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BO4 20 USE I8IS MANUAL

This document provides the system Jlevel programmer the necessary
information to write application pregrams that run in PROM or EPROM
and RAM memory and to program (blast) the PROM or EPROM memory, It
also provides the {nformatgion for an operator to program PROM or EPROH
memories in a production environment, It also provides the
information required to install the programmer hardware and software,
This manual {s not intended to teach RT=11 programming,

Chapter 1 describes the system nardware and software components,

Chapter 2 summarizes the tyPes of RAM, PRUM, and EFRUM memory
components 4nd explalns how to sgelect memory Components for your
application,

Chapter 3 provides Iinformation Teguired for the system  level
prodrammer to write MACRO programs, FORTRAN programs, and proegrams
containing both MACRO and FORTRAN instructions that run in PROM™ or
EPROM and RAM memory,

thpter 4 explaips installation, acceptance test, and startup
procedyres tor the PROM/RTe1l1 system,

Chapter 5 explains operating procediures, including system start=up {n
foreground and packgroeund, and all the ¢cMmands and procedures used to
proeqram and check PROM or EPRUM memory chips,

Chapter & provides {nformation required to troublesroot the hardware
and software components,

Appendixes provide a summary of information presented in the manual,
including error messages, 4and detalled examples of PROM and EPRUOM
programming sessions,
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DOCUMENTATION COMUENIIUUS

The following list describes the sympolic conventions used throughout
this manual, Familiarize vourself with these conventions before you

continye

- 1,

3,

reading the manual,

Examples conslst of actual computer output wherever possible,
In these examples, user input 1s underlined where necessary
to differentiate it from computer output,

Unless the manua)l Indicates otherwise:, terminate all commands
and command strings and with a carrlage return, The symbol
<RETURN> represents a carriage return, <LF> represents a line
feed, <SP> & space, <ESC> an ESCAPE or ALTMODE, and <TAB> a
tab,

To produce several characters in system commandss you must
tybe a c¢oPlblinagion of keys concurrently, For example, hold
down the CTRL Key and type ¢ at the same time t0 produce the
<CTRL/C> character, Key combinations such as this one are
documented as <CTRL/C>, <CTRL/0>, <SHIFT/N>, etc,

In descriptions of command syntax, capltal letters represent
the command name that Yoy must type, Lower Case letters
represent a varlable for which you must supply a value,

The amgple terminal dlalogue provided in this document
contaxns version numbers where they would normally appear,
#hile the version nymbers Jiven include xx's {n those fields
that may wvary from installation to installation, the exact
contents of these f{elds are not of interest, as long as
appropriate digits appear in the area indicated, The same is
true for the VIRTUAL MEMORY USED and DYNAMIC MEMORY AVAILABLE
messades printed by any of the system program®s and ftor the
FREE BLOCKS messaqes included in device directories,

Sguare brackets enclose optional arquments and characters put
are not rpart of the syntax,

Parentheses are required where shown, following the standard
MACRO and FORTRAN syntax conventions,

An ellipsis Indicates the Possible repetition of the argument
that precedes the ellipsis,

A pit with a Yalue of one (1) is referred to as being "on" or
"set", A blt with a value of zero (0) ls referred to as
being "cleared" or "reset", For inverted ptits, addresses, Or
data, & blt that 1s set has a value of 0 and a cleared bpit
has a value of 1,

BELAIED LOCUMENTS

The documents listed below contaln information relating specifically
to development techniques for FPROM based microcomputer application



programg, Speciflc areas of {nterest #itnin each document are also

listed,

Applicable documents are as follows:

Hanual Area of Interest

PpPe11 MACRO=11 Description of the program section

Programmer*’s Guide {(,PSECT) directives,

RT=11/RSTS/E FUORTRAN IV Description 0f program sectioning

User®s Guids dnd assembly landuaqe interface,

RTwll System User®s Guide Degcription of the LINK utility,
LINK maps, and ,PSECT handling,

RT={1 Advanced Programmertg Description of the System Library

Guide (SYSLIB)

Microcomputer Handbook Presents inforrmation cn the

Series=Hemories And Serial=line=unit interfaces

Peripherals (£Be1514) dvailable to interface the PROv
programmer to the deyelopment
System, It also presents
information about the memory
Modules avalilable for the LSI=lt,

Microcomputer Handpbook Presents information about the

Series=Microcomputer Ls1=11 processors,

Processors (EE=1515)

PDPe11/03 Configqurator Presents informaticn about

Manual Ticrocomputer configyrations,

See the RTwll bocumentation pirectory for other information Concerning
Telated documents in the RT=1l library,
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The PROM/RT»11 system consists of a Universal Programmer and a
softvare utility to econtral the pROM programmer, The utility is
supplied as an additlon te the RT=}1 gperating System (version V038 or
later), The computer uysed in tne development system {3 the PDP~1l
(11VQ3; llTQBLl 11/34; etc,),

The PROM programming hardware is connected to the development system
over a serial line that is not controlled by a modem, The serial line
and interface must be dedicated to the prodramming nardware (it cannot
be used as a rrogramming hardware {nterface and a terminal intertface),

The PROM/RT=1! system allows you to directly program PROM and EPROM
chips for LSI=11 microcomputer applications, The programmed chlps are
used on LSI-1l memory ontion boards, The LSI=11 memory optlons tnat
accept these chips are MRV11«A, MRV1iieBA, BDV1!, etc,

Application programs that will yse PRUOM and EPRUM memory are created
byt first writing the program in MACRD or FORTRAN, and then using the
program sections (,PSECTS) to divide the program into redd=only and
read=write seqments,

After you code the application program and test it in the development
system, a fipal link ls performed to generate the following:

1, A ,SAV binary image file of the program that is to be used to
program PROM or EPROM chips,

2, A link map of the ,SAV file contents, indicatinqg the low and
nigh memory limits for the readeonly 4rea of the application
proqram,

The softvare operates 1lh either the foreground Or Gbtackground of the
RT=11 operating svstem, Ahen the utllity Is operated in the
toredround, program development and PROM or EPROM programming can take
place at the same time,

The information in this manual assufMes you have a wOorking knowledye of
the RT=11 operating system, the MACRO and FORTRAN languages, and the
LSl=11 microcomputer, The system description presents only the
aspects oOf the operating system and the hardware that are required to
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yse this system effectively,

LSIelt

or software,

1,1

Development 0f a PROM based appllication is a multl step process;

Page le2

If questions arise relating to RT=11
vou should consult the documentation supporting that hardware

CUEBYIEW UE BROM BASED ARBLICALION DEYELORMENT

is trom the time the application 1s coded through to the point where
it is executed in an LSI»i! computer,6 The table below defines the
individuyal steps in application development, This table also

indicates the areas of this manual where information s given on

development assymes that the installation

step, This

description

procedures given in Chapter 4 have been fully carried out,

Table i1

PROM Based Application Development Steps

Develobment Step

Application program
destined for PROMs |is

initielly generated on any

POP=11 family computer
have 4 disk basea RT=11
operating system,
can be in MACRO=11
assembly language or
FORTRAN IV combined
with MACRO~11 assempbly
language

Application is
assembled/complled

Application program
is LINKed using
the LINKage editor,

LINK maps are obtalned
as & requirement of the
PRCM blasting session

The PROM/RT«11 ytility
is invoked preparatory
to blasting the PROMS

PRUMS/EPROMs are
plasted to contain

Ccoding

Coverade Area

Chapter 3 presents {nformation
on PROM pased application progranm

development techniques, Appendix
A supplies examples ot PROM
pased applications, Further

pertinent data s
Appendix F,

presented in

Examples of assembled/compiled
application programs are given in
Appendix A,

Procedures

Chapter 3 desciibes

for invoking the LINKage editor

and obtaining LINK
maps,

Examples of LINK maps are also
presented in Chapter 5 and

Chapter 5 descrines the
procedures tor invoking the
PROM/RT=11 utility in either
background or foreqround modes,

The blasting process is achieved
primarily using the PROM/RT=l!l

that

each
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the application program PROGRA® ¢ommand described in
Chapter 5, Considerations
governing selection of
PROMS /EPROM tvpes for your
application are presented in
Chapter 2 and Appendix D, If any
Problems are encountered during
the PROM blasting session, the
troubleshooting procedures ot
Chapter 6 and. error message
suymmary of Appendix 8 will prove
helpful, Chapter 5 and Appendix
A present examples of a complete
PROM blagting session,

&, The plasted PROMs ‘ LSI=i1 memory module eptions
(nox containing the {such as the MRV1lweA2 and
application) are MRy11eBA) are well marked to
inserted into the L5I=i1l indicate the required lecations
mercery medule option of individyal PROMs,

7, Memory module Refer to the

PDpei1/03
option is inserted Configurator Manual,
in L8&I=11 backplane

B, FROM based application Application program nov¥ executes
pregram {s execyted on poOwWereup of the LSl=11

Computer, Appendix A npresents an
example of execyuting a PROM based
dpplication,

1,2 SYSIEYM DESCRIRIION

The PROM/RT=11 system (see Figure lei) allows you as a pDpwil user to
creéate PROM or EFROM~baged microcomputer applicatlon programs from a
program Credted on a PUPe1l computerl operating uUnder RTe1{ operating
system, The programs created on a PDpeil development system are
complled or assembled and linked using the rTell LINK utllity, The
object £ile output by the linker i{s then tsed to program {blast) PROM
or EPROM chips that can be uysed on PROM or EPROM option modules (such
as the MRVileAA, MRV1Iiw~BA, BDVil, etc,),
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The FROM/ET=1} systel

TERMINAL
FOR PROGRAM
DEVELOPMENT
AND SYSTEM
OPERATION

Page 1=4

CONTROL INFORMATION

PDP-11 FAMILY
COMPUTER AND RT-11
OPERATING SYSTEM WITH
THE PROM/RT-11 UTILITY

AND PROGRAMS

STATUS

PROM PROGRAMMER
(BLASTER)

OPTIONAL
CONSOLE FOR:
OPERATOR IN
PRODUCTION
ENVIRONMENT

Fiqure ie1 PROM/RT=]1 System Block Disgranm

(see Figure 1=1) requires tilve hardvare anz

software Components:

1,

3,

A PDPeil family computer system with the following:
a, A terminal device to operate the system, write progranms,
'~ and control the PROM and EPROY chlp programming,

b, A mass storage device, Either the RX01 or RLO1 disk muyst
be part of the system, since PROM/RT~1l is distributed on
an RX0{ floppy disk or RLOl dlgk cartridge,

The RT=11 c¢perating system to provide for  progranm
development, assembly and/or compjlation, and vprogram
linking,

The PBell system with tne followings

a, The PROM/RT»11{ ytility to control the PROM programnmer,

b, A PROM/RT=i1{ programmer to program PROM and EPROM chips,
The oprogrammer reguires a set 0f personality cards and
moynting sockets for the chips you are golng te progran
(one set is supplied with the programmer),

c, A serlalelineeuniteinterface (see Sectlon 1,1,5),
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4, A ES8Z32 cable and adapter,

[f you plan to blast chips in a produyction envirconment (an operator
proegrams c¢hips at & terminal running PROM/RT=11 in the foreground
model)y you should have at least two terminals,

1,2,1 BREa2ll Eallly Cozputsr

Any of the PDPe11 computers manufactured by DIGITAL can be used 1in a
PROM/RTeiil development gystem, For information about the pDpell
computers see the PDPeil Processor Handbook, the Microcomputer
Handbook, or the hardware documentation for any of the - PUP=1l
Processors,

1,2,2 BRIsll Qpelating Syssen

The RTel! operating system (version v03B or later versions) must pe
used as the software development system, For more information about
RTe11 see the PDPel] Software Handbook and the RTel1l software
documentation,

1,2,3 Uass Storage Reulce

A RX01 floppy disk or RLO1 cartridge d4isk Tanufactured by DIGITAL must
be included {n the system that is used to develop programs for PROM or
EPkOM applications and program the ¢hips, For more intormation about
these devices refer to the pPppel! peripherdals Hangbooks, the
microcorputer Handbook seriesedemories and Peripherals Handbook, eor
the hardware manual fer the RX01 or RLO{,

1:2,4 EBEQUABI=Il Utllity

The PROM/RTell utility operates under the RTe11 operating system, The
utility s invoked as a foreground or background job (see Chapter 5),
PROM/RT=11 controls the programming of PROM and EPROM Chips via
commands from the operator®s console,

The fellowing commands are wused to congrol the PROM progranmer
(blasterl:

Cary Read the contents of a mastey PROM ¢nhnip and prograr one
or mere ¢hips wlth its conténts,

DIAGNDSE Run FPRO¥ proqgrammer and interface djagnostics to
isolate hardware problems,

EX1T Terminate PROM/RTw11 wutility operations and return
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goatrol to the RT=11 moniter,
HELP Print a list of PROM/RT=ii commands at the terminal,
INTERFACE change the CSR (Control and 3tatus Register) and vector

addresses for the serialw=line interface to the PROM
programmer hardware,

LIST Print the contents of a PROM or EPROM chip on thne
terminal or line printer,

MOOTIFY Modify the contents ©0f one or more chips to reflect
chenges 1in the application program, This nay not
always be possible, (see Chapter 5 for details),

PROGRAM Program (blast).a set of PROM or EPROM chips from a
data file on the RTel1{ Operating sSystem,

SEQUENTIAL Alter the operation of the “ODIFY, PROGRAM, and VERIFY

commands for progratnming of PROM ¢hips with none=pDpPeil
progrars or data,

VERIFY Corpare the contents of 3 PROM or EPROM chip with thre
contents of a file or a master PRUM, and veriiy they
are the same,

The PROM/utllity is also used to troubleshoot the hardware used to
program PRIOM  and EPRUM ehips, The DIAGNOSE command is used tor this
operdation (see Chapter 6),

1,2,5 BERBQYARI=1l Erogranaer fB8lasier)

The PBell programmer is a remotely controlled universal PRNOM
programmer (blaster), It 1s wuniversal because it uses progran
Personallty cards sets and so¢ket adapters to program a variety of
PROM and EPRQM c¢hips,

Many PROM types are of a generic family, which require identical
specifications for reading and programming, Socket adapters are used
tc configure pinout, word size, and word length of a memory chip to a
card set for that chip, ‘

The PROH programmer 1is interfaced to the system by a Serial=line=unit
interface and connected to the interface by a 25e=foot (7,6Mm) cable,

The power suUpplies and controls are contained within the unit, The
opérator need only connect the uynit to a power souyrce and to the
PDPel]l computer (see Chapter 4), {nstall the correct personality card
and socket, and turn the ynit power on,
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1,3 USING BTalt IO BRUCR:

4

BROY AND ERROM UEMORY CUTIDS

T —— S —

The PROM/RT=11 ytility operates in the backqround or foreground of the
RT=11 operating system, Tf pROM/RT={{ operates in the foreground, tne
RT=11 system supports program developrment and PROM programming
operations a4t the same time, This also allows an operater to orogram
chips in a production environment, The operater instructions are
symmarized in Appendix E,

The PROM/RT=11 system can pe Used tO blast all chips {f personality
modules are avaflable with the following restrictionss

1, The bit #idth of the PROM or EPROM chips must be either four
or elght bits,

2, The number of words in each PROM or EPROM ehlYp
be a power of 2, (For example, 25s, 512, 1024,7204% 5),

3, The lendth of the chip must pot eXceed 4045 words,

1,4 SOETWARE REQUIEEMENTS

The PRPOM/RTel1 gystem can be added to any standard diskebased LSIel!
development system and an RTe!1 operating system (V038 or later
version),

The software can oOperate ynder RTe1l with myltietermipal support, byt
the =serlal=line~unit interface used to interface the PROM prodrammer
i{s contreolled by routinesg in the PROM/RTe=11 softw~are, The systenm
generatjon for a PTell myltiterminal mMonitor should net include
support for the programmer’s seriale=line=unit interface,

1,5 HABDYARE BEQUIRE:

Tﬁe PSDH/RTﬁll development systen must provide at least the following
hardsarei

=

1y A 11V03, 11VO3L, {1T703L, or 11/34 systenm,

2, At least 16K of memory for background operaticn or at least
28K words of memory for toreqround development operation,

3, One additional serial=lire~unit interface to connect the PROM
Erogrammer t0 the develOpment systenm coTpyter, Interfaces
supported are,

a, DLviy

b, DuLVileF
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€y, DLVileJ (one port)
d, DLV1leE
. e, OLitew
£, DLiteE
The 20 MA current loop devices and multiplexers (such as,
bzvit, DZii, DHii, DJ11) are not supported by the PROM/RT=it
system,
NOTE
Maximum line-speed for the interface

1s 9600 bayd,

4, A cable for the gerifaleline=aynit interface that has 4
plug, The PROM/RTel1 programmer hardwarse is supplied w
25=foot (7,6m) nyllemodem cable,

The PROM/RT=11 hardware 1is supplied with one o0f the following
personality card sets and socket adapters;

1, Card set/socket asdapter for the 2708 EPROM ¢hips,
2, Card set/socket adapter for the 2716 and 2732 EPROM chips,
3, Card set/socket adapter for the 825131 and 8251%9 PROM chips,

4, Card set/soCket adapter for the 528181 and 825191 PROM ¢hips,

1,6 SUBBRORT

The PPOM/RTel1l software isg Category C; no software pPerformance Report
servicing s provided, Al] software problems will be reported using
the proolem report form printed in this manyal, The form allows vyou
t0 submit information to DIGITAL, Byt DIGITAL does hot guarantee that
any action is exrressed or implijied 2s A resylt of the receipt o©of the
torm,

1,7 IBOUBLESHUQIING

The PROM/RT=11 system has buylltwin hardware diagnostic capability,
You can use the DIAGNOSE command (see Chapter 6) to determine what
hardware component {s raltunctioning when a problem oecurs with the
system hardware, )



CHAPTER 2

SEMICANDUCIOR ULEHLRY

This chapter provides you with an overview of semiconduyctor memory
that can be uysed to store PDP=11 computer programs and dat3, The
overview includesi: types of memory devices, a short description of
some of the PDpw1] memory modules,s and intormation requlired to select
the memory devices for your application program,

The types of memory devices used in pDPell application prodr4ams are as
followst

1, Fandom Access Memory (RAM) is 4 read/write semiconductor
memory device for aprlicatlion programrs that reguire space for
storage of variapbles and buffers,

2, Read only demory (En®) Is a4 read only remory device that are
manufactured with the binary values In each adaressable
location, This memory is also referred to as masked RUM (see
Section 2,3,1), ROM not used during program development,

3 programmable Read Only Memory (PROM) is a type of read only
memory device ¢that 1s manufactured in tne blank state (all
0*s or all 1%s) and programmed (blasted) by you with the
desired bit pattern for your application program, The
alterations made in the device f£or storage of the prodrak are
permanent (see Section 2,3,2),

4, Erasable Programmable Read Only Memory (EPROM) is the same as
PROM, except Yyou Ccan erase the mermory device (return the
device to the blank state) i{f you expose the device to an
{ntense ultra=violet light (see Sections 2,3,3 and 2,6),

2,1 ULE40BY STURAGE ELEZENIS

Memory storage elements are divided i{nto two major groups, The two
groups are based on the volatility of the data in the storade element
when dc power 1s lost, The two groups ares
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1, Velatile; data or programs stored in memory are lost during
a power failure, Semiconductor RAM memory chips fall into
this group (see section 2,2},

2, MNonevolatile; data or programs are not lost during a power
fallure, The RrOM, PROM, and EprOM memory chips fall into
this group (see section 2,3},

2,2 BANDOM ACCESS MEMUBY LRANL

Random Access Memory (RAM) may be semiconductor or core read/write
memory, This manyal refers to RAM as semigonductor read/write memory
that 1s used With PROM (see Section 2,3) or EPROM (see Section 2,3,3)
to store variables and provide buffers for the application pregrams
stored in PROM or EPROM memory,

LSI=11 RAM memory chips are volatile (the contents 0f memory are lost
when power is removed), However the LSI»11 can be conflgured to have
3 battery supply for short power fallyres,

The RAM memory used on the LSI«1il {s also dynamic which means that (¢t
must bte refreshed perledically, A refresh operation <ycles the
contents of each memory lpgcations, to ensure the integrity of the
contents of memory, You should not concern vyourself with the refresh
operation {f you use LS5I=1! memory modules,

2,3 B0+ DRRON. AND EBROM MEMUEY: SUMMABRY

ROM, PROM, and EPROM chips are nonevolatile memory (the ¢hips do not
lose the data stored Ln the memory elements when power is lost),

ROM, PROM, and EPROM memory chips are considered to be in a blank
state (the chips contain all binary zeroS or ones) prior to
‘programming, The blank state varies from chip to c¢hip and between
different IC manyfacturers, '

Pregremning of PROM chips consists of using & high current or veltage
to Permanently alter the internal structure of each chip, providing a
new current path or closing an existing one, The process of altering
the chip is called "blasting" the memory chip.

Programming of EPROM chips consist of chargind a gate lsolated 1in
silicon dioxide, which opens a path for current flow, Unprogrammed
bits appear as open Circuits to a sOurce voltage, EPROM chips may be
erased (discharged) using an ultraviolet light (see Section 2,3,3 and
Zgb)l

Changes or additions to the program i{n memory can be made to bits that
#ere not altered when the chip was originally programmed, However, 1if
a blt is in the noneblank state and must be set to the blank state,
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you Must erasSe and reprogram the entire chip, PROM/RTw11 provides the
facilities to check the chip to determine if the change can pe Tmade,
If the change can be made PROM/RT=ll Makes the necessary change or
addition (see Section 3,),

PROM memory is used for applications that require secyrity and the
data integrity of hardewired solid state logic and relay controllers,
and in addition the reaquirement to provide flexibility, power, and low
cost of a computer,

2,3,1 BRead Ooly Zexory LBOM)

Read Only Memory (ROM) cnips. (often referred as masked ROM) are
purchased from an integrated clrcult manyfacturer with a progranm
supplied by the user blasted into the cnip, The user cannot make any
changes to the program after he receives the chlp, In any case the
program in the chip(s) 1s read only and cannot contain varlables or
buffers for storade of dats,

The Oneetime setup charge for manufacture of ROMs makes them more
expensive than PRCGM or EPROM chips 1In low volume applications,
Because of the freaquent software chahges Trequired by pregranm
development RUOM®s are denerally net used 1n Jow=volume applications,

2,3,2 EBrograzuahle Bead [oly delary [BROX]

programmable Read 0Only kemory (PROM) chips are BIPOLAR devices that
are permanently altered by tusing or shortind 1inkKs in the cnlp when
the device 1s programmed (blasted), As the name {mplies you can
program the ¢hip(s) only once and the chip Pust be dlscarded if an
instruction myst be changed that reguires a change back to the Plank
state on any bit,

2,3,3 Erasable Brogramoable Bead Only Yesorg LERROML

Erasable Programnable Read Only Memory (EPRCM) devices are MOS chips
that retain each data bit as a stored charge in the memory cell, The
memory cell tor each bit is a Fleld Effect Transistor (FET) w~ith a
gate isolated in silicon dioxide, During pProgrémming, the gate is
charged through avalanche injection and can be discharged (erased)
using an ultraeviolet lignt source (see Section 2,6),



SEMICONDHCTUR MEMNOBRY Page 2=+

e}
& Srdosiraken it ke oy,

. § 1.8 Tt QIEMITANMDBIATNAE UMBPUNDRYV e SHuMaARY
e F —— . oo s 4 b - .

You €an select from a nuymper of different Lsl-11 memory modules, The
PROM  or EPROM modules provide sockets for vou to moynt your memory
chips,

MOTE
The memory chips are soldered to the
MEViieR, M8V1i«CD and MSVii«=DeE modules

- En =Yk N T - S FE e s S et SR -

au ng ~a2CTGTY e gu Tannecse ATisv&E i i fo Sy
replace the memory ¢hips,
M§Vil=8 ik By l6eBit Mos Read/Write Memory
The MS5VileR 15 @ 4k by 16=hit dynamic Mos read/write memory
medule which you can use to stoOre prodrams and data, Access time
is 550 ns,

The MSV1i=8 can be installed at any 4k address opoundary (for
example location 00000, 40000, 60000, etc,),

MSV1i1eCD 16k By 16+Bit “os Read/Write Memory

The MSV1l=CD is a 16k dynaric Mos read/write memory moduyle shich
yolu can use to Store programs and dats,

The v8V11eCD on any 4k boyndary (for example location 00000,
40000, 60000, etc,),

MSVileD=E Memory

There are eight versions of thlg module, They are as followsi

Memory

Mode] Capacity
MS5V1iteDA 4K by 16 bits
m5v1isdb 8K by 16 hits
msvijede 18k by 16 bits
msviiedd 32k by 16 bits
mSvileea 4K by 18 bits
msvileeb 8k py 18 bits
msvyileec 16K by 18 bits
msvlimed 32Kk by 18 bits

The module can be installed at any 4K address boundary in the O
to 128X address randge,

MOTE

The PRCM modules provide sockets for the
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memory c¢hips §o that youy can remove and
replace the chips,

2,4,1 HBUlladd 4K By l&a3it Beadaloly 4emgry

The MRV1i1eAA module provides space (as soCkKets) f£or up to 32 PROM
¢hips, It accepts either 512x4 chips (for a total of 4K 16epit words)
or 256x4 chips (for a total of 2K ldepit #0rds), Each MRVii~AA can bpe
installed at any 4K word address boundary for 4K configurations and
any¥ <K péundary for 4¥ ¢onfiqurationsg in the L8Iwil address space (ior
example, location 000, 20000, 40600, 60000, etc, for 4K
eonfiguration or 0, 10000, 20000, 30000, etc, for 2K contigurations,)

2,4,2 MBULlsxBA LSIallUY DROMZRAY

The MRVil«BA module provides space (as sockets) for eight 1024x8 EPROM
chips (for a total of 4K 1éepit wordg of FROM) and 256 {6ebit words of
static RAM memory,

Each MRVileBA can be installed at any 4K address boundary (locatioen
0000, 20000, 40000, 60000, etc,) and the RAM section can be
independently configured to start ar any 256 word memory address
boundary (for example location 0000, 1000, 2000, 3000, 4000, etc,),

2,4,3 BLULL Qlagoosllcs Bootsiraps Ierpllatar

The BDy1l module provides ROM device bootstraps and system dlagnostics
and in addition to space for up to 18K leebit words of ROM or EPRDH
memory,

The BDV1il PROM/EPROM memory chips 4o not appear in the standard LsSIwil
memory Mmaps but instead is window mapped into the bhootstrap area of
the 1/0 page (173900 to 173777), The BDViI1 provides an automatic
medns of loading the contents of user PROMs {nto RAM memory when
system power is turned on,

2,5 UE¥0RY CHIR CHARACIERISTICS

Table 2»1 lists the characteristics of the memory chips available for
LsI=11 FPRO™ and EPROM memory, It also lists the memory option module
that you can use the chip,

The tradeeoffs which influyence your selection of memory chip types are
as follows:

Access Time ACCeSss time determineS the speed that the
processor can process program instructions,
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3 time in the

EPROM devices with typical acces

0,5 microsecond range are siower than bipolar
PROM devices which take approximately 0,1
microsecend to respond,

Development Cost Because of freguent software chandes, during
the application development and debugging
process, EPROM chips are often used, EPROMs
may be erased and reused 1f the software is
modified,

as un e o o o

PROM ¢hips are most oft
pergt ions because they
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2,6 SELECTING 4E¥DSY EQE YOUR ARBLICATIION

To select the type of memgory for your application program, you should
read the information presented 1n Flgure 2e{ and the following

sections,
MEMORY
SELECTION

SHQULD

APPLICATION

PROGRAM BE

PROM BASED
?

NO

CAN
SOFTWARE

EXECUTE INPROM
?

DESIGN RAM
SASED SYSTEM
USING MSV11-Detc.
MEMORY MODULES

NO

I

T YES

REFER TO CHAPTER 3 LOAD PROGRAM FROM
AND SECTIONS 2.4 AND PROM MEMORY

2.6. USE MRV11-AA STORAGE INTO RAM
MAV11-BA etc. PROM WHEN PCWER IS TURNRD
MEMORY MODULES ON, USE BDV11 AND MSV11

Figure 2«1 L.SI»11{ Memory sSe)lecCtion Flow Diagram

2,6,! EBoM Based Applications

Applications that reguire seecurity and the data inteqrity ot hardwired
solid state logie and relay cControllers and in addition the
requirement to provide tlexibility. power, and low Cost 0f a computer
use PROM or EPRQOM memorv,

The reliarility and non=vplatile characteristics of reade-only memory
protect the gsystem againgt program loss by electrical noise, AC cycle
dropouts, power brownouts, operator errors, or power fajilures,
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The faet that PROM and EPROM memories are ‘*bplasted® (the intarnal
structure of the memory device ls permanently altered) ensures the
stability of the program, Byt, on the other hand inhibits the use of
instructions or orperations that are self modifying, However, 1% vou
‘are Using a PDPw11 family computer, you can store the main program in
nonsvolatile readeonly memory and use a FRAM memory to store and
.retrieve data, Or you cap store your program in PROM and transfer it
to RAM tor execution (see Section 2,6,3),

=3

2. 6.2 Dizadvantanpe af Samisandumbas DAM Hamawy
SFgT T -——-—7-====3—-—-— %—‘i—_—-w—w-—-w?

Semiconductor RAM memory i{s volatile, Therefore, when you remove
power from the system the programs and data stored in memory are lost,
This means that the program must be stored on an external device and
transferred to memory %hen you turn power on,

On smal) systems, the Peripheral deVieces that are cost effective for
you to store the prodgram may be one of the following:

1, A floppy disk
2, A tape cartridge
3, A paper-tape reagder

4, A serial line connected to another computer that staores the
progranm,

The devices all have a comron characteristic, they do not operagte
efficiently and reliably 1{n hostile environments, The operation of
peripheral devices {s affected by temperature changes, dirt,
electrical problemsg, and operator errors,

Adding peripheral devices to the system also i{ncreases the cost of a
system and for some applications the cost Could be prohibitive,

.Therefore PROM or EPROM memory must pe usSed for these abPplications.
because the program remains in PROM when YOy remove power, PROM memory
{s reliable, and {(t 1is cost ettective,

2,6,3 Appllication Rrograms Ihat 2lll Notf Execubs Jub of RROY

Programs that you write in the MACRO andsor FOURTRAN languages will
execute out of PROM) {f they are desidned properly (see Chapter 3)
and if they will f£it into memory, Thus the problem is with software
that exlsts already, You have two oOPtions) Yyou can rewrite the
software so that it will sperate out of PROM (see Chapter 3) or You
can store it in PROM and transfer it to RAM for execution,

For the first option you must analvZe the Software and deternine {f it
is possible to rewrite the software, If you decide to rewrite tne
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- -
soft

%¥are you should follow the procedgures in Chapter 3,
The second option is to store the program in PROM and transfer 1t to

-RAM ~ for execution, Yoy can uyse the BDVil memory option for this
operation (see sSection 2,4,?),

-The BDV11 PROM/EPROM chips do not aPpear in the standard LSI=11 memory
map, but 1s window mapped 1intec the bootstrap area of the I/0 page
(173000 to 173777), The BDV!! automatically loads the contents of
your PROMs or EPROMs into RAM when the power {S turned on,

Table 2«1
Semicondyctor Memory Chip Information

Memary Chip Type 0f Chip Size Access Memory
Designation Yemory (nymber of Time Module
words X bit
width)
2708 EPROM 1Kx8 350ns MRV11eBA
2718 EPROM 2KX8 450ns BDV1liwa
2732 EPROM 4Kx8 450ns Centagt vyour leocal
DIGITAL Sales
Representative
825129 PROM 256X4 70ns MRV11wAA
§25131 PROM 512x4 70ns MRV11eAA
825181 PROM 1024x8 70ns  Contact vyour  local
DIGITAL Sales
Representative
25191 PROM 2048x% 80ns Contact vyour local
DIGITAL Sales
Representative

2,7 EBBCM ERASING RROCEDURE

The FEPROM chips may be erased by exposure to high intensity,
ultraviolet lignt at a wave length of 25374 (Angstrom),

The recommended integrated dose (UV intensity x exposure timey) is W
sec/cm2,  The ultraviolet lamps should be used without shortwave
filters, and the EPROM should be placed aboyt one inch away from the
lamp tube to be erased, This operation has the effect of writing all
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15 or (fs (depending on rhe hlank Srtatae 2f +ha srin) {(nfa sha FDDRAM
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WARNING

Short wave ultraviolet light can cause
"sunburning” of the eyes and skin, Eyes
should Pe protected from exposure,



3,1 INIRORUCTIIQN

information presented in this Cchapter {s directed toward two
dissimilar user groups, The differences between the t¥o groups stenm
¢rom their degree of exposure to PROM/EPROM nardware on the one hand
and PDPell software on the other, 1IN general, the two groups and
thelr hackgroynds ared

1, Chip 1level hardware designers who have Uused PROMS for
firmware driven controller design but have little kKnowledge
of PDpeil software, Such persons may need additional
exposure to¢ techniques for using PROM/RAM memary foOr an
entire application progranm,

2, Traditional programmers who nave used PDPell software (though
not necessarily LsI-i1) but are unfamiliar with ROMss PROMS,
and EPROMs, Pergong in thig catedory ghould thoroughly read
Chapter 2,

3,1,1 application 55aSran Dexalopnent S83uUaDCA

an application program is initlally qeherated on a development systen
having a digk based operating syste®, After development and
oreliminary listing, the appllication is asgembled/compiled and then
yINKed preparatory to blasting the program bit patterns into
PROM/EPROM Chips, The next step in the sequénce 1S invokind the
PROM/RTel! utility program (Chapter 35) which is uysed to enter the
application program into PROM chips while they are mounted in the PROM
blagster, After blasting, the FROM chips 3re mounted ingo hest printed
cireuit boards such as the YRVi{=AA or MRV1jeBA modules,™| Lastly, the
nest printed circult module is mounted 1ln an LSle11 backplane, The
application program 1is now contained in pROM and is ready for
execution on LSI=11 power up,

.-q-q--cq—.--o-.-n
1, nther host printed circult modules are avalilabvle, Consult your
DIGITAL Sales Representative for further information,
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3,1,2 Laoglages Used Duzing Applicaiion Brggran Develspaent

when coding an application program for the disk based development
system, two preogramming languades are generally used, These languages
and considerations governing when they might be most favorably ysed
are

i, Assembly Lanquage (MACRU=11) Only

When speed is a major consideratien for a PROMedegtined
apPlication, you should ¢ode the Program in assemdliy 1anhguass
only, This is becayse asseémply language has less overhead
than higher level languages, When using assembly language
only certain extra steps are regquired of the programmer,
These are discussed in the next sub section, An example of a
simple application developed using MACROe31l only is given in

Appendix A,
2, FORTRAN IV combined with Assembly Language

For large PROM based application Programs, particularly those
requiring tloating polnt computation, youy may wish to develop
tne application using a combination of FORTRAN IV and
4ACROw11 asgerhly language, 1In such cases, main sections of
the application can bDe developed ysing FORTRAN IV while
MACROej1 <can be used to generate device nandler sybroutines,
An example of such a program is diven In Appendix A,

3,2 DEYELORMENT CONSIDERATIONS HEEY CODING IN ASSEMBLY LANGUAGE QLY

Characterlstically, as an assembly language programmer using RT=11 you
generate a program in three steps!

1, Assemble
2, Link
3. Run

Features bullt into the RTeli operating system free you from such
concerns as absolute memory address assignments or how the program is
to be started, In the latter case You simply give the RUN command,
Table 31 contrasts automatic featyres of the RT=ll operating systenm
«ith corresponding actiong that yoy must take into account for 2 PROM

pased application program,
gther assembly language coding considerations involve the positioning

of certain categories of code in PROM or RAM, This is discussed in
section 3,3,

Table Jei
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RTw]] Operating System Features Contrasted with
PROM Based Application Regyjirements
when Coding with Assemply Language

pROM Based Application

RT*i1 Operating System Features program Reguirements
i, Loads program ints Random Access 1. Applicatien programmer
Memory (RAM) automatically must blast absolute and
pure code sections of
program inte PROM/EPROM
and assign variables
nandled by the program to.

RAM, See section 3,3,
2, Automatically sets up stack 2, Application pregrammerl
polnter ' miggt assign low order

area of RAM asg the stack
and set stack pointer,
See Section 3,3.,2 and
Appendix F, .
3, starts execution of progranm when 3, Auto start on power up bY
RUN command is given using startup vector in
pROM  locations 24(8) and
26(8), An alternative
method of power up ogcurs
when the user is creating
nis own pootstrap at
lecation 173000¢8), In
such a case he can use
the LSI=11 power up mode
which starts execution at
this location, See
section 3,3,2 and
Appendix F,

3,3 SIRUCTURING RRQHLRAY YEMORY ECR ARRLIGAIION BRUCRALS

The prime consideration in developlna an applicatlion program, whether
using assembly langquage ohly or FORTRAN IV plus assenmbly languages is
the separation of PROM baged data from RAM haged data, This 1is {in
contrast to programs written for execution in read/¥Write memory, When
generating an application program on a development system, Yyou must
conform with the following fyndamental structure,

{, Absolute address section of application, Code tor this
section is to be PROM pased and located in the low drder
apsolute memory addresses (i e,, the vector area),
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2, Machine Iinstructions and pure data (such as constants,
messages, etc,)

Code i{n this category {8 also to be PROM based and located
above the absolute address section

3, Scratch data section, This section i{s to be RAM Dbased and
containg the variables and pbyffers of the application progranm

Interrupt vectors have absclute sddresses, Sincs yeou vwant te start
g@éf RN bhaged applicarian uging the powersup Vector ac locatiaons
4(8) and 26(8), the absolute address section of the application must

be located in the low opder address area of PRQM, Given this
consideration; machine i{nstructions and pure coede are best placed in
PROM {mmediately above the absolute section since this represents the
most efficient and economjcal use of vyour printed ecircuit memory
modules,

o strockor<  Amlcsfrons

3,3,1 Using Brogran Secsions LBSECIS) W BBOY bﬁ%a&h:azmm

when developing a PROM baged application program the program sectien
(,PSECT) feature of RT=11 provides a convenjient means of ordering like
data, This is true whether the data is intended for PRpoM Or RAM, The
protocol for using PSECTs differs when Using assembly language only
versus FUORTRAN IV, FKules for using psECTs when coding in assembly
language only are given in Section 3,3,2 and Appendix F, Progran
sections can be used to define

1, Absolute section destined for PROM

2, Pure code section destined for PROM

3, Scratch data section destined for RAM
After you have used the ,PSECTs to group and define 1like data, You
myst execute the LINK program to generate a memory image flle, (The
LINK maps described later deplct the ordering of like data within the
memory image file,
The LINKage editor treats all ,PSECTs -equally since {t has no
mechanism for distinguishing one from the other, HOwever, the LINKage
editor will always assign the ,pPSECTs in the order of thelr
presentation, Therefore when generating an application in assenmbly
language the ,PSECTs to be used and the order of their presentation
(to the LINKage editor) arel

1. JASECT

2, ,PSECT ROM

3, .PSECT RAM

When using FURTRAN Iv and MACROw~11, PSECTS are identified by unique
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namsas ag sagmants af fha Nk
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{iaet
each ,PSECT cause the LINK utility
dxfferent sources as £fo0lliowst

{, FORTRAXN compiler
- 2, User MACRO routines
3, 0TS Linrary

4, System Library (SYSLIB)

Fiqure 3=1 shows the PSECTS produced from each of these Sources and
the resyltant ordering produced by the LINK utility, -

Mare intormation on using ,PSEGTS {s availaple in the PDP=ii MACRO=i!}
programmer*s Guide and the LINK section of the RTell System User?’s
Guide,
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USER
MACRO
ROUTINES

USERS$!I{PROM

SYSLIB

SYSS! )
svsso} PROM

SYS$S§ RAM

and Regultant Nrdering

Attributes

LCL, REL, CON
GBL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
LCL, REL, CON
GBL, REL, CON
GBL, REL, CON

USERSD | RAM
FORTRAN
COMPLIER /
$CODE .
SDATAP } PROM ‘, LINK
ORDER FOR
| ALLPSECTS
“““““ | T
$DATA} RAM | 1
i SAV
Section Name
OTSS! RW, I,
OTSSP RW, )
SYSSI RW, I,
USERS! RW, I,
SCODE RW, I,
OTS$O RW, I,
SYS$0 RW, I,
SDATAP RW, D,
OTSSD RW, D,
0TSSS RW, D,
SYSSS RW, D,
SDATA RW, D,
USERSD RW, D,
.3SSS. RW, D,
OTHER COMMON BLOCKS RW, D,
Figure 3=1 PpSECTS Presented

te LINK Utility
Sequence

Page 3«6
OTS LIBRARY

oTSS! 1

OTSSP

otssof oM

0TS$O

0TsSs | RAM
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3,3,1,1

in 4dsselbly LabSuage Qaly - Use of
an application in assembly

Page 3=7

Iygaical BPROM/EAM Structure far Abalicatlon Brggran Gaberalad

+PSECT sequence,

L
2,

3,

The above defines the Jeneral ordering of ,PSECTs to acgcommodate
PROM based and RAM based data,
that can be used
Appendiy

PSECT directives when developing

language ‘only call tor the following

2ASECT for absolute address section

+PSECT ROM, I, LCLs REL, CONW
For pyre code and data section

JPSECT RAM, D, LCL., REL, CON
For scratch data (variables)

Fy The
organized in a sample application program,

the
An asgembly languaqe definition module
this ordering sequence is given |in
shown below {ndicates how the data is
The example is taken from

to achieve
example

the first sample application in Appendix A,

Notice that the

1,
2,

3,

PWRUP

KEYCHK?

{ASECT
¢ PSECT

 PSECT
«GLOBAL
LASECT

, WORD

PSECT
MOV
JSR

CLR
MTPS

TSTR
BPL

TSTB

JSR

« NORD
uov
JSR

JSR
, #ORD
MoV
JSR
JSR
,WORD

following three program sections are used exclusively!
to {nitialize lowememory areas (vectors)

ROM to define all instructions and data to pe
placed {n PROM memory
RAM,D ro define all RAM (scratchpad) locations

INIT, HOURS, MINS, SECS jExternal variables from other moduyle

PWRUP
340

ROM
$sSTACK, sP
PC,INIT

R1
R}

28177560
KEYCHK
98177562
RSy PRINT
MESS1
HQURS, RO
pC,DECOUT

RS, PRINT
MESS2
MINS,RO
pc,DECOUT
RS PRINT
MESS3

160 to amsolute section to define vectors
10riqgin to the powerwsup vector :

jPowereup PC = routine labeled "PWRUP"
1Power=up PS indicates PRIO 7 (no interrupts)

j0rigin to ROM section

1Set up 8 valid hardware stack pointer
jAnd initialize all required RAM locations
1 defined {n the clock modyle

1Inir R1 for MTPS Operand

sWhen all locations haye been initiallized,
} start Clock module operating by aillovwing
! Iinterrupts,

fWaiy for conscle kKeyboard ready

11f PL, no character has been tyPed

tElse read the c¢character

1And begin the print the time Message

! by calling the PRINT subroutine

jPlace number of hours elapsed in RO

1And convert it to decimal ASCII, typing it
1 Gyt on the console

tPrint out " hours, "

1Get number of elapsed minutes
jConvert and print out minutes
jPrint out " minutes, and "
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PRINT:
POMARS

PRET?

DECOUT:
DLOOP:

TYPECH?:

SSTACK?::

MESS1:
MESS2:
MESS 314
MESS41

3,3,.1,2

the helow

MOV
JSR
JSR

WORD
BR

MpV
MOVB

BEQ
JSR
BR

RTS

SWAR
ADD
BPL
ADD
JSR
SWAB

TSTB
BPL
MOVE
RTS

PSECT
 BLKH

\PSECT
,ASCIZ

JASCIZ
(ASCIZ
(ASCIZ

JEND

SECS, R0
PC,RDECOQUT
RS ,PRINT
MESS4
KEYCHK

(RS)+,R%
(R4)+,R0

PCHAR
RS
RO

1Get number of elapsed Seconds

jConvert and print out seconds

'PTint out " seconds," and carrlage return =
! line feed characters to return carriage
1Go wait for another character to be typed,

sR4 = addregs Oof megsage to be printed
1RO = next character in message te print

;If EQ, entire message has meen printed
jEise tyese out the charagter in R¢E
1And go get next messaqge gharactrer

tRecyrn to calling routine

tConvert binary 00#99 ro two deeimal ASCII

$<a10,%256,>+1,R0 j digits, by dolng a byte division operation

DLOOP

H maintaining quotient in low byte and

$<10,#256,>=14"00,R0 3 remainder in high byte of RO

PC, TYPECH
RO

B¥177564
TYPECH
RO,8%177566
PC

RAM,D
64,

ROM

1Type out most significant digit
jMove least significant digit dewn
} and type it oyt also ,,,

118 printer ready to accept a character?
t1I1f PL no = still printing last one
tElge print this character

1And return to calling routine

10rigin into RAM tO detfine stack

tRegerve space £0r hardware stack at beginning
$ of RAM

sAnd place reference label at end (as stack

1 grows towards lower addresses)

10rigin back to ROM to define message text

/Elapsed time since powerwyp 18 /

/ hQurSp /

/ minutes, and /

/ seconds,/<015><012>

Iysical BROMLRAM structure for Asseably Laonguage Subrouting
ﬂa&d tn dcplicardion Rexelogsg dlih Borh EQBIBAN 1Y and MACBOall = This
section preSents an example of how PSECTs are used ¥hen generating a
sybroutine in MACROel! assembly language, The difference between this
example and that of the preceding paragraph results from the f£act that

and MACROe»11,
section just as in the preceding example, However here, PSECTs USERSI

The

application ig developed uysing a combination of FORTRAN IV
,ASECT program section defines the absolute address
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and USERSD are used to define PROM pased data and RAM Dbased data
respectively, “hen coding subroutines in MACRO=1l assembly language
for use in FORTRAN PROM pased apblicatisns the USERSI and USERSD
+PSECTs must bpe used, The example given here is a suybroutine taken
¢rom the second sample application in Appendix A,

«TITLE Subroutines for SCALER,FOR

.SBTTL DRV11 Interrupt Servicing
The routine DRVINT services interrupts f£rom all 8 DRVi1 interfaces
installed in the system, 6 The line number of the interrupting DRVi1l

is encoded in the condition code bits of the nNew processor status
word fetched as the resylt of the interrupt,

e W wa e

3 Initialization of the DRVI1 interrupt vectors:

+ASECT
=300

« WORD DRVINT, 34041, jVeector for line #1
«WORD  DRVINT, 34042, iVector for line #2
 WORD DRVINT, 34043, sVector f0r line #3
s WORD DRVIET, 34044, jVeector for line #4
¢ WORD DRVINT, 34045, jVeetor tor line 5
(WORD  DRVINT, 34046, jVector for line #é
+WORD  DRVINT, 340+7, ;Vector for line &7
«WORD DRVINT, 34048, ;Vector for line &8

] Now, the interrupt routine itself (in the PROM Psgect)}

oGLOBL WEIGH jEXternal FORTRAN routine to service intr

,PSECT USERSI

DRVINT: JSR RO, &PC jSave a regyster on stack with destroying
MFPS RO } condition codes, and retrieve thenm
BIC $177760,R0 $Clear all but line &
Mav RO,DRVLIN s)And store for reference by WEIGH poytine
oy Ri,=(5P) jSave remaining registers
MoV R2,s(SP) ] on stack, as FORTRAN
MoV R3,»(SP) ! routine may yse thenm
Mov R4,=(8P)
MOV RS,*(S8P)
MOV $ARGLST,R5 jLoad FORTRAN argument 1ist pointer
JSR PC,WTIGH 1And call roytine to process interrupt data
MoV (SP)+RS jRestore registers
Mov (SP)+,R4 ) after retyrn from
Moy (SP)+.R3 3y FORTRAN routine
MOV (SP)+,R2
MoV (SP)+sRY
Mov (SP)+,R0O
RTI tAnd return from the i{nterrupt
ARGLST; ,WORD i, DRVLIWN jArgument 1ist for call to WEIGH
+PSECT USERS$D,D 10riain to RAM section
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DRVLIN: BLKW JAnd define variable to get line &

3,4 LIUKING BBOL BASER ARBLIGATION BROGEANS

After developlng the application program, you must invoke the LINKage
editor tc properly sequence PROM degtined and RAM desgtined data, The
protocoel for invoking the LINK command differs somewhat depending on
the following

1« The application {s coded in assembly language only

2, The application is coded in a combination of FQRTRAN IV and
MACRO=11 assembly lahguage

When LINKing any PROM based application the LINKage editor (LINK)
nusts

Iy Load ,PSECTs into memory image in desired order (absolute
section, then ROM section, then RAM)

2, Set base of ROM section above vectors (not ay 1000 as
normally done in RTw1l) '

3, FRound yp base of RAM section to align it with the next 4K
word boundary

4, Influde some Stack space in RAM

The LINK utility loads ,PSECTs into memory image in the order in which
they are mentjioned in the {nput objeet medyle streanm,

34,1 LINKIDG an bssednly Lapduagse ipplication Brogran

CGreating a definition modyle which mentions the ,_PSECTs in the desired
order solves any ordering problem, This definition modyle is given in
Appendix F,

Once you have assembled ROMDEF module has been assembled to produce
ROMDEF ,0BJ, the linking process for applications which have been coded
with the listed ,PSECTs ist

+LINK/BOTTOM1400 /ROUNDARY 020000 /EXESAPPLIC
FilES? ROMDEF’USQrﬂfllQUI;..|puser-filﬂnn
Bouyndary section? $STACK

NOTE
1¢ ROMDEF {s not used, tne ¢irst RAM

pased «PSECT  name should replace
"$STACK" as the reply to the "Boundary

Page
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section?" query,

To extend the size of the stack spaCe to mrmmam {octal), usetl

LINK/BOTTOM$ 400 /BROUNDARY 1020000 /EXE$APPLIC /EXTENDimmmmmm
Files? RDHDEF'USQr-filEIlg.,.;userlflle-n

Extend section? $5TACK

Boundary section? $STACK

3.,4,2 Linking ap Application Develgded 42 Hoth EORIBAN IU and Assenbly Lanquage
To LINK a PROM FORTRAN application, use the following command:

JLINK/BOTTOM400 /BOUNDARY 020000 /INCLUDE /MAP
Files? userwfilesi,, ,,uservtilesn

Boundary section? 0OTSSS

Library search? $SIMRT

Library searc¢h?

Detault stack size i{s 64, words, To extemd the gstack to mmmmmm
(octal), use the following commandt

fLINK/BOTTOM: 400 /ROUNDARY 020000 /INCLUDE /MAP /JEXTENDimmmnm@
Flles? userwfile~i,,,,suser~file=n

Fxtend secrion? $STACK

Boundary section? OTsSs$S

Library search? $SIMRT

ILibrary search?

NOTE

Using values for the /BOTTUM (B) switch
that are legs than 400 reguires use of
the /X switeh to the [LINKage editor,
See RT=11 system Uger’s Guide,

The numper Of PROM p0aTdS required (and RAM siZe) can be determined by
exanining the map produced by LINK, Refer to section 3,5,

3,5 OBTAINIUS LINK MARS

Printing or displaying a [INk map is a4 necessgary step prior to
blasting the proMs as described in Chapter S, Through appropriate yse
of program sections (,PSECTs) and execution of the LINK utility, all
PRO" destined data is now seParated from RAM degtined data, The LINK
map is now reguired so that when you are blagting the PROMs vou can
determine the high order address of the PROM destined datay (see the
description of the PROGRAM command in Chapter 5),
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For any given application, you must generate LINK maps in two steps
for the following reasons; ‘ )

1, The fi{rst map {s oproduced by {invoking the LINK ut{ifty
without assigning RAM destined data on the next 4K boeundary
(the BOUNDARY switch of the LINK instruction s not used),
In this case, the LIMK utility places the RAM data
immediately after the PROM data in the memory image file,
The map produced by LINK reflects this sequence by defining
the RAM data immediately above the PROM data,

2, The second LINK map is prodyced by invoking the LINK utility
with the BOUNDARY switch used to 3ssign RAM data at the start
ot the next 4K boundary, ”

The illustration below shows presboindary and post boundary memory
Image mabps, pRE.ROUNDARY POST BOUNDARY

0 0
\ )
ABSOLUTE SECTION ABSOLUTE SECTICON
PROM
\, DESTINED
DATA
PURE DATA
PROM
y TIN
\ PURE DATA BE?FA ED
RAM
SCRATCH DATA DESTINED
DATA
] —— A4 _‘_‘——“"‘—"‘""‘\)—_—-n*tlk
SCRATCH DATA
‘ RAM
DESTINED
DATA

Figure 3«2 Pre«Boundary and Post Boundary Memery Language Maps

3,5, Aaselbly Lapguage LINK Yap

The examples below show two LINK maps tfor the sample application
progtam descriped {n Section A,2 of Appendix A, ~Note that the first
map i; produced when no BOQUNDARY switch 1is given as part of the LINK
instruction parameters, Tnhis map shows RAM destined data beqinning at
location 000776(8), Thus it can be concluded that the highest order
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jddress for
myust he fed to the PROGRAM
PROMS |

The second LINK map is prbduced when the BUUNDARY switen 1is
assign RAM destined data at next 4K boundary,
second [INK

location 020000(8), The

PROM destined data is 000775(8),
eommand

Page 3w=i3

This is the value that
(Chapter 5) when blasting the

used o
RAM data now starts at
map is usefyl because it

indicates the beginning and ending address of the STACK in RAM as well
as defining RAM memory requirements for other program elements,

PRE«BOUNDARY LINK MAP

LINK/BOTTOM{400/EXECUTESMAIN/MAPYTTY MAIN,CLOCK

RTe11 LINK V05,02 Load Map
MAIN ,SAV Titles MAIN Ident} /B:000400
Section Addr Size Global vVvalue Global Value Global Value
¢ ABS, 000000 0004090 {RW,I,GBL,ABS,0VR)
ROM 00400 00376 {RW,I,LCL,REL,CON)
INIT 000752
RAH 000776 000210 (RW,DsLCL,REL,CON)
S§STACK 001176 TICKS 001176 SECS 001200
MINS 001202 HOURS 001204
Transfer address = 000001, High 1imit = 001206 = 323, words
POST*BOUNDARY [ INK MAP
LINK/BQTTQMS40QIEXECUTE§MAINIHAPSTT:/EDHNDARYSZQQGO MAIN,CLOCK
Boyndary section? RAM
RTwil LINK V05,02 Load Map
MAIN  SAV Title MAIN Identt /B100040Q
Section Addr size Global value Global value Global Vvalue
. ABS 000006 000400 (RW,I1,GBL,ABS,0VR)
ROM 000400 017490 (R¥)I4LCL,REL,CON)
INIT 000752
RAM 020000 000210  (RW,D,LCL,REL,CON)
SSTACK 020200 TICKS 020200 SECS 020202
MINS 020204 HOURS 020206

Transfer address 3 000001, High 1imit = 020210 =

3,5,2

]
This paragraph
descrived {in

comblnation of
nigh order

presents two
Appendix

A (section A 3),
FORTRAN IV and MACRO*1i, program section OTS$D is
PSECT for PROM destined data (see Figure 3=1),

4164, words

ECRIRAN IV and MACROail LINK Maps

LINK for the second application
For applications coded in a
the

Similarly

maps
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OTSs3 is the low order program section for RAM destined data,

Fage =14

In

the

first example glven below, the LINK BOUNDARY switeh is not invoked,
Consequently program section OTS$5 follows immediately after 0OTSSD
the memory image file, The high order PROM address given toO the PROM
blasting PROGRAM command {s 025051(8) {n this cage,

When the second LINK map {s produced, the BOUNDARY swtileh is
Set the OTS$S program section on t

the boundary is set at 040000(8) becCayse 2
are required to accommodate the PROM pased program section,

PRE=BOUNDARY LINK MAP

he next 4K boundary,
MRV1ieAA/MRY11=BA

in

used to

In this case

modules

Fri O0leSepe78 00138104
/B1000400

RTell LINK V05,044 Load Map
SCALER,SAV Titlet SCALER Ident: FORYO02
. ABS 000006 000490  (RW,1,GBL,ABS,0VR)
SUSRSW 000000 $RF2A1
$NLCHN 000006 $HRDWR
SWASIZ 000131 §$LRECL
07881 000400 020330  (RW,I,LCL,REL,CON)
$$0TSI 000400 $SIMRT
$TKB 001420 $TPS
$SCVIFB 002462 $CVTFI
$CVICI 002476 s$CVYTDR
CICS 002510 CIDS
CLDS 002510 DI
CLF$ 002520 S$RI
CLIS 002632 §$OTI
$$SET 004450 RCIS
FCO$ 006104 ECOS
SCVTIF 007040 $CVTIC
cCIs 007066 CDIS
$1D 007066 CFIs
TVLS 007166 $TVL
STVF 007174 TVDS
TvVQ$ 007210 8TVQ
$TVP 007216 TVIS
0CIs$ 007360 ICIs
0Cos 007562 ICOS$
$IFW 007772 IFW§S$
$IFR 010110 IFRSS
$IDEXI 010214 EOL
$0TIS 010360 $SOTIS
THRDS 010660 $PUTRE
STPS 011176 §$STP
SEXIT 011222 S$ERRTB
SWAIT 015146 SFCHNL
$CLOSE 015420 S§GETRE
$PUTRL 016274 S$GETBL
SEOF2 016704 $FIO
$VRINT 020600 $DUMPL

000000
000006
000210

000566
001422
002462
002476
002510
002510
002520
002682
005062
006110
007054
007066
007102
007166
007202
007210
007224
007366
007570
010034
010146
010242
010362
010662
011176
011346
015210
016064
016504
017444
020602

¢« VIR
§5Ysvs

$TKS
3TPB
SCYTCB
sSCVTDI
CLCs
CIFs
CILs
$S0TI
GCOs
pCOs
$CVTID
$1C
$1IR
TVFS
$TVD
TVPS
§TVI
$ECI
IF4%s
IFRS
SCHKER
EOLS
SAVRGS
$STPS
FOOs
$ERRS
SINITY
STTYIN
$EQFIL
$SFIO

000000
000010

001416
001424
002476
202475
0902510
002529
002626
002664
0056076
006116
007054
0070686
007102
207174
007202
0072146
007224
007402
007766
010104
010170
010244
010502
0131170
211202
011453
015306
016140
0186670
017450
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OTS§P
5YSSI

USERSI
§CODE
NTss§0

S5Yss0
$DATAP
oTssD
OTsSSsS

3Y38S

$DATA
USERSD
(5858,
§STACK
$STKST

020730
021000

021020
021234
023116

024126
024126
025044
025082

025356

025362
025454
025456
0286138
026036

300050
Q004020

QuU0214
001662
001010

aqedno
0007186
000006
000304

000004

Q00072
00n00p2
000160
000200
000000

(RW,D,GRL,REL,QVR)
(RW,T,LCL,REL,CON)
IPEEK 021000 IPOKE
(RW,I!LCLQREL,CQNJ
IBCDI 021190 IBCDO
(PRW,I,LCL,REL,CON)
$0TsC 021234 WEIGH
(RW,I,LCL,REL,CON)
$80TSD 023116 $OPEN
(RW,I,LCL,REL,CON)
(RW,D,LCL,REL,CON)

(RW,D,LCL,REL,CON)
(RW,DyLCL,REL,CON)
8AO0TS 025354
;RW,D!LCL;REL'CUN)
3SYSLB 025356 3LOCK
(R¥40,LCL,REL,CON)
(RW,D,LCL,REL,CON)
(RW,D,GBL,REL,OQVR)
(RW,D;LCL,REL,CON)
¢RW,DyLCL,REL,CON)
3888TK 026036

Transfer address = 021234, High limit = 026036

POSTeBOUNDARY LINK MAP

RTel] LINK V05,0447

SCALER,SAV
Section addr
. ABS,

0TS$I

Titlet

Size

000006 000400

000400

020330

021010
021134
022376
023116

025360

TADC

§CRASH

5647, words

Load Map Fri O0l=Sepe?78 0013946

SCALER Ident: FORYO02
Global Vvalye Glebal

(RW,I,GBL,ABS,0VR)
SUSRSW 000000 §RF2A1
$NLCHN 000006 $HRDWR
$WASIZ 000131 SLRECL

(R¥,I,LCL,REL,CON)
$80TSI 000400 §SIMRT
$STKB 001420 STPS
SCVTFB 002462 $CVTFI
$CVICI 002476 $CVTDB
CICS 002510 CIDS
CLDS$ 002510 $DI
CLF$ 002520 $RI
CLIS 002632 $0TI
$$SET 004450 RCIS
FCOs$ D06104 ECOS
SCVTIF 007040 $CVTIC
cCIs 007066 CDIS
$ID 007066 CFI1$
TVLS 007166 §TVL
STVE 007174 TVDS
TVQS 007210 §TVQ
$TVP 007216 TVIS

/B1800409
Yalue Global
000000 ,VIR
200006 §SYSVs
000210

000566 S$TKS
001422 387TPB
002462 SCVTICB
002476 SCVTDI
002510 CLCs
002810 CIFS
002520 CILs
002662 §$sSOTI
005062 GCOS
006110 DCOs
n07054 $CVTID
0070686 s$1IC
007102 SIR
007166 TVFS
007202 STVD
007210 TVPS

007224

§TVI

rage 3=15

021200

025361

Valye

200000
Q00010

001416
001424
002476
002476
002510
002520
002626
002664
06076
006116
007054
007066
007102
007174
007202
N07216
007224
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0CIs 007360 ICIs 007386 SECI 007402
ocaos 007562 ICOS no7870 IFWsS Ga7766
SIFW 007772 IFWSsS 010034 IFRS 010104
$IFR 010110 IFRss 010146 SCHKER 010170
SIDEXI 010214 E0L 010242 EDLS 010244
$QTIS 010360 §SOTIS 010362 SAVRGS 010502
THRDS 010660 SPUTRE 010662 $8TPS 011170
STPS 011176 33TP 011176 FQOS 011202
SEXIT 011222 SERRTB 011346 SERRS 011453
$WAIT 015146 SFCHNL 015210 SINITI 015306

Aty A P el 1o

ammvry nig£1an

WLSe ﬁi%i‘iiﬁ S'xz's‘a“.iKE Gié'\-}é*‘i PAd iy WiVAFy
$PUTBL 016274 SGETBL 016504 SEUFIL 016670
SEOF2 016704 §FIO 017444 ssFIOQ 017450

S$VRINT 020600 $DUMPL 0206072
OTsse 020730 000050 - (RW,D,GBL,REL,OVR)
5YSs1 021000 000020 (RW,I,LCL,REL,CON)

IPEEK 021000 IPOKE 021010
USERSI 021020 9000214 (R¥,I1,LCL,REL,CON)

IBCDI p21100 IBCDO 021134 IADC 021200

$CODE 021234 001662 (RW,I,LCL,REL,CON)
§$0TSC 021234 WEIGH 022376
0TSS0 023116 0vi010 (RW,1,LCL,REL,CON)
5S0TSO 023116 SOPEN 023146
S5YssO 024126 000000 (RW,I,LCL,REL,CON)
$DATAP 024126 000716 (RW,D,LCL,REL,CQON)
nTSSD 025044 012734 (RW,D,LCL,REL,CON)
nTsss 040000 000394  (RW,D(LCL,REL,CON)
$AOTS 040302
5YS885 040304 500004 (RW,D,LCL,REL,CON)

$SYSLB 040304 8LOCK 040306 SCRASH (040307

$DATA 040310 000672 (RW,DsLCL,REL,CON)
USERSD 040402 000002 (RW,DyLCL,REL,CON)
($$5$, 040404 0U0160  (RW,D,GBL,REL,QVR)
$STACK 040564 0002900 (RW,D,LCL,REL,CON)
§STKST 040764 000000 (RW,D,LCL,REL,CON)
§335TK 040764

Transfer address ¥ 021234, High 1imit = 040764 = 8442, words

1,6 SAMPLE RROM BASED ARRLICAIIANS

This section briefly describes the design objective of the two sample
application progranrs given in Appendix A, The £irst sample
application program is coded in MACROe11 2ssembly language only, The
second sample application is coded in a combination of FORTRAN 1V and
MACROe{1 assembly language,
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3,6,1 Elapsed Iizse Since Boxer Uo Apzlicaltion Erograg

The elapsed time since power up application program consists of two
modules, both coded |n assembly language, These modules and thelr
purposes arei

1, MAIN,MAC, The module prints out the elapsed time since power
up Calculated by the second module (CLOCK,MAC), Print out is
in hours, minutes and seconds and occurs only when a terminal
Key 1s pressed, The handlasr thag detects typing 0f any key

and printing the meggage ig containad in thig module,

2, CLOCK.,MAC, Thig module provides a c¢lock interrupt handler
and the c¢ode ¢o maintain the cyrrent time of day (elapsed
time since bootsgtrap on povwer yp) for the main nmodule
(MAIN MAC)

3,6,2 Relcs computatisn fo: Yeigbed Mepchandise Application

Figure 3«3 shows a sample PROM baged application {nvolving price
computation for weighed merchandise, The hardware shown at the right
of this illustration accommodates one of & weighsin/price computation
statlons, Thoygh not representing an actual PROM based application,
the devices shown here <c¢onvey and receive the types of data
appropriate to PROM based programs, Specifically, the hardware
devices consist of,

f¢ An electronic scale used to weigh various kinds of
merchandise, The output of the scale {s a d¢ voltage
(congigtent with the welght of the item being weighed) that'’s
fed to one channel of an analoge=towedigital converter module
(ADV11), Becayge not all electronic scales are the same from
stat{on~towstdtion, there may be SOMe diffeleNces bet¥een
stationg as to the d¢ voltages generated £fOr a qiven weight,
That iss one gcale may output 2,5 vde for 5 kilograms of
merchandiser, while another scale May generate 2,6 Vde for the
same weight, sych disparities in oytPut yoltages can pe
comMpengated for by a scale calibration feature bullt into the
application progranm

2, Set of four knurled knob readein switches that are set o
define the price per Kkilegram of the mnerchandise being
welghed, Each of the four switches produces a BCD (Binary
Coded Decimal) encoded oytput over four lines, Hence 16
1ines are used to convey pricing information to a DRVi1
module

3, Four Nixie lights to display the Value of the goods atter the
welghtetimeseprice product has been coMputed by the PROM
based program, Fach Nixle light receives a BCD encoded value
over 4 output lines from the DRVI1 module, Hence a total of
16 lines feed the "VALUE OF GOODS" display
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4, Pushbutton switch that’s activated bpy the opricing station
operator after he has get the prices/kilogdram switches, The
pushbyrton switch genherates the jinterrupt (via the DRV11
module) that inigiates the price computation progranm
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The role rlayed by each statjion opelator in this sample application
involves placing the merchandige on the scale, setting the
PRICE/KILOGRAM switches {n accordance with tne type of megrchandise on
the scale, and then activating the pyshbutton,

nother featyres of this PRoM based 4application permit the f£olloving
types of data access from the systen terminal
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. Total weight rrocessed by merchandise category
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4, Change (correct) calibration of each scalie, Such changes are
necessary when the d¢ veoltage output from a scale changes
over the course of time (e g,, for a fixed weignt of §
kilograms)

3,7 EBOGRIIANING HINIS

This section presents sofeware design hints for varioys aspects of
PROM based application developement,

3,7, Se3sbng Iaitial Condisdsans Brisk &6 Enabling CRU lnsalrypss /

Before enabling CPU Interrupts, Make sure that all initial conditions
are set, The aprlication startur ¢0de rust pe responsible for storing
1n1tia1 valyes {nto any required RAN variables and tor conditioning of
input/output interfaces before CPyU priority s dropped to PRO,
enabling interrupts, This is especlally trye 0of varlables used by
line ¢ime clock handling roytines, ag the ¢lock may ineerrypt as soon
ag the CPU’s priority ls lowered,

-

3,7,2 Using LIMKLX Saltch kbeb Blacing 8otton of Belocatables RRON Code Belaw Ad:

The RTell LINK utility sgtores ,SAy £file bpitmap {nformation into
addresses 360(8) to 377(8) of memory image files, This information is
used by the RTe{l gystem when loading background executable programs,

If you wish to uyse a BOTTOY address which is bhelow 400(8), you must
specify the /x swiltch to the RTe]{ LINK ytility, Refer to the LINK
section 0f the RT#1) System User‘®s Guide for mMore details on this
switeh,
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3,7,3 Winizizing BROY Storage Beguirzezents dben Develgping EQBIRAKN Azmlications

Some simple rules can aid the user in minimizing the amouynt of PROM
storage redjuired when developing an application using FORTRAN IV,
These rules are;

{, Use the $SHORT error message module when linking the FORTRAN /
program, The default mogdule will buyild the complete ASCII ! ®
text of all runetime error messages into the PROM segment; |
uging the short £orm of the messages will recover over 800
words of PROM space, S

Refer to the RT«11/RSTS/E FORTRAN IV User’s Guide for
intormation on selection of the $SSHORT error module at link
time, .

2, 1t your application does net require numeric Input/output
conversions (FORTRAN "Formatted" [/0), but does need to print
si®ple messages to the operators use the SYSLIB terminal I/0
calls rather than the FQORTRAN TYPE and ACCEPT statements,
For example,

CALL PRINT ("Pprocess monitor i{s now running")
is preferable toy

TYPE 100
100 FORMAT (* Process monitor is no¥ running®)

ort
Type «», *Process monitor {s no¥ running’)
If any TYPE or ACCEPT statements are used In the applications

however, no economy {s gained by replacing individual simple
statements with PRINT calls,



CHAPTER 4

LUSIALLATION

This chapter presents installation procedures for the PBll

hardware

and software, Also discussed are procedyres to be used for acceptance

testing the hardware/goftware and methods tor
nardware/software problems,

4,1 JINSTALLLUG RRQMLRIell HARDUARE

reporting

The hardware supplied for PROM/RT=11 consists of the following:

t, PROM blaster

2, Signal cable tor connecting PROM blaster and DLV1
line upnit

{ serial

3}, Personality cards, The PROM plaster may use a different pair
ot printed circult boards to accommodate blasting of

ditferent type pRrROM chips, 1f the PROM/RTell

is te

accommodate blasting of only one type PRoM chip, then &

single pair ot personallty cards is suppllied

. Soctket adapter(s), Different type PROMs may also

regquire

4itferent types of adapter sockets tfor insertion in the

blaster socket

$,1,1 Unpacking

No special unpaecking instructions are necessary £or the. PROM/RT=ll
nardware, personality cards with appropriate socket adapters are to

be found in separate cartons witnin the shipping container,
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4,1,2 [Ioatalllng fhe REQ 3l3siaz

wWhen removed from the shipping container, the PROM blaster may be
placed on any sturdy table surface, Freferably, the table surface
should be adjacent to the development system terminal to faecilitate
the FROM blasting procedure,

4,1,3 (Coopecting she BRQM Blasser Signal QLabls

The signal cable must now he connected between PROM blaster and the
serial line unit, The cable connectors are of different design so
there can pe no mistake a3 to which end goes where, The DLVIL
development module is mounted to the developmeNnt system backplane
along with the other modules, The PROM blaster signal cable socket is
at the rear of the PROM blaster,

For this installation, switches/jumpers on the serial line unit must

be set to select the following operational characteristics,

1, Eight data bits

T — s e

2, No parity
3, 1 stop bit ‘

e e 57

4, No traming error nalt (LSI=i) only)

5. 9600 BAUD Max,

refer ¢to the appropriate serial 1line unit hardware manual for
procedures Oon selectind these characCteristics,

4,1,4 Ingaleling she Ealgonalisy Calds add Sockas AdaRses

It mOre thah Qne set Of personality cards are supplled, the user must
determine «hich pair of cards he wishes to use,  This can be
determined from the data given in Table 4=l

Atter removal of the rersonality cards from their carton, they are to
be installed in the PROM blaster, For card installation procedures,
refer to the hardware ranyal,

Table 4ai
PROM/RT=11 Module Options and Related
PROM Blasting Hardware

PRUM/EPROM chip ' Socket personality
Option Boards TYpes Adapter cards
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MRV1 1A 825129 (To3s5e1 122628 )

. 825131 1035,2 12262F

MRV11eBA 2708 1033,4 11741F

’ 8708 1033,4 1174elF

BDV11 2716 1366 1319«1a
8716 13566 i3i5eia

Once the personality cards are installed, the socket adapter can be
inserted, Thig 1is designed . s0 that it can only be inserted in one
#ay} that 1s with the socket designation nymber oriented troward the
top, “hen the socket adapter is inserted, hardware installation is
complete, :

4,2 INSTALLING PBOMZBTal) SOEINARE

The PROM/RTw11 utility program is supplied on one of two distribution
media as tollows

t, Single density RX01 flexible diskette (fleoppy disk)
2, RLO1 cartridge disk

The supplled digk is to be installed {n its proper poert, Atter this,
the uyser may invoke the Keyboard Monjitor Copy command to transfer the
PROM/RT=11 utility prodram onto the development system disk, This
approach assumes that the PB11 is purchased as an add=on option to an
existing system, 1If the uSer Purchases the PB1l a5 an eption Wwith a
new system, he first uses SYSGEN to bulld a system di{sk, (Refer to
RTw11 sSystem Generation Manual,)

42,1 (UR2YIng RROMLBIalY Soffsare ocats Syaten Risk

Appendix C presents a complete description of the procedures used to
install PROM/RTe11 software,

4,2,2 Licceptance Iesting

Following PRCM/RTei{] hardware/software installation, the hardware
should be exercised to ensure proper operation, The DIAGNUSE and LIST
commands bullt into the software command repertoire oprovide a
convenjent means of checking PROM/RTel! hardware operation,

Instellation personnel can check the hardware using the following
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steps

2,

Invoke the PRUM/RTe1! utility progqram using the procedures
specified In Chapter S, After invoking the utility, check
that the header defining the prorer PRUOM size appears on the
terminal,

Invoke the DIAGNQSE command as des¢ribed in Chapter 6, when
the test ortlions appear, select "Test #3, This test dialogue
informs the yser to mount & pblank PROM :u te patternsd when
the uger ?Un.e gﬂ#T"Dﬂ) The partern entered into the pRaM

by the diagnase command is one that inserts a binary value af
0 into address 0, a binary value of ! into address 1, a
binary value of 2 into address 2, et¢, The pattern eontinues
until the top of the range allowable by the bit width is
attained (binary 15 for 4=bit wide chips and binary 255 for
8=bit wide chips), The pattern is then repeatad

Ahen the message "PRUM verified successfully" appears and the
utility program returns to the "command* mode, installation
perscennel may invoke the LIST command to obtain a hard coopy
of the PROM contents, (See Cnapter 5 for LIST command
proceduyres,) 1I1f the listing indicates the pattern described
in step 2, then the PROM/RTe11 hardware s operating
satisfactorily, '

4,3 BERORIING HAEDYARELSQEIHARE DRUBLELS

Procedures for reporting proplems differ depending on location of user

site,

e

24

The procedures and differenceg are

United States, If any problems are encountered during
hardwaressoftware {nstallation proceduyres, seek assistance
via the LsIw!l hot line, Call tol] free 800 2259220, (in
Mass, 617 4817400 ext. 5144) opr write Digital Equipment
Corporation, Une Iron Way, Marlborough, Ma, 01752,

Qutside United States, 1 any problems are encountered
durind nardware software ynstallatjon, Contact Your nearest
DIGITAL sales representative for assistance,

4,4 IRQUBLESHOOTLING

Chapter 6

presents troupleshooting procedures £0r the PROM/RTell

hardware and sottware,



5,1 INTRODUCTION

This chapter describes the PROM/RTell operating proceduyres centering
around the utof the PROM/RT=11 utility (instruction set, Thege
instructgions a gke devélopment gystem terminal Jto pregranm
or modify PROM chips after developrenit ‘or modificatlon of¢ the
application program, Procedures presented in the suybsequent
paragraphs assume certain prereguisite actlions on the part of the
user, These areg

1, Personality cards appropriate to the PROM Chip type have been
inserted in the pROM blaster

2, The correct PROM chip adapter has peen installed in the PROM
blaster socket

3, A pinary image tile for the generated application program is
availaple to the user

4, The POWER s¥itch on the PRUM plaster is set to ON

3,2 INYOKING IHE RROM/RIgLL BLASIER RROGRBAY

The PROM/RTw=11 program is designed to run {n either background or
foreground mode, For toreground operation, the system must have a
minimun of 28K memory, In systems cagable of foreqroynd operation,
the PROM/RT=11 blaster program is normally run in the foreground since
{t does not require a hign level of access to the CPU,

To invoke the PROM/RTs11 plaster program in the background mode, the
user types the following at the terminalt

RUN DEVi PROM, SAVCRET>

Where DEV: defines the disgk drive containing the PROM/RTe11 utility
program,
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Te invoke the PROM/RTel! plaster program in the foreground mode the
yser types the followingi

FRUN DEV; PROM,RELCRET>

where DEV: defines the di{sk drive containing the PROM/RT=11 utility
program,

FRUN may be abbreviated to FR or FRU,

| )
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FRUN PROM/Tin <return>

Wnere "n" specifies the numper of a valld terminal in the
myltieterminal system

Once invoked, the PROM/RTe!1 blaster program responds by <(yping a
header followed by a prompl at the terminal, The header and preompt
are as follows:

PROM/RTw11 V1,0 current PRUM 5ize 1024 by 08
Commandi

The header, besides ldentifying the PROM/RTell ytility proégram and
version, indicates the sgize and biy width of the PRau chip(s) to be
blasted, This is because the PROM/RT=11 gtility gQueries the PPROM
blaster as to type of personality cards before typing the header on
the terminal, 1In this case, the pergonality cards contained in the
blaster accommodate PROMs having 1024 address locations that are 8
pits wide, If the personality cards accommodating PPOMg 512 by 4 bits
size are inserted in the plagter then the header appears asi

“The ®Commandt" prompt indicates that the utility program wants the
user to type one of the PROM/RTwil commands on the terminal, The
_commands are descripbed in the subsequent paragraphs,

PROM/RT=11 V1,0 current PROM Size 0512 by 04
Command}

5,3 COMMANOS IQ BUN RROM/BIald

once inyoked, the PROM/RTa11 utility program responds to any of ten
commandg initiated by the yser ar the terminal, All commands except
the DIAGNOSE command are described here, (The DIAGNOSE command s
described separately in Chapter 6,)

PROM/RTell commands are described in the sequence in which they are
most normally used, Hence the PROGRAM command is descriped first
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pecause once the user has generated and formatted his appllication
program, his first etfort {s to pattern the PROMs in accordance ¥ith
the binary image map,

The range of PROM/RT=11 commands {n the order of their presentation is

1, PROGRAM
2, MODIFY
3, CopY
4, LIST
s, VERIFY

6, SEQUENTIAL
7, INTERFACE
8, HELP

9, EXIT

All commands are typed in response to the "Commandi" prompt printed by
the PROM/RTeii ytility program, When executed, most commands initlate
a running dialoque consisting of guerjes (typed by the utility at the
terminal) and responses (given by the user at the terminal), To abort
an in=process command, the user types CTRL/C, To return to the RT=ll
monitor, the EXIT command must be given in response to the “Commaneas"
prompt,

5,3,1 BROGEAY gozzand

The PROGRAM command is used t0 enter an application program into a set
of PROM chips, The application program is currently contained in the
{nput file created by the yser with the RTell LINK utility progran
(Refer to Chapter 3), The pINKage editor map prodyced by the LINK
tommand must be avajlable to the user {n order to execute the PROGRAM
command, This map indicates the address assignments for the linput
£ile and the PROM/RT+=11 utility myst pe informed of the highest pure
code address during execution of the PROGRAM command,

Any user wishing to blast selected chips (rather than an entire
program set) gshould use the MODIFY cormmand described later in this
section,

The PROGRAM command generates a number of gqueries and directives to
the user throughout the course of its execution, Such gueries are
necessary because the PROM/RTw11 utility needs certain information in
order to properly execute the PROGRAM command, Queries displayed by
the PROGRAM command require the following information from the user:
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1, Does tne PC module being used to house the PROM chips invert
(complementl the data or address values peing supplied to it,

2, What is the name of the input file containing the instruction
to be blasted?

3, What is highest address of pure code in the input file? The
useér can determine this from the map produced by the LINKage
editor,

........ = A S ambamsd =b = ’- = v
Once the £inal address is ent &h rminal; the actual PROM

blasting process beqgins, During this phas e, additional que;ies and
directives are displayed to the user at the terminal, The dialogue
and procedures for blagting the pROMS are described in a later

paragraph (Blasting the PROMs),

An edditional feature of the PROGRAM {nstruction 1s that it
automatically verifies that the correct data is written into each PROM
chip,

5,3,1,1 Iovoking tos ERQGRAY Commasg = To invoke the FROGRAM conmmand;
the User SimplY types P (or PROGRAM) and <RETURN> in response to the
»command;" prompt, An example of the procCess is as tollows;

Commandt PIROGRAMICRET>
De You ¥ant inverted data (Y or X)?

Once the PROGRAM command is invoked, the PROM/RTell utility
{mmediately responds by asking whether the user wants inverted data,
considerations regarding g¢his query are discussed beloa

$,3,1,2 HoIking #ish Ioversssd Dasa ob Llauslssed 4ddress IoRuss -
Certain printed eircuit boards May invert the data or address
intormation supplied to them ' This {s the case for the MRV11=aA
modyle which addresses PRQM chips in low (rather that high) active
address blts, (This aspect of MRVileAA addressing is discussed in the
digital Mierocomputer Handpook), I+ a user 1is working with an
MRV11«AA module and notifies the software of the inverted address
condition, PROM/RT=1l inverts the address bits so that the prOUMs are
blasted in a lowetoshiagh order address Sequence rather than vice
versa,

It {5 up to the user to know whether or not the PC module he’s using
complements either data or address information, Otherwise he cannot
give proper response to the PROM/RTwll scftﬂ@re queries described
below,

when the PROGRAM command {is {nvoked PRUM/RT=11 responds with two
queries in sequence, These are!

Do you want inverted data (Y or N)?
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Do you want inverted addresses (Y or N)?

After each Y or N response, the user presses the <RgT> key, The below
example shows a conditjon Wwhere the User Treguests poth data and
addresses as being inverted

Do You want inverted data (Y or N)? Y<RET>

Do you want inverted addresses (Y on N)? Y<RET>»
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$,3,1,3 Specliylng the Iaput Eile Lo be Used L5 the REQY Blasting
2235835 » The next query gisplayed by the PROM/RTell utility {s

Name of input file (DEVIFILNAM,TYP)?

To this, the user respondg with the name ¢of the ¢ SAV  image file
containing the application program to be blasted inte pRrROM ¢hips, 1t
the device (DEV1) is not gpecified, the system default storage device
(DK?) 1is used, Also {f no fi{le extension (,TYP) s given, an
extension of ,SAV {s assumed, The pelo¥ example indicates a case
vhere the user has specified a demongtratlion program as the input file

Nare of input file (DEViFILNAM,TYP)? DEMPGM<RET>

5,3,1,4 Specifylng ths Highest 4ddzess 1 she Banga - The next
request by the PROM/RTel! utility {s for the user to supply the
highest address of pure code contained in the input file,

CAUTION

The last address supplied to the PROGRAM
command mugt be the highest byte address
to be placed in PROM,

The Upper pure code limit is available from the LINKage map produced
by the LINK editor (Reter to Chapter 3), Once informed of the pure
code upper limit, the PROM/RTell utility 1is able to determine the
nymher of PROM chips to be blagted, For example, 1f the yser is
working with 1024 X 8ebit PROMS and specifies a pure code upper Llimit
of 017776(8), the utility calculates that a total ot § PROM chips (4
lo# byte and 4 high byte) are to be blasted,

when the last PROM in the entire range has been blasted, the utility
knows that {t i{s time to refurn to the command mode, The PROM/RTwll
tequest the upper limit of pyre code with the following queryi
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Final program addresg (octal)?
The user nov refers to his LINK map to determine the highest address
of pure code to be entered into PROM, The pair of maps shown bpelow

indicate the pre boundary and post=boyndary code layout for a sample
program,

PreeBoundary Code Layout

LINK/BOTTOM2400/EXECYUTEsMAIN/MAPITTY MAIN,CLOCK

RTe1l LINK V05,02 Load Map

MAIN ,SAV Titles HMAIN Ident: /831000400

Section Addr  Size Global Value Global Value Global Value

, ABS, 000000 000400 (RW,I,GBL,ABS,0VR)

ROM 000400 00QQ376 (RW,1,LCL,REL,CON)
INIT 000752
RAM 000776 000210 (RW,D,LCL,REL,CON)

$STACK 001176 TICKS 001176 SECS 001200
MINS 001202 HOURS 001204 SECS

Trahsfer address = 000001, Hight limit = 001206 = 323, words
PosteRouyndary Code Layoyt

LINK/BOTTOM:400/EXECUTESMAIN/MAPITT/BOUNDARY 20000 MAIN,CLOCK
Boundary section? RAM

RTell LINK V05,2 Load Map
MAIN L SAV Title: MAIN Ident! /B31000400

Section aAddr size Global valuye Global Value Global Vvalue

¢ ABS, 000090 000400 (R¥W,I1,GBL,ABS,QVR)

ROM 000400 017400 (RW,I,LCL,REL,CON)
INIT 000752
RAM 020000 000210  (RW,D,LCL,REL,CON)

SSTACK 020200 TICKS 020200 SECS 220202
MINS 020204 HOURS 020206

Transfer address = 000001, High limit = 020210 = 4164, words

5,3,1,5 Blastipng tbhe RBRQMS « When the user presses the <RETURN> key
(atter specifying the ypper 1limits of pure code), the PROM/RTwil
utility responds by instrycting the ysger to mount the pROM c¢hip for
the first address sedment, Under conditions where 1024 X 8wbit PROM
chips are being blasted, the digplayed directive to the user 1is as
follows
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Mount PROM for address 000000=003776, pits 07«00,
and tyre<RETURND}

At this time, the user mounts the £irst PROM chiP in the blaster
adapter sofket, Three things should be borne in mind when mounting a
PROM ehip:

1. The PROM ehip must be blank

2, The chip must be coriented soc that dimpled cutout faces the
tep

of the adaptar gocket,

e BWWIIE Mg

3, The chip 8hould pe labeled with the segment address,

Identifying chips with a label alds the user {f he later wishes to
MODIFY or erase a particular chip, when working with 1024x 8ebit
PROMs a suyitable label for the first PROM might he 1K,LB = indicating
that it Contains the 1ow byte for the first 1024 locatjons,
Similarly, the second chip might be 1labeled 1K,HB meaning that |t
contains theé high byte for the first 1024 locations,

CAUTION

In the cagse of EpROMs, the lapel should
not be placed over the chip window as it
may adversely affect chip erasabllity,

If the yser inserts a noneblank chip in the adapter soeket and then
presses <RETURN>, the gytility pregram responds with the following
error messase and directivet

IPROMF»FROM {s not blank
Mount PROM for addregs 000000003776, pits 07«00,
and type <RETURN>»!

In such a case, the user ghoyld check to make sure that the PRUMsS he
intends to pattern are blank and then mount a blank chip,

When the first blank chip is programmed successfully, the following
meisage is generated:

PROM for address 000000003776, bpits 07«00, has been programmed
Mount PROM for address 000001003776, bits 15«08, and type
<RETURN>{

This informs the user thar the first PROM chip has been programmed
successfully, The first chip ¢an now be removed from the blaster
adapter socket and inserted {n the proper location on the PROM memory
board,

The user should now mount the second chip for the bklasting process,
Again, the PROM ¢hip should be labeled with the segment address, Wwhen
the <RETURN> key {s pressed and the second chip has been proqrammed,
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the below message appears:

PROM for address 000001003776, bits 15=08, has been programmed
Mouynt PROM for address 004000«017776, bits 07«00, and type
<RETURND>}

The blasting process continyes until Aall PROM ehips for the
application program have been blasted, After the last chip, the
PRD%/RT-ll utility returns to the command mode,

Complete PROM blasting sessions for an MRVI1AA nmemory board and an

MRY11BA memory board are given in the next two paragraphs,

5,3,1,6 Brograzning EguUr Bif 3&43 EBOMS £9r aa MBYxllll Modlle = This
paraqraph presents an e¥ample of using the PROGRAM Command for

blasting a set of 512 X 4e.bit wide PROMS, specifically, the -example
showsy

1, Invoking the PROM/RTe1l utility progranm

2, Egecution of the PROGRAM Command

3, The terminal/user dialogue for the entire blasting process
The example 18 alven below!

(RU DXO1PROML1Y
PROM/RTel]l V1,0 Current PROM Size 0256 bY 04

Command: P<RET>

Do You #ant inverted data (Y or N)7 N&RET>

Do you want inverted addresses (Y or N)? Y<RET?

Name of input file (pEVIFILNAM,TYP)? DX13MAIN,SAVKRET>
Final Program address (octal)? 775<RET>

Moynt PROM for address 000000000774, bits 03=00, and type <RETURN>i
Mouht PROM for addregs 000000=000774, bits 07«04, and type SRETURN>}

PROM for address 000000«000774, bits 07«04, has been progranmed

Mount PROM fop address 000000#000774s bits 11%08, and type SRETURN>J

PROM for address 000000+000774, bits 1i=08 has beep prodrammed

Mount PROM for address 000060000774, pits 15«12, and type SRETURNZ?}

PROM fOr address 0000002000774, bits 15«12 has been programmed

Command?

5,3,1,7 EBrograosisg Edght Bil kide RROMS foz ap MBULLsBA Madule -
This paragfaph presents an exXamPle of Using the PROGRAM Command to
blast a set of 1024X gebit wide PROMs, The example followsy

,RU DXO1PROM]1
PROM/RTe11 V1,0 Cyrrent PROM SiZe 1024 by 08
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Command{ P<RET>

Do you want inverted data (Y or N)? N<RET>

Do you want inverted addresses (y or N)? N<RET?

same of input file (DEVFILNAM,TYP)? DX1iMAIN,SAVSRET?
Final program address (octal)? 77S<RET>

Mount PROM for address 000000=000774, bits 07«00, and type <RETURN>1
PROM £0r address 000000«000774, bits 07#00, has been programmed
Mount PROM for address 000000«000774, bits 15«08, and type <RETURN>|
PROM for agdress Q00000000774 bits 15#08, has been Programmed

Commandi

5,3,2

MODIEY Comnand

The MODIFY Command like the pROGRAM Command can be used to create PROM

chips,

The difference {s that the MODIFY Command allows the user to

respattern selected chips rather than program an entire set, In
qeneral, there are foyr conditions where 4 user Mmay wish t9 invoke the
MODIFY Command, These are!

i,

3,

A section of an application prodgram is altered and the change
atfects only a certain EPRoM ehip, Once the atfected EPROM
i{s erased, the MODIFY Command ¢an be UuUsed to blast a new
pattern consistent with the <change in the application
program,

Some code additions are being made to the high end of an
application program and the last PROM chip in the set was
only partially consumed in the prior PROM blasting session,
Unlike the PROGRAM Command, MODIFY allows the uyser to write
into non blank c¢chips, Consequently if half the locations 1in
a chip wele left unused during the initial PROGRAM plasting
session, MODIFY can be used to pattern the remaining PROM
locations,

A single location on a pree~blasted PROM c¢hip requires change,
Possibly, the pattern originally blasted {nto the chip
location is one that can ac¢cept the specific change desired
by the user, In the unprogrammed state, certain PROM chips
contains all ONEg, For this type chip, the bilnary pattern
introdyced during the chip blasting process {s achieved by
writing ZEROs into the desired bit positions, Hence 1lf a
binary six Is written into an address of a four bit wide
ehip, the blasting process effects a change of from 1111(2)
to 0110(2) in the addregsed locatlion, Althoudgh already
blasted to contain a binary 6, this location could be
modified (reeplasted) to contain a binary 4, a blnary 2 or
all zeros, Such <changes can be effected becayse each
involves a process of changing ONEs to ZERQOs, The contents
of the PROM location cannot be modi{fied to contain a binary 8
because for this type ehip it 18 not possible to change ZEROs
to ONEs, If the user wishes to alter the contents of a
single location, the software checks the contents of that

S8
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location and informs the yser whether such a change 1s
possible,

4, The user wishes to enter a value intc some high order area of
the overall PROM address range, Unlike the PROGRAM Command
which always assymes a zero starting address valye for the
PROM blasting process, the MODIFY Command gueries the user as
to the starting address for his desired blasting/reeblasting
area, (Note that the PROGRAM Command only asks for the final
prodram address,) If a uyser wishes tec enter a bootstrap
program into the high order area of PROM, he c¢an de so with
the MODIFY Command pecause this command allows him to select
a2 high order starting address, The PROGRAM command does not,

There are certain constraints that the user must be aware of when
using the MODIFY Command, During the MODIFY Command dialogue, the
PROM/RTw11 gqueries the the user as to starting and ending address of
the PROM chip area he wishes to modify, )

NOTE

PROM/RT=11 always constructs 32 byte
data. records for transter to the
programmer (blaster)ys locatiens within
the 32 pyte boundarie¥ LN the PROM but
outside the starting and final addresses
of the file will be filled with the
unprograrmed state of the 9iven PROM,

For the above reasons, modification of a PROM must be done in 32 byte
blocks, l,e,» modification addresses to the MODIFY command must be!

i, Starting address is the firgt byte in the 32 byte boundary,

2. Final address is the last byte in the 32 bYte section, There
is one exception to this which occurs for the uppermost 32
byte block in pure code, In this case, the last byte of
meaningfyl code can fall anywhere in the 32 pbyte ranqqgfor
the uppermost 32 byte blogk only the last meaningful byte 3n
theé 32 byte range can be given as the f£inal address to the
MODIFY command,

Figure Ses1 shows how bytes are taken from an input file and stored 1in
the 32 byte yrecord when blasting an 8+bit wide chip, The 32 bytes
taked £for transter to the low byte PROM are taken from pyte addresses
0 throygh 62, Similarly, the bytes fOr blasting the high byte PROM
are taken from addresses { through 63, Consequently 1f the user
wishes to modify the yppermost 32 byte segment in 4K Of PROM he
specifies a starting address of 017700 and an ending address ot
017776, Figyre ©S5e2 shows the input file to PROM chip relationship
when attempting to modify the contents of a gingle address 1in PROM,
The MODIFY Command first compares the changed input file location with
the contents of the preeblasted PpRrOM chip, It the presblasted
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confents are such that the location can accept the change (sSee
preceding des¢ription under item 3) then the goftware informs the yser
that the change {s possible, 1If the location cannot accept the change
then the user is 50 informed and he myst take other gsteps such as

erasing the chip (f{,e, if he is working with EPROMS)
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16 BIT
WORDS

ﬁ

UPPER BYTE LOWER BYTE
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Figure 5e1 Input File tg PROM Chip Transfer
pattern for an Eight Bit Wide PROM
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32 BYTE RECORD
TRANSFERRED
TO PROM
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INPUT FILE PRE-BLASTED

PROM (LOW BYTE)
HIGH
BYTE
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| NySYTE_ —

]

{

| 000477, 0237,

|

i

!

|

|

]

]

|

I CHANGED iNPUT PROM LOCATION
I FILEBYTE TO 8E MODIFIED
|

|

\/}
I
|
l
!
[
|
l
!
l
I
! 000400, 0200,
\;\_/ 000377, 0177,
|
|
|
I
|
I
|
v//’”"F\\\\\ ]

Figure 5«2 Relationship of Input File to Pre-Blagted PROM
When Attempting to Modify an BeBlt wWide PROM Chip
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5,3,2,1 Ipyoking the MOQIEY Conzand = To invoke the MODIFY Command,

type tne tollowing at the terminal In response to the "Commandi®
prompty

Command: M[ODIFY]<RET>

Wnen the <RETURN® key 1s pressed, the PROM/RT»11 utlility initlates the
dialogue for the reblasting process,

5,3,2,2 MOBIEY copzasd Dialogus = The g¢irst three querles generated
by the MODIFY command havVe to do Wwith working with inverted
data/addresses and naming the input file, Examples of these queries
are shown belowi : '

Do You want inverted data (Y or N)? N
Do you want inverted addresses (Y or N)? N
Name of input file (DEVIFILNAM,TYP)?

For a description of these queries, refer to paragraphs 5,3,1,2 and
5¢3,1,3 ,

{f the user errs in typing the file name Or types in a nonexistent
¢i{le, the following error message occyrs

7PROMeFelllegal tile specification

Immediately after the error message, the utility program Trepeats the
query asking for the tile nane, The example below shows a Case where
a demonstration program ls named as the inpyt file,

Name of input file (DEV¢FILNAM,TYP)? DEMPGM<RET>

When the <RETURN® key is pressed the utility program asks for
3tarting and ending addresSes of the PROK area to be moditfied,
Examples for a 1024 x 8ebit wide chip are given belowy

Starting program address (octal)? 017700<RET>
Final program address (octal)? 017776<RET?>

To the first query, the user responds with the starting address (on a
100(8) boundary) of the PROM area tO be modified, On typing <RETURN>,
the utility program asks t¢or the fihal progran address, When this |Is
given and the <RETURN> key 1s pressed, the sottware asks the user if
thege chip addresses in PROM are to bhe modified, This reassures the
yser that the utillity program recodnizes the specitied address areas,
An example of this query and response iss

Do you wish to work witp addresses 017700017776, bits 07=00
(Y or N)? Y<ZRET>
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The user indicates that this 1is the desired address area by typing Y
(yes) and pressing the <RETURN> key, At this time, the utility
program directs the user to insert the PROM in the blaster adapter
soeket as shown in the below example,

Mount PROM for address 017700=017776) bits 07=00,

and type <RETURN>}

If the user mounts a non blank ehips that already contains a
pre=blagted partern that can’t De changed then the following error
message and directive resuylty

IPROM<FePROM {s not blank and Cannot be reprogrammed with
this data ;

Moynt PROM for address 017700017776, bits 0700, and type
<RETURND>Y

When a non blank ehip having changeable presplasted code in the
addressed area is mounted, tnhen the following message resSuylts

IPRUMwWePROM 1s NOT blank but Can be #ritten with this data
Continue (Y or N)?

If the user intends to overvwrlite the addressed area, he then LYDEsS Y
or YES and presses the <RETURN> Key,

When the btlasting operaticn {s completed tor the mounted chips the
utility prodram generates the following message!l

PROM for address 017700017776, pits 00«07, has been programmed

The PROM chip in the blaster socket May now be removed, The
PROM/RTw11l utility oprogram now aytomatically sequences to the next
ehip in the PROM set, (i,e, the ¢nip containing the high byte),
When all chips for the gpecified addresgs area have been reprogranmed,
-¢then the utllity prodran autghatically exlits to the command mede,

5,3,3 (QR2Y Comnand

The COPY command is designed to let the user make multiple coples of a
preeprogrammed PROM chip,

5,3,3,1 loxoking Lbs ¢oey Coamand = To invoke the COPY Command, type
the following at the terminal in response to the "Commandi® prompti

commandt ClOPYI<RET>

On detecting the COPY command, the PROM/RTell utility program
initiates the terminal = to = user dialogue discussed next,
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5,3,3,2 C0BY Conzacd Blalogua = The first directive produced Dy the
COPY ecommand (S to tell the user to mount the master PROM, That 1is
the PROM to be duplicated, AR example of this directive isi

Mount master PRUM and type <RETURND!

At this time, the user inserts the PROM ¢hip to be copled in the
blaster socket, He then presses the <RETURN> key and a slight pause
occurs, After the pause, the user is told to remove the master PROM
ehip with the below Message!

Remove m;ster'PRGM and mount blank PROMy; type <RETURNM!

When this message appears, the master PROM chip is removed from the
blaster socket and Treplaced with a blank PROM chip that will become
the first copy, After inserting the blank PROM, the user types
<RETURN>, The utility program now needs to know how many coples are
desired and generates the f£0llowing guery!

How many copies (decimal)?

The uyger responds by typing in the Aymber Of coples he wighes t¢ make,
The COPY co™mand is designed to permit any number of coples in a range
trom 1 to 99, If more than 99 coples are reqguired, the copY commang
should be invoked a second time or as meny times as necessary, The
user should make suyre that he has enouygh blank PROM chips for the
nynber of coples speclfied, After entering the numpber 0f coples, the
user types SRETURN>, This begins the copving process, If the wuser
inadvertantly mounts a non blank PROM chip the following error message
and directive result

?PROMeF=PROM {5 not blank

Remove current PRUM and insert blank PROM, type <RETURNI
tn such a case, the user should remove the non plank PROM and replace
it with a blank Or erased PROM, when the <RETURN> key 1s presseds
eopying will continue with the blank PROM, '

when ¢reation of a copy is complete, the PROM/RTell Ggenerates the
follovwing messaqge;

Remove Copy number NN and mount blank PROM, type <RETURN>:

Where NN will be replaced by the number of the COPy
just completed,

The User no¥ removes the newlY created PROM chip and replaces it with
a blank chip, He may wish to label the dyplicate chip with the copy
nymber,  With the new blank ¢hip {nstalled, the user continues by
pressing the <RETURN> key and another copy 1s created,
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$,3,4 LIST Coxzmand

The LIST command is used to octain a listing of the contents of a
particular PROM chip, The listing can be produced on the terminal or
a line printer at the user's option, Other options made avallable by
the LIST command are

1, Listing format, The LIST command allows the user to select
binary, octal or hexadecimal format

ing
-
"
i)

3
-
ualbe.
h
el

. Idenritication, The L
¢

listing identifjer
listing

IST command allows the user to enter a
up to 50 characters) at the top of the

Chip addresses appear every 20(8) loecations and as chip addresses,
they bear no relation to input file addresses

5,3,4,1 louoking tha LIST Command = To invoke the LIST gommand, type

the following at the terminal in response to the "Commandi" prompt
Command: L[IST)J<RET>

When the <RETURN> key is pressed it initiates the command dlalodque
discussed next

S,3,4,2 LISI Copzand Lialogue + The ytility program  first asks the
yser if he wishes to place a text ldentifler at the head of the
listing, It does so with the following gquery

Do you wish to put an identification code on the listing?
(Y or N)

Typically, the user assigns an identification code that describes the
current application, That is the application in whigh the PRUM c¢hip
{s used, 1If the user desires a text description, he types Y or Yes
and then presses the <RETURN> Key, “hen the PROM/RTell utility
recognizes that the user wants an identification for the listing, It
types the following message

You may input up to 50 characters terminated by RETURN
Identificationt

At this point, the user types in the desired description following the
word “"ldentification:"

When the <RETURND key is pressed, the next gquery in the dialogque isi
Do you wish the listing on this termina)l (¥ or N)? Y

It the listing is to be on this terminal, the user responds with Y or
YES followed bpy <RETURN>, If the 1listing i{s to be on a line printer
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or entered into a disk file, the user types N or NO followed by
<RETURN>, A NO reply causes the software to generate the following
question

Name of output fille (DzngILNAH,TYP)?

The user answers with the RTell gi{l1e specification for the desired
output file followed by <RETURN>

The software now needs to know the desired format for the listing, It
requests this data by Printing the following

Wnich listing format (HEX, OCTAL, of BINARY)?

The user myst select one of the three formats for listing the PROM
chip eontents, The format chosen affects enly the format of the PROM
chip contents; PROM chip address are always listed {in octal, The
exarple below shows selecrion of the nexadecimal format

wnich listing format (HEX, OCTAL or BINARY)? HIEXADECIMALJ<RET>

When the yser types <RETURN> after defining the listing format, the
software types the following directive

Meynt the PROM to be ligted and tvpe <RETURND

The usey now moynts the chip to be listed, #hen the <RETURN> Kkey s
pressed, ¢the listing operation begins immediately, After the last
locations in the PROM have been listed, PROM/RT=11 retyrns to the
command mode, The beginning and ending portions of a typical PROM
1isting appear below

PROM = 1] XXeXXXeXX XX1XX1XX P@ge 01
t1dentiticationt DEMOPGRM

- ADDRESS+00 +01  #02 403 +04 405 406 +07
200000 FF 17 45 tF 45 {E FF FF

FF FF 7F {\F 95 FF FF FF

- 000020 5¢ FF FF FF FF FF 8D FF
2F IF 6F F FF FF FF FF

001740 FF FF FF FF¥F FF FF FF FF
FF FF F¥ FF FF FF FF FF
001760 FF FFE FF FF FF FF FF FF
FF FF FF FF FF FF FF FF

Command}
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§.3,5 YERIEY Conmand

The VERIFY command allows the uger to check that a set of PROM chips
contain the same binary pattern 3s originally blasted from an input
£ile, It can also be Used to coMpare the contents ©f the PROM with a
master PROM, In the couyrse of time, ambient light or other
environmental factors May cause one or more chips in a set to "drop 4
bit", I1f it 1is not Kknown whethep this has occurred, the user can
{nvoke the VERIFY Command to check blasted bit patterns agalnst input

tile contents,

It is not necessary to use VERIFY afeer the PROGRAM or MODIFY commands
since the latter two ¢ommands aytomatically verify cnhip contents as
part of thelr exeqution sequence,

5,3,5,1 Iowaking the XEBIEY Compand = To invoke the VERIFY —Command,
type the following at the terminal in response to the "Commands"
prompt

Commandt VIERIFY)<RET>

Wnere the <RETURN> key ls pressed, the utllity progran initiates the
dialogue desCribed next

5,3,5,2 MXEBIEY Copzand Qialogue = When the user types the VERIFY
command, the following question appears!

Do you want to VERIFY against a master PROM (Y or NJ?

A yes answer to this guestion followad by <RETURN> causes PROM/RT=11
to prompt!

Mount master PROM and type <RETURNX}

The uger now mouynts the PROM in the blaster socket that serves as the
standard or master FPROM, After the chip has been positioned in the
socket the user types <RETURN®  After a brief pause the PROM/RTell
software types the following directives

Moynt PROM to be VERIFIED and type <RETURN>}

The user now removes the master PROM from the blaster socket and
{nserts the PROM chip to be compared, when the <RETURN> Kkey 1s
pressed, the software compares the Contents of the two PROMs, If the
PROMS compare successfully then the following message is typed on the
terminal,

PROM verified successfully

It the chip to ehip verification tailed then the following message
will aprear,
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7PROM=FePROMEailed tg vellty

At this time the software will return to the COMMAND mode, If the
uyser answers N or NO to the PROMetoe«PROM verificatlon request, the
sottware assumes the user wishes to verify a PROM against an input
tile anda initiates a second dialogue, The next three queries produced
by the PROM/RTeil software have to do with inverted data/addresses and
naming of the input file for the verification process, Considerations
regarding these queries are described under the PROGRAM Command in
ﬁafanﬁﬁhi 5.3;1!2 aﬂd 5.3;1,%. :

After the yser ldentifies the input file (to be cofmpared against the
PROM set) and types <RETURN>, the PROM/RT=11 utility needs to know the
address rande, The software asks for the starting address as followsi

Starting address (octal)?

The user responds with the 6 oOctal digits which specify the address of
ehe fipst locagion in the applicatlion prodram to be compared with the
selected PROM chip(s), When the starting address has been glyen, the
user types <RETURN> causing the software to ask for tnhe ending address
as follows

Final address (oc¢tal)?

The user now enters the last address in the application program to DS
compared, After the user presses <RETURN>, the sottware confirms the
address range by asking the following

Do You %ish to Work with addresses NDNNNN=NANNNDD,
pits nn=nn (Y or N)?

If the address range is the same as that entered by the user he types
Yy or YES followed by ¢RETURN», BAssumeé a user wishes to verify the
content of addresses 000376 » 001077 and has entered this value, In
sych a case, the query generated by the sofrware igi

) Do you #wish to work with addresses 0003760001077,
bits 07«00 (Y or N)? Y

The user no¥ types <RETURN» and the software responds with the
following directive,

Mount PROM for address 000376+001077, bits 0700,
and type<RETURNY}

The uSer no¥ mounts the correct PROM e¢hip in the blaster socket, When
the chip is properly mounted, the user types <RETURN>, If the data in
the selected PROM chip agrees with the application file contents, the
following message will be printed:

PROM for address 000376001077, bits 0700, agrees with file

At this point, the verified PROM ghoyld be removed from the blaster
socket Operation will continue aytomatically when the next PROM in
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the set is inserted and the <RETURN> key 18 pressed,

If the PROM chip tails to verify then the below message (s generated
by the goftware

IPROM=FePROM falled to verify
Do you want a detajled comparisen of discrepancies (Y on N)? Y

If the user simply wishes to Know whether there was no match between
input file and chip, he can type N or NO and remove the cnip, The
gtiiity program will automaticaily sequendce o ihe next <¢hip in the
set, If the yser wigshes a detalled bitefO0rebit comparison he types Y
or Ybs followed by <RETURN», To this response, the scftware prints

oyt input f£ille and PROM contents in the format shown below

The following discrepancles were noted;

File Address File pata PROM Data
400376 11001110 ISEBRBRE!
200400 11101000 1111411}
000402 10001110 1111411
000404 11100110 11111111
000406 10010411 111111t
n00410 11111110 11111118
00N41?2 00010001 11911111
001066 11110111 11911114
noio07o 11101010 11111111
001072 1111011 11114111
001074 11100110 11311111
001076 10000101 11114111

After the econtents of the last address have been listed,

the software

continues the dialogue py asking the user if the wants to verify the
next chip, An example of this query is

(Y or N)?

‘It the user wishes to verify the high byte,
followed by <«RETURND>, To

directivei

Mount PROM for address 000376«001077,
and type <RETURN>1}

In this way, the verification process continues for

set

he responds
the softvware

bits 15908'

Do you wish to work with addresses 000376001077, pits 15=08

by typing Y
responds with the

entire chip
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5,3,6 SEQUENIIAL Comzand

The SEQUENTIAL command alters or resdefines the operatjonal mode of
thiree other PROM/RT»11 commands, namely the PROGRAM, MODIFY and VERIFY
commands, The change revolves around the Manner In which the word
slices are traken from the memory image file for insertion into the
32ebyte record that is shipped te the PROM Dblaster, when the
operatjional mode of the PROGRAM command is altered by the SEQUENTIAL
command, it allows a user to enter bytes Ohe after another into FPROM,

This g in coentrast to the way say a 1024 X Bebit ehip is normallv
blasted with the PROGRAM eommand., Chips of this size usually receive
either odd 0r even numbered bytes depending on whether the low byte or
high byte is being blasted, This ¢&n be seen from Figure 5.1, Bytes
0,2,4 etc, are entered , intc one chip as the low byte while bytes
13,5 etec, are entered into anether chip as the high byte, If a user
wisnes to blast PROM chips one byte after another (1,2,3, etc,) he may
select the SEQUENTIAL Command to achieve this result

5,3,6,1 lnwoking sha SEQUENIIAL Canpasd = To invoke the SEQUENTIAL
Command, the uyser types the toliowing in respense to the "Command;”
prompt

Command) SI[EQUENTIAL)<RET>

This causes the PROM/RTell to print the following message when
CRETURN> ig presseds

you are now operating in SEQUENTIAL MODE
This MODE modifies the following commands!

1, PROGRAM

2, MODIFY

3, VERIFY
Command!

This message indicates that the user c¢an select Aany of the three
commands (PROGRAM, MODIFY or VERIFY) for operation in the sequential
mode, That is, if the user wishes to use the PROGRAM command in the
sequen:ial mode; he now types the following Iin response to the
"Commandi" prompt:

Command: p([ROGRAM]<RET>

The PROM/RT=11 software nmgow queries the user to see {f wishes to
continye operation In the sequential mode, The below example shows a
eondition where the user has responded Y (YES) to the query, The
PROM/RTe11 wutility now conducts bagically the same dialogue as that
described for the PROGRAM command, This 1s apparent from the sample
dialogue bhelow, Note however there is one difference, That 1is, the
bit field indicated for the PROM is now 1500 instead of 07=00 or
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1508

Do yoy want want to eontinye in seguential mode (Y or N)
7 Y <RET>

Do you want inverted data (Y or N)? N<RET>
Do yoy want inverted addresses (Y or N)? NLRET>
Name of input flle (pEVSFILNAM,TYP)? DENPGN/NSRET>

Final program address (octal)? O000377<RET>
Mount PROM for address 000000000377, bits 1500,
and type <RETURN>}

PROM fOr address 0000002000377; bits 15#00, has been programmed

when invoking the MODIFY command in the sequential mMode, the user must
pe careful when speclifying starting address boundaries, This is
because the utility program deals in minimym 32 word blocks when
sending data ¢to the PrOM blaster (see discussion of MODIFY Command,)
Hence when moditying 8=bi¢ wide chips during sequential mode, the uyser
should specify starting addresses {(n multiples of 40(8),

Figure Se3 indicates the transfer pattern for an B8=pit wlde <Chip,
When modifying during the Sequential mode; the PROM transfers slice 0
followed by slice 1 followed by slice 2 and so on, Hence bhoundarlies
in multiples of 40(8) (32 bytes/16 words) convey 32 slices of data,
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Figure Se3 Word Slices Transferred to am Eight Bit Wide PRUM
Chip During sequential Mode (MODIFY Command) Operation
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when "odityinq four bit wide chips in the sequential mede, bogndaries
are on a myltiple of 20(g) pecause the slices are taken £rom is bytes

(8 words), See Figure 5+4

T~
31 |
32 BYTE RECORD
30 | TRANSFERRED
.
\
R\
11
10
9
8
7/
[ | 31 30 29 28 7
27 26 25 24 6
23 22 21 20 5
19 18 17 16 ///J,4
16-BIT | >
1
11 10 9 8 / 2
7 6 5 4] 1
N O —~"

Figure 5e4 Word Slices Transferred to a Four Bit Wide PROM
Chip During Sequential Mode (MODIFY Command) Qperatien
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5,3,7 IEIEBEACE Command

The I[NTERFACE] command ig used to Change the serial inferface which
the scoftware package will use to communicate with the PROM blasting
hardware, Wwhen the I[NTERFACE] <c¢ommand {s |invoked, the following
response appears on the terminall '

Current CSR = 176510, vector = 310

Where the aPpropriate octal numbers replace 176310 and 310, The
program then displays the guestiont

Do you wish to change the CSR (Y or N)?

If the valye displayed for the CSR address is correct, respond with
"N* or "NO" followed by RETURN, and the CSR will not be modified, If
you wish to change the value, type "Y®» or "YES" and RETURN, and the
following message will appear}

New CSR address?

Enter the glxedigit octal address of the Receiver CSR of the interface
te Pe Used, This Aaddress must be in the I/0 Page (i,e,, Must be
greater than 160000 and less than 177776), The address shoyld be that
of the receiver CSR 0f the Interface to be ysed, nNence the loweorder
octal digit ot the address myst be Zero,

If you specify a CSR address whleh does not correspond to any
presentlyeinstalled {ntertace module, the following message will
appeary

?PPROMeFwNon = existant CSR address

and the current CSR default will not pe modified, The proQGram will
again ask you for the new CSR address,

When the CSR gquestions have been anSwered, the program will display:
Do you wish to change the VECTDR (Y OR N)7

If the vectOr address originally displayed matches the desired value;
type "N" or "NO“ followed by RETURN, and PRoM/RTe11 will exit from the
INTERFACE oberation, If the Vector is incorrec¢t, respond with "Y" or
®*YES" and the RETURN key, The following question will be printed:

New veCtor address?

Enter the threesdiglt octal address of the fipst interpypt vecror tor
the {interface to be ysed, Thils veCtyr address must fall in the range
300 to 470 octal, inclusive As thlis address specifies a pair of
twoeword interrupt vectors, the lowsopder octal digit must be zero,

when both CSR and vector have been syccessfylly specified, the progran
will return to command mode,
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5,3,8 HELR Comgaad

1f the user cannot remember the name of tne command which he needs to
use, he can type the H[ELP] command to PROM/RT=1l, It will respond
with a brief list of the commands available, as follows:

Valid commands are;

Copry an exXisting PROM

diagnose PROM plagter hardware
exit from this program

type this help megsage

alter interface assignment
list PROM contents

modify one or more PROMs
program a set of PROMs
sequential mode

Vﬁrify a PROM againgr a file

<OUERD = ITEm TN
4 6 49 98 8 30929

The system will then retupn tc command nrode, allowing the user to
enter the name of the desired command,

5,3,9 EXIT Compand

Typing the E[XIT] command cauyses the PROM/RTe11 software to disable
the PROM blaster hardware interface and return control to the RTwil
operating svystem, This c¢ommand must be used to termipate tne
PROM/RTe11 bprogram; that 1s, the wuser cannot abort operation by
typing CTRLeC, '

when operating the PROM/RTe11 package in foreground mode, it s not
hecessary to type the EXIT command ynless the user intends to remove
the foreground job from memory, '

S,4 BROGRAMMING RBOMS IN 3 RRODUCTION ENXIRQUEENT

To create patterned PRUM chips 1in production quantities, the COPY
Command c¢an be usedj that {s after the pRUGRAM Command {s used to
¢reate the master chip or chips, Customarily, personnel well versed
in all phases of PROM/RTe1] would yse the PROGRAM Command to create
master PROMs, After a master chip is mounted in the PROM blaster
socket, production personnel need only to be familiar with the CcopPy
Command dialogue to generate copies in blocks of 99



CHAPTER 6

RILAGNOSIICS AND MALLIENANCE

This ehapter contains pertinent informatlion about maintenance and
troubleshooting technigues,

CAUTION

ICs and individual components should not
be replaced at the user’s installatlion,
The only exception is the memory ¢nhips
that Plug inte sockets, Equipment
should ne returned to  DIGITAL for
repair, Replacement ot 1Cs and
components that are soldered {nto etched
circuit poards reauire special equipment
available at DIGITAL repalr depots and
at the factory,

6,1 DIAGNOSE LOMMAND

you can uyse the DIAGNOSE command to run three tests on the PROM
programmer, the data link between the pRrOM programmer, and the
computer system (see Figure 6m=1), Each test helps you verity
operatien of portions of the eduipment of {s0late an equipment
fallure, The tests are ag followst

1, Test 1; in conjunction witph a successful test 2 is used to
check proper oOperation Oof the data transfer and programmer
data storage capabilities,

2, Test 23 checks the Serial=line=uniteinterface module and the
input/oyutput cahle uysed to connect the computer system tc the
PROM programmer,

3, Test 3 checks the programmer*®s apility to transter
i{nformation from the programmer®s internal storage to a PRO¥
chip,
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TEST 1
DATA TRANSMISSION TEST

TEST 2
TURN ARCUND TEST

TEST 3
PROM PROGRAMMER TEST

Figure

PDP-11 COMPUTER

PDP-11 COMPUTER

SERIAL

LINE null-modem cable
UNIT

INTERFACE

PROM/RI=»11 Diagnostic Test

Page ow=2
PROM
SERIAL PROGRAMMER
t’l’z\ll!:l:._ < nuil-modem cabl>
INTERFACE f*\\\‘
RAM
VPUTER
??ﬂAL TURN AROUND
FUNE null-modem cable | CONNECTOR
UNQ' OR JUMPERS
INTERFACE
PROM
PROGRAMMER
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6,1,1 TIest Rreparatdaon

Before attenpting to check the PROM/RTw-11 hardware you should perfernm
the following test preparation proceduresi

- 1, Ensure the cable between the PROM programmer and the
serialeline=unit interface {s connected,

2, 1Install the personality cards and the socket for the PRD¥ or
EPROM ehip that will be uysed in Test 3, Test 3 requires a
blank PROM or EPRO# ¢hip,

3, Install the correct PROM ¢hip adapter in the PROM programmer
socket,

4, Set the POWER switch on the PROM programmer to ON,

6,2 LNVDKING IHE RROMLRIeLl UIILITYL

Betore you can yse the DIAGNOSE command you must {nvoke the PROM/RTell
utility, .

To invoke the PROM/RT=11 yrility as a backgroynd proaram type;
JRUN PROMCRET>
or

To invoke PROM/RT=11 as a foregrouynd proqram type:
FRUN PROM<CRET>

If you w#ant the foreground version to be operated at a terminal
gifterent than the {nvoking terminal, type!

,FRUN PROM/T:n<RET>
Ahere:

n is the wuynit nuymber of a terminal on an  RTe~ii
multieterminal system,

when PROM/RTe11 is invokeg, it ldentifies itself by printing the
following message on the terminal?

PROM/RTell vXX,YY current PROM siZe mmmm by n
Ahere;
VXX, VY is the version of the RT~11 operating system,

mmmm {s the numper o0f words per c¢hip for the personality
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card installed in the pregrammer,

n is the numper of bits per werd for the personality card
installed {n the programmer,

Example;

PROM/RTe1}l v3,0 cyrrent PROM gize 1024 x 8
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6,2,1 Dlagnostic Iest

After the PROM/RTe-1)1 utility has been invoked, yoOou c¢an enter the
DIAGNNSE command to perform dlagnostic test as follows:

Type1
DIAGNOSECRET>
DIAGNQOSE maY be abbreviated to 0,

After you type the DIAGNNSE command the PROM/RTw11 utility responds
withi

wnich DIAGNOSTIC test would youU like to run?

Test 41 ,, Tests the input/ouytput 1link, 1,e,, cofputer t9o
programmer RAM memory,

Test #2 ,,, Wrap aroynd ee seriale=line interface, Iinput 1line
jympered to the oytput line,

. Test 83 ,,, Program a PRCM with a test pattern,

Enter ftest nymberi
Anen this message is printed at the terminal, vou should respond by
typing 1, 2, or 3 (depending on the type 0f test you w#ant to do)
followed by a carriaqge return,

Each of the tests is explained in Sectlon 6,2,2 through 6,2,4,

6,2,2 Iest Numser 14 Ibhe Data Iransaissian Isst

The data transmission test checks the serialelinesunit interface, the
cable ysed to connect the PROM programmer to the computer, and parts
of the PRoM programmer, It also checks to see 1f you can transfer
data between the PDPei{ computer and the PROM programmer (see Figure
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5.’,};

To run the data transmission test lnvoke the PROM/RTe1l utility as
explained 1in section 6,2, then tyee D tollowed by a carrlade return,
The following message wil]l be printed at your terminalt

which DIAGNDSTIC test would you like to run?

Test #1 4,4, Tests the input/output 1ink, 4{,e,, computer to
programmer RAM memory,

Test #2 44, Wrap around == Serial~line interfaece, input line
jumpered to the output line,

Test 43 4,, Program a PROM with a test pattern,
Enter test numbper:

Enter 1 followed by & carriage return and the PROM/RTe11 utility #ill
run S50 passes of a data transmission check, EA&ch pass censists of the
followings

1, The RAM in the PROM programmer {5 filled with a test pattern,
The test pattern consists of the least significant blts of
tne address of each location which are »ritten into that
location, The number of bits uUsed depends on the width of
the memory ¢hip uysed, For example a 4~bit PROM receives the
four least significant ©bits and an 8ebit PRUM receives the
eight least significant blts,

2, The same test data Is transfered to the programmer and
co?pared with the data stored in the PROM programmer RAY
memory, Thls operation 1s repeated ten times,

3, The test data stored in the PROM programmer RAM memory is
transferred to the computer and compared with the original
test data, This operation is repeated ten times,

At the end 0t each pass tphe PROM/RT=1i utility prints the follo¥ing
message:

Ly

DiagnoStic =« End of PASSxx == TOTAL ERROURS yy

Where:
£x i{s the nymper Of the pass that has just been completed,
Yy is the number of errors detected since the test

If an error is detected, an additional messade is printed at the
terminal, The messages are explained below:

1f an error occurs while data is being transferred to the programmer,
the tollowing message is printed at the terminal:
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?7PROM=F«DIAGNASTIC failure data XFER to programmer

If an error occurs while data !s belng transferred from the prodrammer
to the computer, the following message is printed at the terminal,

?PRUM«F=DIAGNOSTIC fallyre data XFER from programmer

Expected Recelived Pass Subwpass
WHWWN WY XXXXXXXX Yyyy Z2

Wwuyvwwwe 1

L]

the

]
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sad B=
2¢naetad 2=k
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t at

r‘*l’
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i3

-2 X1
Q

*
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XXXXXXXX is the received 8ebit data pattern,
Yyyy 1s the pass of the test which detected the error,

22 is the nympeyr 0f timesg the test nNad been done pefore an
error occurred, FEach test is done ten times,

When 50 passes of the test are completed PROM/RT=i1 prompts for a test
nymber as £0llowsy

Which DIAGNOSITC test w#ould you like to run?

Test #1 ,,, Tests the input/output 1link, 1,e,, computer to
Programmer RAM mnemory,

Test 32 ,,, Wrap around == Serialeline interface, i{Nput 1line
jumpered to the ouytput line,

Test #3 ,,, Program a PROM «{th a test cattern,
Enter Test nymber:

To Trepeat the datastransmission teSt enter & one and a carriage
return, You can also run tests 2 and 3 (see Sections 6,2,3 and 6,2,4)
at this time,

$,2,3 Iest 23 Wraparound Iess

The #raparound test (see Flgure 6e1 checks the serialsline=~unit
interface, If a wraparound connector is useds the cable used to
connect the PROM programmer tO the Computer 1is also checked, Some
PDP=1]1 serialeline~ynit intertfaces wrab the data around on the modyle,
A wraparound cable connected to the pnulleModem cable {s not required
on these systems but ¢the Cable is not checked, 0On these modules a
maintenance bit is set by PROM/RT=11, to enable tne data to0 be Wwrapped
around on the module,

To run the wraparound test, invoke the PROM/RT=11 utility as explained
in Section 6,2, then ¢type a D followed by a carriage retyrn, The
following message will be printed at your terminal,
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Wnich DIAGHOSTIC teee

Simwwar o AT IT e e

- 4 i - o -
would you like to run

(4]

Test #1 ,,, Tests the input/output 1link, i,e,, computer to
Programmer RAM memery,

Test %2 ,,, Wrap arouynd == gerialeline interface, input line
jumpered to the output line,

Test #3 ,., Program a PROM with a test pattern,

Enter {est numbpers:
Now enter 2 followed by a carriage return to run the turnaround test,
The PROM/RT=11 ytility checks the sérialwmline~interface to see 1f the
maintenance bit is supperted by the seriale=]ine=sunit interface on your
development system, If the maintenance bit is supported on vour
system, PROM/RT=!11 will agk you if you want to use the maintenance bit
featyre, The message 1s as follows:

Do you %ish to use the maintenance bit in the serial intertace?
If you want to use the majintenance bit featyre enter a carriage return
and the FROM/RT«11 utility starts the test, 1If you do not want to use
the Maintenance bit feature enter N followed by a carriaqe return, anqg
the following message 1s printed at the terminal,

Install “"wrap around® and type <RET>
At tnils time you must instal]l a wrabareund conneectar on the end of the
nNulle=modem cable or Jumper the cable connector pins to turn the test
data around and retyrn it to the interface,

The Pins of the RS232 connector that must be jumpered together using a
connéctor or jumpers to do the wraparound test,

For all serial=lineeunit interfaces except the ODLViiseJ install the
jumpers as follows: )

1, Connect pin E to P{n F
. 2, Connect Pin F to Pipn J
For the DLV11weJ interface install the jumpers as followg:

1, Connect Pin 8 to Pin 3

2, Connect Pin 7 to Pin 4
After the jumper or turnarouynd connector is installed type a carriagqge
return and the test starts, Fifty passes of the test are made, Eacn
pass transmits and receives all octal numbers from 1 to 377, 255
times, )

As each pass s completed, PROM/RTel{ prints the following message at
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P R, Iy

the Cerminals;
Diagnostic "Wrap Aroynd®

end of PASS xx TOTAL ERRORS yy

Where:
£x is the nuymper of the pass the PROM/RTe!l1 has just
completed,
vy is the number of errors detected since the test
started,

If an error s detected while the test {s running the following
message 15 printed at the terminal:

?PRUMeFeDiagnostic "wrap arouynd® failure

After PROM/RT=11 completes 50 passes of the turharoynd tesgt; the
following message {s printed at the terminals:

“hich DIAGNOSTIC test would you like to run?

Test %1 ,,, Tests the Input/output 1ink, 1,e,, computer to
programmer RAM Tmemory,

Test &2 ,,, #rap aroynd e= serialeline intertace input 1line
Jumpered to the output 1line,

Test %3 ,,, Program a PROM #ith a test pattern,
Enter Test Number:

To repeat the wraparound test, enter a 2 and a carriage return, 1t
you want to do the data transmigsion test enter a 1 followed by &
carriage return (see Section 6,2,2), If You want to d0 the pROM
programmer test enter a 3 followed py a Carrlage return (see Section
6,2,8), ’ ‘

642,44 Iest 3: RROH Rragrammer Iess

The PROM programmer test checks the serialslinesunit interface, the
cable uysed to connect the PROM prografmer to the computer, and the
PROM prograrmer,

NOTE

A blank PROM or EPROM ehip {s regulired
for this test,
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To run the PROM programmer test, inveke the PROM/RT=11 utility as
explained in Section 6,2, then type a D followed by a carriage return,
The following message 1s printed at your terminal,

“hich DIAGNOSTIC test would you like to run?

- Test #1 ,,, Tests the input/output 1link, 1,e,, computer to
Programmer RAM Mmemory,

Test 82 ,,, Wrap around == Serial~line interface, input line
Jjumpered to the output line,

Test #3 ,,, Program a PROM #ith a test pattern,
Enter test number:

Enter a 3 followed by a3 carridge return to start the PROM programmer
tastg

The PROM/RT=11 ytility prints the following message at rhe terminal,
Mount blank PROM, and type <RET>

Mount a blank PROM or EPROM chip that can be programmed using the

persoenallty card installed on the pROM programmer, After the plank

chip Is installed, enter 3 carriagesreturn,

If the PROM or EPROM chip Is not blank the following megsage is
printed at the terminaly

IPRUM«FePROMY {s not blank
Mount blank PROM and type<RET>

After the blank PROM or EPROM is mouUpted and a carriage returned s
entered at the terminal, the test starts,

The PROM/RT=11 utility writes the least significant pits of the
addréss  for each addressable location in that location, The
PROM/RT=11 utility automatically execytes a verlfy sequence,

If the PROM programmer does not ¢omplete the programming sequence, the
tollowing message is printed at the terminal,

7PROMeFePROM Failed to Program
If an error is detected wnhen the data in the e¢hip 1is compared with the
data generated by the PROM/RT=1] utility, the following message {s
printed at the terminal,

?PROM«FePkOM Falled to verify

If the test {5 successfully completed the following message i{s printed
at the terminalg

PROM verified successfully
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After tne test {s completed, the PROM/RTell utility oprints tne
following message at the terminal,

.- Ahich DIAGNOSTIC test would you like to run?

Test 31 ,,, Tests the input/output 1link, i,e,, compyter to
i programmer RAM memorvy,

Test %2 ,,, “rap aroynd == serialeline interface, input line
Jumpered to the output line,

Test #3 .4, Frogram a PROM #ith a test pattern,
Enter test numbert

1f you want to do the test again enter a 3 ¢followed by a carriage
return, If you want to do the data transmission test enter a !
followed by a carriade return (see Section 6,2,2), If you want to deo
the turnharound test, enter a 2 followed by a carriade return (see
Sectiﬂn ﬁnglla

If you have done all the testing you want to do6, type a CTRL/C to
return to the monitor, ——.

6,3 USILNG IHE DIAGNOSE COMMANQ I8 LSOLAIE EQUIRMENT EAILUBES

You should use one of two methods to determine tnhe appropriate
diagnostic test(s) to isolate or verify an eguipment failure, Each of
these methods 15 based on information you gather frem the PRUM/RT11
utility wnhile it is operating,

The first method is 3 general approach based on a lack of information
about the fallure, If the PROM/RT11 goftware fails to repOrt an error
conditicn or i{f the error condition 1is intermittent, the general
approach may vyield additional information, This information should
help you to lsolate the failing subwsystem or to compile statistics on
Erequency and repetition of errors,

The first goal of the general approach is to split the hardware into
two pleces; the data transfer link and the programming section, Test
1 accomplishes this goal, 1If test 1 is successful then the problenm
lies in the programming section (proceed te section 6,3,2), 1f test 1
falls the problem lies in the data transfer link (proceed to Section
6,3,1), '

The second method is a direct approach to a specific part of tne
hardvare, It s based on the information frorm PROM/RTI! {n the fornm
Of 4an error message that indicates the tailure mode, For example!

?PRUMeFelUnsuccesstyl data transfer to programmer
IPROMwFeUnsuccessful data transter from programmer

These messages indicate a failure to transfer information between the
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computer and the progranmmer RAM, (for example the data transfer link),
To isclate the failure fturther proceed to Section 6,3,1,

PPROMFePROM falled to program
PPROMeFwPROM failed to verify

These messacges indicate a failure to correctly transfer the contents
of the prodrammer RAM tc PROM, the programming section, To isolate
the failure further proceed to section 6,3,2,

6,3,1 DRata Irapsfer Link Eallure liglatlioxn
The procedure to lsolate a data transfer link failure are as follows:

1, Disconnect the RS232 cable from the back of the Drogrammer
and install jumpers between pins 2 and 3 of the cable,
Run test 2, '

2, If test 2 falls remove cabling onhe piece at a time, and
install the dumper between ring 2 and 3 in the end of the
remraining cable,

Ryn tegt 2,

3, If test 2 continuyes to fall after the last cable is removed,
{nstall Jumpers in the oytput connector, For all OLVitL®s
(except DLV=11J) install Jumpers 4s follows:

a, Connent Pin M to Pin E
b, Connect Pin F to Pin J

For the DLV=11J install jumpers petween the following pinsi

a, Connect Pin g to Pin 3
B, Connect Pin 7 to Pin 4

Now run test 3,

NOTE

You. should manyfactuyre a wraparound conneg¢tor so
that the connector will not be jumpered incorrectly
during the test, The mating plug for all
intertaces except DLViieJ 15 a Berg H856 connector,
The mating plug for the DLV=11J is a DIGITAL option
number 3270eA connector with jumpers installed, Or
you c¢an pyrechase an AMP part number 87133=5
connector and manyfactuyre the wraparound connector,

4, If test 2 falls with the jumpers installed on the interface
module, replace the serial line interface,
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0

")

If test 2 15 Successtul during steps 2 and 3 then replace the
last cable that was removed,

If test 2 1s Successful during step i, then the programmer
may be at fault, Reconnect the R5232 cable to the back of
the programmer and run test 1,

If test 1| falls then the programmer mainframe is at fault and
should be returned to DIGITAL for repailr,
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6,3,2 Rrogranmerz BRragragmling Eallure lsolatiad

proceed as shown in the following steps to isolate a prodramner

fallures

CAUTION

Test 3 programs a PROM #ith a tegt
pattern, This test pattern renders the
PRUOM uselegs for turther opregramming,
ynless the type of chip selected ls an
EFROM whlch you can erase,

Ryn test 3,

If test 3 15 Successful (an error has not been detected) the
error may be of an intermittent nature, Test 3 may have to
be repeated to display an intermittent error condlition,

It test 3 falls replace the personality card set and/or
socket adapter and retry test 3,

If test 3 is successful (after step 3) then return <tne
personality card set andsor Socket adapter to DIGITAL for
repair, ‘

NOTE

Test 3 cannot bhe consldered an absolute indication
it the failyre has exhibited an intermitrent
nature,

1f test 3 continyes to fail, after step 3} has been done then
the programmer mainframe {s at fault and the programrer
should be returned to DIGITAL for repalr,
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6, EBRIEL2Isll ILBLUBLESHQUOIIZG

The PDPw!! and the PROM programmer are constructed of highly relianle
iC logic modules, Use of these circuits and 4 minimum amount of
préventive maintenance ensures relatively little aowsn time due to
fallure, 1f a malfunction occurs, you should analyze the condition
and correct it by replacing the defective modyle or unit, The modules
that are Teplaced and/or the PROM prograrmer should be returned roc a
DIGITAL repair depot for repair,

Switches on modules that are used to replace another module Should be
set to correspond to the setrings on the Module that was removea, The
hardware manual shipped with the equipment lists the switen settings
for all modules,

6,4,1 Querator Errals

Jpeérator errors are the cayse Of many computer malfunctions, when it
has been determined that a module or the programmer is malfunctioning.
it is a good 1dea to check the switch positions on the module bpefore
replacing the nmodule, The hardware manhual for the modyle lists the
switch pesitions, basic symptoms, and the corrective action required,

1f£ the PROM programmer does not respond tc the PROM/RTe11 utility it
is a good ldea to check the power switch and make sure the prodranmer
is on,

6,4,2 Ixoubleshoatlng Brocaduies

when a malfunction is detected, gather all information avallable from
other users who have encountered the problem and check the system log
book for any previous reference to this oroblem, Yake a note of
indications and error messades that you have observed before
attempting to locate the module that s malfunctioning, This
information 1s helpful for describing the malfunction {n the le3book
or to the depot that repairs your mOdule,

Do not attempt £o locate the pProhlem ysing complex Ssoftware systems,
Run the test In Section 6,2 and gelect the test that exhiblts the
error condition, The test are carefully #ritten to include test that
assist you when igolating the defecty to the serialwline=ynit moduyle,
the connecting cable, Or the PROM programnmer,

6,4,3 Lalldarion Iests

If a defective modyle 1s replaced by a new module or sent to a DIGITAL
depot tor repair:; tag the defective module and note the nature of the
fallure, :
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To confirm that a new Or repaired modyle resolved the problem, run tne
tests that originally exhibited the problem, If modules have been
moved dyring the troubleshooting period return all moduyles to their
eriginal position before running the valldation test,

Contact your DIGITAL fieldg Service office for the procedure required
to repair your modyle,

6,4,4 Cable Broblezs

Malfunction of the seriale.linesunit interface or the PROM programmer
that are not corrected by replacement of the unit or module may be
caused by a defective cable, If valigation tests are run and the
replacement unit has not corrected the proplem, it is a good idea to
ensure thar the cable is connected correctly, It the cable |is
connected correctly and tnhe problem persists remove and replace ine
cacle,

6,4,5 Leg Eatry

A log book should he kept for each PROM/RTe1] system, Record all data
indicating the symptoms glven by the faults you detect, the method of
fault detection, the unit at tauylt, and any comrments that would be
helpful to maintain the equipment 1n the tuture,

The log book should pe maintained on a dajily basis, recerding all
operator usaqge and maintenance results,



APPENDIX A
SAMBLE BROY BASED ABRLICATIONS

A,1 INIRQDUCIION
This appendix presents two sample applications suitable for operation
in a PROM/RAM environment, Descriptiong of design goals for hoth

sample applications are qiven in chapter 3, Coding, LINK maps
ets,s are presented here,

A,2 ELARSEQ IISE SINCE POWER UR ARBLICATION BROGRAY

A,2,1 Rogian ¥odules Caded 4o 2aCROsll 43senbly Language



rage Ae2

+TITLE Main Mogqule for Simple PROM Applicatien

; This simple PROM applicatign example is Composed of two assembly languyage
} source files, which wil] be separately assembled and later combined by
j-the LINK utility to form the desired memory image,

basis,

Keyboard,

sASECT
1Pgece

W WM W BB A R T Nk WS A W) el RS e e

,PSECT
GLOBL

+ASECT
=24

, §ORD

. HORD

+PSECT
PWRUP: MOV
JSR

CLR
MTPS

XEYCHKY TSTB
BPL
TSTB
JSR
o WORD
HOY
JSR

JSR

, WORD
MOy
JSR
JSR

L WORD
MOV
JSR
JSR

4 WORD

rom

RAM,D

The ather modyle ¢f the prosran c¢Oontains a ¢loek interruypt handler whigh
is responsible for keeping track of the time of day on an ingerryptwdriven

The main program will make yse of this ingormat{on by printing it out {n
3 formatted fashion on the terminal wheneyer any character is typed at the

Notice that three program sections are used excluysively!

to initialize lowememory areas (vectors)
to define all Instructions and data to pe
placed in PROM memory

to define all RAM (scratchpad) lecations

INIT, HOURS, MINS, SECS jExternal variables from other module

PYRypP
340

ROM
#SSTACK,Sp
PCHINLIT

R1
R1

R%1775860
KEYCHK
€4177562
RS ,PRINT
MESS1
HOURS,RO
PC,DECOUT

RS,PRINT
MESS?2
MINS,RO
PC,DECOUT
RE,PRINT
MESS3
SECS,RU
PC,DECOUT
RS5,PRINT
MESS4

1Go to absolute section to define vectors
10rigin to the power=up vector

jPowersup PC = routine lanelled "PWRyUP"
;Power=up PS {ndicates PRID 7 (no interrupbts)

j10rigin to ROM section

sSet yp & valid hardware stack peointer
jAnd {nitialize all requlred RAM locations
} defined in the cloeck modyle

pInit Rl for MTPS operand

rW¥hen all locationg have been initialized,
1 start cClock module operating by allowing
! interrupts,

jWait for conscole Keyboard ready

11 PL, no character has heen typed

tElse read the character

1And begin the print the time message

! by calling the PRINT gubroutine

jPlace number of hours elapsed in RO

JAnd convert it to decimal ASCII, typing it
{ out on the console

1Print out * hours, "

1Get number of elapsed mipnutes
jConvert and print oyt minutes
sPrint out " minuytes, and "

jGet number of elapsed seconds

tConvert and print out seconds

IPrint out " seconds," and carriage return e
! line feed characters to return carriage



BR
PRINT: MOV
PCHAR: MOVEe
BEQ
. J3SR
BR
PRET! RTS
DECOUT: SHAR
DLOOP3 ADD
BPL
ADD
J8R
SWAR
TYPECHs TSTB
BPIL
MOV8
RTS
+PBECT
CoBLKW
§8TaCK:;
+PSECT
MES31: ASCIZ
MESS2: pASCIZ
MESS3; L,ASCIZ
ME5S4t ,AgllIz

rFage As]

KEYCHK 1Ge walt for ancther gharacter to be typed,
(R5)+,R4 JR4 = address of message to be printed
(R4)+,R0 $RO = next character in message to pring
PRET 11£ EQ, entire message nas been printed
PC,TYPECH jElse type out the character in RO
PCHAR fAnd go get next message character
RS jRetyrn to calling routine
ae jCenvert Binary 00=99 {g {¥g delimsl ASCII
#<=10,%256,>41,R0 ) digits, by doing a byte division operation
DLOOP 1 maintaining quotient in low byte and
#<10,%3256 ,>=1+"00,R0 ; remainder in high byte of RGO
PC,TYPECH 1Type out most Significant digit
RO 14ove least significant digit down

7 and type {t out also ,,,
##177564 11s printer ready to agcept a character?
TYPECH 1If PL no = still printing last one

RO,8%177566
PC

RAM,D
64,

ROM

1Else print this character
JAnd preturn to calling routine

$0rigin into RAM to define stack

jReserve space f£or hardware stack at beginning
) of RAM

1And place reference labe) at end (as stack

} grows towards lower addresses)

10rigin back to ROM to define mesgade teXxt

/Elapsed time since powers=syp i{s /

/ hours, /

/ minutes, and /

/ seconds,/<015»<Qi2>
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LEND



(MAIN,MAC),

- S WP S e we

- e e W

TKSSEC=60,

+ASECT
=100

¢ NORD

s WORD

s PSECT
DEC
BNE
MOV
INC
CMp
BLT
CLR
INC
CMp
BLT
CLR
INC
RTI

CLKINT

CLKEXT}

: ,PSECT
TICKS:t BLKW
SECS$: ,BLKW
MINS1f (BLKW
HOURS#§ ,BLKW

,PSECT
MOY
CLR
CLR
CLR
RTS

INITHS

(END

maineain the eyrrent

Page Asf

+TITLE Cloeck Module for Simple ROM Application

ok np

?

0

T

CLKINT
340

ROM

TICKS
CLKEXT
#TK8SEC,TICKS
SECS
SECS, 60,
CLKEXT
SECS

MINS
MINS.#60,
CLKEXT
MINS
HOURS

RAM,D

ROM
STKSSEC,TICKS
Sgcs

MINS

HOURS

PC

This meduyle provides a clock interruypt nandler and the code o
time of day (in terms of hoyrs, minutes, and
seconds since the system was bootstrapped) for the main modyle

3 are giobal to allow their values
&

g u&?.

The symbol TKSSEC should be equated to the number of clock ticks
pPel gecond, i.,e,, the line frequency in this location,

JFOT United States

j0rigin to define vectors

10rigin to the line ¢lock vector
tLing clock interrupt PC = "CLKINT"
tLine ¢loCx interrupt PS = PRIO 7

INow origin to ROM section

jCount down ticks to next second

1I1f NE, not at second houndary yet
jElse reset ticksg/second

jIndicate another second nas exapsed
jHas a minute gone by?

1I1£ LT no

tZeloc number of sSeconds since l1ast minute
jAnd {ndicate another minyte has lapsed
jHas an hour elapsed?

1If LT no

1Zero number of minutes s{nce 1ast nour
1And {ndicate another hour

1Dismiss cloek interrupt

to0rigin to pAM section to define variables
fNumber of £icks to next segond

tNumper of seconds Since last minute
gNutber of minutes since last hour

sNumber of elapsed hours

10Tigin bacCxk to ROM to define {nitialization
1Set yp initial ticks/second couynter value
tAnd ¢lear osut elapsed seconds ,,,

! eay minutes ..,

f se, and hours

fReturn to main progranm
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YIRTUAL MEMORY USED) 300 WORDS ( 2 PAGES)
DYNAMIC MEMORY AVAILABLE FOR 57 PAGES
DK3CLOCK, LPICLOCKSDKICLOCK/EJLC
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A,2,2

-

Page A=7

LLNK ¥ap Rrior Lo assigning BAM LBSECIS on Mext 4K Boupdary

LINK/BOTTOMI400/EXECUTEtMAIN/MAPITTE MAIN,CLOCK

RTe11l LINK V05,02 Load Map
MAIN ,SAV Titley MAIN Ident /B10004000
Sectlon Addr Size Global Value Glopal Value Global Value
o ABE, 000000 000400 (RW,1,GBL,AB5,0VR) )
ROM 000400 2001378 (R¥;I;LCL,;REL,CON)
INIT 000752
RAM 000776 000210 (RW,D,LCL,REL,CON)
$STACK 00117eé TICKS 001176 SELS 001200
MINS 001202 HOURS 001204
Transfer address 3 000001, High limit = 001206 = 323, words
A,2,3 LINK Map Adte: Asslgning BAY BSECls an Naxs 4Kk Boundasy
LINK/BOTTOM1400/EXECUTE {MAIN/MAPTT/ROUNDARY$20000 MAIN,CLOCK
Boundary seCtion7? RAM
RTell LINK V05,02 Load Map
MAIN  (5AV Title: MAIN Ident: /B1000400
Sectlon Addr Size Global Value Gicpal Value Global Vvalue
+ ABS, 000000 000400 (RW,1,GBL,ABS,0VR)
ROM 000400 017400 (R4, L,LCL,REL,CON)
INIT 000752
RAM 020000 000210 (RW,D,LCL,REL,CON)
SSTACK 020200 TICKS 020200 SECS 020202
MINS 020204 HOURS 020206

Transfer address 3 000001, High limit = 020210 3 4164, words
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A,2,4 lovoking the 2RQMLRTali Utility 21033a3

In this sample blasting sequence, 1024 by S8ebit wide chips are used,
Tne PROM/RTelf utility 4s invoked with the following cemrmand and
response,

JRUN PROMYY

PROM/RTell V1,0 Cyrrent PROM Size 1024 by 08

A,2,5 RBOGCBAY Coomand Sadusace Usad to Enter ABRlicatiss Brogzas ints REOH
The following command sequence 1s used to blast a pair ¢t PROM chips,
Conmand; P

Dy you want inverted data (Y or N)7 N

Do you want inverted addresses (Y or N)? N

Name of inmput file (DEViFILNAM,TYP)}? DX13MAIN,SAV

Final program address (oceal)? 775

MouUnt PROM tor address 000000%000774, bits 07+00, and type <RETURN>:

PROM for address 2000004000774, bits 07«00, has peen programmed

Mount PROM for address 000000#000774, bits 15=08, and type SRETURN33
PROM for address 000000000774, bits 15«08, hag been programmed

Command}

Cammand; E

A,2,6 Abplicatian BZogran Exasutian
The palr of blasted PRUM c¢hips in this example are inserted into their
proper locations (1KLB and 1KHB) in an MRV1i~BA module, The module 13
then inserted {n the LSI»11 backplane and the application program is
teady for execution to executel

1, Power up the terminal

2, Power up the LSIei}

3, After the desired pause, press any key on the terminal
The program responds by printing the tolloving Message

Tlapsed time since power isi xx% hours, xx minutes and xX seconds,

The below examples were taken from the terminal during actual
execution,
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Elapsed time since power=up is 00 hours, 00 minutes, and 11
seconds,

Flapsed time since power=up is 00 neurs. 00 minutes, and 17
seconds,

Flapsed time singe powereup is 00 hours, 01 minutes., and 51

seconds,

A,3 BERISE COUBUTATION EZQR YSISuIsh MZRCUANDISE ABBLICATION BROGRBAM
A,3,1 AGRLICEtiSn BISGEAR Coded 4B EORIRAN I 434 ¥ACRQall Asseanly Language
0001 o PROGRAM SCALER
c
C Sample PROM/RT=11 application Program, ¥ritten in FORTRAN IV
¢ and MACROw1i,
o
¢ This softvare system handles 8 weighegtations, each equipped
o withi ’
C (A) an electronic scale, interfaced to the LSIell
¢ through one channel of an ADVil Analogmto=-Cigital
¢ converter,
C (B) 8 fouredigit thumpwheel switch, uSed tO enter tne
C priceaperskilogram o¢f the goods beling weighed on
c the scale, The switch generates 16eblr output as
C four BCD digits, and is interfaced through the
o input port of a DRViy Parallel Line Unit,
C (C) a fourwedigit "sevenesegment” display, to provide
o readout ¢f the calcylated valye of the goods weighed,
C It takes 16«bit BCD {nput from the output port ot
C a DRvVil Parallel Line Unit,
C (D) & pusmputton, to signdl tnadt the weight ShoUld be taken
C and valye computed, It is eonnected to tha "REQ A"
c {nterrupt request input on the DRVIL,
C
C Wnile oPerating the 8 Weigh Stations on an interrupt=driven pasis,
C the program provides an operator terminal capability to interrodate
(o totals for weight and valye of goods for each station, and ability
C to "recalibrate" each station’s scale ynder software control,
C
c-90-!9.Q-..---..-’.-..'-.-.Qlp.--QQQUQUQFO--OI',.'..QQ.Q.'.OQ.QQ.;OQD-QQ"
c
0002 BYTE AXSWER ,
0003 COMMON IUSES(8), TOTWGT(8), TOTVAL(8), CALIBR(8)

noaonNnann

I.?.."’-Q!--.Q-!Q..QO"Q.--'-...QIQ-.-“Q‘QOQ!..‘.'-Q.‘Q..QQQ.CQ'P’QQC”.-

InitializZation 6f variables, Note that in PROM apPplications the
FORTRAN "DATA® statement must not be used] '
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0004
0905
0006
0007
0008
0009

agiag
9ott
0012
0013
0014
001e
0017
0018
0019
0020
0021

0022
0023
0024

0025
0026
0027
6028
20390

0032
0033
0034
0035
0036
0038
0040
0041
0042

0043
0044

N0 -

1000

1010

10290

16:0

wWwrnNnOMNN

o]

D

aNMOAN &

1040

N0

680
1050

1060

~NDON

DO 10, I31:8

IUSES(I) = 0 |Total number of weighings on this scale
TOTWGT(I) 3 0 {Total weight recorded on this scale
TOTVAL(I) = O |Tetal value ¢omputed for ajl items weigned

CALIBR(I) = .Qolzlnitial calibration for A/D scale input values
CONTINUE

Cheek for new initial calipration values required,

TYPE 1000

FORMAT(? Do You wish to change scale calibrations? ’,3)
ACCEPT 1010,ANSWER ) '

FORMAT(A)

IF (ANSWER,NE,*'YES’) GOTg 30

DO 20y Is1,38

TYPE IQZDaI;CALIBR(I)

FORMAT(* For 1ine *#,I1,*, calibration 183 *,F8,5,°, naw value? *,s)
ACCEPT 1030,CALIBR(I)

FURMAT(F12,9)

CONTINUE

Onee calibhrations are set;, end {nitialiZation by setting {nterrunt
enahle £f0r REQ A i{nterrupts on all DRV1! interfaces, Note that
interrupt enableg are not get until all initialization {s completel

DO 40, I=047
CALL IPOKE( "167770 = "10#I, "100 )
CONTINUE ’

Application is no% up and running, Enter the jdle lo0p to look
for operator display commands, All other functions are driven by
the DRVI! interrupts,

TYPE 1040

FORMAT(® Do You wish to d4ispldy status (D) or calibrate (C)? *,5)
ACCEPT 1010,ANSWER

IF (AMSWER,EQ,*D’) GOTD 70

IF (ANSWER,NE,*C*) GOTO 50

Here to reset scale calipration for a particular scale,

TYPE 1059

FORMAT(? Enter number of scale station?! ,$)

ACCEPT 1060,1

FORMAT(I)

IF (I,LE,0) GOTO 60 {Try again {f scale number is out of range
IF (I,GT,8) GOTO 60

TYPE 1020,I,CALIBR(I) |Display current value
ACCEPT 1030Q,CALIBR(I) |And accept new one
GOTQ 59 ' |Loop to get another command

Display command

TYPE 1050 1Get station index
ACCEPT 1060,1
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0045
0047
00439
0050

0051
0052

1079

IF (I,LE,0) GOTO 70 lAnd {f out of randge, try again
IF (I,GT,8) GOQTO 70
TYPE 1070,I,IysES(I),TATWGT(I),TATVAL(I),TOTVAL(I)/IUSES(I)

FORMAT(* Station s',Iie’ has processed ’.14.' transactions,’, /.
* * Total wejqgnt for a11 transactions! .FB.Z. kilograms,’,/,
* * Total value for al) goods w¥elghedi ,F3, 2;/,

» * Average value of goods per transactiont *,F8,2)

GOTO 50 {Loop to get anether command
END



FORTRAN IV Storage Map for Program Unit

Local Variables, ,PSECT $pATA, Size.= 000034 ( 14, words)

Page Aei2

Offset

000060

Type

Name TYpe QOffset Name TYpe (Qffset Name TVpe
ANSWER L*1 000014 I I#2 000018

COMMUN Block / /: Size = 000160 ( 56, words)

Name TYre Offgat Name Type aOffset Name Tvpe
IUSES Iw2 0006000 TOTUGT R#4 000020 TOTVAL Re4
CALIBR R#4 000120 B

Local and COMMON Arravysi

Name Type Seetion Offset -OQQOQSiZQ'---- Dimgnsions
CALIBR P4 15658, 000120 000040 (  16,) (8)

IUSES %2 15838, 000000 000020 ¢ B8,) (8)

TOTYAL R#4 15588, 000060 000040 ( 16,3 (8)

TOTWGT R#4 25888, 000020 000040 ( 16,) (8)
Sybroutineg, Functions: Statement and ProCegsoreDefind Functionst
Name  Type Name Type Name Type Name Tyre  Name
IPUKE I%2
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goat

0003

0044
000%
G008
0007
g0a8
0009

0010
0011

0012
0013

OOnNnOoaOnNnon

c

A-13
SUBROUTINE WEIGH( LINE )

This subroutine s activate whenever a vweigh statjon pushbutton

is pressed, It is entered from the assembly language DRVIl {nterrupt
service routine, #ith the integer variable LINE set %0 the line
which caused the interrupt,

bbb b bk b A d L bl L AR A L L I At AT R LA AL Il Y IR YIS LY S ¥ O

COMMON IUSES(8), TOTWGT(8), TOTVAL(8), CALIBR(S

C-99.#999.9“‘9!§!Op--qqucvnﬂgqqqqup-ggg'g.plgg.gq.,g.---qggggq-gqqg-qgqgg.

o
c
c
¢

DO NN

Caljculate address of CSR for DRVl whiech {nterrupted,
IADDRS = "167770 = "10#%(LINE=1)

IUSESC(LINE) = IUSES(LINE) + 1 {Update count of Wweighings
WEIGHT = CALIBR(LINE) # TADC(LINE) |Read scale value for this line
PPKILO = ,01 » IBCDI( IPEEK(IADDRS*4) ) iGet price per kilo

VALUE = WEIGHT # PPKILO

IVALUE = IFIX( VALUE#100 )

CALL IPCKE( IADDRS+2, IBCDO( IVALUE ) ) {Write vajue ipn dispiay

TOTWGT(LINE) = TOTWGT(LINE) + WEIGHT
TOTVAL(LINE) s TOTVAL(CLINE) ¢ VALUE

Interrupt bProcessing is no¥ complete, Returpn to DRV1I! interrupt
service routine,

RETURN
END
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FORTRAN IV Storage Map for Program Unit WEIGH

Local Variables, ,PSECT $pATa, Size = 000036 15, words)

Name Type Qffsetl Name Type 0Qffset Name Type OQffset
IADDRS  I#2 000002 IVALUE I#2 000020 LINE I%*2 & 000000
PPKILN  R#d 000010 VALUE R#4 000014 WEIGHT R#*4 000004
COMMON Bloek / /; size = 000160 ( 56, words)

Name Type Qffset Name Type Offset Name TYype Ofiset
[USES T2 000000 TOTHWGT R#4 000020 TOTVAL R*4 000060

CALIBR R#4 000120

Local and COMMUN Arraysi

Name Type Section Offset wwecosSjZCo=csm Dimensions
CALIBR R¥4 3688, 000120 000040 ( 16,) (8)
TUSES 1%#32 13885, 000000 000020 ( 2,) (8]}
TOTVAL R*4 (5858, 000060 000040 ( 16,) (8)
TOTHGT R#4 48558, 000020 000040 ( 16,) (8)

Subroutines, Functions, Statement and Processor=Defined Fuynctionsi

Name Type Name Type Name TYpe Name Type Name Tyce
IADC I#2 1BCDT 12 IBCDO 1#2 IFIX %2 IPEEK 1#2
IPUKE 1e2
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,TITLE Subroutines for SCALER,FOR

2 3BTTL DRVLIL Interrupt Servicing

The routine DRVINT services interruypts from all 8 DRV1l interfaces
installed in the gystem, The line number of the interrupting DRV1!
is encoded in the condition code bits of thne new processor status
word fetgned as the resylt of the {nterrupt,

. e ) e
1

; Initialization of the DRV1Y interrupt vectors:

100 +ASECT

2 :
¢WQRD  DRVINT, 340+1, tVeQtor for line il
«NORD  DRVINT, 340+2, Vector for line #2
«WORD  DRVINT, 34043, :Vector for line 23
¢« AORD DRYINT, 340+4, jVector for line 34
+WORD  DRVINT, 340+S, jVeCtor for line #5
¢+ AQRD DRYINT, 34048, sVector for line #6
+WORD  DRVINT: 340+7, Vector for line #7
+WORD  DRVINT, 340+8, Vector for line 8

! Now, the interrupt routine itself (in the PROM Psect)i

«GLOBL WEIGH jExternal FORTRAN routine to service {ntr

PSECT USERSI

DRVINT: JSR RO, 2PC j1Save a register on stack with destroving
MFPS RO )} ¢ondition codes, and retrieve them
BIC #177760,R0 jClear all but line ¢
MQV RO,DRVLIN tAnd grore fopr reference by WEIGH routine
MoV Ris=(SP) j3ave remaining registers
MOV R2,e(5P) ] on gtack, as FORTRAN
MoV R3,«(5P) ! rouytine may use thenm
unv R4, =(SP)
May RS, =(SP)
MOy $ARGLST,R5 jLioad FORTRAN argument list pointer
JSR pPC,WEIGH JAnd call routine to process interrupt data
MOV (SP)+,R% jRestore registers
MOV (SP)+,R4 t afeer retyrn from
May (SP)+,R3 3 FORTRAN routine
MoV (SP)+,R2
MoV (SP)+,R1
Maov (SP)+,R0O
RTI 1And return from the {nterrupt
ARGLST: ,WQRD 1, DRVLIN tArgument 1ist for call to WEIGH
+PSECT USERSD)D 10rigin t0 RAM section

DRVLINS BLKW

1And define yariable ro get line ¢
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,SBTTL IBCDI

H

IBCDY == Convert 4 BCD digits te Dbinary value 0000 to 9999,

" Format of FORTRAN calls

el WS VR VR aw T R e ey

J 3 IBCDI( I )
where!
I = a 16=bit integer containing 4 4=pit BCD coded digits
J = the 16=blt binary value of the conversion
+PSECT USERSI j0rigin te PROM sag¢tion
IBCDI;: MOV #4,R0 " 18et loop Count of digirs to convert
CLR Ri 1Clear value accymulator
MOV A2(R3) ¢RI $1R3 3 BCDeCoded input value
15¢ CLR R2 jClear higheorder accumylator of R2,R3
pair
ASHC #4,R2 15trip off next four bits from R3
MUL  #10,+R1 1Multiply existing valuye by 10
ADD R2,R1 1And add in newlyeeXtracted digit
S0B RO,18 sLoop for four digits
MOV R1,RO jReturn result of function {n RO
RTS PC jRetyrn to FORTRAN progranm

¢SBTTL 1BCDO
IBRCNQ =« Converts binary valuye of integer to 4 BCR=coded digits
Format of FORTRAN callt

J = IBCDO( I )

“”nuuu-uuﬂw

where

1 = the integer binary value te convert (rangei 0 to 9999)
J 3 the 16wbit packed with four BCD digits

- «PSECT USERSI $10rigin to PROM gection

IBCDOs# ¢ MOV 82(RS5)sR3 jR3 a binary value to ¢onvert
MOV #DIVTAB,R1 JR1 «> table of divisors for
conversion
CLR RO tClear result accumulater
MOV #3,R4 tInitialize loop count for three
digits

is: CLR R2 jClear high=order dividend
DIV (R1)+,R2 ;1Divide by next powereofsten
BIS R2,R0 ;1Insert four quotient bjits into result
ASH $#4,R0 1And prepare for next four
508 R4,15% 1Loop for three highmorder digits
BIS R3,R0O jInsert remainder of divideeby=ten

RTS PC gAnd yeturn with result in RO
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«SBTTL  IADC

" IADC = Read a Selected A/D channel and return converted value
. Format of FORTRAN c¢alltg

idata =3 IADC( ichan )

4E
¥

»
4
[
[

ichan 3 the Integer speciticaticn of the channel number for input
idata 5 the 16=bi¢ integer result of the input conversion

T W N WE WE WS RO T WD W

ADVCESR = 170400
ADVDBR = ADVCSR * 2

+PSECT USERSI 10rigin to PROM section
IADC:: MOV a2(RS),RO 1RO 3 {nput channel number

BIC $177760,Ro jTake module i6

SWAB RO tMove ¢cnannel to hign byte

INC RO j1And set "GO" bit

MoV RO,@87ADVCSR 1Start conversion on channel
18: TSTH @$ADVCSR 118 conversion complete?

BPL 18 11£ PL no e« wait in loop

MOV @#ADVDBR,RO jElse get converted valuye

RTS rC $And return to FORTRAN program

JEND
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A,3,2 LINK ¥ap BzisZ 56 Assigning RAU LBSECTs o3 Naxt 4K Houndazy

Rf-ll LIMK V05,04A Load Map Fri 0iw=Sepe=78 Q0138304
SCALER,SAV Title: SCALER Ident; FORY02 /B10004000

Section Addr Size  Global Value Global Value Glosal Value

s ABS, 000000 000400  (RW,I,GBL,ABS,0VR)
$SUSRSWH 000800 SRF2A{ 000000 ,VIR 000000
eNLOUN 000008 $HRDWR 000008 §SYSVE 000010
$WASIZ 000134 SLRECL 000210

07881 000400 020330 (RW,I,LCL,REL,CON)
§30TSI 000400 8SIMRT 000566 STKS 001416
$TKB . 001420 STPS 001422 3TPB 001424
SCVTFB 002462 SCVTFI 002462 SCVICB 002476
SCVTCI 002476 3CVTDB 002476 SCVIDI 002476
c1Cs 002510 CIDg 002%10 CLCs 002510
CLDS 002510 8DI 002510 CIFs 002520
CLFsS 002920 &RI 002520 CILs 002628
CLIS 002632 $0TI 002662 $S0TI 002664
§$SET 004450 RCIs 00%062 GCOs 006076
Feos 006104 ECOs 06110 DCOs 006116
SCVTIF 007040 $CYTIC 007054 SCVTID 007054
CCcls 007066 CDIs 007066 SIC 007066
§10 007066 CFIs 007102 SIR 007102
TVLS 007166 §$TVL 007166 TVFS 007174
S§TVF 007174 TVDS 007202 S§TVD 007202
TVQ@S 007210 $TVQ 007210 TVPS 007216
§TVP 007216 TVIS 007224 STVI 007224
ocrs 007360 ICIs 007366 SECI 007402
0cos 007562 I1C0s 007570 IFWs 007766
$IFYW 007772 1IFWss 010034 IFRS 010104
$IFR 010110 IFRgs 010146 SCHKER 010170
$IOEXI 010214 SEOL 010242 EOLS 010244
$§0TIS 010360 §sSO0TIS 016362 SAVRGS 010502
THRDS 010660 SPUTRE 0430662 §$STPS 011170
8TPS 011176 §STP 011176 FO0Os 011202
SEXIT 011222 SERRTB 011346 SERRS 011453
SWAIT 015146 SFCHNL 0315210 SINITI 015306
SCLOSE 015420 SGETRE 016064 STTYIN 016140
$PUTBL 016274 SGETBL 016504 SEOFIL 016670
$EOF2 016704 SFID 017444 SSFI0 017450
$VRINT 020600 SDUMPL 020602

OTS$P 020730 000050  (RW,D,GBL,REL,OVR)

SYS§I 021000 000020  (RW,I,LCL,REL,CON)
IPEEK 021000 IPOKE 021010

USERSI 021020 (00214 (R4,I,LCL,REL,CON)
IRCDY 021100 IBCDO 021134 IADC 021200

$CODE 021234 001662 (RW,I,LCL,REL,CON)
$s0T3C 021234 WEIGH 022376

0T8$0 023116 001010  (RW,1,LCL,REL,CON) )
$30TS0 Q23116 S$OPEN 023116

SYS80 024126 000000  (RW,I,LCL,REL,CON) '

S$DATAP 024126 000716 (RW,D,LCL.REL,CON)
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QTSs$D
QT3¢

. 8¥58sS

SDATA
USERSD
. $§85,
§STACK
$STXST

25044
025052

025356

025362
025454
025456
025636
026036

0000086
000304

000004

000072
020902
000160
200200
003000

(RwW,D,LCL,REL,CON)
(RW,D;LCL;REL,CON)
SAOTS 025354
(RW,D,LCL,REL,CON)
$SYSLE 025356 SLOCK 023360
(RW,D,LCL,REL,CON)
(RW,D,LCL,REL,CON)
(RW,D,GBL,REL,QVR)
(R#,D,LCL,REL,CON)
(RW,D,LCLsREL,CON)
$88$STK 026036

4-17

SCRASH 025361



SAMBLE RBOM BASER ARBLICATIONS Page Ae20
A,3,3 LINK Nap AdfLel 2asigning BAM LBSECIS an Next 4K Bgundary

Transter address = 021234, High limit 3 026036 = 5647, words
RT=s{l LINK V05,042 Load Map Fri OieSepe78 Q01398145
SCALER (SAV Title: SCALER Identy FURY0Z /310004000

Section Addr Size Global Value Glohal Value Glopal Vvalue

« ABS, - 000000 000400 (RW,I;GBL; ABS,;0VR)

SUSRSW 0Q00an SRF2A¢ Qqaondn _VIR aaanan

W TR H = 5 ¥

$NLCHN 000006 $HRDWR 000006 $SY5Ys 000010
$WASIZ 000131 SLRECL 000210

aTssl 000400 020330  (RW,I,LCL,REL,CON)
$30TSI. 000400 SSIMRT 000566 $TKS 001416
STKB 001420 STPS 0031422 $TPB 001424
SCVIFB 002462 SCVTFI 002462 SCVICB 002476
SCVICI 002476 BSCYTDB 002476 SCVIDI 002476
cIcs 002510 CIDs 002510 CLCS 002510
CLDS 0n25i0 SUI 002510 CIFs 002520
CLF§ 002520 SRI 002520 CILs 002626
CLIs 002632 $0TI 002662 §SOTI 002664
$SSET 004450 RCIg 005062 GCOs 006076
Fcos 006104 ECOs 00610 DCOs 006116
SCVTIF 007040 SCVTIC 007084 S$CVTID 007054
CCIs 007066 CDIs 007066 $IC 0070686
$1D 007066 CFIg 007102 SIR 007102
TVLS 007166 STVL 007166 TYF$ 007174
STVF 007174 TVDs 007202 S§TVD 007202
TVas 007230 sTVa 007210 TVP$ 007216
$TVP 007216 TVIs 007224 S8TVI 007224
0cts 907360 ICIs 007366 SECI 007402
0cos 007562 ICOs 007570 IFWs 007766
SIFW 007772 IFWgs 010034 IFRS 010104
SIFR 010110 IFR$$ 010146 SCHKER 010170
$IDEXI 010214 SEOL 010242 EOLS 010244
SOTIS 010360 SSOTIS 010362 SAVRGS 010502
THRDS 0106606 SPUTRE 010662  $STPS 0311470
STPS 011176 &STP 011176 FOOs 011202
SEXIT 011222 SERRTB 011346 SERRS 011453
SWAIT 015146 SFCHNL 015210 SINITI 015306
SCLOSE 015420 SGETRE 016064 STTYIN 016140
$PUTBL 016274 SGETBL 016504 SEOFIL 016670
SEQF2 016704 S8FIO 017444 $S5FI0 017450
SVRINT 020600 $DUMPL 020002

0TSSP 020730 000050  (RW,D,GBL,REL,0VR) '

SYssl  ©¢21000 000020  (RW¥,I,LCL,REL,CON)
IPEEK 021000 IPOKE 021019

USERSI 021020 000214  (RW,I,LCL,REL,CON)

A IBCDI 021100 IBCDPO 021134 IADC 021200

SCODE 021234 001662  (RW,I1,LCL,REL,CON)
$30TSC 021234 WEIGH 022376

0TSs0 023116 001010 (RW,I,LCL,REL,CON) .
$s0TSO 023116 SOPEN 023116

SYSsQ 024126 000000  (RW,I,LCL,REL,CON)

W oW W
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SDATAP
0TSsO
aT8ss

8YSss

SDATA
USERSD
. $658,
$STACK
SSTKST

024126
025044
040000

040304

040310
040402

040404

040564
040764

000716
012734
000304

00Q004

000072
000092
000160
000200
000000

(RW,D,LCL,REL,CON)
(RW,D,LCLREL,CON)
{(RW,D,LCL,REL,CON]
$AQTS 040302
(R¥,D,LCL,REL,CON)
§SYSLB 040304 SLOCK 040306 $CRASH
(R¥,D,LCL,REL,CON)
(RW,D,LCL,REL,CON)
(RW,D,GBL,REL,OVR)
(RW,D,LCL,REL,CON)
(RW,D,LCL,REL,CON)
$§SSSTK 040764

./%—;L/

040307



APPENDIX B

BRQMLRTall ERBCR MESSAGE SUZMARIY

All error messages issyed by the PROM/RTell utility £follow the
standard RT=11 error message formati

?PPROMmseverity=-message

wherej

Severity {s F» 1f ¢tnhe condition 13 fatal to the
oberation, or W, if the Tessage 1s merely a
warning of a non=fatal error,

Message {s the text of the error message,

The PPrM/FET=11 error messages are listed pelow, in alphabetical order,

TPROM=FDIAGNOSTIC fallure data XFER from programmer

Reason: puring a transfer ot the diagnostic data
pattern from the prodrammer to the computer,
an error was detected when tne data being
transferred was compared with the original
data,

Recovery Procedyre:! None, PROM,RT=11 contlhues to cycle through
the current test until it is completed,

TPROM=F-DIAGNOSTIC failure data XFER to programmer

Reason} puring a transfer of a diladgnestic data
pattern to the programmer an error was
detected when the dara was compared with the
data stored i{n the programrer RAM memory,

Recovery Procedure! Noner, PROM/RT=11 continues to c¢ycle through
the current test until it 1s completed,

PROM=F«DIAGNOSTIC "wrap around" falluyre



BROMLRTIall TBRUR HESSAGE sLMMABY Page Be32

Reason:

RecgVery Procedure:

7PROMeF=Error reading

ReCovery pProcedyre:

puring a transter of test data, the
serialeline«interface did not receive the
same pattern that was transmitted,

Nones PROM/RT=11 continues to cycle through
the current test until it is completed,

inpyt £ile

A erraor acgurred wnld trving to razd
i) T E Y W £ ] ] - ~a = - ==

input 1le This éauld be the result o
device malfynction, er an attempt b
PROM/RT=11 to read past the end of file,

. 3
i

-y
i
L}

ot
Lo+ H

gEnsure the addresses glven to PROM/RT=-11 are
within the file and retry the command that
caysed the error,

?PROMeFaFatal error In data transfer to blaster

Reason:

RecovVery Proceduret

PROM=FeF{le not foynd

Reasoni

Regovery Procedyre:

An error wag detected when PROM/RTs1y ratried
a data transfer to the programmer,

Verify the programmer is operating properiy
and retry the c¢command, 1f ¢this error
persists, run the NDIAGNOSE command tests toO
determMine what hardware corponent 1s causing
the problem (see Chapter 6],

PROM/RT=11 attempted t0 open a nonexistent
file for input,

check for a typing error In the command line,
verify that the file name {s as you entered
it in the command line, Then retry the
command,
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o e em R 2 -

TPROMewwEile type not L34V

Reasoni The input file specified did not have a ,3aV
extensiocen, This messadge is mMmeant to warn you
that the PCPs11 COmputer cannot exeCute this
tile, However, vyou c¢an use data flles to

- program PROY or EPFRoM chlps,

Recovery Procedyres verlfy that the file specified in the command
is the ¢£file you want to use to program the

?PROM=FeIllegal device

Reason: The device specification used in the command
cannot be uysed to perform the function
indicated in tne command,

Recovery Praceduyres Ensure you entered the c¢ommand correctly,
Use the RTw1! SHOW command to determine if
the device name has been reassigned,

IPROAwr=I11egal file srecification

Reason The file srecification does not confor®™ toQ
the standard RTe11 file specification torrat,

Recovery Procedyre; Ensyre you typed the command line correctly,
Retype the command,
?PROMeF=lllegal response, type H for help

Reason: puring the request for a COMMAND an 1illegal
response wag detected by PROM/RTel1,

Recovery Procedyre: Type H followed by a carriage return for help
or refer to Chapters S and & for assistance,

?PROMeFeInput device handyer not lodéded

Reason: While rynning in the foregroynd mode,
PROM/RTell attemMpted to open a ¢flle on a
device whose RT»11 handler was not resident,

Recovery FProcedure: Load device handler and retry,
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1]

IPROMmFainternal

ystem error

Error occurred at PCIxxxxxxs PSsyyyvvyys SP=z22222

-

LXRXXY  XAXXXX  XAXXXX
RO R1 R2

AXAARXX  XXXAAY XXXXXX

R3 R4 RS

YYYYYY YYYYYY YYYYVY VYyvyvYY VYYYVY YYYYVY

ASP  2(S5P)  4(SP)

Reason:

Recovery Procedyre:

B6(SP) 10(5p) 12(sP)

Indicates an uneXpected trap to 4 or 10, ar
it may also indicate that PROM/RT=1i, through
a system errors has become confused and
cannot recover,

Fill out the problem sheet in Appendix G,
rReturn the problem sheet and the ¢rash dump
listing to DIGITAL for analysis and
disposition,

PROM=Felnvalid CSR addregs

Reasons

Recovery Procedure:?

The address specified does not c¢onform to the
requirements for a CSR address,

Ensure you entered the command line
correctly, Refer to RT=11 System Generation
Manyal for a description of a wvalid (s®
address,

7PROMeFwInvalid vector address

Reasons

Fecnvery Froceduret

The Veector specified does not conform te the
requirements for a vector,

Ensuyre you entered the command line
correct}y, Refeay te the RTe11 Systenm
Generatlion Manual for a description of a
valid vector address,

TPROMeFaMaximum number of coples is 99 (decimal)

Reason!

Recovery Procedyre:

The number of coples you entered in response
to the COPY gommand was too large,

Enter a decimal numper bet¥%een 1 anhd 99 in
response to the CUPY command,

?PROMeFeliissing flle specification

Redson:

The correct name of the file uged to program
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PROM must be completely specified, There is
ne

dgefault,

ReEOVery Proceduresi gnter the correct file name for the file that
will be used toc program PROM,
?7PROM=Felo nNandler for input device found on S8Yi

Reasoni An attempt was made to use a device handler
that was nct installed on the system device,

Recovery Procedures Ensure youy entered the command line
correctly, = Check the system device for the
device handler file and retry the command,

7PR(OMaFeNon=existant CSR address

Reason! CSR address speclfied does not exist on the

RecovVery Procedure! Cheeck seriale=line=~unit i{nterface for rropef
configuration and retry the command,

PPROMeFeliumber must te decimal

Reason: You entered nonwnumeric characters,

Recovery Frocedyre; Ensyre you entered the command line ar
response correctly,

?PROM=FeNumber must be octal

Reason: You entered pon=numeric characters, Or vyou
; : entered the numeric characters 8 or 9,

ReCoVery Procedure! Ensure Yyou entered the command line or
- response correctly,

7PROM«F=01d vectors out of range

Reason? The vector you entered was not in the range 0
to 476, ’
RecavYery Proceduret Ensure you entered the command 1line or

response correctly,

IPROM-FeDutput device handler not loaded

Reasont while running in the foreground mode, Yyou
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RecoVery Proceduyre;

attempted to copen a flle and the RT=11 device
handler was not resident,

Load device nandler and retry the g¢ommand,

PROMeF=0utput write ervor

Reason:

Recovery Procedure:

A hardware error %as repogted during a write
operation,

Ensure there is enpugh roeom on the output
device and retry the command,

IPROMaFeProgdrammer 1s not responding

Redasons

Recovery Procedure:

PRNMera'ROM falled

Reasoni

Recovery Procedyre;

Programmer daesn’t respond to a valid
cemmand,

Ensyre power is applied to the PROM
programmer, Cy¢le the POWER switch on the
PROM programmer 0ff and then on, If the
problem persists use the DIAGNOSE command
{see Chapter 6) t0 check the {interface and
programmer,

load {nto blaster RAM

The PROM programmer is nrobably
malfunctioning,

Use the DIAGNOSE command (see Chapter 6) to
verify proper operation of the PROM
programmer and retry the ¢ommand,

PROMaF«PROM falled to program

peason:

Recovery Procedyre;

The PROM ¢hip that you are trying to0 program
is defective or the PROM programmer is
defective,

Install another Dblank PRUM and retry the
command,

?PROMew«PROM falled to programs attempting retry

Reason:

Recovery Procedyretl

An error was detected when the PROM
programmer attempted to proqram™ the PROM
chip,

PROM/RT»11 aytomatically attempts t0 progranm
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the PROM again,

7PROM=F=PROM fajled to verify

Reason: The PROM ehip does not contain the same data
as the specitied file,

Recovery Procedurei None

PROM=F=wPROM 18 not blank

Reason: The PROM mounted in the programmer |is net
' plank,
Recovery Procedured Replace the PROM chip with a blank PRUM and

retry the programming operation,

?PROM=F-PROM 1s not blank and cannot be reprogrammed with thils data

Reasoni An attempt was made to nodlfy a PRO® with
data that is not compatible with the progran
already in the PROM,

RecoVery Procedurei Erase the EPROM or replace PROM and retry the
programming operation,

?PRNMms=PROY 1s NOT blank but can be written with this data

Reason! An attempt was made to modify a PROM with
data that s compatible #ith the progranm in
the PROM chip,

Recovery Procedyrel Ensyre this PROM is the one that snould be
moditied,

IPROMeWeStart address not on PROM boupdary, xxXXxx assumed

ReCcgoVery Procednyre} None, PROM/RTe{l Will preogram with the
address specified {n the error message as the
pase address,

7PROM=F~System bus timeout erreor

Reason PROM/RT=11 attempted to access a nonwexistent
bus address,

Recovery Procedyre! Fill oyt the problem sheet |In Appendix G,
retyrn the problem sheet and the ¢rash dump
listing to DIGITAL for analysis and

v
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disposition,

7PROM=F=Syster {llegal instruction trap

Reasoni

RecoVery Proceduyres

?PROMeFwlnsuccessiul

Reasont

An gttempt was made to use an  1llegal
instruction,

F1ll out the problem sheet in Appendix G,

Retuyrn the préblem sheet and cras! ump
listing te  DIGITAL  for  analysis  and
disposition,

data transfer from programmer

while transferring data from the programmer
to the computer an error was detected,

iise the DIAGNOSE commang (see Chapter &) %o
verify the proper operation of the programnmer
and retry the command if the programmer |is
operating properly,

IPROM=FwVectors already in use

Reasont

RecovVery Procedure:

vectors svecified have already been protected
in the system protect nap,

Choose a different vector, reconfigure the
serial interface (see the INTERFACE command
in Cchapter 5) and retry the command,



APPENDIX C
SOEIUARE INSTALLATION REOCFOURE

The following software 1nstaliaticn procedure should be used to
transfer the PpPROM/RT=i1 wytility from the distribution media-to the
system disk,

The PROM/RT=11 utility is distributeéd on the RLOI cartridge disk or
RX01 floppy diskette,

PROM/RT=11 operates in the foreground or background of the RTel}
operating system, 7The distribution media contains two files; one for
foreground operation named PROM,REL and one far bhackqrouynd operation
called PROM,SAV,

For systems where PRO“/PTwl! oOperates in the foreqround, the commands
required to transfer PROM/RTwll to the system disk ares

COP[Y) DLn:PROM,REL SY; <RETURN> (for RLOL)
COPLY) DXnsPROM,REL SY: <RETURN> (for RXO01)

where

n is the unit numper of the device the distribution media {is
mounted on,

For systems where PROM/RTwll operates in the béckgraund. the c¢ommands
required to transfer PROM/RTe11 to the system disk are:

COP(Y) DLn;PROM,SAV SY; <RETURN> (£or RLOY)
COP[Y) DXnyPROM,SAV SY: <RETURN® (£0r RX01)

where

n is the unit number of the device the distribution media {is
mounted on,



This appendix contains a descriétion of the Integrated c¢ircuits that
can be used on LS5Ie11 memory option modules,

D,! 22082 LK X & BIT LY EBASJALE BROM

The 2708 PROM chip (see Fiqure Be!) s an ultraeviclet (UV) light
erasable, fleld proqrammable, Erasanhle Programmable Read=0nly “emory
(EPRUM) that can be used for nonevolatile Storage, Fleld programrdple
means that the chip can be programmed with the customer?®s program or
data by the PRUM/RT=1l, Each chip provides yp to 1024(1K) B8=bit bytes
of storage for data or programs, Two chips are reguired to store 1K
#ords of PDPe11 data or prodrAams,

The 2708 EPROM {s packaged in a stahdard 24-pin package and includes a
transparent quartz cover over the integrated circult ¢hip,

The chip can be erased by exposing the chip to 2537 A o¢ UV light for
‘approximately 10 to 30 minutes,

Operating power required is +5V and =5V, Maximum access time 1s 350ns
(nanoseconds), Address and control inputs are TTL logl¢ compatible,
Qutput pins are threewstate TTL logic signals, The third state is a4
high=impedance c¢ondition that effectively disconnects the chip‘’s dats
output from the output pins, This allows the use of a data bus shared
by two or more gimiiar devyices,

The unprogrammed (or erased) PROM contents are all 1's (high state),
Loading data inteo the PROM introduces logic 0's (low state),

The 2708 1s used on the MRVi{wBA memoryeoption module, The module has
Space for elgnt chips and yp to 4K of memory,



LG DESCRIBTILLS

PIN CONFIGURATION

AL] 1 I 2417 vec

AsL] 2 231 A,

AL 3 22[1 A,!

AL 4 210 vgg

AL s 20 1 cs/we

A] 6 270872704 19 Voo

A7 18] PROGRAM
(LSB) AT 8 17 0, (MSB)
{LSB) 0o[] 167 05

0.7 10 157 04

0.0 11 147 0,

vesD 12 133 o,

NOTE 1: PIN 22 MUST BE CONNECTED
TO Vgs FOR THE 2704.

PIN NAMES

* BLOCK DIAGRAM

Page D=2

DATA QUTPUT
0o-0

[T

CHIP _
CSwe SELECT LOGIC OUTPUT BUFFERS
(— Y — Y GATING
—»| DECODER .
Ag-Ag
ADDRESS X ™ 64 x 128
INPUTS | DECODER . ROM ARRAY
e ] .
—__. L ]

PIN CONNECTION DURING READ OR PROGRAM

Ag-Asg

ADDRESS INPUTS

0,-03

DATA OUTPUTS-INPUTS

+| CS/WE

CHIP SELECT WRITE ENABLE INPUT

Figure Dei

PIN NUMBER
ADDRESS

DATA /0 INPUTS _
911, 18, Vss |PROGRAM| Voo |CS/WE| Vee | Vec
MODE 1317 22,23 12 18 19 | 20 | 21 ] 24
READ Doyt A GND | GND | -12 ) vy | 5 | +5
DESELECT| HIGH IMPEDANCE | DON'T CARE{ GND | GND +H12 | Vg | B | 45
PROGRAM | Dy A GND P‘i‘éf/ED 12 v | 5 | 55

2708 Memory Chip Schematic and Data
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D,2 21181 2K X & LY ERASABLE BROM

The 2716 PROM cnhip (see Figure D=2) is an ultraeviolat (UV) light
erasanle, fleld programmable, Erasable~Programmables=Read=0nly Memory
(EPROM) that can be Used for nonwvolatile Storage, Fileld programmable
means that the chip can be programmed with your program or data by the
PROM/RT=11, Each chip provides up to 2048(2K) Bebitwbytes of storage
for data or programs, Two ¢chips are required to store 2K words of
POP=»1{ data or programs,

transparent quartz cover over the integrated chip,

The 2716 EPROM {s packaged in a standard 24epin package and includes a

The chip can be erased by exposing the chip to 2537 A of UV light for
approximately 10 to 30 minutes,.

Operating povwer Teaquired is +5V, Maximum access time 1is 450ns,
Address and control inputs are TTL logic compatibcle,

The Unprogrammes (or erased) PROM contents are all 1's (nigh state),
Loading data into the PROM Introduces loglic 0¢s (lov state),

The 2716 is uUsed on the BDVi{eA memory obtion module, The module has
space for 16 chips and up to 16K of memory,
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PIN CONFIGURATION

A 1 ~ 1 Vee
Asd 2 23 ] Ag
Asd 3 2Z [J Ae
A 4 21 [J Vpp
A 5 20 138
A[] 6 19 7 Ay
A 7 18 [ PD/PGM
Ao 8 17 [J O,
0o 9 16 [] O
o[ 10 15 [] Os
0.0 1 14 [ 04
GND [T 12 13 [1 0,
PIN NAMES
AgAj, | ADDRESS
PD/PGM| POWER DOWN/PROGRAM
(] CHIP SELECT
00-0; | OUTPUTS

Page D=4
MODE SELECTION
PINS PD/PGM CS Vep | Vee | OUTPUTS
MODE (18) (20) (21 | (24) {(8-11,13-17)
Read Vi Vi +5 +5 Dour
Deselect Don’t Care ViH +5 +5 High Z
Power Down ViH Don’t Care| +5 +5 High Z
Program Puised Vy_to Vi ViH +25 +5 Din
Program Verify ViL ViL +25 +5 DouT
Program Inhibit ViL ViH +25 +5 High Z
BLOCK DIAGRAM
DATA OUTPUTS
Vee o— 00-04
GNDO—» /rr\r—\
o HHEHH
CS —{ chipseLecT 5 - '
POWER DOWN AN >
PD/PGM ——s= PROG LOGIC QUTPUT BUFFERS
> Y "
> DECODER * Y-GATING
AO‘A!O r -
A?gﬁffg — X . 16.384-BIT
L[ ]
> DECODER . CELL MATRIX

Figure De2 2716 Memory Chip Schematlc¢ and Data
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D,3 2232 4k X 8 LY ERASASLE BROY

The 2732 PROM chip (see Filoure De3 1is an yltrasviolet {(Uvy Llignht
erasable; tield proarammable, Erasable=Programmanle=Read=0nly H4emory
(EPROM) that ¢an be Used for non=volatile Storage, Field programmable
means that the chip can be programmed with your program or data by the
PROM/RT=11, FEach ¢hip provides up to 4095(4K) Bebitmbvtes of storage
for data or progrars, Two ¢hips are required to store 4K words of
PDLe=11 data or proqrams,

4 standard <4=pin package and includes a
the integrated ¢hip, :

;‘4.

=PSUM 15 palkag
entequartz cover

The chio can be erased by exposing the chip to 2537 A of UV light for
approximately 10 to 3¢ minutes,

Operating power required is +5V, Maximum access time is 450ns,
Address and control inputs are TTL logic ¢ompatible,

The unprogrammed (or erased) PROM comtents are all 1*s (high state),
Loading data inte the FROM introduces logic 0°s (low state),

Call your local DIGITAL Sales Representative for information about
modules that use the 2732 c¢nip,
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PIN CONFIGURATION ~ BLOCK DIAGRAM

U/ DATA OUTPUTS
A‘iE 1 24 j Vee Vee 04-0-
Asd 2 23 3 Ag GNDO—— —m—
AL 4 21 A 5F — —
A O 5 3 5; o -2 AND !
3 20 CE —» E LOGIC * QUTPUT BUFFERS
A, 6 19 I Ap
e ] Y < P -
A 7 18 [J CE —— DECODER . Y-GATING
———-—’ o
AOE 8 17 jO‘} AO'AII < -t
Ool] o 16 1 Os Aﬁﬁ;gf_g S X . 32.768-BIT
0,04 10 15 J 05 l——— DECODER : CELL MATRIX
0.0 11 14 1 04 g -
GND O 12 13 ] o
PIN NAMES

Ag-Ag] ADDRESS
CE CHIP ENABLE

OE OUTPUT ENABLE
00-0; | OUTPUTS

Figure De3 2732 Memory Chip Schematic and Data
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D,4 8231232 238 X 4 BII pRAM

The H#25129 PRUM enip (see Filgure ne4) is a fleld progdrammable,
Programmable Read Only Memory (PROM) that can be ysed for non=volarile
storage of your programs or data, Field programmable means that vou
€an program the chip with your program or data using the PROM/RTe11,
Each chip stores 256 4=bit bytes, Foyr chips are required to store
256 words of PDP=11 programs or data,

The 825129 EPROM is packaged in a standard 1éepin package,

Operating povwer is +5,5Vde, Maximum access time is 70ns, Address and
control inputs are TTL loglc compatible, OQutput pins are threewstate
TTL logic signals, The third state is a higheimpedance condition that
effectively disconnects. the chips data output £rom the output pins,
This allowg the use of a data bus shared by two or more similar
devices,

Unprogrammed outputs are logical low, The PROM/RTw!! programs the
Qutput to a logical high where the bit is a loglcal one,

The 825129 is used on the MRV1leA LSI-11 memory option module, The
module has space for 32 chips and up to 2K of memory,



1C DESCRIBILONS

-

'BLOCK DIAGRAM

N1 Cr PUSE ARRAY

1 18
T =1 -sux "]
A 1
) H
. ' land
i
' !
: t 18
| ‘ : aux
ADDRFSS| | 132 D€ | I2% ¢ v T BT
LS L covtR | ! MaTHx F MIEFER
1 1
! : i '3
: i AU
1 1
) 1 "
1 -
2 | |
T - T
—— [ "1 wux
i : " T
87 NI
: Al :
i : 13 3.
.\,‘ 6

T i

ABSCLUTE MAXIMUM RATINGS
I PARAMETER RATING ouNiT
Vee Supply voltage <7 | Vde
! Vin input voltage i +5.5 ! vae
| Output voltage ! vdc
! Vom High 18251261 +5.5
| Vo Off-state 1825129 +5.5
! Temperature range °C
| Ta Operating
| N823126/129 0to +75 |
{ S825126/129 -5510 ~125
i Tsta Storage -85 to ~150

Flqure D=4

825129 Memery Chip S¢hematic and pata

Page D=8

PIN CONFIGURATION

|
|
|

a
A,

GROUND

{F Carap
! N - Plasuc

F.N PACKAGE"®

10

~

FLEELEL L L E

//
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D5 B825131s 342 X 4 BII paQY

The 825131 PROM chips are fleld programmable, Programmabhle Read Only
Memory (PROM) that c¢an be used for nonevolatile storage, Field
pregrammacle means that you ean program the chip with your program or
data using the PROM/RTe11, Each chlp provides up to 512 words of
PDPel] proqrams or data,

The 825131 1s packaged in a standard 16=pin package,

B 2= A Ear A se s dommll omoamm =

et =} m = Mmwwas WamiztEsasl = ARVR2e 00 s dmii= 0 mamsss
- i

Operating power Tegquiread is +#5Vdg, HEXiTym 58Ce53 time is 5%ns,
Address and gontrol inputs are TTL logic compatible, OutbPut pins are
threesstate TTL logic signals, The third state is a high impedance
condition that effectively disconnects the ¢hipfs data output, This
allows the use of a data-pbus shared py two or more similar devices,

Unprogrammed outputs are at a loglcal low state, The PROM/RTell
programs outputs to a logical high state,

The 825131 is used on the MRylieA memory option module, The mnodule
has space for 32 chips or up to 4K 0f memory,
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BLOCK DIAGRAM

J: ¥ NI-Cr FUSE ARRAY
RALEN R 1:16
191 a, H MUX
Ay Qumemennd 1 v
Aol = H el ™2
[4) : ' 1 —r
Ay Oreneend H | 32%16
4 H ! MUXx =,
Ay Qrmeecd ! 1 Hn
A GmSlefa0DRESS | | [1:32DE. ! T ourpyT b0,
'0—(1, BUFFEA i COOER | e BUFFER |
Ay Qg H i (101
) i H x16 118 ——
Ay Ot ! ! 2 Mux
ikl i ' =1
A, Qe H H T (9 ;
ApaL ; s Ll L = NG
- . 2x16 118 ...J
132) MUX
7Y NE
. !

) g’

Fage Dw=10

PiN CONFIGURATION

|

a

GROUND

N = 2suc

F.N PACKAGE"

[ Bl ELA L

=

Evcc
E-\»
73] a,

CE

=TT

&

REERE

p3 !
e
ABSGLUTE MAXIMUM RATINGS
PARAMETER " RATING CouNIT
i f
. Vce Supply voitage -7 ¢ Vdc
VN input voltage ~-55 | Vde
Output voltage ’ Vde
VoH High 18251301 *5H ;
Vo Off-state 1825131> ~-55
Temperature range e
Ta Operating
N82S130/131 Oto +75
S825130/131 -85 to ~125
Ts16 Storage - -65 10 + 150
Figure D=5

825131 Memory Chip S3chematic and pData
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D,6 &£25813i4 LK X 8 311 Bpoi

The 825181 PROM chips (see Figure Uet) are fleld prodrammable,
Programnable Read only Yemory (PROM) that can be ysed for nonfsvolatile
storage, Fleld programmaple means that you can program the chip with
your program or data uUsing the PROM/RT»1l svstem, Each chip provides
up to 1024 (1K) 8ebit bytes of storage f£for programs or data, Twe
825181 <¢hips are required to store 1K words of PnDPel] data or
programs,

Z3i81 is packaged in a standard Z4=pin package {(see i

h

-

A

igure

1.9}
w
|

ne §

i

Operating power is +5,5Vde, Maximum access time is 70ns, Address and
gontrol inputs are TTL logle compatible, OQutput pins are threeestate
TTL logic signals, The third state is a high impedance condition tnat
effectively disconnects the c¢hips data output from the ouytput eins,
This allowg the use of a data bus shared by two or more similar
devices,

The unprogrammed (or erased) are at a4 logical low (all zeros),
Loading data int¢ the PROM Introduces loglc 1fs (high state),

Call your local DIGITAL Sales Representative for information about
LSI=1i memory modules that use the 825181 ¢chip,
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BLOCK DIAGRAM

i
!
L

AQORESS

1 1:64 O€-
i COOER

$4X128 MATRIX

S

3

S
b4 o
y 0, O Oy O
QUTPUT LINES

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
Ven Supoly voltage +7 Vde
ViN Input voltage 55 Vdc
Output voltage Vde
Vor High (825180} +5.5
Vo Oftf-state (825181 +55
Temperature range °C
Ta Operating
N825180/181 0 to +75
S82S180/181 -55 10 +125
Tsta Storage -65 to +150

Figure Da6

§25181 PROM

Fage

PIN CONFIGURATION
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73] cx,
73] ce.

a,

A1 @ [ FL A [ FLELE F

JO.

|

|

|

| GNnO
J ‘F = Cergip
{ N = astic
e

6

S

Chip S¢hematic and Data
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D,7 825131% 2K X 3aBIT BROY

The 825191 PROM chips (see Figure De7) are fleld programmanle,
Programmable Read Only MYemory (PROM) that can be used for nonsvolatile
storage of programs or data, Field programmable means thatr vyouy can
srogram the chip with your program or data using the PROM/RTeii, FEach
chip stores 2048 Ba.plt bytes of programs or data, Two chips are
required to store 2K words of PDP»ill data or programs,

The 825191 1Is packaged in a standard 24epin packaqge,

Operating power is 5,5Vde, Maximum acCess time is 80ns, Address and
control inputs are TTL compatible, The output pins are threemstate
TTL logic signals, The third state is a high lmpedance condition that
effectively disconnects the chips data oytput £rom the Qutput pins,
This allows the use of a data bus shared by two or more similar
devices, '

Unprogrammed outputs are 1ledical low (all 0fs), The PROA/RT=11
programs the output to a logical high (1) where tne bit ls a logical
one,

Call your local DIGITAL Sales Represgentative tor information about
LSl=11 memory modules that use the 825191 chlp,
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BLOCK DIAGRAM
; i
! PIN CONFIGURATION
A O— : I f . 1
; 112806 | | 128x128 1 | PACKAGE® :
AQDRESS | CODER ! MATAYX :
! LINES | ; : |
! [ ! | | . 2 vee :
i e e —_— i | ! Na N ;
f | R =i
- O i al
1 A c 118 116 118 1.18 118 116 ti& 1.18 ‘ ‘.E '—‘J A
! 4, O- sux { seux | mux | eux | sux | euxc ] wua § oz ! A E (7] 5.
i N ;
T T T ! r { T } : N E cg,
; } { l | A E L1 ce,
gt N NER [ o :
CE; O ! ] o :
<E, o———-__j 9. L] Ay}
! o ] 1 @i
i~ o, L] EEIN-%
(o) ] ™
ano U] L .o
@—_I ‘ I Ceorame
ABSOLUTE MAXIMUM RATINGS
PARAMETER & RATING POUNIT
— % i
; Vce Supoly voltage : +7 i Vdc |
| ViN input voitage . +5.5 i Vdc ’
Outout voltage ‘ 1 vde |
5 OH Ty 140 ; @ o |
. Vo Off-state 1825141 ‘ i |
i Temperature range i i °C [
l Ta Qoerating i | ‘
i N825150/ 191 '; Oto +75 ! ¢
| 3825190/191 . -55t0 +125 | 3
i Tar Starage t -65 to +150 | i
v [ SR, , | | |
-

Figure D7 825191 PRO¥ Chip Schematic and Data
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JRERAIOR INSIBUCTIONS EOR RBOCUCIIOHN CBERATIONS

The c¢opy command 1s used to program PpROM chips in preduction
quantities, The PROGRAM command is used to create a master c¢hip or
chips and the master chip or ¢hips is used to prodram other chips with
the same program or data,

Someone familiar with the PROM/RT=1i1 system should Program the master
chips to be used in the production operation, After the master chips
are programmed, the operator need only invoke the COPY command and
follow the ingtructions that PROM/RTell prints at the terminal, The
operator only bas to Xnow the nymber of copjes to Make, be able o
answer the gquestions that PROM/RTei1y asks, and mount the blank chips
after each chip {s prodramnmed,

E,1 IaUCKIZG BROSLRI=LL

Before youy can uyse the COpY command you ™Must invoke the PROM/RT=11
gtility, 1If it is already invoked go to Section E,Z2,

To lnvoke PROM/RT=11 type:

w

JFRUN PROM <RETURN>

yne command must be typed exactly as shown and it must be followed by
a carriage Tregyrn as indicated by the gymbol <RETURN>, The , is
printed at the terminal to indicate that the system is ready to accept
a command,

dnen PROM/RTe=11 {s invoked, it identifies jtself by printing the
following message on the terminal:

PROM/T=11 vXX,yy PROM s{iZe mmm™ by n

Ahere:
VXX, YY i{s the version 0f "the RT»1l operating system,
mmmm is the numper of words per chip for the personality

card i{nstalled in the programmer,
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n {s the numper of pits per word for the personality cara
installed {n the programmer,

Example;
PROM/RT»11 V3,0 PROM size 1024 x 8

In the example the version of RTeil peing uUsed is version 3,0 and the
personality card installed in the programmer 1s for a 1024 word by 8
eit ehip,

E,?2 JIJVOKING THE COBY COMMANDR

To invoke the COPY c¢ommand, type the following when the prompti
Commands:

is printed at the terminal,
Commandg C[OPY]<RET>

Type a C followed by a carrliade return, After the COPY c¢ommand 1is
typed the PRUM/RTe!! ut{lity program prints the following message at
the terminal,

Moynt master PRUM and type <RETURND>:

At this time, insert the master PROM chip {n the blaster socket,
After the master chip i{s inserted in the socket, press the <RETURND
key and a slight pause occurs, After the pause, PROM/RT=11l will tell
you to remove the master PRUOM chip, The following Tessage 1s printed:

RemOve master PROM and mount blank PROMj3; type <RETURND>:

Ahen this message appears, remove the master PRUM chip from the
blaster socket, Replace it «ith a blank PROM chip that will veconme
the first copy, After inserting the plank prOM, type <RETURN>, The
utility program will ask how many copies to generate by printing the
following message!}

How many copies (decimall)?

You should respond by typing in the nymber of c¢oples that you want o
make followed by a carriage return,

The CNPY command can progqram up to 99 ehips for each invocation of the
CoPY command, If more than 99 coples are requlred, the COPY conmand
should pe invoked a second time or as many times as necessary, You
should Mmake sure that yoy have enough blank PROM chips for the number
of coples specified, After entering the number of coples, you must
type a carriage return, This begins the copying process, If the user
{nadvertantly mounts a noneblank PROM e¢nip the following error message
and instructions are printed at the terminals
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PPROMF 2aPROM is not hlank
Femove current PROM and insert blank PROM, type <RETURN2;

if>move the noneblank PROM and replace it with a blank or erased FPROM,
w#hen tne <RETURN> key 1s pressed, PROM/RT»11 programs the blank PROM,

when programming of the PROM chip is completed, PROM/RTell qenerates
the following messagei

Remove CoPy number NN and mount blank PROM, type <RETURN>:

Where:

MN is the number of the éopy Just completed,
Remove the orogrammed PROM c¢hip and replace it with a blank chip, You
may wish to label the duplicate chip with the copy number, Install

another blank chip and press the <RETURN> Xey %o continuye, A copy i3
created each time you repeat thils dlalogue,



APPENDIX F
ASSEMSLY LANGUACE DEEINITION HODULE EQR BHOY ABSLICAZIONS

The program moduyle given below 1is provided as an aid to users
developing PRUM applications in assembly lanquage, It provides 3
essential services as fcllowsi

1, Forces a ,PSECT (pregram section) ordering sequencej that is
absolute section (PROM) followed py pure data section (PROY)
followed by scratech data section (RAM)

2, Allocates the stack

3, Handles startup ot application from vectors at locations
24(8) and 26(¥) {ncluding setuyp ©f stack pointer

ROMDEF ,AC MODULE

JASECT
=24 10rigin to Poyer=Up Vector
« KORD PWRUP $PC of startup routine
XORD 340 jstart with interrupts disabled
+PSECT ROM iNext to load {s PROM section
PRRUP: MOV $#5$3STK,Sp 1Initlalize stack pointer
. CLR »(SP) jCreate interrupt~enabled PS
MoV B840,=(5P) tAnd initial program counter
RTI 1start application execution
ZPSECT  SSTACK,D 1Stack section §s f£irst in RAM
( BLKW 64, jReserve 64 Wwords by default
+PSECT SSTKST.D ;jset up section to load after stack
$SSSTK jDefining initial stack pointer value
+PSECT RAM,D sLast sectlon to load 1s RAM
JEND tEnd of ROMDER  MAC

NOTE

This module uses RTeii®s location 40
valye, and hence wi{ll not work in RSX or
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T
(43
¥
]
fye]

Qnce the ROMDEF meodule has heen assembled tgs produce ROMDEF,DRJ, the

linkiwq process for applications which have been coded with the listed
?psscrs is:

<LINK/BOTTOM:250 /ROUNDARY:N20000 /LDA /ZEXE:APPLIC
Filesg? ROMDEF ,userefilesl,; ,ysuserstilean
Roundary section? $STACK

= s -
;q eXtend th Lo U

;_ -

1€ SLaCK space to mmmmmm (g€t

i
N
37

13; usei

+LINK/BOTTDOM:250 /BOUNDARY:020000 /LDA /EXE1APPLIC /EXTENDImmmmmm
tiles’ ROMDPF.usernfile-I;...euserwfiie-n
gExtend section? $STACK
Bouyndary section? $STACK
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ERGELBIxil REBUBLEY REEURI EEY

User*®s dame;

Location:

Local DIGITAL Sales Office!

Telephone Nymper (include area code)}
PDPe1) Computer Used: ‘

Mass Storage Device {RLO1 or RXD1)1
Operating System and Versjion:

PROM/RT=11 Version:

Description of Problems

NOTE

In¢lude the c¢rash dump listing with vour
prohlem report,
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