep
to Seetion 3,5 for TP2 usage,

TP3 Skoyld be ysed as a groumrd return for extermal
switches attached to TRP1 amd TP2, MNote that there is
no protection for large voltage spikes on this {pput
so proper filters should be exterrally instalied to
guarantee adeguate isolation,
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2,4,4 Electrical Prereguistes

Refer to Section 4,8 for system comstraints onm specific version beimg
ysed,

24,5 Power and Ground Pinmouts

+5VDC3 pin AA2, BA2
GND3 PINS AC2, AT1, BC2, BT!

2,4,6 M9321 MODIFIED UNIBUS Pim Assignments
See TABLE {,

2o, 7 Timing

Figure 2 shows {mportant timing econstraints fopr the M93Q21, Values
shown are tvpical,

FIGURE 2
M93g1 TIMING

2.5 Operating Emvirormenta] Specifications

2,5,{ Temperature Range 2 e to 70 ¢

2,5,2 Relative Humidiey = 20% to 95%
(with out comdenmsation)
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PIN

MY
IVY:
AB1
AB2
AC Y
AC2
AD1Y
AD2
AE
AE?
AF {
AF 2
AH{
AR2
AJY
AJe
AK Y
AKe
ALY
A2
AM{
AM2
AN
ANP
AP
AP 2
AR Y
AR2
AS1
ASe2
AT
AT2
AUY
AUe
AV 1
Ave

BUS D13

TABLE |

M93@1 MODIFIED UNIBUS PIN ASSIGNMENTS

SIGNAL

BUS INIT L
POWER(+5V)
BUS INTR L
TEST POINT
BUS DOO L

GROUND

BUS DO2
BUS DO1
BUS DC4
BUS DO3
BUS D06
BUS DOS
BUS DO8
BUS DO7Y
BUS D10
BUS D@9
BUS D12
BUS D11t
BUS Di4

BUS PA L
BUS DiS
Pi

BUS PB L
Pa

BUS BBSY L

BAT BACKUP +15V
BUS SACK L

BAT, BACKUP =15V
BUS NPR L

GROUND

BUS BR 7L

+28V

BUS BR 6L

+20V

+28V

- e resTr Sy rarr

PIN

BAi
BA2
Be1
BB2
8CH
BCe
BD1
BDe2
BE1
BE2
BF1
BFe
BH1
BHe
BJ1
BJ2
BK1
BKe
BL1
Ble
BM1
BM2
BN
BNE
BP1
BPe
BR1
BRe2
BS1
BS2
BT
BT2
BUY
BUZ
BV1
Bve

SIGNAL

SPARE

POWER (+5V)
SPARE

TEST PQINT

BUS BR 5L
GROUND
BAT=BACKUP +5V
BR 4L

INT, SSYN,
PAR: DET,

BUS ACLO L

BUS DCLO L

BUS AQO1
BUS AQOQ
BUS 403
BUS A@2
BUS A@5
BUS A@d
BUS AR7
BUS AQé6
BUS AaMA9
BUS A@8
BUS Al
BUS A1@
BUS A13
BUS AlZ2
BUS A15
BUS A4
BUS A17
BUS Al6
GROUND
BUS C1 L
BUS 8SYN L
BUS CO 1
BUS MSYN L
a5y

Ty vy rrrrrr oo

Page 7
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3,8 HARDWARE DESCRIPTION

3.1 Imtroduction
The following 1s a detailed eirecuit deseriptiomn of the MO30y
Bootstrap/Terminals module, Various segments of this module Wil be

amajyzed separately for clarity, M93G1 cirecuit schematics will be
referenced throughtout the description, (CS MO3@i=i=1),

3,2 Defimition of Terms

3,21 Bootstrap Program

A bootstrap program {s any program whiech Joad amother (usuallyvy 'arger)
pregPam {imto computer memory from a peripheral device,

3,2,2 HBoot

Boot is a verb which meams to {mitiate execution of a hootstrap
program,

3,2,5 Bootstrap

Bootstrap anmd bootstrap program are used {mnterchanmgeably,

3.3 QOverview

Typically all PDP1i computers perform what is referred te as a power
Wp sequence each time power {s applied to their CPU module(s)., This
seguence is as followss
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3,3 Overview continued
+5VDC COMES TRUE

BUS DC LO L RELEASED
BY POWER SUPPLY

BUS AC LO L RELEASED
BY POWER SUPPLY

PROCESSOR ACCESSES MEMORY
LOCATION 24(8) FOR NEW PC

PROCESSOR ACCESSES MEMORY
LOCATION 26(8) FOR NEW PSw

PROCESSOR BEGINS RUNNING PROGRAM
AT NEW PC CONTENTS

‘WITH AN M93@1{ BOOTSTRAP/TERMINATOR IN THE PDP{i computer systém, on
powePr Ups the user canm optionally (a switch omn the M9321 canm em3ble or
disable this feature) force the proccesser to read its new PC from a
ROM memory Jocation (unibus Locatiem 773324(8)) and offset switch bank
on the M93Q1, A new PSW will also be read from a locatiom (UNIBUS
Lecatiom 7730226(8)) imn the M932{ memory, This new PC and PSw wil)
them direct the processor to a orogram (typically a bootstrap) in the
M93p1 ROM (UNIBUS memory leocatioms 7730@2 thru 773776),

1f booting on oower ups is disabled am extermal switch or logic level
and be wysed te force the processor to execute a boot pPRogram,
Proegrams im the M93J1 cam also be imnitiated by program Jumps to their
starting addresses or through the S8START switeh feature of a
programmer’s switch conscle If omne is available in the system,

3,4 Power Up Bootimg Logic
AC LLO and DC LO

The status of every PDP11l power supply is described by the twe UNIBUS
econtrol 1imes BUS AC LO L anrd BUS DC LO L, The condition of these two
limes im relation to the +5 volt output of the power supply is defined
by UNIBUS specifications as summarized in Figure 3,
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Fiaure 3 Power fail Seauence

Power Up or Power DOWN

On the M9321, Power up sequences are detected by the circuitry shown
in Figure 4, When +% volts first becomes true, both Bus AC LO, and
BUS DC LO are asserted low, Assumimg the POWER UP REBOOT ENABLE
switeh (Si=2) i8 closed om, flip fJop E29 wil] them be set, Whem BUS
DC LO L goes high followed by BUS AC LO L, this flip=flop {8 then
cleared gemerating a loweto high transitiomn on the outeut of E20 (pin
13), This transition triggers the onme=sgshot E21 which asserts UNIBUS
address limes BUS A@9 L, BUS A12 L, anmd BUS A12 L thru BUS A17 L fer
300 ms,
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FIGURE 4
POWER UP BOOT LOGIC

Processor reacds new program counter

During the 300 ms time=out of E21, the central processor will be
performing {ts power yp sequenmce, Whem the processor attempts 'e read
a new program counter (PC) address from memory Jocatiorn 24(8), the
address bits enabled by the eme=shot are legically ORed to gemerate
the address 773024(8), This locatiom happens to be am address in the
M93@1 rom space which contaims the starting address of a specifle (see
Sectior 3,9) boot routime,

Precessopr pead new status word

Haying oebtaimned a mew PC from location 773M24(8)3 the procesSer then
attempts to read a new Processer Status Werd (PSH) from memoPry
location 26(8), The address bits enabled by ere=shot E21 are
fegi{cally ORed to gemerate the address 773726(8) which is also inm the
Me33! ROM aodress space, 0Onrce this tramsfer is completed the removal
ef MSYN frem the bus will gemerate a ADDPR CLR L sigmal (See Section
3,6) whieh clears the ome=shot (E21) timeout removima address bits BUS
AB9, BUS A1@, amnd BUS A12 thru BUS A1l7, The 399 ms timeout lePgth of
E2l was chosem to guarantee emough time for all PDP1l processers to
complete the two memory tramsfers described before releasinmg the
address limes,

POWER UP REBOOT ENABLE
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The POWER UP REBOCT ENABLE switch (S1=2) cam be used to disable the
fogic showm {n Figure 4, With this switch open, the clear {Pput o
the flip=7flop E29 will always be lew, preventimg it from ever being
set om powWer restarts, FAST ON tab TPl {s provided to allow switch
3122 to be remoted external to the module, Note that whem an externmal
switch {s used, Si=2 must be left in the off position,

3,5 Extermal Boot Cirecuit

The processor cam be extermally activated by groumding the FAST ON tab
TP2 f{nmput, as shown in FIGURE S, This low input sets flip=flop E13
which them gemerates a BUS AC LQ L sigmal om the UNIBUS, Upon seeing
this

FIGURE 5
EXTERNAL BOOT CIRCUIT

UNIBUS SIGNAL EVERY PDP1{1 processor will begim a power down Poutine
anticipating a real power failure, After completing this routine, the
processor will then wait for the release of BUS AC LO L at which time
it wil) perform a power up seauence through location 24(8) and 26(8),

Whem the EXTERNAL BOOT imrput {8 released, the oneshot E21, 18
triggered causing an B ms timeout, and the set input to flip=flop EI3
pemoved, At the end of the omeeshot timeout, flip=flop ELI3 is elocked
fjoew releasimg the BUS AC LO L limre and firimg the 300 ms omesshot
(E2i{) memtiomed {m Sectiem 3,4, The processor them 1s foreced to read
ite rew PC amd PSW from locatiem 773024 amd 773026 respectiVely as
deseribed in Section 3,4, ‘
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1.6 Power Up Transfer Detectiom Loagic

FIGURE 7
TRANSFER DETECTION LOGIC

After BUS AC LD L amd BUS DC LO L have performed theip power up
sequence as described 1{m Seectiom 3,4, the logic shown in Fiaure 7
counts the first two DATI transfers on the UNIBUS amd generates a 75
ns pulse on the CLR ADDR L lime, The two UNIBUS transfers mel"formed
wil]l be to obtain a mew PC and PSWw as previously described, The CLR
ADDR L pulse resulting will be used to clear the ome shot E21 shown in
Figure 4 releasimg bus address 1inme BUS A29, BUS Al@2, and BUS Al2 thry
BUS A17.

3,7 Power Up Clear

The eclireyit shown in Figure B is imncluded om the M9321 to AJuarantee
that epecific storage elements orn the module are cleared when power is
f{rat applied the PWR CLR L sigmal will be held low for approximately
70 ms after the +5VDC has returmed assuming the +5V supply has a rise
time of Jess tham 22ms, The exact period of time for holding PY¥R CLR
L {8 @ function of the rise time of the +SVDC power supply,

FIGURE 8
POWER UP CLEAR LOGIC
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3,8 Address Detectionm Logic
M93@1! Address Space

Filgure 9 shows the complete UNIBUS address detectiomn Jogic 2m the
MO3@1, The purpose of this circuitry {8 to detect UNIBUS addresses
withim the address space of the M9331 773200(8) = 773777(8) anrd
765000(8) = T765777(8)), and recognize the specific addresses
773p24(8)amd 773026(8) for the power up cirecuit previously described
in Sectioms 3,4, and 3,5,



+5Y

Rao é
2K

Paje /G

Eaw O

ENAB DATAH

ENAB DATAL

+5v
1
T
gus Al7 L ——( .
A
V) : ~
Sui Azt ——() 27 +
Bus msyy L ——] )
’ +§v +5v
Bus <l L Ea5
[ 27
IR
Buga2z | —O El6 d i
Elg
- [ — si-/
El7 — 765XXx L
Bus 4l v G El6 Lo Los“:vf\g::'
ElE
L LC
Bus AL _05/6\ |
_;szs
BUS Ao9L E/G\‘ £l 7T7FxxXL
pe Lo g o BN
Bus A6 L — E/g)
—- "9
AD8H
BUS aggr _
" T9e9) NeTH
Lo~ 7/
ALEH
BUS Ag4 L\ AGSH
—05’8
=/ AdaH
Bus ApSL— )\ — Ag3H
o/ Ad2H
e
J AZIH
us Adl L - N\ 5 —
gos Ere) 19 .
N i g E2e ENAB JumpP L
Buvs ApzL — E2é6 5
N\ —
» E25 ]
pus A97LTdE,5) 76 EXXXL —
o7
FilG, 7

ADDRESS DECoDER LoGIC

BuS SSYN



Page 17

M93@{ Memory Access Constrainmts

The eireuitry show in Figure 9 determinmes whem the M9321 ROM address
space (s being accessed, Upon receiving a recogrized UNIBUS address,
amd BUS MSYN, the RUOM data outputs are enabled oento the UNIBUS data
fimes (BUS Doa L = BUS D15 L) amd BUS SSYN L is emabled 270 rms Jater,
Comditions whiech must be met before emabling the ROM data arnd
returnimg BUS SSYN are as follows:

{s Detectiom of the UNIBUS address 765XXX (depermdemt on
positiom the of L. ROM ENABLE switeh Si=1) eor 773¥XX where
XXX {s redurdant, )

2, Transfer being performed is a DATI operatiomn where BUS C1i
L is mot asserted,

3, A BUS MSYN L econmtrol siagmal has beem obtaimed,

Lew ROM Emable Switeh

LOW ROM ENABLE switch (sl=1) showmn im Figure 9 allows the uySer to
disable the M93@1 detection of UNIBUS addresses 765008 tru 765777,
These addresses Would mormally represemt the lower 256 words o¢f the
M930i memory space, Disablimg the detectionm of these addresses Si=]
is set to OFF positiem) hecomes essemntial when that memery SsSpace s
be{mrg used by other peripheral devices i{m the system, FoP M93Q]
medules comtaimning standard DEC pregrams, users should note what
pregram featyres will be elimimated by disablimng M930{ address
fecations 76500@ thru 765777,

ROM Acddress Gemeration

Logie showm im the lower half of Figure 9 performgs two fumctions,
First 1t receives the nime address imputs for the M9321 ROM memopy
(765XXXl. amd A@iIH thru AGBH), Seconrd 1t detects the UNIBUS address
773024 angd gemePates the offset switeh emable sigmal (See Sectiom 3,9)
ENAB JUMP L,

3,9 Address Offset Switech Bank

As previoeusly mentiomed im Sectiom 3,4, om all bhoots, the M93D]
precessor obtaims i{ts nrew PC from Jlocatiom 773024(8) instead of
location 24(8), wWhemn the M930{ address detectiom logic (Sectien 3,8)
deepdes the address 24(8), it emables (via ENABL JUMP L) the address
offset switeh bank (Figure 18) shown below, The contents of these
swWwitches, combined with the comntemnts of the specified address {PR M93@1i
ROM memory, produce a new PC for the CPU, This mew Pec will poOinmt the
processor to the startimg address of a specific orogram (usally a
boetstrap routine) in the MI3Q1 memory, Several programs Cap be
irciuded im the MO3A1 memory with any ome beinmg user sel@ctable
through the address offset switech selection '



Examples

M9381 ROM address 773024 contaims == {73000
Offset Switch Bamk conmtafins 254

New PC read by CPU 173254

Page 18
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3,18 ROM Memory

The heart of the M9321 is the 512 word ROM (Read Only Memory) showm in
Figure 11, It is composed of four 512 x 4 Bit Tri=state ROMS
ergamized im a 512 x 16 bit configuration, A1} four units share the
same address 1l{nes and produce 16=bit PDP=1{ I{nstructions for
execution by the processor,

A1l four ROM outputs are always emabled, so army chamge 1im Aaddress
inputs wi{)) result im a change im the UNIBUS data limes when the ENAR
DATA sigrals in Figure 9 are enabled, For further {nformation on
M93g1 compatible ROMS, CONSULT THE ROM Specificatioms showm in the
Appenmdix,

M8301 wsers that program their owm PROMS eheould mrote the followinmg
programmimg constraints,

i, There is mo address or data output tramslationm required,

2, UNIBUS address locations 77330@(8) theru 773776(8) are located
in the Jower 256 words of PROM word space and UNIBUS address
locatioms 7650R3(8) thru 765776(8) are residenmt im the upper
256 words,

3. Whem coding PROM patterns data bits D@L thru DO8 must always
contain the 1inverse of the data reaquired to compemsate for
the extra iAnversion logic available im the M93Q! Offset
Switeh Circuitey,
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3,11 M93@1 TERMINATOR

The termimator section ot the M932! consists of four resistor pack
elrcuits each containing the reaquired pyll=up amd pulledown reSistors
for preper UNIBUS termination, Sinmnce PDPii/@4 amd PDP1{/34 comMputers
imcorperate BUS GRANT pull=up resistors on the processor modules,
gspace has beem Jeft on the M9301 for five Jumpers (Wl thpu WS) whieh
allow the user to select whether to {mclude BUS GRANT =yull=up
resistors, TABLE 2 indicates whieh versions of the M93IP{ have BUS
GRANT Jumpers installed,

Cautiomn should be taken when insertimg M93@1 modules im various PDPI1L
(PDP11/@5, 11/19, 11/35, 11/40) computers, I1f the processor inm
guestionr; does not have BUS GRANT pull=ups eom the CPU, Jumpers W
threygh WS on the M9301, should be imsepted or the M9301 should be
positiomed at the end om the UNIBUS furthest from the CPU,
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4,8 M93@1 VARIATION

4,1 Overview
The M93Q1 Bootstrap/Terminmator presemtly comes inm five varfatiomns as
described in the followirg sections, Table 2 summarizes the
differemces betweemn each variation,

MO3@A{

=0 «YA =YB =YC =YD

EXTERNAL BOOT SWITCH RESTART * YES YFS NO YES
POWER UP REBOOT ENABLE RESTART * YES YFS NO YES
PROGRAMMERS CONSOLE STANDARD WITH * NO N YES YES
COMPUTER
READ ONLY MEMORY (ROM) NO YES YES VYES VYES
SOCKETS SUPPLIED FOR PROGRAMMABLE YES NO N NO NO
(ROM/PROM)

BUS GRANT PULL=UP TERMINATOR RESISTER

(Wi THRU WS) YES NO NAD YES NO
SWITCH SELECTABLE BOOTING * YES N0 YES NO

STANDARD DEC BOOTSTRAPS AND MASSBUS DEVICE BOOTS NO NO YES NO NO

STANDARD DEC BOOTSTRAPS NO YES NO NO NO
PDP 11/7@ USER PROGRAM NO NO NO YES NO
DDCMP USER PRGRAM NO NO N NO YES

* INDICATES USER SELECTABLE

TABLE 2
MO3@{ VARIATION FEATURES
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Me3I@Y Variatiom Usage

Gererals

Neme of the following M9321 vari{atijons will funmction im a PDP11 system
containing a UNIBUS repeater, unless the M9321 {s inserted in o
terminator position on the processor side of the repeater,

MO3@l = 2 = Cam be used im amy PDP1l computer that accepts am eXtemded
length terminator, The usep defimes the bootstrap or
program available im M93@{ Rom space,

M93@1 = YA = Used in most PDP11/04, amd 34 OEM machimes but 18 Program
compatible with all PDPil machimes that will acCept anm
extended lergth termimator, MNote however, that in other
machines havimg CPUUs which de mot contaim BUS GRANT puyl)
Up resistors, the M93231=YA must be placed at the enmnd of
the UNIBUS farthest from the CPU,

M93@L = YB = Same as the M932i=YA except it is intemded for 2nvd uyserp
machimes {n the PDP11/24, and 34,

Me3gl = YC = FoPr use §n only PDP11/70 machines,

M9321 = YD = Can be used im any PDPil machine, Cautien should be

taken, however, wher 1ipserting the M930! im soOme PDPI1
computers, If the processor Im question does nrot have
BUS GRANT pull=up resisters on the CPU, Jumpers “{ thery
W5 on M93@1 should be inserted or, the M93@1 should be
placed at the end of the UNIBUS furthest from the
processor, (See Sectionm 3,11),

4,2 M9301=D

The M93@i=0 has beemn created as a yniversal bootstrap deviece which
allows the wuser to program and install customized S12 x 4 »it ROMS,
This modyle version comes with four 16=pin IC (imtegrated circuit)
sockets 1inmn place of the Roms normally {imserted on othep module
versiomns, For pipout and access time constraints em Rems used,
consult the Rom Specification shewn in the Appendix, Wher ecoRfiguring
Rem bi{t patterns for the M930i{=2, care should be takem to arramde them
te meet ¢the address and data oeutput pimouts onm the medule. (See
section 3,10) '

4,3 M93Bi=YA and M93Q1=YB Versions

Twe versioms of the M93p! have been created for use in the PDP {1/04,
and 34, compyters, one versiom, designated M93Pi=YA, {8 for QEM
(origimal equipment memufacturer) use and the other designated
M93@{=YB {8 for end users, Both units contaim basic CPU ard memory
GO0»NO GO diagrmrostics alomg with specific sets of bootstrap prograems as
gshown {n Table 3 and Table 4,
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4,3,1 Physical Differences from the M9331i=7

The oemly physical differemce between the MI93¢{=YA/MY3pi=YB modules and
the M93@1i=0@ previously described, is that specially programmed Tpi
Stete 512 x 4 bit ROMs are inserted in the four locations occupied by
{6=pin DIP sockets on the M933i{=0,

4,3,2 M93Q0i=YA and M93@1=Yb Program Memory Map

Table 5 is a program memory map of the MI93@1=YA and -M93Pi=YB modules
and briefly lists the nature of each diagrmostic test im the ROMS,

4,3,2,1 Basic CPU Diaagnostics

TEST § = SINGLE OPERAND TEST

This test executes all simgle operand instructions using destimation
mode @, The basic obJective 1{s to verify that all simgle operand
instructions operate; it also provides a cursory check 2n the
eperation of each i§{nstructiom, while ensuring that the CP!! decodes
each imstructiom {n the correct manmnmer,

TEST | brimgs the test destimatiom register through its three possible
statest zero, megative, and positive, Each {instructiom opeprates on
the register contents in onre of four wayss

{, Data will be changed via a direct operation, i,e,, incPement,
clear, decrement, etc,

2, Data will be <changed via am indirect operation, 1e€0ys
arithmetic sh{fts, add carry, and subtract carPy,

3, Data will be umchanged, but operated upon, via a direct
operation, {,e,, Cclear a register alpready contaning 2eros,

4, Deta will be unchanged via a nmron=modifying in%truction
(TEST),

Note that when operating upon gata im am indirect mamner, the data is
modified by the state of the aporopriate comdition code, Arithmetic
sh{ft will move the ¥YC" bit imto or out of the destimationr, This
eperation, when performed correctly, inplies that the "C" bit Was set
eorrectly by the previous {mstruction, There are mPo checks on the
data integrity prior to the end of the test, However, a check is made
on end the result of the data manjpulation, A correct result implies
that all imstructions manipulated (or, did mot manfpulate) the data in
the correct way, If the data is imcorrect, the program wil]l haRg {n a
program Joop uURti] the machime is halted,

TEST 2 = DOUBLE OPERAND, ALL SOURCE MODES,
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DESTINATION MODE @

This test verifies all double operand general and logical
imstruction==each {n ome of the seven modes (excludes mode @), Thus,
two operatioms are checked the correct decoding of each double speranmd
imstruction, and the correct operation of each addressirg mode fop the
source operand,

Each {mgtruction on the test must operate correctly imn order ¥5r ¢the
mext instruction to operate, This intepr=deperndence is carried thpough
to the last {mstruction (bit test) where, only through the Ccorrect
execution of a1l previous instructions is a data field examined for a
specific bit configuration, Thus, each imnstructiom prior te the last
serves to set up the pointer to the test data,

Two checks on instruction operation are made im TEST 2, UOne ech®ck, a
bramch on condition, is made followimg the compare instructiom. while
the secord is made as the last imstruction in the test sequence,

Simce the GO=ND GO test resides im a ROM memory, all data mamipulatien
(modificatiom) must be performed 1{mn destimation mode @ (register
contaimg data), The data and addressimg cometants used by TEST 2, ape
comtaimned withim the ROM,

It {8 importamt te nmote that twe different types of operatioms must
execuUte correctly in order for this test to opeate}

1o Those inmnstructions that pariteipéte in computimg the fimal
address of the data mask for the fimal bit test imstruyction,

2, Those finmstructions that manipulate the test data within the
register to generate the expected bit pattern,

Detection of am error within this test results im & program loop,
TEST 3 = JUMP TEST MODES 1, 2o AND 3

The purpose of this test s to emsure correct operation of the Jump
imstruction, This test 1{s constructed such that only a Jump to the
expected {mstruction wil)l provide the corprect pointer for the pmext
ingtruction,

There are two possible fallure modes that cam occuPr im this testy

is The Jump addressing c¢circuitry will malfumction causinmng a
transfer of execution to am imcorrect imstructiom seayence or
nen=ex{stent memory,

2o The Jump addressing circuitry will malfunction in such & way
as to cause the CPU to loop,

The letter case is a logical error indicator, The former, however,
may manifest {tself as am after~the fact error, For example, {f the
Jump causes comtro] teo be givem to other routines withim the M93R1,
the {ntermdependent I{mnstruction sequences would probably Ccause a
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failure to eventually occur, Im any case, the failimg of the Jump
instruction WwWill eventually cause am out of sequence or "{1legical
event" to occur, This imn itself {s a meaningful ipdicater of a
majfunctionming CPU,

This test contains a JUMP, MODE 2, This instruction is mot comnatible
across the PDP=1i{ line, However, 1t will operate er anv PDP=1i{,
withim this test, due to the umique programming of the {nStPuctionm
Wwithin TEST 3, Before {llustratimg the operatior, it is impaArtanmt to
understamd the difference of the JUMP MODE 2 betweemn machimes,

Om the PDP={i/20, 11705, and 11/1@ processor, for the Jump Mode 2 (JMP
(R)+) the vregister (R) is imeremented by 2 prior to executinnm of the
Jump, Onm the PDP=11/42 and 11/35, (R) is used as the Jump Address
amd imeremented by 2 after execution of the Jump,

im order to avoid this {mcompatabiliity, the Jumeg (R)+ 1is prodrammed
with (R) poimting back on the Jump itself, Om 11/22, 11/25, and (1/10
proecessors, execution of the imstruction would cause (RY to be
imeremented toe pofint to the followimrg imstruetion, effectively
comtipuing a normal execution seauence,

On the PDP=11/40 and 11/35 processors; the use of the {nitial value of
(R) will cause the Jump to "loop" back on ftself, However, Correct
operatiom of the auto=imcrement will move (R) to point to the nmext
imstruction foliowing the imitial Jump, The Jump will then be
execyted agaim, However, the destination address will be the nrext
imstruction in seaquence,

TEST 4 = SINGLE OPEAND, NON=MODIFYING, BYTE TEST

This test focuses on then one unigue single orerand instructiom, the
787, TST is a special case in the CPU execution flow since it is a
mom=modi{fying operation, TEST 4 also tests the byte operatiom Of this
imseryction, The TSTE imstruction will be executed in ‘lode |
{register deferred) ard Mode 2 (register deferred, auto imcrememt),

The TSTB is programmed to eperate on data which has a nregative value
most significant byte amd a zero (mot nmnegative) least sianificanmt
byte.

In order for this test to operate properly, the TSTB on the LSR must,
{firsty; be able to access the evenm addressed |.SR, them set the preooer
cemndition codes, The TSTB is them re=executed with the auto=increment
Jaciiity, After the auto=imcrement, the addressing register should be
pointing to the MSB of the test data, Another TSTB 1is executed on
what 8should be the MSB, The "N" bit of the condition codes shauld be
set by this operation,

Cerrect execution of the last TSTB implies that the auto=imcrement
recognized that a byte operation was request, therebv only
incrementing the address im the register by one, rather than two, 1§
the coerrect condition code was mot set by ¢the associated TSTH
imstruction, the program will loop,
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TEST 5 = DOUBLE=OPERAND, NON=MODIFYING TEST

These are two non=modifyimg doublemoperand {mstructions = the Compare
(CMP) amd bit test (BIT), These two imstructions operate on test data
in source modes | and 4, and destimatiom modes 2 and 4,

The BIT amd CMP {nstructions will eperate on data conmsisting of all
enes (177777), Tweo separate fields of omes are used in ordep to
utilize the compare {mnstructioms, and to provide a field large enough
te handle the auto=incremertimg of the addressing register, Si®ce the
compare imstruction {8 executed omn two flelds comtaiming the same
date; the expected result i1s a true "Z" bit, imdicating eaualityv,

The BIT imstruction will use a mask argument of all ones Aagainst
another field of all ones, The expected result 1is a mone=zero
eonditiom (Z),

Most failures will result im a ome {mstructionr loop,

4,3,2,3 Register Display Routime = The register display routine
primtes out the octal contents of the CPU registers RO, R4, SP amd old
PC on the console terminal, This sequence will be followed by a
prompt character (%) on the next lime,

Example of a typical primtout,

XXXXXXX XXXXXX XXXXXX XXXX KX

$
Prompt R2 R4 R6 01d PC Program Counter
Character (Stack

Poimter)
1., Where X signifies am octal number (@=7),
2. Whenever there is a power up rPoutine or the BOOT SYWITCH 1is
released on PDP11/84 and PDP11/34 machines, the PC at this
time will be stored in RS, The contemts of RS ape then
printed as the OLD PC showm imn the example,

The prompting character string indicates that diaghnestics
have been rPum and the processor is eperatimg,

4,3,2,3 Memory Modifying CPlU Diagmostics

TEST 6 = DOUBLE OPERAND, MODIFYING, BYTE TEST

The obJeetive of this test s to verify that ¢the double=onerand,
modifyimg imstructions will operate im the byte mode, TEST & contaims
three subetestst

{1, Test source mode 2, destimation mode 1, odd amd even bvytes,

2, Test souce mode 3, destimation mode 2,



Page 29

3, Test source mode A, destimatiom mode 3, evenm byte,

The move byte (MOVB), bit clear byte (BICB), and bit set byte (BISB)
are ysed within TEST & to verify the opeation of the modifying
double=operand functions,

Since modifyimg instructions are umder test, memory must ke use” as a
destimation for the test data, TEST 4 uses location 5807(%) as a
destination address, Later, in TEST 7 and the Memory Test, Iocation
S0@ is uUused as the first available storage for the stack,

Note thaty simce TEST 6 is a byte test, location 5¢0(8) implies ¢that
beth 500(8) and 581 are used for the bytes test (evem and odd,
respectively, Thue, {n the word of data at 500 add and evem bytes are
caused to be all zeroes and all omes throughout the test, Fach byte
is modified imdependently of the other,

TEST 7 = JSR TEST

The JSR is the first test in the GO=NO GO seauemce that utilizes the
stack, The Jump Subroutine command (JSR {s executed in modes 1 amd 6,
After the JSR is executed, the subroutine which was given e¢ontrol,
Wwill examime the stack to ensure that the correct date was placed in ¢t
correct stack loecation (SUR(B)), The routirme will also emsur® that
the Jime back register poimts to the correct address, APy errors
detected in this test will result im a Halt,

TEST 8 = MEMORY TEST

Although this test is {ntemded to test both core and MOS memories, the
date pattermns used are desigred to exhibit the most taximng ©9p2prationm
for MOS, Before the details of the test are described, it Would be
appreopriete to discuss the assumptions placed upon the failure modes
of the MOS technology,

This test is intended to check for two types of problems that may
arise in the memory,

1, Solid Element or Sense Amp faillures,
2o, Addressing Malfumctions extermal to the chip,

The simplest faflure to detect is a solid read or write problem. If a
ecell fails to hold ¢the appropriate data, it is expected that the
Memory Test wil]l easily detect this problem, Inm additfon, the orogram
attempts to saturate a chip im such a way as to cause marginal sense
amp operatiom to man{fest {tself as a loss or pick=up of uyhnexpected
datea, The UK x 1 chip used in the memory consists of a 64 x 44 matrix
of MOS storege elements, Fach 64 bit section s tied to & common
sense amplifier, The objective of the program (s to saturate the
sectiom with, at first all zeroes and one "1" bit, This "{" bit s
then floated through the chip. At the emnd, the data is compleMented,
apd the test repeated,

Foer extermnal addressing failures, it {s assumed that 1f twoe oF more
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locations are selected at the same time, and a write occurs, it is
likely that both locations will assume the correct state, Thuss prior
te writimg anmy test data, the backgroumd datea is cheeked teo emsure
that there was mo crosstalk between amy two locationms, A1l failures
will result {m & program halt as do failures in tests & and 7, After
the helt, 1t is expected that the operater will depress the BQOT
sWwiteh causing RO (Expected Data), R4 (Received Data), SP (failing
Address), and PC (PC indicating memory fajlure) to be displayed,

NOTE

I1f the expected and received data are
the same, it 18 highly probable that an
intermittent failure has beem detected
(1.2, timing or margim problem), The
Peason the expected and received data
can be idenmtical {8 that the test
program re=reads the failing address
after the initial nonecompare is
detected, Thus, a failure at CPU speed
is deteted, amd indicated by the reading
of the failimg address on a sinrgle
reference (rPot at speed) operation,

4,3,2,4 Bootstrap Programs Supported by the MO3Ai=YA and
M932{=YB = Peripheral devices whose bootstraps are supported by the
M93Qi=YA and M93@{=YB are listed im TABLE 3 amnd TABLE 4, Each of
these bootstraps is compatible with standaprd DEC boots amrd opelfate as
follows,

4,3,2,4,1 RX11 DISKETTE = Loads the first 64 words (200 bvtes) of
data frem track one, sector ome imto memory Jocation 2 =177 bedinnming
at locatiom @, Once loaded the contents of Jocation @ is checked, I¥
it ecomntaims 240, operationrm is tramsferred to the routime beginmrimg in
focatien @, I¢4{ Jocatiom O does nPot contaim 240, the boot s
pestarted, Restarts will occur 2000 times before the machine is
halted automatically,

4,3,2,4,2 TALl CASSETTE = This bootstrap is idemtical to that o7 <the
RX11{ except that data {8 loaded from the cassette begimmimg at the
gseceond bloeck, '

4,3,2,4,3 PC1l PAPER TAPE READER = Loads an Absolute Loader formatted
tape 1{mto the upper memoPy Jlocatioms XXX746 to XXXTT7 (XXX te
dependent om memory size), Ornce Joadinmng {8 completed, the boot
transfers operation to a routime begimning at locatiom XXX752, 1In
systems contaiming amn M93PBi=YA which {s set up mot to rPum diagnrestics
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TEST 1| thru TEST 5, XXX will become @17 not the upper part of memory,

4,3,2,4,4 = DISKS (excludimg RX11) = Load 170@ words (20202 hytes) of
data from the disk into memory locations 0=1776,

4,3,2,4,5 MAGTAPE = TMil = Loads secomnd record (1000 bytes maximum
size) from the magtape I{into memory locatiom @=777, TJUl6 = Load
secend record (2000 bytes maximum size) from magtape 1into memory
focations A=1777,

4,3,2,4,6 CONSOLE EMULATOR = when this routine is used imn comjunction
Wwith the userfs terminal, funmnctionms quite similar to those fAunmd onm
the programmer’s console of traditional PDPI{ family computers are
generated, as shown {n the summary below, The description of the
operationm that follows assumes that ¢the wuser®s M9381 moedule s
eenfigurated to enter the <console emulater routime (DIP switch
settings for emulator are shown in TABLE(3) on POWER UP or whenmever
the BOOT switch {s depressed,

A SUMMARY OF THE CONSOLE EMULATOR FUNCTIONS

LOAD = This fumctiom loads the address to be mamipulated 1{inteo
the system

EXAMINE = Allows the operater to examine the contents of the
address that was loaded and or deposited,

DEPQOSIT = Allows the operator to write {imto the address that was
loaded and/or examimed

START = Inftializes the system and starts execution oOf the
program a8t the address loaded

BOOT = Allows the bootimg of a specified device by typimg inmn a
two character code anmd unit mumber, '

Comsole Emulator QOperation

The comsole emulator allows the user to perform Joad, examine,
deposit, start, and hoot operations by typimg imn appropriate code on
the keyboard, The combimation of the conmsole emulator routin® apd the
keyboard will be referred to as "The Console Emulator”,

Discussion of the Simplified Operator®s Flow Chart
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Intreduction

The simplified operator’s flow chart of the censole emulater routine
{whieh wi)l be referred to as the Operator®s Flow Chart) 1s presented
at this point {(n the text, to give the reader a urified picture of the
comrsole emulateor routine,

Detailed discussions of each aspect of the chart are presented f{n
Sections im the following paragraphs,

Symbolis
Rectangle

Rectanrgles indicate automatic operations which are performed by the
machimre., There is only ore emtrance amd ome exit omn & rPectandie,

Diamond

A diamond imdicates an automatic operatiomn which cam take eit9er of
two paths depending or how the guestion stated withim the diamond is
ampswered,

Circle

A elrcle indicates operator actiom, and the moving of a switch @p ¢he
typing of kevys,



SIMPLIFIED OPERATOR’'S FLOWCHART OF THE CONSOLE EMULATOR ROUTINE

(FOR STANDARD M9301 CONFIGURATIONS)

RETURN OF
AC POWER
1. THE ROUTINE IS ENTERED ON POWER UP OR WHEN THE BOOT SWITCH
IS DEPRESSED (IN STANDARD M3301 CONFIGURATIONS) ORUPONTHE — — . — . BoOT
RETURN OF AC POWER (AFTER AN INTERRUPTION OF AC POWER) SWITCH
GO-
2. A DIAGNOSTIC LOCATED ON THE Mg301 TE: e No Go LOOP ON
HE M9301 TESTS BASIC CPU OPERATION DIAGNOSTIC et
oK
3. IF THE DIAGNOSTIC IS PASSED, THE SYSTEM TERMINAL WILL PRINT PRINT R, R4, SP,
OUT FOUR, SIX DIGIT NUMBERS — 7| oLbPCS$
4. THE SYSTEM IS NOW WAITING FOR THE OPERATOR TO ENTER —— — — — — — —— —| WAITFOR
INFORMATION FROM THE KEYBOARD KEYBOARD INPUT
5. THE OPERATOR ENTERS A CODE (DESCRIBED IN THIS SECTION)
WHICH WILL LOAD AN ADDRESS OR EXAMINE (A PREVIOUSLY LOADED
ADDRESS) OR DEPOSIT (INTO A PREVIOUSLY LOADED ADDRESS), OR -
START (AT A PREVIOUSLY LOADED ADDRESS) OR BOOT A SELECTED
PERIPHERAL
6. THE FIRST TWO INPUT CHARACTERS ARE VERIFIEDASBEINGA _ VALID PRINT
KNOWN COMBINATION — T T T ComBINATION s
7. IF THE KEY COMBINATION INDICATED A START, THE START WILL BE START EXIT FROM
IMPLEMENTED NOW, AT THE PREVIOUSLY LOADED ADDRESS. NOTE THAT ~ — — — — — PROGRAM CONSOLE
START WILL EXIT FROM THIS ROUTINE; TO ENTER AGAIN, THE OPERATOR EMULATOR
MUST BOOT
8. IF THE KEY COMBINATION WAS AN EXAMINE, THE PREVIOUSLY LOADED — — — — BT s AND
ADDRESS, WITH ITS CONTENTS WILL BE PRINTED ON THE SYSTEM ADDRESS CONTENTS
TERMINAL
9. IF THE CODE WAS NOT AN EXAMINE OR START, THE CONSOLE
EMULATOR JUMPS TO LOAD OR DEPOSIT OR BOOT :
LOAD OR DEPOSIT OR BOOT
LOAD DEPOSIT BOOT
SEQUENCE SEQUENCE SEQUENCE T T T
10. SEQUENCE IS SEQUENCE IS SEQUENCE IS
ENTERED ENTERED ENTERED — — — |— — — - LOAD DEPOSIT BOOT
ADDRESS TO BE DATA TO BE .
LOADED DEPOSITED UNIT SELECT
NO.
11. ADDRESS IS ENTERED | DATA TO BE DEPOSITED | UNIT NUMBER IS
MOST SIGNIFICANT IS ENTERED, MOST ENTERED, DEFAULT — —_
DIGIT IS FIRST SIGNIFICANT DIGIT NUMBER IS ZERO -
FIRST
12. A CHECK IS MADE TO INSURE THAT THE NUMBER WHICH WAS ENTERED OCTAL OCTAL OCTA
- L
WAS AN OCTAL NUMBER 0-7; IF IT ISN'T, A § IS PRINTED SIGNIFYING AN ~ — -~ — — NUMBER NUMBER NUMBER
ERROR.
13. ENTERING (CR) TEST TO SEE IF THE ENTERING (CR)
SIGNIFIES THE END COMBINATION INPUT, | SIGNIFIES THAT THE
OF THE LOAD IMMEDIATELY PRE- OPERATORWISHESTO L. — . SUCCESSIVE
SEQUENCE CEDING THIS ONE BOOT NOW DEPOSIT
WAS A DEPOSIT
14. ADDRESS IS LOADED IF PREVIOUS OPERA- PRIOR TO BOOTING, A
INTO AN INTERNAL TION WAS A DEPOSIT, | MEMORY DIAGNOSTIC
REGISTER AND $ IS ADDRESS WILL 1S RUN; IF IT FAILS, ADDRESS INCREMENT MEMORY Loop
PRINTED SIGNIFYING | INCREMENT RUN LIGHT REMAINS * |~ — — 1S ADDRESS DIAGNOSTIC onN
SYSTEM IS READY ON AND PERIPHERAL LOADED PASSED ERROR
FOR NEXT KEYBOARD 1S NOT BOOTED
INPUT
15. (CR) INDICATES THAT | IF MEMORY DIAGNOSTIC DEVICE
THE OPERATOR WISHES | PASSED, THEDEVICEIS | — —— — . — — —  — — [ ENTER s
TO DEPOSIT - NOW NOW BOOTED CR BOOTED
16. DATA IS DEPOSITED MACHINE EXITS FROM
FOLLOWEDBY A$ THE CONSOLE
PRINTOUT, SIGNIFYING | EMULATOR; TO RE- DATA EXIT FROM
THE SYSTEM IS READY | ENTER THE OPERATOR o — —— e — e e — ] Is CONSOLE
FOR THE NEXT KEY- MUST DEPRESS THE DEPOSITED EMULATOR

BOARD INPUT

BOOT/INIT SWITCH

“CR = CARRIAGE RETURN KEY

11-3283

&
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-

W\ )
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CR

CR is the symbol for the carriage néturn key,
Usimg the Console Emylator

After The § =

Omrce the system has been powered up or booted, amd R?, R4, SP, PC anrd
$§ have been printed, the console emulator routime can be used,

Keyboard Inmpyt Svmbo!g
The discussion of keyboard imput format uses the following symb®Js:
Space Bar ¢ (S8)
Carriage Return Key 3 (CR)
Amny Number 2 = 7
(Octal Number)key s (X))
Keyboard Imput Formati Load = Examine deposit start, A1l Ccharacter

keys shown {n the following discussion represent themselves with the
exceptiom of those inm paremthesis,

FUNCTION KEYBOARD STROKES

Load Address L €SBY (X) (X) (X) (X) (X) (X) (CR)
Examine E (SB)

Deposit D (SB) (X) (X) (X) (X) (X) (X) (CR)
Start S (SR) |

Order of Significance of Input Keys
The first character that s typed will be the most siamificant

character, Conversely, the last character that is typed is the least
significant character, ,

Leading Zeros

Whem am address or data word contaims leading zeros, these 2zepcgs can
be omitted when loading the address or depesiting the data,

Example Usimg the Load, Examime, Deposit, amd Start Funmctions

Agssume that & user wishes tog
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19 Turm on power

2. Load address 7@0

3, Examine location 727

4, Deposit 777 into locatiom 700
5. Examine location 7020

6, Start st locatiom 720

USER TERMINAL DISPLAY
1, TURNS ON POWER XXUXXX XUXXXX XXUXXX UXAXXX
2, L(SB) 792 (CR) 8 L7070
3, E(SR) $ E 008780 XXXXXX
4o D(SB) 777(CR) $ D 777
5, E(SB) $ E 000702 000777
6, S(CR) $ S

Even Addresses 0Onmly

The console emulator routime will mot work with odd addresses, Even
rRUmbered addresses must always be used,

Succegsive OUperations

Examine

Succegsive examine operations are permitted, The address {8 Joaded
for the first examine omnly, Successive examimes cause the address to
increment and wWi{ll display consecutive addresses along with their
eontents, .

Example of Successive Examine Operation

Examine Addresses 500 = 506

Operator INPUT Termimal DISPLAY
L(SB 5@0@ CR ' L. 590
Ecse) 8E 2002500 XXXXXX
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E(SB) $E 0200502 XXXXXX
E(SB) $E 20@5084  XXXXXX
ECSB) $E PA@AS26  XXXXXX

Deposit

Successive deposit operations are permitted, The procedyre is
identical to that used with examine,

Example of Successive Deposit Operations
Deposit 62 {into Location 50Q

2 i{nto Location S@2
& 1{nto Locatjom 504

Operator Inmput Terminal Display
L(SB S@@ CR 5 Sea

D(sB) 60 CR 80 e

p(sB) 2 CR $0 1

D(SB) 4 CR $0 4

Altermate Deposit = Examime Operations

This mode of operation will Rnot {mcrement the address, The Addpress
Wwil]l contaim the Jast data which was deposited,

Example of Alternate Deposit = Examine Operations

Loead address S50@d, deposit the followimg mumbers with examimes afterp
every deposit 1000,2009,5420,

Operator Inmput Termi{mal Display
L(SB) 5@2@ (CR) $L 500

D(SB) 1@e@2@ (CR) $D Leao

E(SB) $E o¢@S@0 @olqee
D(SB) 208@ (CR) $D 2000

E(SB) $E 900502 Q02000
D(SB) 5420 (CR) $D 5420

E(SB) $E 0QBS0@ @OS5420
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Altermate Examine = Deposit Operations

If an examime is the first instruction after a load seaguenrnce, and s
altermately folliowed by deposits amd examines, the address will not be
imcremented, and the address will contain the 1last data which was
deposited, (The above example apolies to this operation, with the
exception of the order of examine amd deposit, the end result s the
same),

Limits of Operation

The M9301 comsole emulator routine camn directly manipulate the lower
28K of memory and the UK I/0 page, See section 5, for an exnlanatien
of techniaues reauired to access addresses above the lower 28¥,
Bootimrg From The Keyboard

Once the $ symbo)l mhas beem displaved in responrse to system power
coming uUp, oF the boot switch beinmng depressed, the system {s rp2ady to
fead a bootstrap from the device which the operator selects,

Comsole Emylator Boot Procedures

i1s Find the two character bhoot command code om either Table 3 or
Table 4, that corresponds to the peripheral to be booted,

2. Load papertape, magtape, disc, etec, into the peripheral to
be booted if reaquired,

3. Verify that ¢the peripheral indicators siamify that the
peripheral {8 ready (if applicable),

4, Type two character code obtained from the table,

5, If there is more than one unit of a given perircheral, type
the umit numher to be booted (@ = 7) {f mo number is tyvped,
the default number will be @,

6, Type (CR), this {mitiates the hoot,

Before Bootimrgses
Always Remember:

ts The medium (Paper tare, disc, magtape, cassette, etc,) muyst
be placed in the peripheral to be booted orior to booting,

2e The maechine will mot be urder the control of the ¢Consocle
emulateor routine after bootinmg,

3, The program which is booted {m musts$
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1) be self starting or 2) allow the wuser to Jload another
program by usimg the CONT fumctiom or 3) be prestartable
after the console emulator 1s recalled,

Actuating the boot switch will always abort the progra™ being
PUR, The contents of the general registeprs (RO=R7) wi{ll be
destroyed, There i8 mo way to contimue with the ®pogram

which was aborted, Some program are desigmed ¢te be
restartable,

Exampies Bootimg the High Speed Reader Using The
Console Emulator

Ar operator wishes to Joad the CPU Diagrostic for am 11/39
computer system, The system has a high speed reader,

Procedure!
P!ace the HALT/CONT switeh im the CONT positiom,
Obtaim a Sby?

a, Turning omn system power

by Actuating the boot,

(R?, R4, SP, and PC will be printed prior to the $.)

Place the absolute loader paper tape (coded leader section)
im the high speed reader,

Types PR (CR)

The absolute loacder tape wil]l be loaded, and the machine will
halt,

Remove the absolute Jleoader and place the Jeader o6f the
programy, in this case a CPU Diagnrestic, im the reader,

Move the HALT/CONT switch to HALT amd them retupn it to CONT,
The diagnostiec will be 1loaded amd the machime wil] halt
(normal for this programming, menediagrostic programs could
be self starting),

1f program 1s not self startinmg activate the BOOT/INIT
switeh, this will restart the console emulator routire.

Usimg the comnsole emulator, deposit desired fumctions {nteo
the Software Switch Register (a memory address) locetion,
See the diagrmostic for the software switeh registepr’s actuel
location and significance,)
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9, Usimg the console emulator, load the startirmrg addressS, and
start the program as described eaplier in this section,

Example of Booting A Disc Usimpg the Comsole Emulator

A yser wishes to boot the system®’s RK11 Disk, which containms
Diagrostic which the user wants to run,

Procedures

the CPU

{e Verify the the HALT/CONT switch is im the CONT positiom ardg

the write Jock switch on the RK1l peripheral is
posi{ition,

2o, The user turms on system power, The system terminpal

R@, R4, SP andgd PC wkich are ramdom binmary mnumbers,
by a $ orn the next linme,

3, The user placed the disk pack imto drive zero,

U, Whem the RKAS Joad light acpears, the system is ready

booted,

5, The user type ims DK (CR)

This causes the Toadimng of the bootstrap routime into

and the execution of that routime,

b, The program should identify itself and initiate a
(which won®t be discussed here),

CONSOLE EMULATOR

The following discussion will describe the effects of
{nformation {mcorrectly to the comsole emulator rPoutine,

Symbols
Space Bar = (S8)
Carriage Return Key = (CR)

Amy Octal Number (@ = 7) Key (X)

Nom=0Octal Number (8 or 9) keys (9)

(Y) = Representss

{1e AY) Keys (other tham mumerics which are umknown,

in the ON

displays
Frllowed

te be

memory

diajoque

ertering
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2, Keys which are kmown but do met cemsitute a valid code in the
comtext which thev are entered,

Refer to previous sectionms for a discussion of ¢the correct method
operating the console emulator routine,

ESCAPE ROUTE

If an entry has not been completed and the wuser realizes that an
{mcorrect or unwanted character has beenm entered, depress the rub out
or delete key, This actien will void the emtire entry and allow the
yser to try again, ‘



ERROR

L was followed by a key other
than (SB)

Am {11egal (non octal) number
(8 or 9) {s typed aftepr the
eorrect load entrance, within
an otherwise valid number,

An {mncorrect alpha key is
typed after the correct load
entrance within an otherwise
valid mumber,

The most significant octal
rymber in 8 six bit addpress
is greater tham one,

Am ynwanted byte legal octal
number {s loaded,

Amn extre (seventh) octal
nymber {8 typed,

A memory Jocatiom higherp
than the highest memory
lecatiom available in
the machime {8 loaded,

Load ertrance and nymber
Wwere entered correctly,
(CR) wasn’t entered,

E or S is followed by
a key other tham space,

DEPOSIT ERROR

RESULT
Terminal display will

{mmediately return a §
to signify am umkrmownm

code, No address is

loaded,

Upon receipt of the
illegal numbepr, the
console will igmore
the entire address
and return a §,

Same as {1legal mo,

Am address will be
loaded, however, the
state of the most sig=
nificant address bit
will be determimed by
bit 15 only:

2=03=14=2
5w 6=87¢=1

Address will be loaded,
but umrchanged,

The loaded mumber will
be imcorrect, The gsys=

tem will accept anmy size

word but will only re=
member the last six
chapacters typed in,

No errors will result
unless & deposit, ex=
amimne, or start s
attempted,

Machime will wailt inm=
defimitely for (CR)
$ will not be returned,

Termimal display wili

immediately return a §
to cignify an unkmown

ce

REMENY

Try again,

Try 2again,

Try again,

Try againm {f
reauired,

Tery againm,

Trv again,

Terv again,

Tyece (CR)

Trv Again,

USEFUL EXAMPLES
OPERATOR TERMINAL
LeY) $L

$

$
L(SB)XXX9 SLXXX

2
L(SB) XXXX L XXX

$

S(SB) B6XXXXXX

L(SB) LIXXXXXX

L(SB) 1xXXXX
(CR)

LESB) XXXXX
(CR)

ECY) or
S(X)

SL axXxX
b

SL 1XXX
$
Actyally
lLoad
EXXXXX XX

LoIXXxXXX

Sl XXXNXX
SXXX(CR)

SE
=% or
)
$

Fage 41}



Examine oF start {5 ate
tempted to a memopry lo=
cation which is higher
thamn the higkhest available
memory locatiom in the
machime I/0 page can be
examimed) or an odd memory
lecationm,

Examine is performed withm
out loadimg am address
pri{or to first examine,

Start i{s performed without
foading an address prior
to startimg,

D was followed by a key
other tham space,

Deposit {s attempted to

a memory Jlocation which

is higher than the highest
available memory location
in the machime (with the
exceptiomn of the I/0 page),

Deposit is performed Withe=
out Yoadimg an address or
kmowing what address has
been previously loaded,

Deposgit s attempted i{nto
am odd address,

The system will hamg up Pemnpress the ECSB) or $E
when (SB) {s executed, boot switch, $(58) $8
Examime of am unknmown Trv agaim or

address will be per= bont {f syss

formed, It is possible tem™ hangs up,

to access an address which

doesn’t exist, The system

may hangup im a program

looo,

Start at an unkmown Reload program

location will occur, and tery again,

Termimal display will Try again, CYY) $D
{mmediately peturmn a § £
to signify am umknown

cade,

ActivVate the
boat switch to
rebont the
sysatem,

The system will! hamg up
whemn (SB) {s executed,

a, Data will be written a, I™"mediately
over and Jost, following the

errof, perform
an examinmne to
determime the
access whiech was
decosited into,
Restore original
contents §f known,

be Machinme might hamnd up b, Reboot machine,
imn a program loop,

Denpress the boot
switeh,

The system will hamg up
when (CR) {s executed,

or

Page 42
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4,%3,2,5 Program Flow of M93Q1l=YA and M93%1=YB = Figure 12 and Figure
13 show the proagram flows for the M9301l=YA and M93P1=YE respectively,
Note that entry points are depemdent onm the switch settimgs Sie! thru
S{=12 on the M93(31 module, Addresses which must be genmerated for the
various devices are shown mext to each enmntry, '

4,3,3 Inmstallation

As a universal bootstrap/terminator module, the M9371=YA and MI3@1=YB
can be adanted by the user to meet a variety of boot requiremePts and
system confiqurations, Major factors that must be considered during
installation are as follows,

4,3,3,1 Power Up Reboot Emable = Automatic bootimg on all power ups
cam be enabled or disabled using the POWER UP RERBQOOT ENAB switch
((S1=2), If this DIP switch s set to the "OFF" oposition, the
processor will power wp normally obtaimnimrg a new PC from memory
locatien 24(8) amd a new PSK from location 26(B), When the switeh s
set the "ON" position, the processor will obtaim its mew PC from
location 173024(8) which happenms to be the address of the BOOT SELECT
switches S{=3 thry Si{=10,

The function performed by the REBOOT ENABLE switch (Sl=2) c¢can be
remoted to am extermnal switch using the FAST=0N tabs on the M9341
MODULE, THIS EXTERNAL SWITCH CLOSURE SHOULD BE MADE TN GROUND
(ENABLING 8BOOT) USING FAST ON tab TP3 as a ground return, In the PDP
11/@4, AND 34, when MOS memory s present with battery backue, a
battery status findication sigmral 1is generated by the power Supply,
This sigmel should be attached to the POWER UF REBOCT ENAB {mpuyt (TP2)
en the M93@1, If this status sigral coes low, the contemts of the MOS
memory s mo longer valid amd must be reloaded, usually froem some mass
storage device, The M9301, sensinmg the status of the memory f92rces a
boot om power up, allowing new data to be writtem imto memory,

1+ the battery status imput 18 high (logic "i1"), the M93@1 wil]l not
aytomatically boot on power uUp, and execution will begin at the
address specified by locatiom 24,

4,3,3,2 LOW ROM Emable = This DIP switch S1=1) when set to the "OQFF"
position prevents the M93P1 from respondimg to the UNIBUS Aaddress
range 76500 thry 756777, 0On both the M93@i=YA and M93@1=YB, this
address space 1is occupied by the DISKETTE (RX11) anmd CASSETTE (TA11l)
bootstraps,

4,3,3,3 Boot Switch Selection = To select which device boot will be
PUR on powWwermups and external boot enables, ejght DIP switches (S1=3
thru Si=102) are provided on both the M9321=YA amd M93E1=YB, Actual
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ON=QFF selection of each switeh for the various devices are showm in
TABLE 3,

4,3,3,4 External Boot Switeh = A device cam be externally booted
us{mg the EXTERNAL BOQOT imput onm FAST ON tab TP1l, If this iPput is
brouaht to ground, BUS AC LO L will be activated causing the orocessor
to perform a POWER FAIL, Uponr returning to a logic "i", this impput
will deactivate BUS AC LO L imitiatimg & POWER UP sequence inmn the CPU
amd thus the boot select switches, FAST ON tab TP3 should be used as a
around return for the extermal boot switch, :

4,4 M9ZQA1=YC
This version of the M93p] has been created specifically for the 11/78G,
If comtains basic CPU, cache and Memory diagrostics in additom to

booting from omne of 9 devices, It also includes the capability of
booting imto other than the lowest bank of physical memory,

Physical Differences from M93iA1

The M93Qi=YC varfation uses 4, Tri=State ROM’3 which containm
information used by the 11/73, The module also reaquires oyll=yp
resister for the Bus Grant 1ines om the Unibus,

11/7@ Bisiec Diagnostics

4,4,1 Memory Map

See Fig, (14)
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CACHE MEMORY
DIAGNOSTICS

BOOTSTRAP

PROGRAM
177730¢0

CPL AND MEMQORY

DIAGNOSTICS

17765020

FIGURE 14
MO3@1=YC PROGRAM MEMORY MAP
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4,4,2 Gemeral Description

The diagnostic portion of the program will test the basie CPU,

iPreludingsl the branches, the registers, al]l addressing medes, and
most of the {mstructioms in the PDP=i{}l repertoire. It will <them get
the stack pointer to kernel D=space P,A,R, 7, check and turm on, if
rPecoUested, memory management amd the umibus map, and check memory
from virtyual address 0@ to 157776, After maim memory has been
ver{fied, with the cache off, the cache memory wWill be tested to
verify that "mits" occur properly, themn maim memory will be Scanned

againm to imsure that the cache is working properly throughout the 28K
of memory to be used in the "boot" eoperation,

It one of the cache memory tests fajls, the operator cam attempt to
"boot" the system anyway by pressimng "Continue", This will cause the
program to force "Misses" {n both groups of the cache before 7oirmg to
the bootstrap section of the program,

4,4,3 Diagnostic Test Descriptions
See fig, 15
TESTY THIS TEST VERIFIES THE UNCONDITIONAL BRANCH

THE REGISTERS AND CONDITION CODES ARE ALL UNDEFINED WHEN THIS TEST IS
ENTERED AND THEY SHOULD REMAIN THAT wAY UPON THE COMPLETIOM OF THIS
TEST,

TEST2 TEST CLR, MODE "@", AND WBMI","BVS®,BHI",B8L08"

THE’REGISTERS AND CONDITION CODES ARE ALL UNDEFINED WHEN THE THIS TEST
1S ENTERED, OPEN COMPLETION OF THIS TEST THE "SP" (R6) SHOULD 3E ZEROD
AND ONLY THE "z" FLOP=FLOP WILL BE SET,

TEST3 TEST "DEC", MODE “@", AND "BPL","BGE","BGT","BLE"

UPON ENTERING THIS TEST THE CONDITION CODES ARE:
N:@,Z:l,V:@,ANDC:@.

THE REGISTER ARE: RQ = 7, Rl = ? R2 s ?

R3= ? R4 = ? RS = ? SP = Q@ueea

UPON COMPLETION QF THIS TEST THE CONDITION CODES WILL BEg
N& i, Z= 8, V= @, AND C = @

THE REGISTERS AFFECTED BY THE TEST ARE:

SP = 177777
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TEST! THIS TEST VERIFIES THE UNCONDITIONAL BRANCH

TEST2 TEST "CLR", MODE "¢", AND "BMI",BYS","BHI",BLOSY

TEST3 TEST "DEC", MODE "@&", AND "BPL", "BEQ",BGE",BGT",BLE"
TEST4 TEST "ROR", MQDE "a@", AND "BVC","BHIS",BHI",BNE"

TESTS TEST "BHI", "8LT", AND "BLOS",

TESTé TEST Y"BLE®™ AND "BGT"

TEST7 TEST REGISTER DATA PATH AND MODES "Zn", ©"3", m"gn

TESTI@ TEST "rROL","BCC", "BLT", AND MODE "é"

TEST11 TEST "ADD", P"INC", "COM", AND "BCS", "BLE"

TESTi2 TEST YRORY", "RIS", "ADD", AND "BLO", "BGE"Y

TEST!S TEST "DEC" AND "BLDS"; "BLT"

TEST14 TEST "CQM", "RIC", AND "BGT", YS8GE", "BLE"

TEST1S TEST "ADCH", "CMP", "BIT", AND "BNE", "BGT", "BEQ"

TEST16 TEST "MOyB", ngaoB", "CLR", "TST" AND "BPL", "BNE"

TEST17 TEST “ASR", "ASL"

TESTZ20 TEST ASH, AND SwAB

TESTZ2! TEST 16 KERNEL P,A,R,*°S

TEST2e TEST AND LQAD KIPDR*S

TESTZ3 TEST "JSR", "RTS", "RTI", & "JMPH

TEST24 LOAD AND TURN ON MEMORY MANAGEMENT AND THE UNIBUS MARP
TEST2S TEST MAIN MEMORY FRQOM VIRTUAL 1d@ TO 28K

BOOTSTRAP ENTRY POQINT IS AT 17773222

CODE TO WAIT FOR TUL2 TO COME ON LINE

THIS IS THE CODE 70 READ THE SWITCH REGISTER AND DECODE IT

THIS IS THE START.QF THE TM11/TU1Q@ BOOT STRAP (MAGNETIC TAPE, T'11)
THIS IS THE START OF THE TC11/TUS6 BNOT STRAP (DECTAPE, TCi1=G)
THIS IS THE START QF THE RK11/RK?5 BOOT STRAP (DECPACK DISK CARTRIDGE
THIS IS THE START OF THE RP11/RP@3 BOOT STRAP (DISK PACK, RPi1=7)
THIS IS THE START OF THE COMMON READ CODE

THIS IS THE START OF THE RH7@/TU16 BOOT STRAP (MAGNETIC TAPE SYSTEM,
THIS IS THE START OF THE RHT@/RPA4 BOOT STRAP (DISK PACK, RWPT4)
THIS IS THE START OF THE RH70/RS234 BOOT STRAP (FIXED HEAD DISX, RwS@4)
THIS IS THE START QOF THE COMMON RH=7@ CODE

THIS IS THE START OF THE RX11/RX921{ BOOT STRAP (FLOPPY DISK)

THIS IS THE START RESERVED FOR 4 FUTURE DEVICE

FUNCTION cCDES FOR THE ALL OF THE DEVICES

COMMAND AND STATUS REGISTER ADDRESS TABLE

FUNCTION POINTER TABLE

STARTING ADDRESS TABLE

CACHE MEMORY DIAGNOSTIC TESTS

TEST26 TEST CACHE DATA MEMORY

TEST27 TEST VIRTUAL 28K WITH CACHE ON

Figure (15)
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TEST4 TEST "ROR", MODE "@%, AND "BVC","BHIS",BHI","BNE",

UPON ENTERING THIS TEST THE CONDITION CODES ARES

N=1,Z =8, V= @ AND C = 0,

THE REGISTERS ARE: R@ = ?, Rl = 7 R2 = 7

R3 = ? R4 =2 ? RS = 7 §P = {77777

JPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BEs
N s @ Z =2 @, V s 1, AND C = 1

THE REGISTERS AFFECTED BY THE TEST ARE:

SP = Q77777

TESTS TEST "BHi", "BLT", AND "BLOS"

JPON ENTERING THIS TEST THE CONDITION CODES ARE:
N=B'Z=Z'V'—'1’ANDC'—'1-

THE REGISTERS AREg R2 = 7, RL = ? R2 = 7

R3 = 7 R4 = 2 RS = ? §P = Q77777

UPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BE:
Ns tt, Z =1, V=1, AND C = |

THE REGISTERS ARE ALl UNAFFECTED BY THE TEST.

TESTe& TEST "BLE"™ AND "BGT"

UPON ENTERING THIS TEST THE COMNDITION CODES ARE:

N=t{, Z=1,V =1, AND C = {,

THE REGISTERS ARE: R@ = ?, Rl = ? R2 5 ?

R3 = ? R4 = ? RS = 2 8P = Q77777

UPON COMPLETION OF THIS TEST THE CONDITION CODES WILL BEs
Ne i, Z=12d, V31, AND C = | _
THE REGISTERS ARE ALL UNAFFECTED BY THE TEST,

TEST7 TEST REGISTER DATA PATH AND MODES ®2m, "3", "e"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:®
Nz 1, Z 2 By, V= 1, AND C = 1,4

THE REGISTER REGISTER ARES R@ = ?, R{ = %, R2 = ?

RRY = ?, R4 = ?, RS =3, SP = QA77777,

UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE:
N=@, Z=1, V = @, AND C = @,

THE REGISTERS ARE LEFT AS FOLLOWS:

125252, R3 = 125252
125252, AND MAPL@® = {25252

gaaeon., Re
125252, SP

R2 = 125252, R|{
R4 = 125252+ RS

TEST{e TEST "RoL", "BCC", "BLT", AND MODE "6&"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE

N = @, Z 21, V = @, AND C = @,

THE REGISTERS ARE: R@ = 125252, Rl = QAQQ@pn, R2 = 125252
R3 = {25252, R4 = 125252, RS = 125252, SP = 125252,
MAPLPO = {25252
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UPON COMPLETION QF THIS TEST THE CONDITION CODES ARE:
N s @, Z =@, V=1, AND C = 1,

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

MAPL @@ WHICH SHOULD NOW EQUAL 252524,

TEST11 TEST "aADD", wINC", "COM", AND "BCS", "BLE"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:
N=9, Z =2, V=1, AND C = 1§,

THE REGISTERS ARE: R@ = 125252, Ri = 0¥0A0v, R2 = {25252
R3 = 125252, R4 = {25252, RS = 125252, SP = 125252,
MAPLE@Q = @52524,

UPON COMPLETION QF THIS TEST THE CONDITION CCODES APRES
N=20, Z=1, V=0, AND C = @,

THE REGISTERS ARE LEFT UNCHANGEDR EXCEPT FOR

R3 WHICH NOW EQUALS 2@naZd, AND R1 WHICH IS ALSQ ¢P@@e®

TESTla TEST "RORN' !'BIS"’ "AD!’)H’ AND "BLO", NBGE"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE?

N = @, Z = 1, V = @, AND C = €,

THE REGISTERS AREs R? = 125252, R1 = 03uapn, R2 = (25252
R3 = P3p200@, R4 = 125252, R5 = 125252, SP = 125252,

UPON COMPLETION OF THIS TEST THE CONDITION CQDES ARE:S

N =@, Z = 1, V& @, AND C = &,

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

R3 WHICH SHOULD BE MOPIFIED BACK TO Apoeaadg, AND

R4 WHICH SHOULD NOW EQUAL 252525

TEST{3 TEST "DEC" AND "BLOS", “BLT"

WHEN THIS TEST IS ENTERED THE CONDITION CQDES ARE:

N = 2,2 =1y V =8, AND C = @,

THE REGISTERS ARE: R® = {25252, R{ = @uadme@, R2 = 125252
R3 s A00Q@, R4 = @52525, RS = 125252, SP = 125252

UPON COMPLETIOQON OF THIS TEST THE CONDITION CODES ARES

N = {1, Z 2 @, V = @, AND C = ¥,

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

R1 WHICH SHOULD NCW EQUAL 177777

TEST14 TEST "COM , “BIC",AND "BGT", "BLE®

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:

N s i, Z = @, V=0, AND C = @,

THE REGISTERS AREs R@ = {25252, Rl = {77777, Re = 125252
R3 = 0PQ223, R4 = @52525, RS = 125252, SP = {25252,

UPON COMPLETION QF THIS TEST THE CONDITION CODES ARE:

N 2 @, Z = @p V = {, AND C = 1;

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

R@® WHICH SHOULD NOW EQUAL @5252%, AND

Ri WHICH SHOULD NOW EQUAL @52524
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TESTLS TEST "ADC"™, wCMp", "BIT", AND "BNE®", “BGT",BEQ"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:
N=@, Z = @, V= iy, ANDC = 1,

THE REGISTERS ARE: RZ = @52525, R{ = 252524, R2 = {25252
R3 = Q0u0B@, R4 = @5252%, RS = (25252, SP = (25252,

UPON COMPLETION OF THIS TEST THE CONDITION CODES ARES

N =@, Z=1{, V= 0, AND C = 2,

THE REGISTERS ARE NOwWg

R@ = 052525, Ri 9AQ@Ead, R
R4 = 052525, RS 752525, SP

125252, R3 = a0Qano
125252,

[V 1]

TESTi6 TEST "MOvB","S0B", "CLR®, "TST" AND "BPL", "BNE"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARES

N = @, Z 8 {, V = B, AND C = 0,

THE REGISTERS ARE: RP = 852525, Rl = 200Q0¢0, R2 = 125252
R3 = 0AQ@EA, R4 = @52525, R5 = 252525, SP = 125252,

YPON COMPLETION OF THIS TEST THE CONDITION CODES ARE:
Ne=@, 2= 1, V=8, AND C = @,

RO IS DECREMENTED BY A SOB INSTRUCTION TO @upa@o

Ry IS CLEARED AND THEN INCREMENTED ARQUND TO 200230

TEST17 TEST "ASR", "ASL"

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:?

N s @, Z= 1y, V3 @3, AND C = ¢,

THE REGISTERS ARE: RQ = 125252, Ri = @aAQAQQ, R2 = 125252
R3 = P@RARQ, R4 s @52525, RS = 052525, SP = 125252,

UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE:S

N s @, Z =@y V38 3, AND C = @,

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

RO WHICH IS NQOW EQUAL Y0 220@wnd,

Ri WHICH IS NOW @po@asal, AND

Re WHICH IS NOW gpoeoa,

TEST20 TEST ASH, AND SWAB

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARES

N 8 @, Z 2 @0, V = @, AND C = @,

THE REGISTERS AREs RO = 000002, R1 = ©¥A@2@1, R2 = QpQAgee
R3 = pr@Q@?, R4 = 052525, RS = 052525, SP = 12525¢,

UPON COMPLETION OF THIS TEST THE CONDITION CODES ARES
Ne@, 2= 1, V8, ANDC 3 1

THE REGISTERS ARE LEFT UNCHANGED EXCEPT FOR

R1 WHICH SHOULD NOW EQUAL 2000200

TEST2] TEST 16 KERNEL P,A,R,"3S

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE?
N=@, Z =1, V= 0, AND C = 1,
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THE REGISTERS AREs RZ@ = 0G@e0r2, R1 = Q0p260, R2 = QRACEQ
R3 = 0AQ@AA, R4 = PA52525, R5 = B%2525, SP = (25252,

UPON COMPLETION OF THIS TEST THE CONDITION CODES ARE:
N3 @, Z 21, V=2 0, AND C = O,

THE REGISTERS NQOW EQUAL:

R@ = {72400, Ry = @a@ean, R2
R4 = 0Se25e25¢ RS = (25252, SP
ALL KERNEL P,A,R,°S = 125252,

AR, R3 = EROOCY
125252,

TEST22 TEST AND LOAD KIPDR*S

WHEN THIS TEST IS ENTERED THE CONDITION CODES ARE:
N=@,Z=1;V=@,ANDC=@p

THE REGISTERS ARE: R@ = 172400, Ri1 = 00024Q0, R2 = A0022Q
R3 = 200082, R4 = 752525, RS = 125252, SP = 125252

UPON COMPLETION 0OF THIS TEST THE CONRITION CODES ARE:
N=20, 2 =1, Vs @ AND C = @

THE REGISTERS THAT ARE MODIFIED ARE:

RZ = 172300, R1 = Q¢egar, R2 = @77406

ALL KERNEL I=SPACE P,D.,Rs"S (172320 = 172316) = 277406

TEST23 TEST "JSR"™, "RTSY, WRTIV,  "JMP"

THIS TEST FIRST SETS THE STACK POINTER TO "KDPART" (172376),
AND THEN VERIFIES THAT "JSR", "RTSY, "RTI", AND "JMPY
ALL WORK PROPERLY,

ON ENTRY TO THIS TEST THE STACK POINTER ¥"SP IS INITIALIZED
TO 172376 AND I8 LEFT THAT WAY ON EXIT,

TEST24 LOAD AND TURN ON MEMORY MANAGEMENT AND THE UNIBUS MAP

THIS TEsT Is ONLY EXECUTED IF THE UPPER 4 BITS <i15:i{2> OF

THE SWITCH REGISTER ARE NON=ZERQ, THE TEST WILL LOAD MEMORY
MANAGEMENT TO RELOCATE TO THE 32K BLOCK NUMBER SPECIFIED,

IT WILL ALSO SET UP THE UNIBUS MAP REGISTER @ THRU 6 TO
RELOCATE THE UNIBUS ADDRESSES CORRECTLY, (IE, IF BITS <i5:i2>
SPECIFY BLOCK NUMBER 3, THEN YOU #ANT TO BOOT INTO

MEMORY FROM 96K TO 128K, THE KIPAR’S WILL BE LOADED AS FOLLOWS3:
KIPARG = 0n6np@, KIPARLl = 0r6200G, KIPARZ2 206402, KIFAR3 = N7eb00
KIPARY = @Q7220, KIPARS = 207200, KIPARe earaaa,) '
KIPAR7 WILL ALWAYS EQUAL {77600,

THE UNIBUS MAP REGISTERS WILL THEN BE SET AS FOLLOWS:

MAPL®Z = Qn@Q@@Q, MAPHR = @3, MAPL1 = 2200022, MAPLI = 03,
MAPL2 = Qda@na, MAPH2 = 03, MAPL3 = Q600002, MAPH3 = 043,
MAPLYL = 1000P@, MAPH4 = B3, MAPLS = 120022, MAPHS = 83,
MAPL6 = 1400006, MAPHe = 03,

TEST25 TEST MAIN MEMORY FROM VIRTUAL 1@vg TO 28K

THIS TEST WwILL TEST MAIN MEMORY WITH THE CACHE DISABLED, FROM
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VIRTUAL ADDRESS @ol¢@e 7O 157776 , IF THE DATA DIES NOT COMPARE
PROPERLY THE TEST WILL HWALT AT EITHER 1657402 OR {65756, IF &

PARPITY ERROR OCCURS THE TEST WILL HALT AT ADDRESS 165776, WITH
THE PC + 2 ON THE STACK WHICH IS IN THE KERNEL D=SPACE P,A,R,“Ss

IN THIS TEST THE REGISTERS ARE INITIALIZED AS FOLLOWS:
R@ @aiega, R1 DATA READ, RZ2 = Qe7400, R3 = 2Q10QyQ
R4 pe74od., RS {77746 (CONTROL REG,) SP = 172376

THE FOLLOWING TWO TESTS ARE CACHE MEMORY TESTS, IF EITHER OF
THEM FAILS TO RUN SUCCESSFULLY THEY WILL COME TO A HALT IN
THE M9321 ROM, IF YOU DESIRE TO TRY TO BOQT YOUR SYSTEM, OR
DIAGNOSTIC ANYWAY, YOU CAN PRESS "CONTINUE" AND THE PROGRAM
WILL FORCE MISSES IN BOTH GROUPS OF THE CACHE AND GO TO THE
BOOT STRAP THAT HAS BEEN SELECTED,

TEST26 TEST CACHE DATA MEMORY

THIS TEST WILL CHECK THE DATA MEMORY IN THE CACHE, FIRST GROUP

@ AND THEN GROUP 1, IT LOADS ©52525 INTO AN ADDRESS COMPLEMENTS
IT TWICE AND THEWN READS THE DATA, THEN IT CHECKS TO INSURE THAT
ADDRESS THE DATA wAS A HIT, THEN THE SEGUENCE IS REPEATED ON THE
SAME WITH 125252 AS THE DTA, ALL CACHE MEMORY DATA LOCATIONS

AE TESTED IN THIS WAY, IF EITHER GROUP FAILS AND THE OPERATOR
PRESSES CONTINUE THE PROGRAM WILL TRY TO BOOT WITH THE CACHE
DISABLED,

THE REGISTERS ARE INTIALIZED AS FOLLOwWS FOR THIS TEST:

R@ = 1@@@ (ADDRESS) R{ = 2 (COUNT), R2 = {@@@ (COUNT) _
R3 = 1222 (COUNT), R4 = 125252 (PATTERN) RS = {77746 (CONTROL REG)
8P = {72374 (FLAG OF ZERO PUSHED ON STACK)

TEST27 TEST VIRTUAL 28K WITH CACHE ON

THIS TEST CHECKS VIRTUAL MEMORY FROM @20A100@ THRU 157776

TO INSURE THAT YOU CAN GET HITS ALL THE WAY UP THROUGH MAIN
MEMORY, IT STARTS WITH GROUP 1 ENABLED, THEN TESTS GROUP @, AND
FINALLY CHECKS MEMORY WwITH BOTH GROUPS ENABLED, IF ANY QF

THE THREE PASSES FAIL THE TEST WwILL HALT AT "CONT ¢ 2", THEN

IF THE OPERATOR PRESSES "CONTINUE"™, THE PROGRAM WILL TRY TO
BOOT WITH THE CACHE DISABLED, '

UPON ENTRY THE REGISTERS WILL BE SET UP AS FOLLOWS:

RO = P@L@C@ (ADDRESS), RY1 = 3 (PASS COUNT), R2 = 67406 (MEMORY
COUNTER)

R3 = 10200 (FIRST ADDRESS), R4 = 67422 (MEMORY COUNTER),

RS = 177746 (CONTROL REG,), SP = 172374 (POINTING TO CODE FOR CONTROL
RE,

UPON COMPLETION OF THIS TEST MAIN MEMORY FROM VIRTUAL ADDRESS
0016080 THRU 157776 WILL CONTAIN ITS OWN VIRTUAL ADDRESS,
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11/72 Bootstrap

The bootstap portion of the program looks at the lower byte af the
switeh reqgister to determine which one of 9 devices anmnd which drive
number teo attempt the "BOOT" from, switches <@2 & UE> select the drive
number (@ = 7), and switches <@é& $23>» select the device code (1 =1{1),
{f the lower bvte of the switch renister is zero, the program™ will
read the set of switches on the M934il=Y( to determine the device and
drive mnymber, These switches can be set by field service to 2elect a
"DEFALLT BOOTY device,

THE DEVICE CODES AND DEVICE NAMES ARE AS FOLLOWS?

| TMIL/TULO MAGNETIC TAPE, TM11

2, TC11/TUSe DECTAPE, TC11=G

3, RK11/RKQS DECPACK NDISK CARTRINGE, RKil1=D
4, RP{{/RPEZ3 NISK PACK, RPii=C

Se RESERVED

6, RHT2/TULE MAGNETIC TA[E SYSTEM, TwuUleé

7o RH72/RP24 DISK PACK, RWPRY

1@, RH7A/RS24 FIXED HEAD DISK, RASA4 (OR RWS®3)
11, RX11/RX01 PISKETTE

If the bootstrap operationm fails as a result of a hardware errop ip
the peripheral device the program will do a "RESET" inmstruction andg
Jjump back to the test that sets uUup anmd turms Oon memory managerme™t and
tests memory, Then the program wil] attempt to "BQOT" again,

4,4,5 Installation

The Exterpal PRaeck Switeh and Boot on Fower=Up options afe not
availehle on the M93@i-YC, Therefore Power up REBOQT ENABLE switch on
the module (see schematics) should alwavs be off,

Because it is reaquired that the diagnostic portion of the Roststrap
always be executed the LOW ROM ENABLE switch on the module (see
schematics) should always be om, The remaining 8 switches shoudld be
gset depending on the default device tvype and umnit number desired,
(See startimg procedure amnd schematics),

4,4,6 Starting Procedure

Switeh Settings

The lower byte of the switch register should be set to have the drive
number (@ = 7) in switches <@2 3 ¥0>, and the device code (1 =11) in
switches <@6 ¢ €3>,

The upper byte of the switeh register should be set to have the bank
number of the 32k block of memory to be used for the =o9tstrap
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eperatiom (@ = {7) in switches <15 ¢ 12>,

THE DEVICE CODES ARE AS FOL|OWg

L}

14,
15,
16,
17,

TMIL/TULG MAGMNETIC TAPE, TM11

TC11/TUSE DECTAPE,TC11=G

RK{11/RK@S DECPACK DIS CARTRIDGE, RKii{=D
RP11/RP@3 DISK PACK, RP11=C

RESERVED FOR FUTURE DEVICE

RH7@/TUL6 MAGNETIC TAPE SYSTEM, TWU16
RH72/RPRY DISK PACK, RwPR4

RH7@/RS24 FIXED HEAD DISK, RWS@4 (OR RWSA3)
RX{1/RXa1 DISKETTE

MEMORY BLOCKS ARE AS FOLLOWS:

PHYSICAL MEMORY 2 = 28K
PHYSICAL MEMORY 32K = 60K
PHYSICAL MEMQORY 64K = 92K
PHYSICAL MEMORY 96K = (24K
PHYSICAL MEMORY 128K = 156K

PHYSICAL MEMORY 256K = 284K
PHYSICAL MEMORY 384K = 412K
PHYSICAL MEMORY 416K = 444K
PHYSICAL MEMORY 448K = 476K
PHYSICAL MEMORY 480K = 5@8K

Starting Addresses

The morma) starting address for this program is 177765008,

14 the diagnostic portion of this program fails and the operator wants
to attempt to "ROOTY" amyway, he must follow these steps?

Lo

2hs

2B,

Set up memory mamagement {f "BOOTING" {mte other than the
lower 28K of memory,

It device is on massbus} .

Set stack pointer to a valid address and 1load that Address
with the memory bamk nrumber he would put into sWitches
<153112>,

1+ device {s om umibuss
Set up uUnibus map registers O thru 6 to mep to same mefopy &as
memoPy mamagement, ‘ '
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3, Deposit address 173082 imto the PC,

4y Set the device code and drive number in the lower byvte of the
switch register,

5, Press continye,
Examples?

A, RPO4 == SET STACK POINTER TO 42009
LOAD 20gz@a INTO ADDRESS 42200
LOAD 1730@2 INTO THE PC (177777727)
SET @oa@7m INTO SWITCHES (RP®4) DRIVE @)
PRESS "CONTINUE"

B, RK@5 == LOAD {73202 INTO THE PC (1777777@7)
SET 222232 INTN SAITCHES (RK25 DRIVE @)
PRESS "CONTINUE"

Operator Action
If the diagnmoestic portion of the RNM fails record the PC of the "HALTH

imstryction and refer to the listing to find out what portinmn of the
machirmne fajiled,
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4,4,7 errors

List of error hats indexed by the address displaved

ADDRESS DISPLAYED TEST NUMBER AND SUBSYSTEM UNDER TEST
17765004 TEST {1 BRANCH TEST
17765020 TEST 2 BRANCH TEST
17765036 TEST 3 BRANCH TEST
17765052 TEST 4 BRANCH TEST
17765066 TEST 5 BRANCH TEST
17765076 TEST 6 BRANCH TEST ‘
17765134 TEST 7 REGISTER DATA PATH TEST
17765146 TEST 1@ HBRANCH TEST
17765166 TEST 11 CPU INSTRUCTION TEST
17765224 TEST 1e CPU INSTRUCTION TEST
17765214 TEST 13 CPY INSTRUCTION TEST
17765222 TEST 14 "COM" INSTRUCTION TEST
17765236 TEST 14 CPU INSTRUCTION TEST
1776526@ TEST 15 CPU IMSTRUCTIONM TEST
177652702 TEST 16 BRANCH TEST
17765312 TEST 16 CPU INSTRUCTION TEST
17765346 TEST 17 CPU INSTRUCTION TEST
17765362 TEST 2@ CPU INSTRUCTION TEST
17765374 TEST 2@ CPU INSTRUCTION TEST
17765450 TEST 2! KERNEL P,A,R, TEST
17765474 TEST 22 KERNEL P,D,R, TEST
1776551@ TEST 23 "JSR" TEST
17765520 TEST 23 "JSR" TEST
17765532 TEST 23 "RTS" TEST
17765542 TEST 23 "RTI" TEST
17765552 TEST 23 "JMP"™ TEST
17765760 TEST 25 MAIN MEMORY DATA COMPARE ERROR
177660020 TEST 25 MAIN MEMORY PARITY ERROR

NO RECOVERY POSSIBLE FROM THIS ERROR
17773644 TEST 26 CACHE MEMORY DATA COMPARE ERROR
17773654 TEST 26 CACHE MEMORY NO "HLT™

PRESSING "CONTINUE"™ HERE WwILL CAUSE

REOOT" ATTEMPT FORCING "MISSES™
17773736 TEST 27 CACHE MEMORY DATA COMPARE ERRQR
17773746 TEST 27 CACHE MEMQRY NG "HIT®

PRESSING "CONTINUE" HERE WILL CAUSE

"BOOT" ATTEMPT FORCING "MISSES"
17773764 TEST 25 CR 26 CACHE MEMORY PARITY ERPQR

PRESSING "CONTINUE" HERE WILL CAUSE

"BOOT" ATTEMPT FORCING "MISSES®

Error Recovery

Most of the above erropr halts are "HARD failures, which means ¢hat
there i3 nmo recovery from them, Especially the two (2) maim memory
halts are mot receiverable, vour best bet is to try to "BOAT" imte
amother 32K bamk of memory if it appears to be a main memory fallure,
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I¢ the processor halts in ome of the two cache tests the erproP cam be

recovered from, By pressing "CONTINUE"™ the oprogram will either
attempt to finish the test ({f at eiters 17773644 or 1777373%6) or
force U"migses" {im both greups of the cache and attempt to "RONT" the

system momitor with the cache fully disabled (if at eithers 17773654,
17773746, orFr {7773764),

I¢ thies program falls in am uncormtrolled mammer it might be due to an
urexpected trap to location UARA24, If this is suspected themn load a
"PPeRoe" imto address NPARAY and a "2A¢2220" imto locatiom 00006,
This will cause all traps to locatiom Q222RU to halt with 20737210 in
the address 1ights so that the orerateor carm examine the C°U errerp
register at locatiom 17777766,

THE BITS IN THE CPU ERROR REGISTER ARE DEFINED AS FOLLOwS:

BITR3 = RED ZONE STACK LIMIT

BITO3 = YELLOW ZONE ATACK LIMIT
BIT24 = UNJRUS TIME=CUT

BITOS = NON=EXISTANT MEMORY (CACHE)
BIT@6 = 0DD ADDRESS ERKOR

BITa7 = ILLEGAL HALT

5.,@ EXTENDED ADDRESSING

5,1 Extended Addressing (Defimatijon)

The console emulator rouitme mormally allows accesses to only the
fower 2BK of memory anmd the I/0 page (160622(8) to 177776(8)),
However, it {s possible by uyse of memory mamagemept to use the comsole
emyjator to access bhevond 28K for the examime and deposit fumctions,
The reader should be familiar with the concepts of memory mAndgement
im the KDil=E processor,

S,2 Definitiomn of Virtual amnd Physical Addresses

The processor manipulates le=bit mumbers within general registers ard
memoPy locations which 1t oftem Uses as addresses, These addresses
are desigmated virtual addresses as opoeosed to physical addresses
which are asserted on the Unibus to which devices are hardwired to
respond,

5«3 Address Mapping without Memory Management

With memory management cdisabled (as is the case following depPessinmg
the boot switch)y, a simple hardware mapping schere converts virtual
addresses to physical addresses, Virtual addresses in the @ to 28K
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Fange aPe mapped directly inte physical addresses imn the ramoe frem @
teo 28K, Virtual addresses on the 1/0 age (16@00@=177776) are mapped
into physical addresses in the ramnge from 124K tn 128K
{(36p200(8)=377776(8)),

S¢4 Address Mapping WKith Memory Mamagement

With memory mamagement ehabled, a different mapping scheme s wused,
Im this seheme, a relocation comstant is added to the virtual address
te create a physical or ‘relocated’ address, :

Virtus]l address space consists of eigbht 4K banks where each bank can
be relocated by the relocationm constamt associated with that bank,
The procedure specified 1nm this sectionmn allows the user to:

{¢ Create a virtyal address to type imto the lLoad dddress
command,

2, Determine the relocatiomn comstant to relocate the <c¢calculated
virtual address {nto the desired physical address,

3, Emabe or disable the memory mamagement hardware,

5,5 Creatiom of a Virtual Address

The easiest way to create a virtual address is to divide the 18 bit
phvsical address 1into two separate fields = a virtual address and a
physical barmk mAumber, The virtual/address is represented by the lower
13 bits and the physical bank by the upper five bits, This crfates o
virtual address in virtual bank @, The calculated relocatior constant
is placed in the relocation register associated with virtual =ank @,

For example, assume a user wishes to access Jocation 533722, Tre
rermal access capability of the console is @ to 28K, This address
(5337208) is between the 28K limit and the I/0 page (763000=777776),
and comsequently must he accessed as & relocated virtual address, with
memery management enabled, The wvirtual address s 137208(8) inm
physical bamk 25(8) and is derived as follows:

A1l locations in either banmk #25 (5227R20=537776) or banmk 237 (1/0
pages} T760000=777776) may be accessed through virtual Aaddress
AoOp@R=217776 end 160000=177776, respectively, The relocati2n and
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descriptor registers in the KD1i=E are still accessikle sirce theip
addresses are Withim the I/0 page,

The relocation constamt for physical bank 25 is @@528@, This constant
is added im the relocation wunit to the virtual address, as shown,
vieldimng 533724,

137228 Virtual address

520222 Relocated Constant (Table A={)

533722 Physical Address

Whem memory management is enpabled all CPIl accesses are relocated,
Imgstryetions and data access to the console emulator routime will be
relocated through virtual bamk 7 simce their virtual accesses exXits in
this bhank (see Table 5.1 for the correspornding addresses of each of
the eight virtual bamks), HMNote that accesses to the /0 page (virtual
bamk 7) are not automatieally relocated with memory management while
accesses to the II/0 page are automatically relocated when memory
mamagement 1s mot uUtilized,

S,6 Memory Mamagement Registers

The relocation comstant that is added to the viputal adoress i1s stored
im a relocation register, 0(One such register exists for each of the
eight virtual banks, In addition to the relocation registerss each
bank hkhas i{ts own descriotor register which provicdes information
regarding the tvypes of accesses allowed (read only, read or write, or
mo access),

The memory mamagement logic also provides various forms of proftection
against umauthorized access, The corresponding descriptor register
must be set up along with the relocatiom register to allow access
anywhere within the 4K bank,

S,7 Address Assignments

The Unibus addresses of the relocation reagisters and the dfscripter
registers are oaiven {n Table 65,1, The relocation constanmt to be
leaded into the relocatiom register for each 4K bamk 1{s oprovided in
Table 5.2, The data to be Jloaded {m the descriptor reaister to
provide read/write access to the full 4K is always @77406,

The Unibus address of the contro)l register to emable memory mamagement
is 177572, This register is loaded with the value 222001 to enable
memoPy mamagement amd @ to disable it,

To complete the example previously described (locatiem 5337223), the
console routime would be as follows:



SL
$D
L
$0
L
$D
sl
$D
L
$D
SL
$E

172340
520@
172356
76040
172300
T7406
172316
774086
{77572
{
13720
{examine)

/S8etting relocatiom register for
/To access extended memory
/Setting relocatiomn register for
/To access the I/0 page

/bddress of descriptor reaister,
/bank @

/Address of descriptor register,
/bamk 7

virtual
virtual
virtual

virtual

/Address of control register; ensble

/memory mamagement

/Virtual address of location desired

/The data in locatijom 533727
/vill be tvped,

Page &2

banlk 7

bank 7



virtusl Address
160000=177776
14900@=157776
1200002=137776
100020=117776
p6pRRE=0T77776
QUaPRP=05T7776
@2aeaa=037776
@oeore=017776

Virtual
Bami

7

&

Table 5,1

Relocationm
Register

172356
172354
172352
172350
172346
172344
172342

172342

Unibus Address Assignments

Descriptor
Register

172316
172314
172312
172312
172306
172304
1723¢2

172300
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Table 5.2

Relocatiom Comstants

Physical Bank Number Relocation Constant
37 BRTeRd
36 PATHOR
35 daT2oe
34 gavoae
33 DO6600
32 Aredrn
31 poe20n
30 gRenzn
27 WR5630
26 PANS4AG
25 geszgae
24 goseew
es prUaen?
ee puaagneg
el AU4200
29 Pl @aR
17 PA36QAR
16 Fa3400
15 pRs2ae
14 aa3span
13 po2e0n
ie gag4au
11 np22ae

{a ggeeen
7 naledld
6 An1a409
5 paieew
4 ne1eoe
3 earene
e rao4ee
1 reacan
@ oo
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Leading a mew relocation constamt imto the relocatiom register for
virtual bamk @ will cause virtual addresses Z@ARARPA=177776 to access
the mew physical bank, A secomnd bank can be made accessiPle by
loadinag the relocatiomn comstant and descriptor data into <¢he
relocation emd descriptor reaisters for virtual bank 1| and »s¢cCessing
the Jlocatiomn through virtual address A2020P=037776, Seven barmks ape
accessible im this marner, by loadino the proper coratants, settimg wup
the descriptor data, and selectinmg the proper virtual address, Bamk 7
(I/0 page) must remainm relocated to physical pbank 37 as it is acCcessed
by the CPU to execute the console emylator routine,

Memory mamagement is disabled by clearima (loading with 9S) the
Comtrol Register 177572, It should alwavys be disabled prior fo typimg
a *boot® command,

The start command automatically disables memory mamagement and the CPU
begims executing at the physicsal address corresponrding to the sddress
specified by the previous Load Address command, Depressinmrg the boot
sWwitch automatically disables memory mamagement, The contents of the
relocation registers are mot modified,

The HALT/CONTINUE switeh has mo effect on memory mamagement,

6,28 M93@a1=YD

6,1 Purpose

The M9301{=YD {s programmed to provide tramsparent pass=thprougk n¢f data
between & termimal on a satellite computer and an asymrchhpronous sepijal
l1ire on the saeame computer, It alse contaims all of the n"eCessary
inatructions for requesting a secondary mode pregram lca? and for
accepting a down=mlinpe l1oad om its serial 1ime from another ™achine
usimg DDCMP protocol, These features enable a POP=1i computer to be a
satellite Iim a REMOTE={1 system,

6,2 Funrctiomality

6,2,1 Normal Bootstrap (SA=173264)

Ordinarily, when the ROM code is initiated, the satellite comes up in
pass=through mode, First, the memory size of the comoyter 1is
ascertaimed, Thenrn, necessary communicetioms regions are set uP, and
the OSOP message YEnter terminal mode® is sert on the serial! 1inme,
A1l further communication is in ASCII with the ROM program polling the
ready flags im the four control amd status registers to determinme the
mext actionm, XON  ("Q) and XOFF (°S) are supported within <the
satellite computer, and transmission is assumed to be full duslex,
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The omly way that terminal mode may be discontinued is the recelpt of
a DDCMP message, The ROM only accepts the messages, "Proaram Joad
Without transfer address", Program Joad with tpransfer address", and
"Emter termimal mode,"

6,2,2 Secondary mode bootstrap,

Amn alternate start address (173814) will cause the "Enter termipal
mode" message to be replaced by "Reaquest secorndary mode program load,"

A]Y other actions are {dentical to the normal bootstrap, The host
machime should respond to this message with & program load So that
termimal mode s only transiemtly activated, The bus addressed

177562=177566 wi{l]l be addressed durimg this time, The secomdary mode
program load message may be used for loadimg programs im to satellites
without terminals or for loadimg a scroller into a machire with a
graphics termipal,

6,2,3 Semding DDCMP Messages

A callable subroytine within the ROM will send UDCMP "Boot" mode
messages, Location {62 {s loaded by the M93Q27 with the a-~dress of
this subroutine, To use {t, call by

MOV #MSG, RS
JSR PC, 8162

where MSG has the fellowing format
bvytes @ amrd | contaim the number of bytes im the message
byte 2 has an 0SOP code
bytes 3 through r have the data (1f any)

The message is sent usima interrupt driven code, but control is not
returmed to the user program umtil the message has beerm comoietely

senmt out,
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,2,4 Receiving DDCMP Messages

The beot will automatically receive DDCMP messages 1{f properly
inf{tialized and the imterrupt for the serial 1ime receive recister ig
emabled. A pbrogram to do this follows:

MOV sE154,RA s GET ADDRESS 0OF DESCRIPTOR EBLOCK
MOV RZ,R2 ] SETUP DESCRIPTON POINTER

CMP (R2)+,(R2)+ 3§ R Re + 4 |

MOV R2, (R®) 3 RESET BUFFER POINTER

MOV Rell,p=(R2) 3 BYTE COUNT OF DDCMP HEADER

CLR =(R@) ¢ INITIALIZE CRC AND FLAGS

CLR =(RQ)

CLR = (R@) j ZERO FOR NO COMPLETION ROUTINE
MOV Bl6U,=(SP) s GET DL ADDRESS INPUT

ADD #7765 (SP) ¢ STATUS REGISTER FROM BOOQT

BIS #100,0(5P)+ 3 ENABLE INTERRUPT

TST U (R%) § WAIT UNTIL MESSAGE COUMPLETE
BEG Y

BMI ERROR

CMP (RP)+,(RB)+ 3 POINT TO OSOP CODE

To restart the Boot:
JMP @164

The M93pi=YD uses locatioms 15@=167 for communicatiens and 177=171 forp
temporary data during program loads, It also loads location 54 with
the high usable memory address, The address im S4 has been adjusted
te leave room for buffers and & stack for use by the ROM,
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6,3 Using the M93Z1=YD

The M93@i=YD ROM wil]l pum of amy PDP=1{ computer, Two DL=11°s are
reaguired with the following addresses and vectorst

FUNCTION ADDRESS VECTOR
Local termimal 177562 60
Interprocesser 1775610 420

The ROM may be activated by placing the address given for the Adesired
Jumctien imn switch register and pressimg LOAD ADDRESS, START or by
veilizimg the prower=yp bootstrap feature of the Mm9321, The DIP
switches should all bhe off for normal boot, Secondary mode reauires
the swWwitches to be set to =eeme=,

6,4 Program Listing,

7,8 APPENDIX
7,1, Gemeral! descriptions

This fully decoded 2748 Bit Memory, is organized as 512 words of 4
Bits each, It has TTL compatible inputs amd TTL compatible trimstate
outputs, There is also one Chip Emable provided whose outouts are
bussable to allow for memory expamsion capability,

Memory Arrays are addressed 1imn straight binary with full op=chip
decoding, An overriding chip=select 1{nput s provided which when
taken high, will {nhibit the furctiom causing all outputs te he im a
high={mpedance state that nmneither 1loads nror drives the bus lines,
Data &s specified by D,E,C, are permamnently programmed fnto the 2048
Bit lecetionms,

7,2, APPLICABLE DOCUMENTS (Latest revision on data of order)?

Digitals
A=SP=T7665212=0=8, "Process Cempatibi{lity Test Methods,",
A=PS=1900002=6GS, "Gemeral Requirements DEC Quality
Assurance Specification fop Ripolar

Intearated Clrcuits",

743, REQUIREMENTSGS

This device shal] meet the following requirements under all operatinmg
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conditions and over the full operating Free Air Temperature Rande,
73,1 Mechanicals

7e3,141 Package Configurationry = 16 Pin dual in lime shall meet the
reaquirements of Digital Specification A=PS5=191A002=GS, Sectionm 1,2,5,

7,3, REQUIREMENTS (Continued)

Te3a142 Material (Packsoimgl): = Shall be ceramic or plastic (Eroxy=B)
or equivalent), Silicone package shall not be shipped without prior
Written approval from D,E,C,

7¢3.1e3 Pim Configuration: = Snall meet the requirements of Digital,
A=PS=19000P2=GS, be of uniform hRigh quality, delivered free from
grease;, o0il1 and other contaminants,

1.4 Pin Cormrnection Diagram: = Shall meet the reauireme®ts of
r

7¢3.,1,5 Therma) Resistances
A, Junction to Ambient:
R@JA=+75 C/W maximym (measured im free=mair with the device
soldered {nrto a printed cireuit board),
B Junction to (ase:

RaJC=+2@ C/W maximum (measured with the device immersed inm
freon bath),

7:3,2 Electricals
7.3,2,1 Logic Diagrams = Shall meet requirements of Fioure 2,

7,3,2,2 Absolute Maximym Ratingss = Reference Table 1,
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743,23 Recommended Operating Conditions = Reference Table {1,
7,3,2.4 Electrical Characteristics: = Reference Table 111,

3,2,5 Test Load and Timing Diagrams = Shall meet the requirements

7o
ef Figure 3,

73,3 Enmvironmental:

79393.1 Temperature’

A, Operatingy @ C to +75 C,
B, Storagey =60 C to +150 C

7,3.3,2 Altitudet = The device shall not be mechanically or
electrically damaged at altitudes of 50,222 feet (9¢mm mercurv),

Te3:s3,3 Humiditve

Ao Operatings 10% to 92% R.,H, over the oneratihg teMperature
range;, (non=condensing),

B, Storegey 5% to 95% R,H, over the storage temperature Prange,
(comndensing allowed).

7.3 REGQUIREMENTS (Continued)

743,86 Markings

Shall comtain vendor mname or symbol, vendor part number, Pinm |
lecatiorn amd data code,

7,3,5 Process Compatibility Test Methods:

The device shall stay within the inftial electrical/mechanical
requirements and shall moet show amy evidemce of degradatiom in
cosmetics when subjected to the following methods,
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Telde541 Marking? = Digital, A=SP=7665212=0=@, Sectior 1, Test Method
100,

"Solvemt Resistance",

7.3,5.2 Refer to Digital, A=PS=19023¢2=6S for other Process
Compatibility Reauirements,

Te3s6 Shelf L{fes

The device shall meet the inmtial Electrical/Mechanical requiirements
after { vear at storage reguirements for temperature anmd relative
humidity,

7.3,7 Packaaging and Shippings

Markimrao on the packageing shell contaimn as mimimum infOr™ation,
vendors name or symbol, venrndors part mumber, Purchase QOrder Num9er and
avanmtity, It shall meet 1,C,C, requirements for shipment by
airplare, rajil and truck, Devices shall be packaged to meet the
reauirements of Digital A=PS=1902¢£02=06GS,

73,8 Digital A=PS=19R0202=0GS}

Gemeral Reauirements DEC Auality Assuranmce Specification for 3ipolar
Integrated Circuits shall apply where mno other document s
specifically referenced,

To4y CONFLICT OF REQUIREMENTS:

The requirements of this document shall take precedent over all and
amy documents whem a conflict arises,

7,5, Approval:

The devices submitted umder ¢this specification shall have been
im{tially approved by Digital Eaquipment Corporation, Approval shall
be givemn ormrly after samples representative of the vepdors normal
production rum have been examimed, tested anmd found to meet the
requirements as specified,
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7.6, Conmstruction chanmgest

Approved Vendors who desire at amy time to make a change Ip the
design, materials, process, process control which i{moact anmy
requi rement, shall submit a written reauest describing {im detall the
changes reauested, Also, evidemce to Justify such chanaes, The
cognizant emgineer will them submit this request to the proper
Emgineerimg Department(s) Componemt Engireerimg Group amd all pProduct
1ines affected, No changes shall be f{ncorporated wuntil weritten
approval has been received from the above memtiomed group AFr Qroups
avthorized by the Cognjzant Emgineer,

Fajture to comply shall he sufficient cause fopr removal as "ualified

Source's complete requalification may be reauired before the 2poduct
1s deemed acceptable,

TABLE 1

ABSOLUTE MAXIMUM RATINGS

PARAMETER

NAME SYMBOL VALUE UNIT
SUPPLY VOLTAGE vCcC +7,0 %
Imput Voltage VIN =1,5 TO 45,5 v
Qutput Voltage vouT =%,5 T0 +5,5 Vv
Temperature:?

Storage Range Tstg =65 to +150 o

TABLE 11

RECOMMENDED OQPERATING CONDITIONS

PARAMETER VALUE
NAME SYMBOL MIN, NOM, MAX, -UNIT
Supply Voltage VieC 4,75 5,0 5,25 V

Temperatures
Opereating Free=Air TA 7 +70 $C
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ELECTRICAL CHARACTERTSTICS

M, L CHARACTERISTICS (VCC=5,23V +5%, T4

PARAMETER
NAME
High Level Imrput Voltage

Low Level Irmrput Voltage
Irput Clamp Voltage
High=Level Uutput Voltage

l.ow=Level Outcut vVoltage

Inpyt Breakdown Voltage

Output Leakaqge Current

SUPPLY CURRENT
Ouput Short Circuit Current
bAddress Imput Loao Current

Chip Emable Innut
Load Current

Address Inmput

Chip Emable [Leakage Current
Capacitance IN

Capacitance DUT

lLeakage Current

SYMBGL

VIH

VIl

vic (1) Ihz=1dma

V0K (1)us=2,4dmA

VoL VCE=7,dV

(1)0L=16maA

Y IN (1)INSImA

GLK VO=5,9v,vCE=wv,4v (1)

10 (High V0O=5,5v,VCE=2,4V
24
State

{0 (High VOzb,dv,VvCE=2,4V
R
STATE)

cc Imputs either (pen orf

08¢ vi=@y

Fa VA = P 4y

(1)FE VCE=@p,dV

(1)RA VA =4,5V

(1)RE VCE=4W,5Y

CIm Vin=2,8v ,VCr=2yv

COauT vOz2,8v,¥yCl=wv

TEST CONDITION

=3 C+75 C

at Ground(l)

=15

MAYX,

Ao ld

199

44

4¢

Fage 73

INTT

HA

HA

HA

mA

m A

m A
H A

A
PE

PF



NOTE

The above chapracteristics are guaramnteed
to meet the output high level state whenr
the chip s enrabled CE=B,4v) ard o
programmed bit s addgressed, These
characteristics cannot be tested prior
te programming but are guaranteed by
design,

ELECTRICAL CHARACTERISTICS (Continued)

A.C SWITCHING CHARACTERISTICS (TA=2S C, VCC=5,0V)

PARAMETER VALUE

es C @ C 70 75 ¢C

NAME SYMBOL MIN, MAX, MIN, MAYX,
Access Time tAA 7@ ga ne
(Via Address Inmnputs)
Output Disable Inpuyts tDis(e) 3@ 35 ms
Output Erable Time tENC(2) ip 35 ne
NOTE

OQutput Disable Time is the time taken

for the output to reach a high
resistance state wher either Chip Emable
is taken high, Output Enable time is
the time taken for the Output te become
active when both Chip Enables are taken
Tow, The high resistance state is
defined as a poirmrt om the output
waveform eaual to a V of 3,5V froem the
active output level,
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TJOP VIEW
T N T
Address A6 1 ' | 161 Vec Supply Voltage
~ Address A5 2 ! ; 15 A7 Address
S ' ! | 2
‘Address A4 3 | 14 AB Address
"~ Address A3| 4 | 13 i CE Chip Enable
"Address AO! 5 o ';12 » 01 OQutput
.o B . . ‘ .
- Address: A1 | 6 111 02 Output
’ - ‘ .
- Address A2 7 | 10 ' 03 Output
~GND 8 9| 04 Output

FIGURE 1

PIN CONNECTION DIAGRAM
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PROGRAMMING PROCEDURES

Device Descriptions This memory array

2eros in all storage lncations,

logic level "1,
of 4 bits each,

The device is programmed per the NDigital

specification,

CHARACTERISTICS LIMIT
Programming Pulses

Amplitude 20¢ +5%
Voltage (clamp) 28, A+ Q%=2%
Ramp Rate dv/dt 70 max,
Pulse Width 7.5%t5%
Duty Cycle 70% minm,
Sense Current 20,2+2,5

Programming Vce S, 8+5%=0%

Maximuym Sensed Voltage TeP4B41

for a programmed "i",

Delay from trailing ecdge 8,7 minm,
of program pulse before
sensimg output voltage

To Electrically Alter 200
a Bit at Logic "@" to
Logic "1"'

UNITS

mA

V/us
us

mA

Us

Us

“age 78

is manufactured with loaic level
In order to program a logic 'evel ope
at a specified bit, electrically alter a bit at
There are 22dB pits

logic tevel "@" «to

which are ocrcanized as 512 words

Fauipment CoPrporatiom Tatternm

COMDITION

Constant Currenmt

Voltage 1imit »f current
SQUPCEe,

{15 V points, 15%¢@ load,

The sense current must be
interrupted

after each a<dress chanrge
for 12 us min, The sense
current ramp rAte dy/dt must
be <7¢¥y/us, and clamped to
88.@V+&“/.-27u

A bit programmed when two
successive

sense readimgs 17 us apart
with no imnterveming
programming pulse, pass the

1imit, When thig condition
has been met, 16 additional
program pulses are applied

and the pulse tr2in is then
terminated,
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Tnpui Conditions:

| PARANETER Ry Ra
, . Amplaude ~0V to 3V

oS == T
SWITEIING
\ CL 7

: ' ¢ TAA | 3005t} 6GOst | 30 pr’j’
-~ Rise & Fall Time —5ns from 1V 10 2V

;'E._ ,;v:‘Fiequency :".TMHZ

1

DIs “1” e | 60082{ 10pF |

|
{

pis 0" 3002 | 80092| 10 pF

Ve

R :’IV ; . N - . g R
e e T ;

; Lo "

2 'eEn ~0” | 3009| 600¢ | 30 p¥

+

. i 7] SWITCHING TIME TEST CONDITION
0 - 'OUTPUT LOAD CIRCUIT
'A, B l C t D EEl

— 28V Clamp
— 200 mA

Program Pulse )
_ Vogt 20mA Sense

ircust.
. . , . — V Sense "1
, — Gnd
Sl ' A Sense Pulse Rise Time dv/dt <70 V/is
- 10 gse— .
B B. 200 mA Program and 20 mA Sense Pulse Train
- 0.7 155 . : ' CJ Two successive Sensa Readings where Vout<v sense “'1°
l DJ 16 Additionai Program Pulses _
Sense Current interrupted during Address change.

: —‘-l L—Compare Vout @9 Veense 17 £l

VOLTAGE WAVEFORM DURING PROGRAMMING
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