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Preface

This report summarizes the design and implementat ion of

a microprocessor based system that  wil l  perform test ing of

the N CR—2 0 51 MNOS memory . The report discusses both

hardware design and software development ( inc luding  the

development process and associated design decisions) and

provide’; com plete source l ist ings of all assembly language

softw ~ire .  This test sy sLem is to be Used f o r  t:wo purpOseS

( 1 )  a model for an acceptance test ing sys tem and (2)  a

programmable laboratory test fac i lit y  [or the (~P --- 2 O~~1 The

t echn iques  u3ed for  this  sy st em d~’velopment ~re ~7p I Lc 1ble

CC) ~ P~’ r~icroprocossor based memory test syste. ; (l~~~e] i- ~c~;t

The report is ~ r i tt en  for a pe~:son whu h~ s a ba~ ic

u r s t~u ’tding o~ diq i tal  circuits an~ sehe ~~~~- .- io~~~ o~
i~rLcropr~~ essor s . i~ person ~-;ithout any cn:!~cj round in

microprocessors can opcr: tte  the i:ost sys i er.~ u s ing t h e

operating manual that is provid ed in Appendix C.

I wish to thank my thesis sponsor , Dr. Fr i tz  t~.

Sehucrmeyor (research physicist  with the Air Force Aviee~ es

Labora tory) ,  for his Lechniea.L adv lee  and cooperat io~m in

p r ~ovidincj  the u t  c~ssary components with which Ldo t e st

‘s t e t  was rea1.i~’ed . I also wish to thank  Pr. Gary Ls s itt ,

my tho~ ie advisor , for his professional  ~t s~ i~~tance :und

uid .mce throughout Lhe project .  I won 1( 1 l ike to t~x L end a

~~ ry important note of t h t n k s  to my ~v i . fo  (Pain ) and son
a
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(Scott) for the i r  patience and support.  F inal ly ,  I would

l ike  to express my thanks to my personal M6800 based

microcomputer sy stem which a llowed me t o  edit and type this

t report.

Joel W . Robertson
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Abstract

The U.S. Air Force has begun using MNOS memories in

ultrahigh frequency radios to provide nonVolatile storage of - 
-

preset frequencies. The NCR 2051 is one such memory . It is

flecessary that the USAF have the capability to perform -

acceptance tes ting of the NCR 20 51 an d to economicall y -

perform labora tory tests which may be very time consuming .

This report develops a microprocessor—based computer system

which will provi de the necessary capabilities economically.

The design of the Motorola M6800-based system is

presented with both hardware and software considerations.

The development decisions are discussed and a user ’s manual

is prcvided. Complete assembly language software listings,

which realize the acceptance testing requirements, are

included . Flowcharts for all test algorithm s and schematic

diagrams for all interface circuits are also provided .

ix
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I. INTRODUCTION

The need for storage of digital information arises as

more electronics systems use dig~ital processing.

Semiconductor memories are being used in an increasing

number of processing applications since they provide a

compact low-power storage device. As the number of

applications for semiconductor memories expands, the memory

complexity increases (due to the fact that it is desirable

to have more storage capacity, higher storage density, and

lower power consumption). The ~~oblem of verifying whether

or not a memory performs all its functions becomes more

difficult to resolve. It is this problem that leads to the

following investigation concerning a specific memory type.

Background

The USAF has begun using semiconductor memories for

storage of preset frequencies in ultrahigh frequency (UHF)

radios for airborne applications (Ref 10). Since these

memories are used to store information which may be changed

(as frequencies are changed) they must be easily

programmable in the aircraft (in flight). They must retain

the programmed information even when the power is turned off

so that the preset frequencies will be available the next

time aircraft power is restored. One particular memory which

has been selected for this purpose is designated by its

1
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manufacturer (National Cash Register Corporation) as the NCR

2051.

The NCR 2051 is a 32 word by 16 bit metal—nitride—oxide

semiconductor (MNOS) memory . It is electrically word

programmable and will retain stored information for up to 10

years (Ref 9) with no power applied (in or out of an

electrical circuit) . Due to the complexity of this memory ,

very sophisticated equipment is requirad to test the

NCR 2051 for proper operation. Equipmen t. ( such as the

Macrodata MD —104 memory tester (Ref 1 4 ) )  which is current ly

available to perform testing of this inteqratcd circui t  is

very expensive and requires a skilled operator w i L L  a hi.gh

level of technical knowledge . This cost a::c4 L~rcmLcai

f , cn~pertise combination was the primary motivati on ~ h ich

prompted this invest igative e f fo r t .

Statement of Oblective

It is the goal of the investigati.on to develop a -

microprocessor—based test system for the NCR 2051. This

system will he used as a model for constructing an

acceptance testing system. It wi].i provide the Air Force

with  an incxperi :;ive me thod (compared to the. cost of existing

test systems) of ( :est iiicj ~t i i l  eva lua ting  the performance of

the MNOS memories before accepting them and utilizing them

in an operating avionics system. The resulting tes L system

must also reduce the technical expertise requirements for

_ _ _ _ _ _ _ _ _  ~~~~~~—~--- -—~~~ 
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r the test sysl:eui operator . This providne; another cost

saV ings.  The system which is produced by this e f f o r t  wi l l ,

in addition , pr ovide the capabil i ty  to economj cally perform

tests , (~:1iich require dedication of the equipment for

extended periodS cC time) , on the memory . The sot tware.  which

is to be wr i t t en  for the system must  be flexible so as to

allow simple mocli E ication to accoiitudate more elaborate

laboratory tests. A user ’s manual  (See Appendix C) must  be

provided . The Lc~;t moni Lor will  be ~.-ri LL on (See A~~~& ’nd i ;~ B)

so that very few references to t u e .  manual  w i l l  be required

and prompt ing infor ina Lion wi l l  he d ;.sp lave l Ofl the system

console. The sys Lei~i must be cap ab i  o of per foriiiinci each test

automatical ly  once a test is ina ti-ateci ( the oporator  simpl.y

-types the i ns t ruct ions  that  sele :  L the test ehich is to be

executed) .

Const ra int s  ~nd Test: Philosophy -

In ord er to provide f l e x i b i l i t y  to the t e s t i n g

procedures , the tes Ling of the NCR 2 0 51 wi J  1 he accor~pi sh& d

using an operator—controlled microcomputer sys Lcu w h i c h  w i l l

control all si.’; eels that  are app h t 1  to the memory under

test (HU T) . The operator ‘: i U have e ‘etro ! o~’er wx. ~ ic/erase

timing , test pa t- torns , •~‘iid t.e~; t p r o j  •~~~~~~~ sel* ‘t t . ion  by

keyboard entr ies  from the sy stu ~I L  cew;o h e .  Ihead t ihuin~J is

also operator con Lroll~ d , but is acec r~p I i :;hed Uu :ough

hardware (switching) inute~d of a hv~’hcar d ent :ry .

3
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Since the test system is to be used as a model for an

acceptance testing system, it will be developed to perform

only those tests which are necessary to assure the USAF that

the device will perform its intended function in the system

into which it will be installed. No attempt is made to

characterize the device with the test system, as measuring

all possible parameters would require too much time. The

cost would then override the benefi ts  to be d erived . Error -

messages will be d isplayed on the system console (in the

event an error is detected) and will include such

information as necessary to determine the exact location

within the test sequence where the error occurred .

System Configuration

In order to provide a testing system which may be

easily changed to perform any desired test, the system

should consist of at least the foiiowtng : (1) a

microprocessor, (2) an alphanumeric corirnunication device

, (such as a toletype video terminal etc . ) ,  and (3) a storage

media. Any additional input/output device may add to the

capabilities of the system.

A Motorola M6800 microprocessor was chosen as the

central element in the system because of its treatment of

Input/Output (I/O) as a memory read/write operation, its

small size (the M6800 is an eight bit processor), and its

low cost. A test system could be designed starting at the

- 

4 
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integrated circuit level; however, due to the l imi ted time
p

available to finish the system development, the

microcompu ter was purchased as a kit. The basic

microprocessor was constructed using a kit produced by

Southwest Technical Products Corp. (SW’rPC) of San Antonio ,

Texas (model NP—A) since the design of the kit seems almost

tailor—made for this application. A video terminal produced

by the same company was available from a previous project  in

the Air Force Avionics Laboratory so an audio easse Lte

interface kit from SWTPC was also selected (based on cost

and compatability ) for the basic system .

A Hewlett Packard model 982 0A calculator system wa~

already available which had several peripheral devices. A

test system with greater f l ex ib i l it y  and re~ uc L-d sest could

be provided if the calculator system were to be connected to

the microcomDuter to.allow the use of these peripherals with

the microcomputer system . Since the calcula tor  system is not

in use full time, both systems can make use of those

input/output (I/O) devices which are :  a dig it a l  cassette

storage system , an X—Y plotter , a line pr inter , a high-speed

papertape reader, and a high-speed papertape punch . Two

types of int.or~ aces were developed to interconnect the two

systems: (1) a parallel interface (with

transistor—transistor logic (TTL) sign-il levels (Ref 11))

connected directly to the HP 9666A line printer (the printer

5 
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H
is disconnected from the calculator system) and (2)  a serial - 

-:

-‘p
inter l :ace (R S — 2 3 2 )  connecting the test sys tem into the 9~~~ 2OA

controller which allows data to be transferre~ to any of the

peripherals (Ref 2). This serial interface was also

configured to accept a standard teletype, using a 2Oma

current 1001), which was also available.

An interface was d~ signed and constructed to connect

the microprocessor system to a test socket which would 
—

accept the NCR 2051 Lth~OC memory and which would allcw the

microprocessor to control the signals  applied to the men:ory

in order to implement the desired test ing. This interface

ut i ii~ es standard SN7400 series TTL devices to perform

buffering , latching, inverting , and delaying functions.

Orclan .zation

Chapter I I .  provides the description of the operations,

app lications , and testing procedures of the ~~ OS ~mei-~ory (NCR

2 0 5 1 ) .  Chapter I I I .  describes the overall testing system as

designed , developed, and implemented . Chapter IV. shows the

hardware development while Chapter V. follows with the —

software implementation of the test algorithms. Chapter VI. —

concludes with some test results and recommendations f~r

further develcpnient.

- 
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Introduction

Since t h e  NCR 2051 is an MNOS memory device , this

chapter describes the operation of ~~OS mc’iaories to

fa cilitate reader understanding of the Lest system . A

detailed description of the NCR 2051 is included and is

followed by a discussion of an Air Force application of the

NCR 2051.  Several factors to be considered when testing MNOS

memories are also discussed , in order to help the r~ader see

why the test routines were selected .

Descri ption of MNOS Memory Operation

A n ietal—nitr ic le—oxicic semiconductor (MNOS ) mcr~ory uses

- ( charge storage at the oxide—n i trid e intertaco aL L~ e gate

insulator of the MNOS t ransistor  for retention of cLit:a. The

charge is tunneled into this in terface  by ~pply i.ng a

negative writing voltage and the charge is trapped when the

voltage is removed. A positive vo].tage may be applied to

drain the charge thus erasing the data that was previously

written. A memory cell is made up of two MNOS t rar s Ls t or s .

The presence of charge at the gate of one transistor of the

pair determines whether a one or a zero voltage level (on e =

+5v, zero = Ov) will be detected when the memory cell is

read. Since the charge is trapped at the oxide—nitride

interface and requires a positive voltage app lied before the

- 

7 
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charge can escape, this is a nonvolatile type of storage

device which may retain data in c~:ccss of 10 years with  no

power applied . The MNOS device differs from other

electrically programmable read only memories (EPROr-l ’s) in

that it can -be e l ec t r i ca l ly  erased (as opposed to erasure by

exposure to u l t r av io le t  l ight  r ad i a t i on )  and reprocjr iuuued on

a word by word basis . This erase/wri te  func t ion  is

accomplished by app ly i ncT the appropriate  positive or -

negative vol teac to the L ired m~~ory cells Lo tunnel  or

drain  charge t roL l those ccli s.

The NCR 2051 is a 5 12 b i t  oiccLr ica l l y a l te rable  ROM

(MNOS) which is oLgenia:ed c ;  a 32 ~:ord by 16 bit ~iemory (~ ee

Fig 2— 1) . ?INOS devices have a l im i  ted r ead/wri te  c;ele

11 fe time and the NCR 70 ~ 1 may be erased and r ewr i t t en  up to

a maximum of 106 times (Ref 9) . This l im it at i o n  is due to

degradation of the MNOS t r a n si s t o r .  It may,  however , be read

up to 2 X 10 1 ti’~es before  a rc( :resh is necessary. Reading

the memory cci 1 allows Lit e rate of charge leakage from 1-he

oxide—nitr ide  in t er l a ce  to increase dur ing  the time the read

volta ge is present .  T h i s  charge must  be ~:ep lacoc 1 }‘‘fN re

enough has been lost to (~~lU s c  incorrect data re t r ieva l .  This

memory re quir es two power supp l ies for  it~ operation (—29v

and +Sv when in ter faced to 1 atisistor—transis Lei~ log ic (ITL)

devices or — 2 L Iv and + lOv  wh en in ter faced to complementary

metal oxide semiconductors ( C M O S ) ) .  With the exception of

- 

8

_ _  -~~~- -- ~~~~~~ --~~~~ -



-~~~~~~ 
- - - - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r
t

U

•J
~ 

— o C t
.4—- H ~~O C 2

A I 0 . W  32x16 ~~~ —o CS

A2 o—~~~ > MEMORY~.__
—_—o Vss

A30— ~~ ~O Vcc
A4 o— ~ MATR I X ~~

— -o VGG

L _ _ _ _ _ _ _ _ _

U U
[~ enSo AflP ~ 1 I Sense Amp &

Da ta I/ O Driv er ] [Data I/O Dr iver

UWW £ThUU
D0 D1 B2 D3D4 E~ L~ D7 D8 ~ ~ ~ IL~2 E\ 3 E~4 E~S

Ref 9

I-’iq . 2— 1 . Block Diagram of NCR—2051

9

_ _  _ _ _ _ _ _ _ _ _ _  -— - - — - -



-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- . .
~~ 

c-.---

the power supply, all I/O and control signals operate wi thin

stanGard TTL voltage levels (also capable of operating

dt recLl y with CMOS (Ref 9))

The outputs  c-~ the NCR 2051 have an access time of

two ~is (See Appendix F) . ~ clock pulse of 2—20 Lis pulse

width is required for a read operation but is optional for a

write operation . Data is not valid for a read opcrat:ion

until a~)prox L.mate1y 2 jis af~ter the falling edge of the clock —

pulse (~ cf 9) . The total word access t~ we is t h e  sun of the

minir~um clock p u l s e  width and the access time — ~ p~~. This

~omory was obviously not intended tor use as a read/wri te

( RAM ) nomory since it re~ ui rcs 4 0 — 2 0 0  nis e.tch to esase and

rewrite data .

The mode in ~‘1iich the device is opcratinq is co~ troi led

by the control log ic that is in the sante integra ted  c i rcu iL

(See Fig 2-~ ) . This control logic circuitry has three inputs

(CS , Cl , and C2) . The chi p select (CS) inpu L ossenL$.:tl.ly

turns the ent i r~ device on and off (the device still

consumes power , however) , leaving the ou Lp~ ts in an open

circuit  condit ion when it is turned oft  ( i .e .  CS log ic

zero) . The remaining two inputs sciect c it h eu  a read , writ- e,

or erase mode, if Cl is hi gh (logic one) then regardless of

the state of C2 a read mede is selected . Jlowevc.r i~ Cl is

low (loç,ic Zero) then C2 will determine thtc mode . If C2 = 

-

low (logic zero ) then the write mode is selected and if C2

10
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high (logic one) the erase mode is selected . The fo l lowing

logic e~1uations show the function of the control logic

circuits.

CS • (Cl+C1) (C2+C2) = CS Device off  ( 1 )

CS • Cl • (C2+~ 2) = CS • Cl = Read (2)

CS • Cl  • C2 = Erase (3)

CS Cl C2 W r i t e ( 4 )

~~ncc there is no rc~uiremcnt for sops~~ tion o~ the

application of the clock signal f rom any other input si gn al ,

all inputs for a g iv en  operat ion  may be. ini.t~ated

sii~ulLaneously . This grcatly simplifies the design

re~juir~ r~oiiLs for an interface to this memory . If separation

of the signals were r~q~ii~ eJ , ad1iti’~i~a1 hardware wauld be

needed to provide delays l a twe cn  each of thc signals  when

the delay time is less than the resolution time of the

proces~:or I/O.

( 4.... - I i  . 
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ppl1cnt ion of N CR 2051

The Air Force is using the N CR 205 1 memory in

frccjt icncy—pre s~ t applica( :ions (Re f 10) . U l t r a h i gh frequency

radios in a i rborne  i n st a l lat i o n s  are rcc1ui~:cd by t h e  Air

Force to have twenty  channels whic h  may be selec t ed by a

single control knob . These channels are preset by the pi.lot

and/or the ground inain-Lanence crew to correspond to

frequencies which are in use by the control tower , c~round

control , etc. and ether of ten  used f resu en cies .  ihuse

frequencies change as the aircraft moves from one

geographical location to anoLncr ;  the ’:cfore , IL is ir porLant

that  the pilot be able to assi gn a nc~-.’ freenency to an~- or

all channels while  in f l i g h t .

Based on the au thor ’s exn’ r i-aaee in aircraft radio

repair , previous methods of chartcriag preset f r equenc i e s

usually includcd some physical  moveiacnt of several s l iding

parts of a mechanical ciruni— type memory . These mechanical

parts actuated eloctri.cal swi tches when the drum w~ s

positioned according to the des i.~:ed preset ch.~nncl. Til:Ls

required opening a door on the front .  of the ceutrol pane l

(sometimes even complete removal o:E the r~~1io control box

f ror~t 1t3 mounting in the a i rc ra f t  in st rument  panel) and

leaning down for close observation of the sett ing ot the.

sliders. This is virtually impossible for the pilot of a

single seat aircraft to accomplish in f l i g h t  since he must

devote his attention to f ly ing the aircraft .~

12
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With the develoj )ment of the ~iNOS memory, it. is now

possible for the pilot  to simply tune the radio to the

desired frequency , using the manual f requency select

controls , set the channel selector to the channel to which

the frequency is being ansi gned , and momentari ly  push a

but ton to program the memory. Other se~~iconductor memori.es

( RAfl ’s for example) could L-e used for this purpose except

that each time the a i r c r a f t  power is removed , all the preset

frequencies would have to h~ r e—en L e sad . This ~- .‘ou3d not be

practical and is not used .

Test Recruirements ter .~~TZ~S ~-1emories

Since it is the goal of this ei :fort  to develop ajt

acceL)Lance testing system ~acceptance testing i~ap T i ~~s

testing whethe r  the aevice can be cxpectcd to ~-cck) IL is

necessary to evaluate only certain parameters of the memory .

The basic requirements are to see if the device is f u l iy

operational and can be expected to operate ia a system

designed to allow e.ll parameters to fa l l  wi th in  the

manufac tu rer ’ s specifications. Based upon previou s work with

Lh~ NCR 2050 (functi.onally equivalent to the L :CR 2 0 5 1 )  (Ref

~O ) ,  it is necessary to per :~orm pattern sensitiv)- t-y tests to

datermine whether a device is to be accepted or rejected . In

addition , it is desirable to test the retention capabili ty.

Retention tests arc , however , very time consuminy and would

introduce a delay in putt ing the devices into service. Based

13
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on previous posit ive ret ent ion s tudy  r esu l t s  (Ref 1 0 ) ,  this

effort will not pursue the. de.velopr-ient of retention tests.

Simulat ion of data retained at t-ho end of a g i v e n  storage

time nay be achieved by writing t h e  data with too short a

wr i t e  time (i~of 10) . This capabil i ty wil l  he provided since

the wri te  end erase pulse ‘iiciths are under f u l l  software

control and may be ~:elec tcd by the system operator . The

system ~ii l I  he f lexible  and wil . n~ ccnedate  retention tests

with s imple Sc C t e i a r & ~ chanyos.

Pat te rn  sens iv ity  tests perform repeated write , read ,

ver i fy , and erase op erations us inu  one c~ sever a l well

def ined sequences. This method of testing verif ies  f u l l

operation of a l l  bits wi thin  the. me:~ory , and also tes ts all

address decoding and sensing icqic oicment s which are . an

integral  part of the integrated c i rcui t .

Due to -the u n i t e d  read/write cycle l i fe t ime and the

long write/erase times required , many test sequences which

are ef fec t ive  when tes t ing other read/write (r~z’~-~)

se:~ieonductior memories are impr ictical. They may take. too

much time to perform , or else they wil l  degrade the

performance o~ the device and ef fec t ive ly  “wear it out” .

There are four widely used pattern sens it iv i ty  tests which

collectively perform su f f i c i en t  testing with negli g ible

device degradation . These -:osts (referred to in the

literature as MARCH — wri te  and read/write forward and

14
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J u t  ( O t l t R ’ t .  1 0fl

‘k’he t e a L  sy s  Lt ’ tu  m us t 
~~~~~~~~ 

t o r m  e , i t r h t  cIe .~; i red ( o a t - -

~n it c a t . i t  i cally  once a t e a t  ti es t a - e u  St Loet  e.d . T I i c u ~ .t  q ivc ’

i t i t e . c u~i a t i o n oeuicc L ’ni . tuj  he i a i  l u t e  or ‘ as Cu ! o1 -
~ t e L  On

of ( - I to  dev i C ~ ’ wt~
1 er L a s t . .  ‘1 It ~~’ c ’L) ’, ’, ( P t ’ L O S t  a~’ a tern

coui i - ; L a  of a ‘~t l . t i 1 t c ’ : ~c - a s a r  ~~~a l ect t , i tS  - S : )~ t a t  t ’d

t ’cI t t l t ’ l l e l lt , ~i t t .1 Ct1 L F t t  ‘t 1 ioe ~, l i  I cli C O i i f l t~~~t S t ice.

mic ’jn oceaser ~\ - a L t ’Iu ~~~~ ‘ th e  t~N O~ 1c t ’iaO Vy (a ’  l ’ c . ’ t o a t  ~1 
~~~~~~ ‘~~‘

I . ‘i’ l te.  u t t t . a i t .i~ ’~’ 15 d . - ; o t u n ;e ~I ‘i i  ~. li . ip t  ~~i L V .  ~h t i  a

l~et Lor  t l e a c c t l ’ t Mu ’ ~; ‘ I o ’~ O tt  o t  I I t o  G1~~c ! c  u ’o c e a s - u  I. t~ct t

is to he n a t a l  ‘a t l t ~’ t a - t  ay~~ ta ’ .~~~\ t ; v t -  L i  OVc ’ t V  I_ cl .  L I h ell

u c- ; ’ u i t c a (  wh~ c I t  i i  u ’cr i b ~~s ~eve v.i t k i t s  i~h t t I i  \ . t - I  0 l U t  o c . c ~~ac t

to I O 5 t ~t ( h i ’  b . i a t t ’ lfl~ ~5, ’ i i V 0 0 O S t O I  a v a  ( - e u .  A V t ~~t t ’() t . ’ ’ - i i n ~i I

an a U d i t )  , t ; ~~ t~~. t ’ t u i N r I a c ’, and L i l t ’ I U L i 0 I ’ V O O c ’S S O V  I

are d o a c r i l - e d . Itoth h a t  ik ~ . i r e .  a t id  t L w e u e  .!~ ‘ r ~~p t .  t e n

t h u -i 1’ .u~, i a n u l c r o j ’r o c e . a a o u  a r e  inc Lu~t~a I .

u o r ( ’ j ’ l t ’o. ’S tn ) r ~~~ ~c I

e . \ . t : c t  Ii Lihi several  ~~-~u t i  Leli I c ’  t ’ b u t  b t t

I t o r(~1’ L a t o ( ’ t ; : ; _ ) t ~~
; ( s r t . ’ti ~is tl i ’ I t i l t ’ I ~~~~~ t t i t ’ j  I .ie ~~~~ ,

t h e  t l ( ’ t. oI c i a  !-i6~~O O )  , t i t e r s  i n a t  ia t t ’L~ ou ~e.t.a , I lie u u ’ t r o i t i - t o c i L

of I/O , t h t . a  a u It i , - e , t ’ dove l L ’ ~’iiIc ’e.L a \ ’ - ; t  ~~~~ e e . t a ’ . , t ht i ’

Motorola ~l680() was so lee t t ’c L • Dun Lo l i c t ’ h u t  ~ii er c o at  of

i a r ; e t .  (more I t a c i t  e t  ~j i i t  h i  ( a )  lit t O  roe’ a a’ 0 a , otd y e

I
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C 
- hi t macit Ln ~~a wet  t’ coi n ; i t i t  V t  ‘d. ~ ny of t i L t ’ 1111 C t’C 1’i’¼) e. t ’S t ;or t ;

i d e i ’e t t  cou ld  h iv e  I ’t i ’I t u sed C c ) !  ( b i t ’ Lt ’a~ syst em .rs t h ieve

i t ;  very I u . t L i t ’ d u  t i e s e ute t ’ i n I I t o i i :  c aj i a h i  I L I  ie a  ( t ’:~coj it

ain_ ’e t l )  . One Vc ’. i t ; ’ti for  I tie. Sc ’ lec t ion of t tie M6800 is I hat

I/O is Lre .u t t ’d  ;r . ’; a 1 e.td or ~~t c ~~ ’t ’ o p e t et  t e n  to ~ n~cunory 4

address.  Since t hi t ’ j ’ u  i o a r ’y C u j i c t i c c i t  of t h e .  rt ’ o. ’t ’~~ i c ’ i - i ll

nIl  L _ . i e  i / O  oj ’ ’r ~~t t : ion ~ v e r y  i t ’ e . t 1u o u -ct  l y ,  L i i i  a u t ;  . t l i  i l j * ) l ’ t d n L

L e a  tet r t ’ . A I so , a t ’ i - c i : ; a— ’~t asemb I or ’  • ‘uid a C~;u 1~ t (or  I oc ’ the

whi ch e: - t a  Lea  o u t  t he  CCC i t ( ~ft 0 Cot ‘~ ‘ I I I  51 t :y a  t -~ Sib

eve i labi e t t t  t h e .  ~ i t ’  Force 3’ i t s  t - I L u  to ot Te. - l t n e .  1 o.~y (At’  I ‘ I - )

~~e. t h e r e  u s  ~c~t p 1 t ’ s o l t i ’e i ’ do v o l t ’ 1 - ~~~t i t ~ c a i ~ - l I t i  1 i t  v . S t)r ’eVet’ ,

there are sevt ’t.i L p o u se n t ;  i n  in ’  A i r  i- ’e l e e  .-\v ~o t i r  os

T .eho ra tory who h i t y t ’  c. it  i Cs u . u h l  e OX I  ~~~~ 011CC (I S  l t t . J  t i n ’  - l i t

i-n- a t euti . ‘rhus -i 1 t i C . )  1 at ‘U r o e  ) I ‘ lle.\\’ 1 ed , ‘  ‘t ’r t ’ a ’  j_ a

ave r I ab i.e t L l t t ’ ‘ ‘v e i u t  U i f  t I cu l  t. t e a  i r e  ~‘ui ‘o ui i  t o u ’ t a t  w~ I h the

S’/ S l ent dove.  l Oj ) 1  Ion I:

Re I! tt ’r t han  Ie~~u q n and Cab u’ icate ti Ill  I t ’ r t t ( i  i CCc ’S t ot :

s y at e i t f rom a c i a t  cii , It. s’ ’’ ’nhi ; V e r y  prac t ica l  t o  ~-t i u t ~c l i . u a e  ~t

k i t  S I  11Cc’ t : l t e r t ’ d t ’  i0\’~ ’ia t I t ile  :~ t t 0 1iS I _ V t ’ mi( ’rO~~t ’ oCc ’- ; S O t ’  J5 t t . s

avetlabit ’ ( t : h i e i . ’ wor e  i to r u c ’ a t ; s ~~~1 lt i ‘U 1ic’ . u r ’ ~t i ;  .tva r l a b  ~ c ’ Eor

the ~1(t -i~0 O) . T htt ’ i i.’0i’0 I i  o k i t  S • t V . i i l a l ) l c ’ ~. t L  t h e  t mo ( lie

nucr op1~~’~) c ’asor w~e; so I t ’o ( e d )  wlci ‘ I t  ISat’ L i l t ’ ~ t t C00 . Out ’ k i t ,

d I s t r  11)111 oiL by i\I la i r  C t u t p u  ( e r ~ (‘~‘ui t e . u a i i ;  v ery  ‘,- ‘ca l l

cOnst i -u ~~t o t t  but  is r ather  ~flia I I (~ ihya i ~~~~ i l y )  . ii i nco (:lie

Al  t a t  u - k-i t is very cou~t p.re . ( , i t  is not i .ell  s i t i  led for aditinq

It . - 
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several I/O pot ’ t t ; . The sys t ent px’oducod by ~L nu ( hwe.st

Technical Products Ci’ rpo t i t  ion (~ W’l’PC) I a ideally an i I oil for

is app i i~ ation (it hat ;  space fo r  several i/O I c o r t s

provided wit I ch can be u t Ot  I to COfl I IOC t to the memory tu tU ’ ’ u

t e s t )  . Since the.  SWTPC sy t e r n  was so I ec Led , d~ . ’ I a ii oil

desc r ip t i ons  of the 5~~rj Ip(~ k .i Lu fo l low (see (‘h . tp te l ’  I . for

k]. t SO I t ’C t ioui jitCorme I - ion )

yJ~*ir i1).L1~~~~

Rather than use. a I-el ‘L~ pi’ or awl Icli ~atttc1 on the  f r o n t

of a processor , a \- ‘ iileo t e r m i n a l  was so i . ~c I- oil t o  ito t i t t o d  by

the o~ti’rator to ( - i o L u a u u i ~ r a te  Wi th Lhte ayi ; t e r n  (t o  ~ I ye

commands end read do L a )  . ~\ w i  ~L’ v a :  1 , 1  y o:I V i d e o  L~ ~~~~~~~~~~~~~ i t ;

is available w i t h  a tin it ! lude o C opt  t o u t ;  . The ~~Yi’CC C’i’~ 102 14

video t e u n i n _ i L  we’; a e t e ot  oil b t i o , t t i ;e. i t  Is av-a~ 1~~bla -i at ito

cost (the  Avioni  c t;  Lab had p t ’ t ’~ ’ iousiy purchased i t )  and is

Corupatdl)ie with the other k i La tiurchased lot’ the sys tei ~; . •\ny

type of terntin~il us tug  A SCII  encod in q ,  e~”i ui •1 t o  I t ’ yt ’e , IS

‘ acceptable .  However , the SWTPC tc rn i ina  1 provides i i t ’c o i i n c J  of

user selectable control chai’ee.ters that nia.~’ U’’ u~ t ’c1 to

control the auil o ca~ setto h i l t  t i ’  1~~ct ’ ( de i ;e r i  bed later in

this chapter) which in t uu’u t  wi l l  cou i lro l  t i t . ’ u~io t.or Of the

Lept-’ recorder . Th i a wil 1 cj Lye the sys t .tim an an tai :tiet~ ic

start/stop feature For c. i t ; a t i  I Le tape ()~‘i0’.lt 1 10115 . 7~lt ’ht ot i c j h

this is not a t- u~autd i tory Ceetnire for ~3~~5 ten operation , it

does mak e ~ystcni operatwn s r .i np 1t’r .

- 
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The CT— i 024 te.ri~uinai Was doSi .jn ( :d for a 16 line by 32

d i e  ractcr/ l ine  page wi lb two p.igea of mortory • ~ it order to

nt~ ke th e  display of data more ntectningtul , several

;~uodlficat  ions were incorporated iii to the t.e~ i i i na l  (th ose

modi6ic~t t ion s  are not:  neceus:iry ii’ the Ct—6 ~ t e rmina l  iS

purcha~sed ) . Since ~~2 char:aci:t~ ’s pt ’L ’ L i u t s  w 1.11 noI disp lay a

40 charactor record block ( t -1FKb ug puneb i .ormat )  , the sci:oon

format bat ; been changed to a si rig le page. wi 1h  16 h u e s  of 61$ -

ch aracbe~’s each ‘.~i th autc:;tat ic  sc i :el l~tnq ( c~ ch line is

printed at the bott . om o~ the P~lt JC .i ntl a l i t r e  i~ eed causes t h e

entire page to be shi I t :cU up ott o 1 the — a i~ u! 1ev to I - l i e .

operation of a I-y~~ew;’i ter ) .

Audio C:raa~ LLe In Lei lace

rh o r :e are several ne t :I -coda used ~o’: aevlng pro ;r auitu ; for

- huicrocotl iputer s (such as the. floppy dlt ;c , il i g i tal c e a s e  I: Los

paper tape , and ~ut1 ~ O (~~~~~t~ t :  I L O S )  . S i rice one of the 1hi j  or

guidelines of this e f f o r t  is t:het t h e  system is to be low

cosL , and there is no requiu’eh-tettt for 1~’rgc amounts of. data

stora ge/re trieval , the audio  caSSette  stor .l’ie system was

selected because it is the L; ) i c a l p OSt  i-c o  th ud COX i~~i ( tO1’eiI and i t

wi l l  work for  thi s app l i cat io n .  The audio eassetne in ter face

j~rov t c1es a very in~ xpensi ye  m e t h o d  of i:av.inq programs for

relo ading into tao system al ( : t - i~~ power is app]. icil the rtei: t

time . It is conn ected bet Ween the processor and t h e  video

terminal in a series faulti er . Commend si gne  I a fr om the

- 
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terminal to the int erf ace allow auton ’at ic star t/s top

oper ation of the tape recorder through the motor control

jack on the tape recorder.

The SWTPC AC—30 cassette interface was selected because

of its low price ($69.95) and ease of inte gr ation in to the

over all sys tem design ( i t  conn ects in se ries betwe en the

video terminal and the processor and no new software is

required for its use). It is also the only kit currently

available which will connect directly to an N6 800 system.

Other cassette interface kits such as the Tarbeli CasseL te

In terface (Tar bell Electroni cs of Carson , C a l i f orn i a)  p lug

into the 5— 100 buss s t ructure  of the 8080 processor and are

therefore not useab le with the ~ G80O . This interface accev’ts

data in RS—232 format front cii thor the t erminal  (1~ cai n e~1e)

or the mi croprocessor (ron-tote mode) ,  depending upon the

setting of the local/.ucmot c swi tch on the cas sette in terface

front panel. This data is then converted into audio signals

of 1200 or 2400 H z for ones and zeros and is output to the

microphone i nput of a single track audio cassette  tape

recorder. Recovery of Information takes place in exactly the

reverse order w~.thi the output coning from the headphone jack

of the recorder. The data rate is 300 baud . The 16X clock

signals (41)00 Hz) for the termi.nal and the processor I/O

port are routed through the interface. This allows the

interface to use a self-clocking technique to j eneua t C  the

21
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clock signals while reading a cassette tape , t i tus enabling

correct data re covery for a wide range of tape speed

variat ion (This is a very inhh iort ant  foatu re  when util i~i i.ng

inexpensive audio recorders since they have very poor motor

speed controls) .
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• - MicroprocessOr—__________

Th~ microprocessor description is divi.dcd into the

following three areas: hardware , memory map , and operating

system (~hlKbug )

t Hardware

Th e S~ TPC M1’—A microprocessor kit includes the

following items: powe r supply , chass is , system

interconnecting circui t  hoard (called mother  hoard )

processor circui t  board (which con tains the microproccsscr

and associated circuitry such as the clock , mon.i.tor liO~I,

etc.) , one four kbyte R\~I memory board , and the control

in ter f ace  board (which connects to a serial device through

an f lS —232 or 20 ma cu r ren t  le a p )  . Addit  h anoi h i t s  purchased

include three four kby te i~\?1 memory boards , three paral le l

interface cards , one ser ia l .  in te r face  card , and one EPI’~OM

U card (The model R B—6 8— 8 EPROM card is manufactured by

Shi f t ing  Sands Ilicrocomputer Products Corp. of Fairborn ,

Ohio and is plu g—in compatab le Wi Lb the SWTPC system) . The

1-~PRO?1 board allows all developed programs to lao olacod in

electr ical ly  programmable read only memories (Th~ 270~~’ s) so

1:hiat the program will not have to be re—entered each Limo it

is to be used .

The complete microprocessor (with space for six memory

boards nncL ei ght in terface  cards ) is housed in an attractive

23
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black anodized aluminum case which measures 1 5 1/2 in long

by 15 1/2 in wide by 7 in 1-ti ght .  The only controls provided

are two push—bu t t ox i  switches for power and reset (Ref 6).

All other functions are controlled through communications

with the CRT terminal.

of fllcrol)rocessor

The St-ITPC M6 800 microcomputer is desigxtod us ing an

opercit:i .ng system called MIKbug (MIKbug is a registered

trademark) which was written by Motorola . Since thi ’

operat ing systent  must  be used to run the test system , it is

described in detail later in this chaptei - . The ~tKbug

- - 

monitor occup ies  51 7 bytes of memory , but  due to only

partial address decoding , (to save hardware costs) it

responds to the upper e ight  kbyte  block of memory ( $h 0 0 0  to

$FFFF) (the “$“  p re f ix  means that  the number to which it is

attached is a hexadecima l number)  repeating itself every 512

bytes (See Fig 3—2). This monitor uses 1~~8 bytes of scra tch

pad RAM located at $A000 to $AO7F. it uses four aadresses

($8004—$8007) for the I/O to the con-Lroi terminal.

The microprocessor kit is provid~d with conucc Lions and

decoding for sdven additional I/O ports so that I/O occupies

memory addresses $8000—$CO1F. Again , clue to p a rt ia l  address

decoding , the I/O ports respond to multiple addresses ——
alternate 32 address blocks from $8000 to ~)FFF (i.e..

repeats ~8000—$8C1F , $8040—$ :05r, ~13080—$ 809F , c~tc). The
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scratch pad RAM rolls over throughout ~7~0O0 to ~BFFF. The

memory map of the system is shown in Fig 3—2.

Thi s con f i gur ation allows the user to in stall a

continuous run of memory from $0000 to $7FFF (32 kbytes). In

addition , eight kbytes are available to the user from $C000

to $DFFF. Additional memory areas may be used but

modifications to the existing circuit boards would be

necessary to more fu l ly  decode the addresses of the system .

Operati .nci Sys tem (r-IIk ~bug)

I’t IKhug is the name of a monitor program written by

Motorola for the M68 00 microprocessor . It is designed to use

a serial communication loop with a terntinai  such as a C~T or

g a teletype. The da ta transfer actually occurs through a

parallel interface adapter (PIA ) (Ref 6) but the sof ~c~;are

converts the data to a serial mode using only one input and

one output line of the PIA. MIl<bug (Ref 1) allows the user

to perform one of five functions with a single character

input command from the keyboard . These commands and their

functions are as follows:

( 1 )  R Examine the contents of the stack. This ac tually

examinas the ‘contents of seven memory locations ($A0’~3 to

$A 04 9)  wc [ch will be loaded into the condition code register

(CC), the A accumulator (ACCA), the B accumulator (ACCB),

the index register (X) , and the program counter (PC)

respectively when the go to user program command is giveti.

26 
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(2) G Go to user ’s program . This command causes a

re turn front interrupt  ins t ruc t ion  to be executed . This loads

the registers from the stack and begins execution at the

address which was loaded into the program counter ( f rom

~A048 and $A049) .

(3)  M Memory examine or change funct ion . Thi s allows

the user to examine any memory location and change i ts

contents (if that location is RAM) . This routine returns a

question ruark if the contents of the desircd niemo~ y location

did not change to the desired data .

( 14)  P Print/Punc:rt contents of memory func t ion .  This

outputs data between the beginning address (stored in -

$A002/ 3 ) and the ending address (stored in $A00L~/5) with the

apni:o 1~.r iate chccksums and addres3ing informa Lion for  use

when re—loading the data using the memory loader function.

(5) L i-~emory loader function. This allows the user tO

load tapes which were saved using the print/punch function .

Several routines in the MIKbug monitor are wri t ten  as

subroutines and may be called by the user ’s program . The

most f r equen tly used of these suhrou~~ines are INEEE ( inpu t

one ASCII character from the control  port and put it in the

A accumulator) and OUTEEF (output the character contained in

the A accumu].ator to the control port). These subroutines

start  at $E1AC and $E1D1 respectively . Several mor3ificat~ons

were made to these subroutines to allow the routi.ng of all

27
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OULrUL to ports other than ~ ! t ~ ’ control port .  These

~~IL~iL) L’~t L i ( 1 n ; ui:e c -,e sc I 1 H cha 1- 1 er V. ~e~~tn~u~~e I Ht ~~~~

are 
~ 

I O V  i~ L~ tJ ifl ~~~‘~‘n~1 ix A.

~~~~ . U i ~t U \ ’  -

Th~~ M6 80 fl  11 .i ~~‘ e~l~ se~ c c t ed pt . ‘t a r  I lv i ’~’~-ausc

of I ( -  tr i~ t 1 , ~e~tt - I’ttT 11 ,-C l  . e:ilc’r’’ , it s  l~- ’.-; e\)s t., aa~ t h e

availaL’iijty of a S~) .  ~- - ‘~~re dI~ \ e l e p c n t  s~ st  e”i . An o \ e :’~i tni

~ t: the  bus i.c ~~~ crc- ; ~~~ L~ L I  -
~~ ‘ h~ i~~~~ ~,V5 C t  ~~~ ch I uc 1ud~~s a v idco

t r ~u ILt i , a cas set : c i ’i t  ~ lace , t ad a ic roj ’r~ - ‘sse r has

be~ ti j’ i: cnt~-d t~ ac~ ua~ n M~c r~- ~d~’: ~-: ~th ~ he rticre~: i-~: ~ or

t eL’~ ~- -h I cii is used to c~’a ~:FO I i~~ ’ U. n~ C’ L~ I I ’  ~‘I( L~ .‘ ~ 5 1

~t” i- ’  r~~ de r is ‘~~~ :rcd to de Ic t - - ’nces 5 ‘nd 7 L-:~ ;serc

dt ’ t a ilcd  in t .orn ’at ion ci) i~ C -c’ F i nq t h e  ~~.- ~~O n
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‘P]~~~5 Chapte r  wil l  ~t t ~~ c~r i I t ~ the & - v e t o p m t ’ i i l - . of an

i, n t - ’i - Lice that: is rI ’qt i  i 1’ (-’ct to c ‘n i i ec  t the m).c3:OCOutj )U l e r  to

t h t ’ memory Un der  LI ‘~ t-. (NUT) . Tit i . s lii i ~~ Lice 11111:3 I-. a 1 low I~or

c i .  Ll ie r ~~~~~~~~ or i t  l w  i re  ctinti:c’ t ( I I . t l i t ’  & i. f l h i  i i (j  glials

for ~‘r iLe , e r n s t ’ , u n i t  rI~a (t  e ) t ’i .’nt  i o ns . “lte N CI~ 2O~ 1 ha~ 16

(Ia La 1 li-ten ( t i . ~ect i~( 1j ~~1 ~ ) 5 nll~I ro: ii i ies  ( inp i t  ~ ) , 30(1 ~

~i t h ’ (011LrC. 1. 1. i i i c n  ( l l } I 1 I  t : n )  . ~i’1iI ’ i I t :i ’i ’j tc t ’ niust t Ii ‘ii a I ow

lot bidL I - t otional data f I c ~-i on 1 (~ (m t d  I in e s  and

un d i  i cet: tonal t1 , .~Lit 1 . 1 o\~’ ( Out th e iO - enSuI ’ Lu he t’lU’~’) on

S addi t’ss 1 i ion ~ued 1 nod e cent: i , i  I. i nen . In add i . t . i  en , two

power supply vu ! .  t - .~ 1 i ; d ’n a r c uI : I j u . l  ‘ed (+Sv and — 29v)  -
. A

~‘ai :aI1e .L i nL~’r Lice card ~; r ctlu i r I ’ I !  l~ u I~~ O I l L i t ’ ¼~~t i~ m to the

ILI’ )
~~(I~~\ line ~r i n L e r , mid a ser ial  i i t t : e r fu c c  card is

re ~i~t i i’ ei_ ! to c~t 1 the sy~; tent t o  t i l l ’ ~~~ 
1 ~ 1 OA c i  I CU I a Lor

i’n r . i  l i t ’ I 1/ 0 Pr~~ I ( r in1~ 1 qt i i ’ a t: i On

The ~)d i ~~i ~1 i’~~ i n t e r . Lice ( i rd in  Wil t ’ i t  ~t 1 O  tl ~ O 1 n I ’d ( ui:

~w ’’rc ~ t:~jl3OO wi croprec ’;nti i.- sy; I - I ’ m i :i . I. ] iio~: p-rov i  do the

~It ’ ;  j i t ’ ll h i d t i ’ ’c 1 u onal  d~i t 1t f loW (
~~i 1) a , ) i .  I l v  j~~) i’ he ~~

t o ’~t ‘ ‘1- wi th oUt sol’it’ itiot i i . l i c a  Li - ~i i r ;  . The ~~C t 3 20  p a i a  ~ Id

i nt ‘r ~1 , L C I ’ adap t ci: (PTA) nt:cqr. ~t- c1i ci r cu i t  I w ;t -d on the

-
~ para  it ci int er! 3ct ’ card . it  ceu u i ’ ; to; eu two ei hht bi t.

(—
I
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on the 13 side and- leave the A side buffers operational ,

hea lers are innt:al led in the I • C. socket:; with j umper s

so ldered between the appropriate  piu s to allow direct

conuiocliOns t roni the P T A  13 side to the I/O conuioct or on t h e

~nteufacc card . Sin ce one I . C. on each card provided

buf for ing f or data 1 inos on both the A and 13 s tiles  of the

PTA , it was necessary to in st a  Li an I .C. sookot on the

header w ith  connections made only to the pins whi le ll connect

the b u f f e r s  to the A 51(10 of tiic 1’ ii\ (doe 1”ij t~ — 1) •

- 

4 these chant~c:; , the two parallel ports prov ida the lo t  l o w L u g

I/O capabl i lty :

1 6 bid iroc t : m  ena ~1 TTL co ipatabLe data li nes

j  1 Ii bu f f e r ed  outpu t  d 5u t : a  l ines

I’- -
‘ 

- - 2 biuf  Cored o ut pu t  c~~ri u i :e] 1. m e n

2 u n b u f fer ed  i tt pu t  c~ i-mt :iol line::

Interface to NCR 2051

~;inco all I/O si jna l s  to  the NCR 205 1 arc TTJJ

computable , an j it ter  lace is r eL a t ive  Ly simple t o  d e , s i q n

Only one pin out the NC R :~O51 ha: a non—st 1 u i dar d  TT~. v o l  t - a q i ’

ro(~u i  remont ~ f lul  that: is; the ~‘ ‘9v [)OWO 1 napp] .y .  ‘i’Ll s I

WI LI accept any po~-.t ’ i wh i ch  has a VOl t . t q t ’ of —2’)v p lus  or

minus  1 . 5v. T h e  curront drain from t:1 I: ; su~ p I ‘I’ 1 s most

dcuitaiuiinq when the nu~’u i e ry  is being read . The po’~.;e c supply

must  be Capal) Ic  of su~-mply ing a m a x im u m  of 1 ~ ma (i~ef 9) . To

meet t i t i s  re~1II i t - r i l e nt :  , a dual p ‘r supp l y  (+ i Sv and - 1 Sv )
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h eader to Ik~nder to
Replace IC~ 3 Replace IOU-I

~I1
Before installing an IC socket on the header
for ICU-I , cut p inS  # 11 , 12 , 13, £ 14 of ~ the
SO C rsOt no that  there is no contact between
those p in s eu the IC and the cor 1 ’:;~~u id i ru j
p-~ ns on the header. There is no ~.c -ke t on
the ho m ier which replaecs IC#3

Instal l  jumper s Ji  through J8 on (die headors.

• It—i • fl ’5uiers for  MP—L P a ra l le l  In t e r f ace  Cards
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t is selected . Two forward conducting diodes ( i N  11004) are

added to the output of the stacked powe r supplies (—3 0v )  to

reduce the output  voltage to 2 8 .8v  (See Fig 4 - 2 ) .  A 28v

power pak wou ld have met thi s re quiremen t mor e easily;

however , it was not In stock~ and the lead time was too long

to allc~ w ait i n g  for this p a rt i c u l a r  supply. The 30 volt

power pak (dual 15v) was i.n stock so it was used. The f ive

volt power 
- requirement in supplied by a three te rminal

voltage i oquiat :or (Lii ~ L~0 — T )  . The inpu I-’. voltage of Oi.gL lt

volts is snpplied to the voltage r e ju i a tor  by the

unregulated eight volt ~~~~~ supply in the m~ crop-roccssor

(Ref 6)

Since the system being developed is to be used for

laboratory Las Ling of the momor i~~; as -‘,-;cl 1 as perforr.iing

acceptance tests , it is desirable to be able to control. t h e

timing param eters and to prov ide a means of chang ing these

parameters either with hardware (swit ches e tc .)  or w i t h

sof twa re .  The f i nest  resolut ion of t in d ng  wh i ch may be

obtained wi th sof tware  changes is equivalent  to the lcn9th

of t ine required to execute the shortest in s t ruc tien .  For

the ~1G8O0 the shortest ins t ruc tion  requires two mach i no

cy. 1.e~ to e:cocute. With  the system clock of the SWTPC

proco-isor running at 098 .5  kh~ (norm al frequency ) ,  this

corresponds to 1 • i i  3 ~i s/cycle or 2 • 226 ~u s as th e f in est

resolution possiblc . Unfo r tun a t e ly  the sh ortest  time 

—-—-— --- - - ----—— - - -~~~~~~~ - -—-- - — —--~~~~ - -- ~~~ - -
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required to change the state of one output data line

(qenerate a pulse) is the time required for tha shortest

instruction which will change the state of the output (a

store accumulator instruction) to be executed (or five

machine cycles). (The stere accumulator direct instruct icn

is executed in 4 cycles but cannDt be u-sod since the address

of the I/O ports is not in the lowe r 256 bytes of memory).

This corresponds to a minimum software I/O pulse t i m e  of

3 . 5 6 5  -‘s.

While the proce3sor minimum I/O pulse time and

resolution time combination is ace Dptable for SOHiC t iming

requirements such as erase ‘and write tir~es (11 0 to 230 ms)

it is not wi thin  the range of tLr ,ics needed for :-~uch thincls

as the clock signal (2 to 20 ps )  . Sir.co sur tworc  c~ nL rol of

the erase arid wri te  times is possible using only the

microprocessor harduare , it is acco~~~l:.shcd with software

and is described in chapter V. Two a l ternatives  (to

software) were considered ~~~ control of signals with Limes

too short to be directly iriplemented with software: (1)

hardware tirlins- circuits such ar~ one shot r~u i t ~ viL’~-ators and

(2) hardware timing circuits which arc so~ twaro control led

such as prc:~ettable countdown timers. Due to the laboratory

testinc1 use of this system , the hardware c~.rcuit was

selcctec’~ since it gives greater resolution (cont inuou s vs.

incremental) . If the syster .i in to be used exclu:-lvely for

- 4 ’ 35 
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acceptance testing, the lat ter  of the two methods is

recommended si nce it provides for f u l l  so f tware  control  over

all timing circuits .

The address lines as well as the mode contro l line s are

all input—only lines to the MNOS memory and therefore  are

str a igh t—forward  to in te r face  wi th  the PIA. In fact, the

U 

buffered outputs of the parallel interlace cards are

connected directly to the test socket for the memory under

test (r~UT) . This includes all address and mode control lines

except for  the mode control l ine Cl (Sec Fig 11—3) , where a

TTL inver tor  is placed between the b u f f e r  and the Ci pin of

the ULIT test socket. This inverter is used so that a ~cro

written into the PtA data register bit associated with Cl

4 j -. p laces  the I L-ide logic in a i- ’~~~J node  rather  than a wri te

iT mode.

It is desirable from a labaratory testing point of view

to be able to sample the data output lines of the NCR 2051

at some specified time relative to the road—clock pulse in

order to evaluate the access time of the memory . This

capability is provided by latches (See Fig 4—3) which are

connected to the data l:nes of the MUT test socket and are

con trolled by one of the outpu t h ue s f rom the para llel

ports. The limi ting factor with  this met- hod of control is

also the processor speed . The shortest access time which may

be tested using this method is 5.56 ps with a 2 .22 ~,s

36
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resolution. If greater resolution or shorter test times are

requii-ed , then the same choice as tha t  made ~ur the read

clock timing circuit must be made. However , since .in Ihe

applications for this device the ~~‘~ od is not a criticai

factor, the resolution thus obtained is sat i s f ac t o r y  because

we are not interested in evaluating the actual access Limo .

We are instead only concerned wi th  whether  the access time

Ls less than or e~uui to 5.56 ~~~

Since Lhe PI~\ ouL puts  have i~e ict1.i~~eiy low LiI: LV C

capabili ty and Nie UUT is connected to the PIA wi th  a four

~uo t ribbon cab le , it is aecossary to provide b ut fer in g

be tween the PIA and t h e  NUT . This b u t f e L  ing ~-~- t . 1.1 cn.aire that

su ff i c i e n t  drive is provided to the NUT for ~ropcr

c cca Lion.  ~u i order to p:~~~’ ~de bu FEet :  i~ q between ~ iie PIA and

the NUT in both directions and to inll) lemenL the above

mentioned lat c h i n g  ei.rcuits , the c i rcu i t  LIes iqa shown in l’itj

11— 4 is desiqncd to interface a ll  s ixteen d a t - a  lines from the

P [A to the [UT . The status of the tr i- s t. a te  bu I 6ers as well

as the latches is cont ro lled  by TTL inver t e rq  wh ich are

driven by the bul b red Cu L~’U 1-s f r o~ tl~~ - ‘IA . tl he iuvcrt-~-rs

are used so that  the lines arc act ive \-~‘he -L Cites are wr ii:t ea

into the PT A data rc.;istcr bit which corre~.pouds to the line

being considered .

An in ter face  which  connects the i ; 1icr~ cel-l}’uter  to the

~CU 2051 has been descr ibed . The in L e u ~ ace ulL iudeS TTh

30
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bu~ 6ers , inver t  ers , latches , a one shot n~u Itivibrator , and

t w e  power supp Lies  (-E~ v rnd ~ 28 . ~v ) . ~eftware control ia;

provided for eiase and wr i  to pu l se  w i dt h s  ~di ii~ har dwar c

control  is provided For the read— clock pulse .

T ine P r i  ~er Port

In e-~ d ir  to provide the cap:tbi i i t~’’ t o  route  data Out put

to a line L~~ 
i nt :cr , an in t e~: Face must be U i x ~ed and

COOS true  Led wh [oh ~-i ~ 11 coattec t the test sys ~ em to the l i u t ~
p r in t e r . Th is is acc ’o~’1-L) ~shed by ut i  [L z i n J  ~ p e r ali e l

~n Ler face  card provided b’ ‘ CC. The but  fe  ‘ed On L~~ut. side

seven hi t s  f rom ide A) of ne pa ; -a lie I i n ter f a ce  car~.i can

10 connected U ~c thy to the seven u t  t :\-~~d 11. inpUt  ci the

4 
lIP 9 -~$ 66.\ ii .nc pr In ter 1hz. ugh the ccnne-etoi: ~ ro’: u.led en the

b ack of the r io ter (flof 3 )  . Ha ht ~h~~-. i n  is previded t i s :cuqi i

con ~r l  lines CA1 and CA2 which  may a l so  be connected

U i. coetly from the processor inter face c.t~-d to the line

printer connector (sec Pig 14_ 5) The Flacj i ut p u t  f rou  t .he

1 inC printer is an open collector device \Uu ch requi res  a

pu l_ —u p j:cs is tor . This resi t-tor may be added to i-he pare 1 lel

in t~e: f ace card and is to be Ins t:e 1 led ~‘e tw~ c n. the + Sv pec -: er

supp ly and th e CAl input f rom ~:hie ed~!e eo t;n ect o~ r n  the

card . IF the clear line f !- unh t h e  I l i e’  p1: t i L e r  (c3- ’tr s

pr inte r  Lin e  b u ffe r ) is to he used care mu st  L-e akc ’n 1:0

shield it from the other lines to pt-event  cross talk .

Ci-osS talk can Cause intcrrüi:teut t : c l e er in g  of the pr in te r

It o 
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NOTE t
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Fig. 11—5 . Schematic I)iagraitt of Line P r in t e r  Inter face
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line but For and loss o~ in t o r m a tj o i i  to l e  h)r i~1Le~l . It . sh iculd
(p

be in -ted thta L the itit a wh ichi  is ~‘ritL& ’ti I i t t  o t in ’  I ’ i  -\ ( l i l a

t e~ i ;ter .1 Or the lu te print er o ut pu t :  I tU ~~~t .  i )) ’ ou 1 ’i  ei~n ’t t1ed

1 lo ,‘e ~ I I s wi -i I t en  s i nc e  the p r i nt -c t  - use~. I over I: e 1  log ~c

at.  It s  i n p u ts .

U~~~~
- 1 .~~ 1. /CI Po t ~’ I

i’hi~’ set-i a 1 t: ,’o .o: t is t o  be used i i i  two i f  L e t  cut:

(nit p t i t  COfl~ . i - j u t - : I i o n s (~;eo 1 11 Lt_ c ;  ) . .h i t : I ter • t  t~~ it ’ t y p t -  us i i t j

a 20 ria out r e n i :  oup a t  110 l’aud or t h e  L I P ~~~20i~ ee l  c u L i t o r

sys I cm us i n  an R~ — 23 2  t i L e !  I i e ~ i t  I 20 0 b - :uU may he

COnnt ’( ’ L O 1 Lu the sen t ? p er! . ( hse F r )  . Tb- - c ’i ì i ì~ ’ct : ’ O t t  to 1110

-e  I c i i  -i t -u i :  sys t i t  Ia ; • e U i t h t i  _ i t h :i u i i i  i l i t  _‘r a ’e  ( H P

i~cde1 11 2 05d ) which i S  t Ct \ -  tc ed by he’. i t  Lt P n k - rd . ‘l’his

ca t  U plugs Ln l o  0~~_ ci t h e  s~ n I -u i  a r ty  1 i n c  bust  I o 1-s in

lU-ic I L U ~ Oth2Cb \  C ) U  Li ’ u I~ her -: tu I ! ~t i t-i U t t ’L j ’.t V’ I r u!tIi! .ible foi.’ 110 to

120) baud c dc1~at- ion wi th 1 cu : 2 1 ) 1) b it s .  Por t h i s

a i pi e . it i n n , pere  l ion at 1200 h~~ I I U  w i t h  2 s t o p  bi. L s wi l l  be

selected for  t epid data  Li’ iui1 ~~~0J.’ and 
~~
‘‘-° ‘~~lIiiu1 i t lg

coIuI)at 1l).L lily w [Ui the 2 bi e ojt i- ttion cC lie lit he ~~~~~ ( the

serial port will I I w a y t  P t ’  p t -o q t . enhlIhY I For 2 ~~I op b i t

100)

~1i(~r ) : ;’ I ) (
~t ’s ;( r ’ R o i i t l  II d i i~~~ t (  L O l l

I n e rU t ‘i - te Ii i  th e  s i)  t w o  t :e cliancj es to I I te MIPbuq IUi ) 11J.  b r

p rogram whi el-i is prov t. d tU i t  Fec t o  t y  pr o(jrantrnc ) 1 I- ’  ~~ I (S e e

42
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System Monitor Cliap t .cr V. ) , it is necessary to change th e

circuit Loam - u which contains the I~O~-I ~;o tha t it. will 000epI:

en EPRO 1~-I which can be programiacd w i Ut t h e  n-to- i ii te d vcrs~on

of ~--iIKLug . To accompi~~sh t h s , a c i rcu i t  board was

febr i ca  L U  which cont :atns a socket for  a TM5 27 )0 fll~~i~0~- t , an

~;N 71120, and a ~‘.ener diode to t egu l - ~t:e the ‘—5v required by

the 2 7 0 8 .  Some re t ;  is tons and capac i t o rs  were aLso  i ! t r i L L ! cU

on the board . A header was ins tailed so that  the resu lt :  i i i ç j

assembled C iL - c i  i t  board could I to  p i uj y e d  into the ox i t .

socket for  the MIi<buq RO!i. TLi c c o n Uuc tor  on the proc~- :rO r

board rius I be cut and a j dt ;per i~its t. i t  led 1-j O th a t  addi- ess

l ine A9 runs  to pin 15 on Llio r1ihuu~ U0~ 1 socket. ~l his

add itienal address l ine  is  r trju i r ed  s i x - i c e  the 2 7 0 0  occ ipios

1 O2~ bytes of im:u~ory sn~t u :  ~‘iii Ic ti~ U PLn 1 occupies on i y 5 I 2

b~’ Los • Two j umpers must  a.! so be i t - i s  La]  led f ron t  t h e  f - i  2 v end

1 2v pins on the processor  P( - i i :1 ed ge C000t tc  t ur  to the nec

circuit .  hoard wh~~ cii is ~n~qeU i n t o  the  ~-l [i i — ug ROM s~~~e l-:t t

(S e e  Fig I t — 7 )

Th~ hai~~~ a re desi gn ~or c onn e c t i o n  ot the

microprocessor s~-s tori to th e  iL~i’ hi to  been d i r  ‘nosed . ‘he

~oJifica~ ions to U’to HU’I t C  parai .lol into~ f~tcc -~:rds w~ i oh

a re neceso try for their use to d r  iv ’ t hi t ’ t i t e r  face are

described in de t a i l .  The ~.x i t e i - J  ace ii. t ;e 1.f , a lo n g wit:h t~~~ .i i ig

considera I L00t3 , iS diseas ed . A line Pri~~ t~ur to

14 11
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microprocessor inter face , as well as a calculator

systeni/telelype to microprocest or i nt e r fac e , have also been

described .

46 
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V. SYSTEM SOFTWARE DEVELOPMENT
it .

Introduct ion

This chapter describes the dc vo lo pm ext t  of the software

which is necessary to implement the test ing of the N CR 2051.

The software must sequence t h e  microcomputer system in such

a way as to implcmcnt the test algorithms which have been

developed based on the acceptance tes t ing  requirements .

These aigorit :hms are described in detail here , (See Appendix

B for software l i s t ings) .  In order to s impl i fy  the t ransfe r

of information to the desired ou-Lput d evice (control

terminal , HP 9820 1\ calculator system , 1-i r’ ~i 8 ; 6A line p~:iuter ,

or a teletypo) a system monitor is developed based on a

modified version of the MIKbug mon itor and is presented in

this chapter . A monitor for  ti-ic I est ing ~:uu t n es i~--; aoedcd

in order to allow the opcr~ tor to select the desired test

algorithm and control the related t iming  parameters . A

discussion of -this monitor  followed by a description of some

of the f requent ly  called general subroutines is also

contained in this chapter.

- -
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Al go r i thms

Since pat t e rn  sens i t iv ity  tests are the most e ffec tiv e

method of testing the MNOS memory (Ref 10) , four different
algor i thms which arc commonly emp l oyed to t:est random access

memories (RN I ) have been implemented for  the MCII 2051 using *

the M 6 800 microcomputer system. The software  has been

developed us ing  s u b r o u t i n e s  extensively. This allows the

addition of f u tu r e  software wi thou t  havieg to duplicate the

e~-J~ h u g  f t t t ~~ Liur t s ~v i i i ch  are used in cho new t ;~ t i  cwa re.

Flowcharts of these al gor i thms are included in Aupendix E. A

description of each algorithm ‘foLl ows:

~r~~cu (Wi-ito and i-eau/woi .to forward and backward )

A background pat -tern is wri t ten  int o  all  memory

locations. Al.). addresses are then read and compared wi. th the

back ground ~‘i t L e r n  to ver i fy  that the entire memory contains

• the background p a t t e r n .  If any errors are detected , the type

of the error is printed on the output  (levicO (ERi ~’-BCKGND

VERIFY) followed by the data which is written , the data

which is read , and the address at which the error occurs.

Each occurrence of an error causes an erroL message to he

printed . 
-

Start ing wi th  the lowest :uklross , each memory locatit ~n

is read and again compared with the background test pattern.

If an error is detected , the type of erroi .  is pr~ ntod  on the

output device (ERR—TYPE 1) followed by the written data , the

~

--- - i .

~ 
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- -  ~~~~ read data , and the address of the error. The memory location

is then wri tten  wi~ h a test word (usually the complement of

the background pattern , since this rel)resents the most

rigorous test , but it is selected by tile system op era tor ) .

This sequence is continued ( i nc remen t ing  throug h memory)

unt i l  the top address is reached . At thi s time, the entire

memory contains the test word .

Starting with the top address this time , each memory

location is read and compared wi th  the test word.  If an

error is detected , the typo of error (ER R— TYP E 2) is printed

on the output device fol.lOwecl by the data  wr i tt en  (~ cst

word) , the data read , and the address of the error . The

background pat tern is then a- c — w r i t t e n  into that memory

t l oca tion  and the sequence con ti - i - t i es  (docr~ t .’i t iin;) un t i l  the

bottom address of ni-omory is reached . A-I this time the memory

is once again filled with the background patte.rui . The

background pattern is again verified starting with address

zero and incrementing through memory . Errors are noted by

printing EIIR-BCKGND VI-~RIFY followed by the wr i t t en  data

(background pat te rn) , road data , and -the ad d ress of the

error . Since all of the test programs are w r i t t e n  as

sul’routines , a return from sub routine in s t r u c t i on  is then

executed .

~S!-~ST (Al ternat ing l’ s and 0’ s)

Starting with location ~erc , ulternnti4ig words of all
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ones or all zeroes are written throughout the memory . This

provides an effective test for interaction between adjacent

— memory cells since they will have the alternating pattern

stored in adjacent cells. (This program is automatically

executed twice with all ones written into loca tion zero the

first time and all zeroes written into location zero the

second time.) The memory is sequentially read (starting with

address zero) and the contents of each memory location

verified . If an error is deLect~d , ERR—TYPE 6 -will be

printed on the output device followed by the data wr i t t en ,

data read , and the address of the error . The memory is then

read and the contents ver i fied in the fol lowing sequence

starting with address zero and ascend ing through the memory :

address , complement of address, adth~ess; address + 1,

complement of address + 1 , address + 1 .. etc . If an error is

detected , ERR—TYPE 4 will be printed on the output device

for odd addresses (ERR—TYPE 5 for even) followed by the data

written, data read , and the address of the error. Again

starting with address zero , the memory is sequentially read

and the contents of each location verified . As with all of

the tes t routines , when the second run is completed a return

from subrou tine is executed .

WAR PA T (Walking pattern)

A backqround pat tern is written throughout the memory

and then verified . Errors detected- are reported as

4:
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ERR— BCKGND VERIFY followed by the data w r i t t en , Jo La read ,

and the add r ess o~ the error . ~~-ar t - . L u g  ~ I UI & ir L s s  t ’ro , a

test word is wr i t t en  into ~‘ne locat i  en t h en  t h e  entire

memory is soquent!a 1 ly read and yen I wu (~; L u - i - t i~ -~ ~‘it :h

address zero and in c r e m e u i: i ng)  . The I ~~~~~~~~~~ pa LLe~-n is

then restored to the addrc~ s u~i-t ic !t Con t •i ins the Lest  ~-~ord

and the next  hi ghe r  adJre ss i~; wr~ t t e n  Wi th the  Le -~ I wend

etc. un t i l  the memory has been f u l l y  tested using this

sc¼jucace . L ers ~-hle hi are ~ie Lee L~-J a re i : & - } 01. Led as

ERi~—T YPi 1 for  locations whi cfl shoui (~ cent  ~ i n  the I

pattern (ER R—TYPE 2 ior tht  sc which should c~ nt~u i Lie test

word ) f~ l owed by the  usual  st r ing  cIT data . When ~~:ecu Lion

j s comple Le , the NUT wi t i  con ta i l-1 the b~-~ :h~ir ound p e L t - cm  in

I - all loca ti on s a n d a IL turn  f ra u  s nLr c ’ ut i n i e  ins t~ -uc ~ioti is

executed .

GT~LPAT (Gñloping pattern)

A backl rcundi patt - cr:n is written throughout xuuceoi: y and

‘ then verified . Errors are .u1-ToL-ted a~: l:R9—BCK (Th1D \ ‘ERtFY

followed by the data ~~L-it ten (background ~)a L te rn ) , 1-he Je t-a

read,  and the address of the error . ~ i c~~t— woi-d ‘.s wr i t t en

into one 1 o~ •~ Lion s t a rt ing  wi th  address  zero , then the

l ien-to ‘-y is read and each loca Lion vet-if i -d ~i n t he f o l  low i rig

sequence : first background lccation , t-i~st ward lecat ion ,

fir st b .ckcjround location; second back ground location , test

word location , second background location ; etc. Lr~ c.i’~

.4 -
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detected are reported as ]~RR—TYPE 7 for haL-’k jround locations

(ERR—TY P E 8 for test word locations) fo lowcd by the data

wr itt en , the data read , and the address ol the error.

The background pattern is then restored to the test 
- 

-

word location and the Lest word written into the ne:- t higher

address . The verify rout ine  is then repeated . Thi s sequence

continues unt i l  the test  word reaches the top adea-ess in

memory . The contents of the test word and the back ground -

~~ ttern  are then sw lnpo~ and the ent i r e  1-as-I p~~~~~~in r ~— is

repeated . After the second j~ass , the contents  of the

backgrcunu pattern and the test  word are again su- -~~ j ’ca so

that they will be the same an when the test pr e qram was

entered . The 1!tJ T wi l l  conta in  the or icj inal tes t  word in a l l

memory locations when the return from sub-reutine ins ~ruct:i on

is executed .

52

4 j__14



- 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

System Monitor

A microcomputer system should have a sy s t-~ -i~l moni tor

which takes care of certain housckccp i ng chores such as

in i t ia l ly  programming the I/O port through which the

operator communicates with the system . An a l t e rna t ive  to

this approach is a switch panel which is de~ i yned to allow

the operator to read and wri te  data from memory locations by

depressing switches and observing some sort of optical

disp lay to determine the s ta te  of each bi L in a memory

location. The switch panel is not ve~:y p iact ica l  Eor the

M 68 00;  however , and it i~s not available on any M68 00 based

microcomputer ~-cit (this is duo to circui t complc:~iLy and

cost). The sof tware  is to be written so th at -  all

input/ou tput communications between  the microprocessor and

the human operator pass through the system monitor (i.e.

modified version ot MIKbug). Rather than wr i t e  several  I/O

routines, it is more efficient to modify the NIKbug monitor

to provide for routing the output data to one of th ree  I/O

ports . With this method , the operator may route any output

which would normally appear on the control  terminal  to a

parallel port (connected to the HP line pt-inter) or to a

serial rort (which may be connected to ci t-her  a tel-’t  ~e or

to the lIP calculator system) .
- Since the MIKbuq monitor is provided in ROM , it is

necessary to perform some hardware modif icat ions to the main

53 

. 

-

- - - - - - - ~~~~~~~~ -~~~~~~~~~~~~~~ - - - —~~~~~~~~~~~~ -~~--



~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

• H

processor board of the system in order to install an EPROM

containing the flOW version of the system moni tor .  -This

modif icat ion is described i n  chapter IV. A TMS 2708 EPflO~t is

used to provide space for a one kbyte monitor to rep lace the

512 byte r-IIKbug monitor.

The input and output character  rout ines  are changed so

that  if the route conrn-tand is enabled (Flag i = 0) a specified

input character causes the route selection program to be

entered (See f lowcharts  in Appendix E . ) .  A control P is

selected because it is a character which is not used for any

other purpose wi th in  the n~- -stcm. Upon entry into the

routine , the comment “SELECT DESIRE D OUTPUT DEVICE — TL~R ,

TTY , PRTR ” is pri .uted on the control terminal  (independent

of the previous outnut  dest  n~~t ion)  . The user then  cn j- - end~

with at least the f i r s t  two characters of the output device

code (TE , TT , or PR) foLlowed by a carriage return.  1~

message is then printed to assure the user of the output

destination and Flag 2 is set  to direc c the system outpu t to

the proper output device (if  Flag 2 = 0 then the output goes

to the cont rol terminal , if Fiag2 is positive then the

output goes to the serial port , and if Flag2 negative the

output goes to the line printer). Control is then returned

to whatever program was runn ing  when the route command was

entered . The route selection program is ccmp lotoly

transparent to any program that  may be in prcgrc-~ s.

(
t_ 
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It may be dosi rable in some ixistances to i nh ib i t  the

route selection program (such as when loading cassette

tapes , which have been recorded in b ina ry  format and may

contain the equivalent  of an ASCII control P , into the

sys tem) . This is easily accomplished by setting Flncj 1 to any

nonzero value before entering the loader program.  As a

precaution , the HI1~bug memory loader function is changed to

provide this fea ture  even thoug h a cont r ol P shou ld not- be -

casnuat e rod  on a tare  which is reuarc lsd  in the Ml~~bu’j

feri:~a t.. Due to the method used to end the N f h h u o  memory

loader function , (the r etu rn  is sharcd \:i Lh thc re~ nr n  f r om

other MIKbug f u n c t i on s)  it is nect ’ssary to add a t h i r d  f l ag

to indicate when a load is i ri p rogress.  This directs the

return  ron Line  to j e~-enah 1L the r o ut e  ce unn id if a loa i is

in progress.

Both port in~.tiaiizaLion a rid output character routines

are included to drive the two addi t ional  output por t s .  The

data output to Lao seria l  port is in standard ?~~CI I  code ,

but the data  output to the pa ra l l e l  port  is comp lemented

ASCII code as the inpu t to the l r in t e r  is inverted log ic.

- 
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-4  ¶.~es t Mon 1. Lor

Since it is  desired that  the opera tor  control ~ hich

test program is to be executed , a monitor program is

necessary to allow the operator of Ihe  oest system to select

the desired test  progr am . The names of each Lest  subroutine

arid the codes which select the subr out i i ies  arc d isplayed  on

the output  dev i ce . The monitor also enables the operator to

select the desired pulse widths  ( [or 1~~~ t ;C~ and erase) as

well as the background test p a t t ern  atid test word whj ch is

used by the to-st p L-ogrnuls (See ~Iowcbart  Li .~ppcndix 1-: .)

This enables the test pr ogrei .~s to be e:-:ecuted us ing the

:~ 
mi nimum and ua <imum pulse w i d th  i ts  Lcd in the

specifications [or -th e NCR 20 5 1 . (~~i1 en the s’~’~ Loin is to be

used in a l abora to ry  L e~;t.i :ig app l ica tion , it is des i . r a h i e  to

have the capab~ ii ty to execute each test program with any

oporasoi: specii ied pulse widths and data patterns for  the

background pat tern end the best word .

Whe n the test  mciii  tor is entered , the name s of all the

subrou Lines and t h e  code u;ed to select each subi ouLtnc  are

displayed on the output deVice which is sal ected by i:iie

ou tput selection r o ut in e .  The di splay ~ippo irs as in Fig 5 — 1

T h i s ~~~~~ ~~~~ ~
- 

~ j t -  en iillmt -~
l L I  t:~r- iii; of al. I - t h e  OCu ~O5

from which he may look up the code for t :ho particui~ r

program he wish u; to run. It also servos as i directory of

all avai table test programs and ma~- be long Lh o i i  d as new

56 
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programs are added . In order to place the ent i re  test

software package in a 2 kbyte EPROM memory block , no

head ings are displayed at the top of each column . This

shou ld present no problei~s as the operator wi].l soon

memorize the meaning of each column and will  have no riced

for the headings.

(_ 
- 57



- ~~~~~~~~~~ 
.—.-.-—-.- -~ -‘--- - -—-— - . - .  • - -  ~~~~~ ~~~~~~ ‘~~~-‘~~ ~~~~ — -~~~~ -.~~~ - -‘--- -j -

~&~~~~~~~~~ :_~ ~
- -

~~
-

~~
- T: ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r~~._—

SELECT DUSIRED PROG~ AN

01 MARCh

02 MASEST

03 GALPAT

~‘7AK1’AT

OD DISPLAY

FF PULSE WII )TI IS i)ISL’L~ Y/ChIANGE

Fig. ~— 1 .  Test Program Directory

2~ proçjrarn is selected by typ ing in a two di git c

(leading Z C L O C S  ale not necessary ) followed by a carriage

re turn .  The input rout ine  is written so that it accept~ on ly

the last two en t r i es .  If an error is made wi~iie f:yping the

inpu t code , it may be c:orrected by simply retyping both

digits (if only one digit i.s re-entered tue program will

look at the last two entries and produce an error) or, if

desired , a control X wi l l  cause the deleted mansa g o  to he

printed and allow the input to be re— ent ered . If a carr iage

re-turn is entered before t h e  error is noted , -i contro l C

returns the system to the test monitor entry point  and the

test routine list is pr in tLd again . The control C has this

otfect a~ anytime e ::cept when the system is executing a tu~ L

program (a control C will be ignored in this c ase ) .

4 - 
— -
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The first four entries in the test subrout ine directory

are tes t programs which run a specif ied test on the MUT and

are explained in detail  later iii this chapter .  The f i f t h

en-try is the subroutine that displays the contents  of the

NUT . This program prints each address followed by its

contents so that the complete memory is displayed on a 16

line CRT display at one time.

The sixth entry is the pulse widths  display/change

subroutine . This pro -cr am d isplays  the caut~ nts of a pair of

two byte teit-iporary storage lccat ions which represe t it  the

current pulse widths associated with  the wri te  rind erase

functions . These concatenated memory bytes ~u:e loaded in to

the index reg ister to provide a sof tware delay loop whose

long Lb is Je L e r n i  nod by the mu - ih er c o n ta in e d  in th e  meruoly

locations ( the  number of t iuu the de lay  rou t ine  hess-es

thre-i gh the delay loop is etlual to the nun }u’r conE ~~- ned in

the memory borage locations)  . When the  test man i Lor is

entered , these two registers arc preset be 1030 i~ -:~-~ ( ill

en t r ies  are intr epretecl  as hic-aadccima1. numbers) . t then the

disp lay/change routine is entered , -the current va lue  stored

in the twc reg isters will be d isp ia~’od and the user may

input now va lues if dO desir ed . Once a cui-.uvje is l u-Jo , the

new wr ite/erase times wil l  be displayed and wil l  r e m - t i n  in

e f f e c t  unti l  they ar : changet -i by using t h e  dispLi 1’/change

rout ine or by entering the test monitor ti-irough Ihe initial

59 
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entry poin t (values arc then reset to 1000 HEX) . The times

which the hexadec ir~a l numbers represent may be f oun d in

Appendix D.
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General Subroutines

- Since subroutines are used extensi~rcly in the system

software development , it is important to describe tht!

operation of some of the most frequently used rout ~nos in

detail. (See Appendix B for complete software source

listings.)

~ INIT (Wr i te  in~~t~ al izat ion)

This  subrout ine  per fc i r~s the rcgui~~cd in Liauiza don of

the PIA registers to program the I~’0 ports for a 1~r i te

operation . It is entered only if the previous I/O ope .r it i~on

to the memory under test ( I-h iT) is a read operat ion .

URITE

The write subrouti :~e causes the da-~a stored in WDATA to

be wri t ten  into the NUT at the address that is stored in

2~DDr~. (see Flowchart in Appendix E . )  Upon en try into this

subroutin e, it is :t ssumed that  -the address , data to he

wri tten , erase pulse width, and write pulse width have all

been stored in the appropriate memory storage registers.

(The address is stored in the memorj reg ister calle~i ?~DDR ,

the data to be written is stored in WDATA , the erase pu ].se

width is stored in EP WI D , and the ~ir i te p u l s e  wid th  is

stored in WPWID.) The routine fi ish ted ;ts to see if the I/O

ports are programmed for a iced or for a wr i te  operation.  If

they are programmed for r e id ing  then a branch to subrouti.r.e

~-4L - 
-

-
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is issued to the WINI T subroutine to program the ports for

wri ting. The t~NODE f l ag is then tested to determine what

oi~”oration(s) is (arc) to be performed on -the NUT. If WMODD =

0, an erase operation is performed followed by a write

operation . If WMODE is positi.ve , only a write is executed .

An erase only mode is selected if Wr--IODE is negative. The

pulse widths for the erase and write functions are

determined by the contents of memory storage registers EPWID -

and WPWID r espcct ively .

RINIT (flead in i t ia l iza t ion)

If the previous I/O operation was a write operation ,

(it the contents of STATUS is non—zero then flT.NIT is called)

this subroutine is called by the Read subroutine to program

the I/O ports for a read operation.

READ

This subroutine first tests to see if a re-ad

initialization is necessary (STATUS is non—zero) and, if so,

issues a branch to the subroutine RINIT. (See flowchart in

Appendix E.) It then reads the NUT at the address contained

in the memory register ADDR and places the read data in

memory register RDATA. Since the read clock signal pulse

width is determined by hardware , there are no sof1~—’arc de].ay

loops associated with this subroutine , as there are in the

WRITE subroutine .

- 

62



____________________ - — — ~~~~ ~~~~~~~~~~~~~ ~~~~~
-‘-

~ 

INHEX 

-

The INHEX routine is used to input a hexadecimal

character string . It retains only the la
!
st four inputs , so

corrections are made by simply re-entering the data or by

typing a control X (this causes the deleted message to be

printed on the output device) . The routine is used to input

two characters as well as four characters and is terminated

with a carriage return . A control C input causes a j ump to

the test monitor re—entry point while an X input causes a

jump to the MIKbug monitor.

Summary 
-

Four algorithms which perform pattern sensitivity tests

t on the NC 2051 have been described . These algorithms (MARCH,

MASEST , WARPAT , and GALPAT) use four different sequences to

write data into memory , then read and verify that the proper

data was stored and/or read . Executing these four algorithms

tests all memory cells within the memory as well as the

addressing and logic sensing elements of the memory . A

system monitor allows the operator to control the output

destination of all output messages . The test monitor is used

by the operator to preset the test variables and select the

desired test algorith m or subroutine .

c 
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r VI. RESULTS, CONCLUSIONS, J~~D RECOMMENDATIONS

The objective of this effort was to develop a

microprocessor based test system for the NCR 2051. This test

system has a twofold purpose: (1) use as a model for an

acceptance testing system and (2) use in a laboratory for

laboratory—type testing of the NCR 2051. This objective has

been realized as all the necessary design , development , and

implementation of the acceptance testing system has been

accomplished. The system ’s testing capability can be easily 
—

expanded through the addition of software , utilizing

existing subroutines . As required , a user ’s manual is

provided (Appendix C) and the test monitor displays

prompting messages . This allows operation of the system

without referring to the manual except to obtain an

unfamiliar pulse width value.

Test Results

In order to verify the proper testing sequence , the

algorithms were executed without a memory installed in the

MUT test socket. This causes an error at all memory

locations if the background pattern and the test word

contain data other than all ones. (The background pattern

and test word were preset to a value other than all ones

before the algorithms were executed.) The error printouts

then provide an effective trace function of the program

614
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since each attempt at verifying the data contained within a

memory location will result in an error statement printout .

The software was written using subroutines extensively and

therefore will allow easy modification to accomodate many

different types of tests which might be desirable to perform *

in the laboratory .

Several NCR 2051 devices were tested using this test

system. They were all found to be acceptable devices when

tested at room temperature . Some devices which were known to

be defective were also tested and the test system indicated

that they were bad by the error statements which resulted .

The author had planned to perform testing of several devices

at elevated temperatures , but the necessary hardware did not

arrive in sufficient time to fabricate an extension cable to

allow the MUT to be placed into a temperature chamber.

Hardware

The system includes the following items which are

necessary to accomplish acceptance—type tests: a

microprocessor system (equipped with a minimum of three

kbytes of programmable read only memory and two modified

parallel interface cards plus one control interface card) , a

control terminal (a video terminal is used but could be

replaced with a teletyp e if a printout is desired), and an

interface to the NCR 2051 MUT . Additional items which are

desirable for laboratory use include: 16 kbytes of read and
4
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write memory (RAM) , a cassette tape interface , a Hewlett

P-~ckard 9866A line printer , and a Hewlett Packard 9820A

calculator system with its associated peripherals (paportape

punch, papertape reader , X—Y plotter , and digital cassette

tape memory system). *

Software -

The software package as developed for this system

provides four test routines which perform pattern

sensitivity tests and may be used for acceptance testing.

These four test routines are called MARCH , MASEST , GALPAT,

AND WAXPAT. The erase/write pulse widths are software

controlled and the read—clock pulse width is hardware

controlled . A routine is included which displays the

contents of the MUT. The read/write/erase routines are

written to allow the user to easily expand the software

package with new routines if desired for laboratory testing.

Conclusions

This test system can be used to perform acceptance

testing of the NCR 2051 with a high degree of confidence

that defective memories will be identified . The system also

has great potential for laboratory testing and , with the

addition of the necessary software , can perform virtually

any desired test on the NCR 2051.
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Recommendations

This system will be very useful for laboratory testing;

however, since the primary use of th.is system is for

acceptance testing , the software which has been developed

does not provide all of the desired test routines for this

application . One important test , which could be added to the

sof tware , writes both ones and zeroes into the same location

(without erasing) with d ifferent ratios of write times (See

Ref 10 ). This procedure stores charge on both MNOS

transistors associated with each memory bit cell and

important retention data can be extrapolated with this

method . The erase/write subroutines have been written in

such a manner as to make this particular test easy to add to

the existing system.

The techniques used for testing the NCR 2051 can also

be applied to testing TTL devices . Since the test algorithms

were selected to perform the most efficient tests (due to

- 

- - the device degradation effect when write/erase cycling the

NCR 2051), the use of these algorithms should reduce the

time required to accomplish TTL memory testing when compared

to testing every possible bit combination as is frequently

done. 
-
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Appendix A

System Monitor Software Listing

Appendix A includes the M6800 assembly language source

l is t ing for a l l  modi~~ications made to the I’-lIKbug operating

system . These modifications are discussed in Chapter V in

the section entitled “System Monitor ” .
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PACI 002 MONiTOR

00500 * ~~~~~~~~ ‘I V Y  ACIA DAY NE CONn):C’r~ 1) TO TIL E Im% ~r.L’r’r—
00 5 10 * PACEAR1 ) th O2O c~’a,co iX ’OM : ; vnn - mnt INS’i’EAD OL ~ Til l-:
00 520 * ‘r!.:Jd:TYPI: FOR DATA T N A M N F U R  .1 N I’() Till: CALCU[.ATOR
00530 * SYST1:Ii TILEO U CIL Ti l l  i~F RIAL I NTI:RI -’AC1: CAR D . -
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I’AGE 00 3 DONITOR
‘-p

00550 * DflI’ INl- PEnVII-n:IIT AREAS OUTSIDE PROGRAM
00560 A0 14 FLtG1 EQU $A 014
00570 A0 15 FLAG 2 EQU $A0 15
00580 A 016 FLAG3 EQU $A 016 - :
00590 A 012 xTl-:UP EQU $A 012
00600 1:07E I’DATAl EQLJ $EO7E
00610 l ;1A5 SAV EQU $E1A5
00620 I-:1AF IIfl EQU $U11~F
00630 1:lu’$ lOUT EQU $E1DLI

00650 OPT O,nOGEN ,S

00(70 EOOC ORG $EOOC
00600 EOOC 13D E398 JSR L01 0 GO I)ISABLE ROUT !: COMt IANI)

00700 E044 ORG $E04 14
00710 E0114 71: E3A2 B’IP LODEND Go ENABLE ROUTE COMMAND

00730 EOD6 ORG $EOD6
007110 EOD 6 7E E389 J ?I P l’WRIJP J M P TO IlODIFIl~D R1a31:T ROUTINE

00760 * $4 ’  * * * * * * * * * * * * 3-3 * * $ -~ * * $ 4 ’  * 1 * * $8 ’  $ 3 3 3  * * * * * * * * * * * * * * $
00770 3$ * * * * * * * * ‘3 * 3$ * * * * P * * * * 8’ * * * * * * * $4 ’  * * -4 * * * ‘I’ * * * * * $3 * * *
00780 *
00790 * THU FOLLOIITi’ G IS TO liE USI2D ONLY
00800 * l / iU - :U Till: Ti:ST FNOG1WI h A S  BEEN
008 10 * III STAI ,Li:D III  l:P II OII — —  TillS ALLOWS
00820 * TILE TES’r PR O GiUvI  TO iii-: EUTEIu:u USING

— 00830 * ;~ ‘ T ’  COt2hv11 ) FROM EIEBUG
00840  ~ (NE!: LABEL ‘CO~lAflD’ FOR AD D I T I O N A L  I NF O)
00850 *

00860 i:10n ORG $E10n
00070 mUtt 7E 1:3130 ~ri~ CODI\ND
00880 ElOl : 01 NOP
00890 *
00900 **‘~~* * * * * * ** $ * t * * * * *$ * *~~~$ $ +* $ * * * * *$ *  ~~

-
~~*$ - * * * * * ** ** * *

00910

00930 ~~AC ORG ~l-: 1 AC
00940 E1AC 7n F200 JMP 1C1!ROU Jt IP  TO DOD .~’ T I fl INPUT Ch AR

00960 E1D 1 ORG ~L :1D 1
00970 E1D 1 7E E34 9 JItP oc:INOU J~lP TO MODII ’ t~:a OUTPUT CHAR

00990 E200 ORG $E200
01000 E200 ICIIROU EQU *
01010 E200 7D A 014 TST FLAG1

- 
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PAGE 004 MONITOR
1

’

~~~0

01020 * IF FLAG 1 NOT 0 , THEN IGNORE ROUTE COMI-IA(ID
01030 E203 27 05 BEQ *-f 7
01040 E205 37 - PSH B
0 1050 E206 CD 9D I3SR SAV
0 1060 E208 20 AS BRA IN1
01070 * RETURN TO NORMAL ouTr-:EE IN MIKI3UG

010 90 E 2UA 13D E28E JSR IN CIL1
01 100 E201) 81 10 ClIP A # $10  TST FOR CONTROL P
0111 0 E2OF 27 01 BEQ *-~-3
0 1120 E211 39 RTS
01130 * DO NOT ENTI-;Ii ROUTE PROG IF INPUT
01140 * IS NOT A CONTRO L P

0 1160 E212 PRTIIES EQU *
0 117 0 E2 12 FF A012 STX x’ri:t-ip
011 80 E2 15 66 00 LDA A #0
01190 E217 B7 A0 15 STA A FLAG 2 FROG FOR TER OUTPUT
01200 E21A CE E2A5 LDX #1-IESS1
01210 E 21D liD EO7E JSR PDATA 1
0122 0 E220 FE A012 LOX XTEMP

012 (1 0 E223 81) 69 I3SR INCII 1
01250 L’225 81 54 Ct-iF A #‘T
012 60 E227 26 3F BNL CP

01280 E229 81) 63 }35R INCI-ji
0129 0 E22B 81 45 Cl-IF A
01300 E22D 26 19 BNE 

- CT

01320 * TERMINAL SELECTED
01330 E22F CD 5D 1-JA1 BSR INCHI
01340 1:231 81 18 ClIP A #$18 TST FOR CTRL X
01 350 1:233 27 DD BEQ PRTI-IES GO BACK TO START
01360 E235 81 OD CliP A #$D TST I-’OR CAR RET
01370 E2 37 26 F6 lINE PAl WAIT FOR CAR RET
0I380 E239 FF A 012 STX XTr:MP
0139 0 E23C 8D 60 BSR PRINT GO PRNT 1ST PART OF I IEIISACE
01400 E2313 CE E2DO LDX #TERI-IES
01 4 10 E2 41 BD EO7E JSR POATA1
0142 0 E2 44 86 00 LDA A # $0
01430 E246 20 LID BRA FIt!

01450 1:21(8 81 54 CT ClIP A # ‘T
01460 E24A 26 C6 BIlE I’flTt-IES ERR—GO TO START

01480 * TTY SELECTED
014 90 !:24c CD 40 WA2 BSR IIICH 1
01500 1:2111: ei 18 ClIP A #$18 TST FOR CTRL X
015 10 1:250 27 Co iIEQ PRTMLS GO IIACK TO START
01520 E252 81 OD Ciii’ A ‘iV;i’ FOR CR
01530 E254 26 P6 BIlE WA 2 %JtJT FOR CR

1 - 
-
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0 154 0 E256 FT A01 2 STX XT1:t-IP
01550 E259 CD 43 BSR PRINT GO PRNT 1ST FlIRT OF MESSAGE
01560 E2513 ci: E2F2 LDX #TTY!IES
01570 E25E 13D EO7E JSR PDATZI1
01580 E26 1 lID E327 JSR TTINIT GO INITIALIZE ~PY ACIA
01590 E264 86 01 LDA A #ii~l TO IIAKI: FLAG 2 POS
01600 E2 66 20 2D BRA FIN

01620 E268 81 50 CP Cl-IF A #‘P
01630 E26A 26 A6 BNE PRTIIINS 1-:RR GO TO START
016 L 1 0 E26C CD 20 BSR 1iICH1
01650 E26E 81 52 ClIP A # ‘li
01 660 E27 0 26 A0 BNE PRTMES ERR GO TO START

01680 * PPSTR SELECTED
01690 E272 8D 1A WA 3 BSR INCE1
01700 E27t1 81 18 Cl-IF A ~~ l8 TSTS FOR CTRL X
0171 0 E276 27 9A BEQ PRTIIES GO BACK TO START
01720 1:278 81 OD ClIP A ~$D TS’I’ FOR CR
01730 1:27A 26 P6 BNE WA 3 WAIT FOR CR
017 (10 E27C FF A0 12 STX XTEI-IP
0175 0 E27F CD 1D BSR PRINT PrINT 1ST PART OF MESSAGE
01760 E281 CE E2E3 LDX #PI1TPI-IS
0 177 0 E284 DD EO 7E JSR PDATA 1
017 80 E287 lID E333 JSR PRIN IT (10 INITIALIZE PRT R PIA
0 1790 E28A 86 FF LDA A #$FF IIAEL FLAG2 NEGATIVE

C 01800 E28C 20 07 BRA FIN

01820 E2BE 37 INC IL1 PSII B
0 1830 E2OP BD E 1A S JSR SAV
01 8110 E292 7E E 1AF JMP IN 1

0186 0 E2 95 137 A 0 l 5  FIN STA A FLAG 2
011370 E298 FE A01 2 LDX xTi:l-IP
01880 E2 9B 7E E 1AC .JMP $E1AC RETURN TO NORMAL INCHA R

01900 E29E CE 11304 P1W-iT LDX #PRINT 1
01910 E2A1 lID EO7E JSR PDItTA 1
0192 0 E2A4 39 RTS

01940 E2A5 01) MESS , FCB $D ,$A
01950 E2A7 53 FCC /snNECT DESIRED OUTPUT DEVICE — /
019 60 E2C 6 54 FCC /TE 1I, TTY , PRT14/
01 970 E2D4 OD FCB $D ,$2\,~~3F,4
01980 E2DO 54 TERI-IES FCC /T1:UIINAL/
0199 0 E2E O OD FCB $D ,~ A ,4
02000 E2E3 4C PRTPJIS FCC /LItilI PRINTER!
02 0 10 E2EF OD FCB $D ,$A ,4
02020 E2F2 54 TTYIU:S FCC /TT:LETYPE—PORT 0/
02 030 E301 OD FCB $D ,$A ,14
02 040 E304 OD PRINT 1 FCI3 $D ,$A
020~ 0 E306 41 FCC /ALL OUTPUT IN I-lOW ROUTED TO THE /
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PAGE 006 MONITOR

02060 11326 04 FCB 4

02080 * T1I[ FOLLOWING NUItROUTINI: IHITIALIZI-;S TILE
02 O~ 0 * ACIA ~-l11.tCIl IS US: D FOR TiU~ ‘I’I- :LETYI’E (OR TILE
02100 * 11—1’ 9820 CALCULATO R EYSTI-:I-i ) AND IS ADDRESSED
02110 - - 

* AT PORT 0 ($8000)
02120 E327 CE 80-3 0 TTIHIT LDX ~$8000
0213 0 E322\ 86 13 LD)\ A #$13
021 40 E 32C A7 00 STA A 0,X
02150 J~32E 86 11 LDA A #$f l
02 160 E330 A7 00 5Th A 0,x
02170 E332 39 RTS

02 1 90 * TUE FoLr.Ol-IING SUNROUTINI: INITIALI~~T-:S TI L E PIA
02200 * IflIlCit t!-~ USED FOM ‘I’M1~ t: : n - i~ .J :c’l— PACI:. \RD LINE
02210  * PflIt1-fl:R AND IS £~WDRl.:SSED AT PORT 7 ($li0lc)
0222 0 E 333 CE 03 21 PIIIIII T LOX ~801C
02230 1:336 6F 01 CLR 1 ,X
022 (10 E338 6F 03 CLR 3,X
022 50 E 33A 6F 00 CLR 0,x
02260 1:33C 6F 02 CLR 2,x
02270 1:331: 63 00 COIl 0,X
02200 E340 86 3E LDA A #$3 E
02290 1:342 h7 01 STA A 1 ,x
02300 1:344 86 2E L~DA A #$ 2E
02310 11346 A7 03 STh A a ,:~ =
02320 1:348 39 RTS

02311 0 E349 OCILROU EQU *
02350 11349 71) MiS TSV FLAC2
02360 1134C 26 07 lINE N7.I :RO

02 380 * ou’rnu’r C!TAR TO T1IRDINAL
0 2390  E34 E 37 P511 13
021.00 A-:J4F lID r:1A5 JNR SM’
02 4 10  E352 7E 1: 104 J rIP lOUT

02 430 E355 2A 1E NZI:flO EPL OUTTY

024 50 * Ti ll -: FOLLOWING SUfl:~OtiTINi: TN TIll- i OUTPUT CHA RACTER
0 2460 * ROUT .TN:: FOR Ti ll ’ it— P LINE ~~.1 n~~t :n AND AY RI: USFI)
02470 * TIlE l~A :l1 AS OUT i r: t . WOULD R’~ EO~ OUTC!’An. I:~ t - IIKBUG
02(100 * (EN”:IlY AT TillS POINT lU~SUl -N-~ IN OUTPUT
02 4 90 * TO LI M E PRIN TER R1:CARDLESS UI’ STATUS I)~’ 1- ’1AG 2)

025 10 * OUTPUT CHAR To LiNE PRTR
0 2520 11357 37 PSI! I) SIIVE ACCB
02520 11358 FF A01 2 STX XTI:t-IP SAVE XRCG
025( 10 J: 35B 43 COD A PRIN’:ER uSi:s IIIVEI:T1:D LOGIC
02 55J 1:35c CE 801C LOX #$80 1C
02560 i-:35J! A 7 00 STh A 0 ,X

75
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PAGE 007 MONITOR

02570 E361 c6 36 LDA -13 # $ 3 6  STROBE DATA READY LINE
02580 11363 117 01 STA B 1 ,X
02590 11365 C6 3E LD2\ 13 ~$3E
02600 E367 1:7 01 5Th B 1 ,X
02610 11369 6D 01 TST 1 ,X WAI T FOR IIANDSILAKE
02620 1361 3 2A ED BPL *_ 3
02630 11360 1:6 00 LDA B 0,X
02640 I:36F 43 CCIII A RESTORE ACCA TO l’REV VALUE
02350 11370 P11 A 0 12 LDX XTEIIP 111 ~Y 0MM X R EG
02660 11373 33 PUL 13 RMNTOME B ACCIJEULATOR
02670 1137l4 39 RTS

02690 - * ‘pm-: FOLLO~-flTt1G SUBROUTII3I. IS ThIN (YJ~~PUT CI ’IU\CTER
02700 ~ IIOUT1NE roi: -i-ia: SERIAL PUN: .? t iT C } .  ::AY i~ -: ce ;-~ :T:cT~~~
02 7 10 * TO TUE TELJ1:-YPI: OR ‘10 TR1I li—P 9~l20 cALcULATO:?. s-is
0 2 7 2 0  * TEIS SUBROUTIrIr: (lAY ni : ItSEl) Titi: NAM E AS
02730 * ~5 USED lit ::rt:IJUG .
0274 0 * (i~::Ti~z AT :.:!Il~ POT MT 1~~:’;ULT- N Il-I OU~~PUT TO
02750 * Tm: SERIAL PORT #0 flE(’-ARL’LESS OF .-;TATUS OF i~1-AC2)

027 7 0 * OUTPUT CHAR TO PORT C AC1A
02780 11375 37 CUTTY PS11 B
(12790 11375 Fr’ A01 2 STX XJ ,Mi’
0280(3 11379 CII 8000 LDX #$8000
0281e E37C 1P~ 00 I~’A 1I LDA 13 0,X
02820 1:3711 57 ASR 13
02830 11371’ 57 ASR 13

t 020 ( 10  113130 2~t F2\ 13CC IIA 4
0285( 1 11302 2~7 01 STA A 1 ,11
02860 11384 FE A 0 i2  LDX XTIIL -IP
0207C 11387 33 PtJI B
02880 E388 39 P.TS

02900 11389 PTIRUP EQU *
02910 E389 CE 8004 LDX #$3004
02920 E3CC 7F A014 CLR FLM;i
02930 1130F 7F A015 CL?. FLIIG2
029(10 11392 7F A016 CLR FLAG3
02950 E395 7I~ 1:009 JIIP $11009

02980 * 1:t:T R AT 3J :~~ii:i: n~~ OF A i-m:RUG “LOAD ”
02990 - * TI.18 ASSUPSES ~1IT I  P51 2 -~-l:A.i AN IUADVER’~AI1T
03000 * CONTROL P O~1 A ~~~~~ i:1~~~:U ..oi~oi:o MI JI, NOT
03010 * TI:iI i:IAIfl TIlE LOADIII(I I JIOC F.ES.

03030 L’398 LOAD EQU *

03011 0 11398 137 8007 STh A $8007
03050 113913 137 A0 14 STA A FL1~G I D {SI \ fl t1 : ROUTE C -IIIAN D
03060 113911 R7 A01 6 A rLAG 3 - I M I I I C \ - . LOAD Ill PROGRESS
03 07 0 E3A1 39 RTS -

- C
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PAGE 008 MONITOR

03090 * i::ITNN AT 11110 OF A LOAD TAPE ~EQUEIICE
03100 E3A2 LODIL TD EQU *

03110 E3A2 70 A 016 TST FLAG 3 IEIZ DLI-: ROUTE CO(Th\11D ONLY
03120 E3A5 27 06 BEQ *4-8 IF’ A LOAN PAIl IN I’RCGRESS
03120 113A7 7F A 016 CLR FLAG 3 IEDICATI: LOAD NOT iN PROGRESS
03140 E3AA 71-’ A Ol (1 CER 1- LAG1 I-2 ;d-i 1-: ROUTE COMMAND
03150 E3A1 711 EOE3 JIIP $110113 1ST TO 1-LIRBUG CONTROL

03170 * *1* * *-* I ’ * * * *_ ~ *-t -* * * * *  ~~* * ** * *- * * ** I~* *- ~- l -* * *A * *  ~ *****~ -*
03180
03190 *
03 200 * TI-TN FOLLOWING ROUTINE IN USED ONLY
032 1 0 * ~~~~ T:L1 TEST PIIOGI1AD IS LOCATED Il-I
03220 * ITRON WElCH IN ORG’ D AT ‘TST PGM ’
01230 *

03240 D000- TSTPGN EQU $13000
03 2 50 *
03260 ]13D0 COMI\ND EQU *

03270 E3110 Cl 54 Ci-S? B #“  ‘T COIIIIAND
03280 113112 26 03 I3NJI * 1-5
03290 i:3n4 7:: D000 -JMP T3ipG~-I GO TO TEST (-1ONITOR
0 3 3 0 0  11313, Cl 4 7 cr11’ B # ‘ G
03310 1:3139 26 03 131-fE *-I-5
03320 11300 71: E1OF ’ SJNP $II1OF GO TO USER’S PROCRAI-1
03330 113B11 711 110113 JIIP lfl10113 F1I2ITART IIIIII3UG LOOP
03340 *4, 03350 * * ** i  ~ * * * k * *~~ * * * * * * * * * * *  -~~~**~~- * * * * * *I ’ * * - &  * * * * * *- ~~**OJ 3G C p *~~* * ~~**** , *~~ -~~~***_ 1_ ***** 

03380 * TUE FOLLONI NO IS INCT~UDNT) TO ~(JPPLY ‘~‘Ii~
03390 * NECESSARY IEQ , 1.111, SMI , Al-ID IM-~ - 7-JM VECTORS
03400 * TO TflY~ CPU 12:1:1: TEE ADDIUM’Sl -~~~~~-T ~~

— ~- i r- -vr
03 (110 -$ ALT. ACCE EIE:O ( IL,  FF110 I IN UtIIC1 ThIS OVLRI,AY
03420 * AMo EI,11300 ~‘R1: LOCATED RESPONDS TO ~LXXX—$rXXX)
03430  *
034 110 EFF8 ORG $‘ :i’F$
0 3 4 5 0  FF118 11000 IRQ 11DB $11000
0346 -3 EFI’A 1.005 N~~ FOB $i:005
0311 70 EFFC 1 1 1 1 3  NUT FOB $ M 1 1 3
03400 E1’l’lI 11000 RESET t-’Dfl $Ec r DO

II 
-
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PAGE 009 MONITOR

03500 END
rI.Ac1 A 014
FLAG 2 A0 15
rIa~\G 3 A0 16
~iTE(-IP AO l 2
PDATA1 110711
SM’ E1A S
1111 E1AF
lOUT 11104
ICLIIIM U 11200
PRT!U:C 1 :212
h A t  112211
CT 112118
-!A2 1:2~ C

CP 1268
‘JA3 11272 =
INCIL1 112SF

~ ii: 1:295
= FEINT 1-12911

M::i~ ; I 112A5
: :s l:2D8

PRTLMN 1-~~I:3
TT\’:-:l:s 1121’2
PRINT1 11304
T’i’IL M IT 1:323
P1L[ L~~T 11333
OCLROU 1349

t - NS 1R0 1:355
— OUTTY 1:2 - 15

UA 4 E37C
Pt-T IWP 11389
LOAD 11398
LODIIND I :3A2t TSTI’G.I 0000
COIIAIID 113130
1R() 1:11118
1-Eli l-:PI-’\
Sill 1-:t-Tc
RESET 1-lI-TE

TOTAl IMLE )MS 00000

- 

-

~
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Test System Software Listing

This Appendix contains the M6 800 assembly language

source listing for the Test Monitor mid all test routines

for the NCR 2051 testing system . A discussion of these

routines is cont~tined in Chapter V.
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PAG E 001 UCR .2051

000 10 IJAM NCil. 2051

00030 * * * * ** * ** * * ** *-* *‘.* * * * * * * * * * 4 * * * * * * * * * *
00040 * * * * * ** - **~~ * *i* ** * * * ** ** * *’ i - ’ t -* ** * * ** * * **
00050 * 4 * * * * * * * * * * * * * * * 1 4 * * * * * * -

~ 4 * * * * * * * * * 4 *
00060 *4 * *** - -  -

00070 ~~~ NCP 2051 WW.O:-1 LXORCISFS R
00080 ***
00090 *** URITTLII-I i)Y JOEL 1-i. 1IOLS:RTsot-1 **~~
00100 **- *  * * *

0 0 1 1 0  ~“~ -k THIS V1~1tIlI0N DATED
00120 *** ***
00130 *** 17 FJIIJITIUARY 1978
00140
00150 - * * * * * s * * * * * * * * * s ~ * * * * * * * * * * * * * * * * * ****
00160 4 -i’ 
00170

00190 OPT ~IuE1:IT ,O

0021 0 * 1)1 :1-I::E 1-1IIIIIUG JUIIPS
0 0 2 2 0  *
00230 L055 IEf lY~iE  EGO $11055
0024 0 1.075 OPECI; Ec~U ~t 1075
0025 0 1:07L FLP A’ -,1 EQU !.;I-107F:
00260  ~ 0 L ~1-’ OUT 2I EQS 1- 101311
00270 110C8 OUTLINS 1X3U ci:ocu
00200 1 OCA 0UT2 ItS 1:c2u $LGCA
00290 Il I AC ILCO. 1( EQU $f lh i -~C00300 NODO 1111.BUG EGO ;11101J0

00320 * D1:1-’I1-flI DATA TIIANNFIIR P122 ADDRES SES
00330 *
00340 0010 A 1PTA D EQU $8010  ADOR POET (OUT OLLY )
00350 8 0 1 4  A 2 PJAD EQU $8014 CO: f IL PORT (OUT o~—J.Y )
00360 8012 pi r rAn  IIQU $8 012 ~:.:;~ i GET ~ 1 ( i /O)
0C370  8 0 1 6  132111221) EQU $ 0 0 1 6  ~~~~~~ iC-El (2  # 1  ( (/ 0 )
003 00 8016 B2PI~\D EQI.j $0016 liAr: PORT ~2 ( I/ O)

00400 * DLI’ [IL COt-ITROL REGISTER i-i A 2.00111155 ~S
0 0 4 1 0  *
00420  6011  A1 PI2~C EGO $ 511 11
00430 8015  A2P1:,C i:p u $ 5 0 1 5
0011 ,10 8013 111111/C E - U  ~ 3 0 1 3
00450 8017 1l2NI~u2 i;~ U $80 1 7

80
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p 
00470 * DL’I-’IIIE TEl IPORARY STORAGF; AREAS
001180 *
00490 22050 1IDAiA1 EGO $22050 111 221 ) DATA ~1SI3
00500 220 51 RDATA2 EQU $A051 iu:iw DATA LSB
00510 22052 tYDA’iAl EQU $2 20 5 2  l - : ELT I :  11V. 22 MSEI
00520 22053 IIDATA2 EQU $22053 III1ITII DATA LS!3 

- 

-

0 0 54 0  * STATUS I:IDTCATI:s 1JIIIITIIER ILIAD ’S AW~ PROG RAMMED
00550 * AS INPUTS OR OUTPUTS (0~~IUIlUT)
00560 *
00570 22054 STATUS EQU $220 54
00580 22055 ADDE FQU $22055
00590 ~\ 056  x’i’I2-I1’ EGO $22056
00600 22066 1-IPUID 1IQU $22066
00610 22068 S-IPWII) EQU $22060 . 

—

00630 * UWODII CO1ITCO[-N TIlE tii11~ SULSEOUTINE
006’ IO *
00650 * ~~~

-‘ ~~~~~~~~~ = 0 fEC:- : L::I22S~: 131-TONI: l-1RITL~
00660 * Icr 11:01)1-: + ILIl I 111 f f2-I — NO ~.Ri~S1l —
00670 * IF’ 11 -E)D11 = — I il - -N 1 1 1 2 -  ONLY
00680 22060 WI-lODE EQU $AO6E

00700 0100 ORG $0100
00710 0100 711 01 1111 JI IP 1- 1011211 CLEARS l-/1~ODI~ FLAG
00720 0103 71: 0 IF I JMP 110112L2 NO Li-TECT ON 1220DF:

00740 * c:III’IALIZE ALL P122’S
00750 0106 7F 8011 TWI T CLI?. A1 1’TAC flhIi~L3LI1 DOR
00760  0109  71-’ 0 0 1 5  CLR A2PIAC “

00770  O 1 O C  71’ 8013  CLR I31PIAC ‘

00 760 010 11 71-’ 801 7 CLI?. h2PIAC “

00790 01 12 711 8012 CLI?. rI1PIAD PROG DATA PORT ?S INPUT
00800 011 5 711 8016 CLR (321111W “ “ H U

00820 0 118 86 FF LDA A #$F F
00830 0 1 1 22 ~i7 8010 STA A A1PIIJ) FROG 221)1)11 PORT AS OUTPUT
00040 0110 337 8014 ST/i 22 2221111W ~ CONTR “ “
00850 0120 06 04 [.W\ 22 1204
00860 0122 07 8011 STA A 22111122 (1 1:NAIJLE DATA REGISTERS
00870 0125 137 80l~ ~~~ -i A I1PIAC “ “
0008’) 0128 127 8013 S L I A 131  PIJ~C “ “
00890 012 :3 1:7 8017 Ill . Ii L21’ l~ .C “ i t  ft

00900 0121: 711 8010 011?. A1PI22Li
00910 0131 /1-’ 0014 CLR 222111220
00920 0134 71- 22054 CER NIATU2 —INDICATE 022 122 PORT S INPUTS
00930 0137 39 RTS

81
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P22(111 003 ucR .205 1

r
00950 * SUBROUTINE QI?.I~~1 DATA IN ONI. LOC1~T1ON
0 0 9 6 0  * ON ENTRY , A~~:L1U 220011 I- ~ $22055

00980 0136 71-’ 8013 IIINIT C. R 131 i’IAC I-:E\L1I I-. DDR
0 0 9 ) 0  013 11 /1’ 0017 CLR 1)211122(1 1:112213111-3 DDR
01000 013 11 C6 111-’ LD/i B ~iS1’F’
010 10 01 4 0  I-’? 8012 STA 13 13 1 1’IAD I’IIOG AN OUTPUTS
0 1 0 2 0  0 1 4 3  117 8 0 1 6  STA B 132P1220 I N C  AS OUT PUTS
01030 01116 ~7 8013 ST/i LI 131 P1220 1::L~liL2: DATA Rl~G
010110 0149 1-7 8017 ST:\ 13 B2PIAC INAii3 I1 I) M’ i\ R1:G
01050 014c F7 22054 5’~A B STATUS INDICATE P1/i FROG AS OUTPUT
0 10 6 0  0141 - ’ 39 RTS

01080 * TEIS sui3IloUTinI: l-.’RITES DAT/i (WH ICH IS
0 1 090 * NI-o:-LD IN $2205 2—2D131 11 $210 53—LSl3 ) INTO
01100  * TI IL~ Ai)PEi2~1I 1 131(111 IS 112’OIILP Il-I $22055
01110 * i- ::i ~ ~-: ‘ l IE!-  DI ‘_ I  - r - . T N L P  P~’ Co 2 I322’~ OF $22066/ 7
01 1 20 * UNITII TItil: DU’fi:lLIINLD sv (1022-1:1115 or $2206819

0 1 1~t0 0150 70 2205 4 WRITE TST STATUS
0 1 1 5 0  0153 26 02 DIII: 11 :TTI-: 1
0 1 1 6 0  0155  8D 111 BSR W i~~1-i’ 11111:11221111 FOR WRITE
01170 0157 136 220 55 w1?.I TL: 1 LDA A 221)011
0 1 1 8 0  015.\ u7 8 0 1 0  STA A A IPIAD STO1U-: ADDR IN (187118.1 I3UFF
0 1 1 9 0  0151) 1)6 22 052 LDA A i D A /A l
0 1200  0160 1-’6 22053 LDA B 1:022TA2
01210 016 3 117 0012 STh 11 111111221 ) SToRI : MSB IN OATh RUG
01220 01 Go 137 8016 ST/i 22 1321’ .l ~~~~ SI-ONI: L513 IN i)A A\ :?.r:(;
0 1 2 3 0  0169  70 2206E ‘i’ST UNOOl:
0 1 2 4 0  016( 1  27 02 BEQ 130T h
01250 01 61~ 222 OC liFE WOIILY LEfT !: ONLY
0 12 tO 0 1 70 36 011 DOTI~ 1.1)22 22 ~ 013
0 1 2 7 0  0 1 7 2  137 8014  STA A A::I’IAi ) 1:1/C l: LOCATION
01280 * LirAsi: T~iKES 5 0 — 2 0 0  1-IS .
0 1 2 9 0  0 17 5  80 13 11511 IfllIAYE
0 13 0 0  0177  70 2206F1 YST UllOij il
0 1 3 1 0  0 7A 213 07 DM1 1- IOIILY lINASi: ONLY
01320 017 (1 06 422 llor:i,Y rI- A A 1 12011 ,CS ; 0 = C1 ,C2
01 3~~0 01713 117 6014 S f 2 2  22 222111/iD W RITE DATA Ill ~o13R13S1 :D roc
013-3 1) 0181 83) OF I3SR DELAY
01350 0183 71’ 8014 1101112/ 01R 2221’ l AD  0 - ‘CD L , cN ,c 1 ,C2
0 1 360 01 66 7 F 001 0 CLR Al P I AD CLI 225 221)011
013 0 0189 39 RTS

€
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0 1 3 9 0  018/ i  111’ 22056  DELAYE STX X’I’LL-IP

01400 018!) FE 22066 LOX LIPIIID
01 1 1 10 0190 20 06 BRA DELl
01420 0192 111-’ 22056 DELAY STX XTLII-IP
01430 0195 I’E 22068 LDX UPIJID
0 1 4 4 0  0198 09 DELl DEX
01’150 0199 OC 0000 CPX #$0
01460 019C 26 FA 131111 DELl
01470 01911 1113 22056 LDX XTL’IIP
01480 0122 1 39 RTS
014 90 * SUBROUTINE 1111/iD DATA I i! 1 LOC
01500 * 22051:1115 ADDRESS II, $22055 OIl INPUT TO SUBROUTINE
0 1 510 * P1U3I’AR11 FOR READ

01530 01222 7F 8013 RIII1T CLR 131111/ic 111100 DATA LINES AS INPUTS
01540 01225 711 8012 CLR 131111/il)
01550 01220 711 8017 CLR 132111/ic
0 1 3 6 0  012213 71-’ 8016 CLR 112111/iD
3 1570  012211 86 04 LDA A #0 11
0 1 5 8 0  0113 0 137 i3013 ST/i A 111111/ic
01590 0113 3 117 8017 ST/i A 132111/iC
01600 0136 71’ 22054 CLR STATUS INDICATE PROG RAMDING = INPUT
0 1 6 1 0  01139  39 RTS

01630 * THIS SUBROUTT1III READS I)AT~\ FROM TUE
0 1 64 0  * ADDRESS 1212101 1 IS I-ToRr :D IN LOCATION
01650 * $A055 AND PLACI:S TIlE 1)/IT/i IN LOCA’i’IONS
01660  * $A050— (MSB) ~ $22051—(LS13)

01606 OlE/i 71) 22054 RLIAD TST STATUS
0 1 6 9 0  O1B D 27 02 1311Q 1112/iDi
01700  01131- ’ $D El 13511 (u NIT
01710 O 1 C I 136 22055 RE2\D 1 LDI\ 22 ADI)11
01720 01C4 117 6010 ST/i 22 221111/iD STORE /W DR IN OUTPUT BUFFER -

01730 01C7 86 02 LDA 22 #02
01740 01C9 137 8014 ST/i 22 222111220 ~~TAl3LE Cliii? SELECT (Cs )
017 1 0 01CC 8 03 LDII 22 ~03
01760 ol d : 137 8014 ST/i A 222111/iD START CLOCK PULSE
01770 O1D 1 C6 02 LD2\ B #$02

01790 * c;rNl 5 CPU CYCLE CLI1 POISE
01800 0103 117 8014 ST/i 13 222111/iD STOP CLX
0181 () O1D G (16 32 LDA B ~$32
01820 0108 117 8014 ST/i 13 222111/iD STi?.OI3E DAT/i & ENABLE
01830 * READ DATA SIC’:JAL (ROE)
01840 011)11 1-6 3012 LDA 13 1311111W 10:221) 1-11313 OF’ DATA
01850 01011 136 0016 ’ LDII 22 132111223) REAl) LSI3 OF DATA
01050 O1E 1 117 22050 ST/i A RD/iT/il
01870 0111 4 1-’7 22051 SPA B ~iflA’ 1\2 PUT DATA IN TEMP STORAGE
01380 011:7 7F 8014 CL.R 2221 ’122D 0=CS ,RDE ,ii ATA s’rROBE
01890 01I:~\ 71-’ 0010 CLR 221111223 ) 0-~’ADDR1lSS BUFFER
01900 OlE!) 39 RTS

83 
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PAGE 005 NCR.2051

01920 * MOHITOR NUI ’tBER TWO
01930 * EIITEP. FOR TEST PROGRAM SELECTION

01950 O1EJ 7F AOG D 110112E CLR ~Th1ODE
01960 O 1F1 CE 1000 rlOI12E2 LDX #$1000
01970 O1FII PP A068 STX WPWID INIT WflITE PULSE WIDTH
01980 0 1F7 PP A066 STX EPWID “ ERASE “ “
01990 01F~\ 813 A040 MON2 LDS #$2t040
02000 O1FD 13D 0106 JSR INIT
02010 0200 CE 0279 LDX #COIUI16
02020 0203 ED EO7E JSR PDATA 1 PRNT DIRECTORY
02030 0206 13D 03D7 JSR INHEX INPUT INS TRUCTI ONS
02040 0209 81 01 CL’!P A #1
02050 020B 26 05 BNE *+7
02060 0200 CE 0349 LDX ftIARCH 1
02070 0210 20 33 BRA EX~iON MARC h SELECTED
02080 0212 81 02 CMP A #2
02090 0214 26 05 BNE *+7
02 100 0216 CD 0354 LDX #MASES1
02110 0219 20 2A BRA EXUON MASEST SELECTED
02120 021R 81 03 CMI’ A #3
02130 021D 26 05 BNE *f7
02140 021F CE 0360 LOX #GALPA 1
02150 0222 20 21 ~iRA EXMON GALPAT SELECTED
02160 0224 Cl 04 CII’ A #4
02170 022 6 26 05 BI~~ *+7
021 80 02 28 CE 036C LDX #WAKPA 1
02190 022 13 20 18 BRA EXMOU WAPKPAT SELECTED
02200 022D 81 FF CIII’ A #$FF
02210 022F 26 03 BUE *4.5
0222 0 02 31 7D 04A2 Jill’ PCONTL I’LSE WIDTH CTPL SELECTED
02230 0234 21 OD CMI’ A ~$D
02240 0236 26 03 BNE *+5
02250 0238 ED 0693 JSR DISPLY DISPLAY IINOS CONTENTS
02260 02313 20 ED BRA 110112

02280 0230 CE 0326 LDX #CONII18
02290 “240 BD EO7E JER PDATA1 PR1sIT ‘INV ALID SELECTION ’
02300 0243 20 135 BRA 110112

02320 0245 EXMOW EQU *
023 30 0245 FF A056 STX XTEMP
02340 0248 ED 0450 JSR OCRI.F
02350 024B CE 0314 LOX #COML117
02360 024E 130 EO7E JSR PDATA1 PRNT ‘PROGRAM SELECTED ’
02370 0251 FE A056 LDX XTI2IP
02380 02511 BD EO7E JSR PUATA1 PRNT NAME OF PROGRAM
02390 0257 00 INX
021100 0258 BE 00 LDX x GET SUBROUTINE ADDR
0 2410 025A FF A056 STX XTEMP
02420 0250 8C 0714 CPX # IIASEST
02430 0260 27 03 REQ *4- 5
02440 0262 RD 0396 JSR START GET TESTWORD & PATTERN
02450 0265 CE 0558 LDX #C011112’4

L 
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02460 0268 flI) EO7E J8R PD2\TA 1 PRN T ‘TEST Ill PROGflESS’
02 470 026B FE A056 LDX XTEMP
02480 0261: AD 00 JSR X GO TO T1~ST SUURT
02490 0270 CE 056B 1.DX #C0111125
02500 0273 BD EO7E JSR PDATA1 PRNT ‘TEST c0IIPLE’rE’
025 1 0 027 6 7E O 1FA Jt IP ~1OU2

02530 0279 OD COlll t l G  FCD $OD ,$OA I
025110 027C 53 FCC /SLLJ-:CT DESIRSD PEOCRA~1/
02550 02 92 OD FCB $D ,$A
02560 0294 30 FCC /01 MARCII/
02570 02A0 OD FCD $D,~ A
025 80 02A2 30 FCC /02
02590 022W OD FCt3 $D ,$A
02600 02131 30 FCC /03 w~LpAT/
02610 O2BE OD PCI3 $D,$A
02 620 02C0 30 FCC /04 wA1:Pr~T/
0~ 630 02Cr) 013 1’CB $D,$A
02640 O2CF 30 Fcc /OD DISPLAY M1~OS CONTENTS/
02 650 02EB OD FCB $D ,$A
02660 O2ED 46 FCC “Fr PULSE WtD~~11S Drs~ LAY/ctrAuGE”
02670 030F OD FCI3 $D;$A
02680 0311 3F FCC I? /
02690 0313 04 FCB 4
02700 0314 50 C0fl1117 FCC ,‘PROc1~AM s1:L1:CTE[) /
02710 0325 04 FCI3 4
02720 0326 OD COttMlO I’CD $D,$A
C2 730 0328 49 FCC / It~V~\L T D ~ELEC PION — TRY AGAIN/
0274 0 03115 OD FCII ~fl ,$A ,$3 F , L1

02760 0349 r1AI~C1t1 i:~u *
C2770 0349 013 FC13 $D,~ A
02700 034fl 20 FCC / flAECH/
02790 0351 OIl FCB 4
02800 0352 06C6 FDB MAP~Cli ~:W3flOUTINi: ADDRESS
02310 *
02820 0354 t IASUEl EQU *
02830 03511 OD FC13 $D ,$A
02 840 0356 20 FCC / PIASEST/
02 850 035D 04 FCB 4
02860 035E 0711$ FDD ~~i:i:s~’ sU~ i~Ouriur: ADDRI SS
02870 *
028 80 0360 GALPA1 r.c2U *
02890 0360 013 FCD $D ,$A
02900 0362 20 FCC / G1~LPAT/
02910 0369 04 FCB 4
0292 0 036A 0825 FDB GAJ PAT 3U1M~OU’1’1?JE ADDRESS
02930 *
02940 036C W~KPA1 EQU *
02950 036C 013 FCI3 $D,$A
02960 03613 20 rcc / WA1~1’AT/
02970 0375 04 FC8 4
029 80 0376 0583 F~)J3 WAKPAT SUBROUTINE ADDRESS

U
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1.
03000 * THIS 51J 13R0u i’Irn; PRIN TS TUfl CONTENTS OF
03010 * ~~~ I3A CEGRONUL ) Tl:~;T 1’ATP1:R ~1 AND ‘t l : ~~i WORD
03020 * AU )) ALLOWS ?l~l ot~1 :R?~~o~ TO CIIANW:
03030 * T111 CONTEIITS IF DES IRI :L )

03050 0378 CF. 04513 RSTART L11 : t;co~iU i 1
03060 037)1 CD 0450 JSR OCIILF
03070 037 1~ CD EO7E JSR VDATA 1 I’RNT INPUT UACKGR OUUD
03080 * TEST PATTFRII ’ *

03090 0381 CD 03P7 JSR 1N1tL ~X GO IN PUT LI HEX CHAR
03100 0384 Fr A064 STX BEll

03120 0387 CE 047A LDX #Cotl?112
03130 038A lID 01150 J~- R  OCRLF
031110 038v 1313 EO7E JSR PDATA1 PRU T “ IN PUT TEST WORD”
03150 0390 Cl) 03137 JSR i~~l WX  CO INPUT I$ ~~~ C1!AR
03160 0393 Fr A062 STX TEll

03180 * I NTE!i sunnouTnn: i~ :RE
03190 0396 CE 0471 ST,J~T LDX CCOUII1 3
03200 0399 lID 0450 JSR OC RLF
03210 039C 111) r:07E 3SR l’D1~~A1 PIltI T “PATTERN “

03220 039F C): ~0G4 LDX ~~i:i;
03230 O3~\ 2 III) EOCR JSR ( f l J j t $~~5 PRUT cO1J~.’ENrS OF PATTERN
0 3 2 4 0  03A 5 CT: 0400 LDX J~cO:11~ 14
03250 03A~ CD E07E JSR PDATA1 PRNT “Tl•:s’r WO R I) “

03260 03AB CE A0 62 LDX ~TUfl

( 03270 0?Al: ED F:OCO JSR OU T IIILS GO !‘RNT cor:r i :~~~s OF TEST WORD
03200 03131 CE 04813 DEC15 LF)X ~CQflll150 3290 03134 111 0450 JSR OCRLF
0 3300 03117 III) E07E JSR PDA’iAl PUII T “CO OR Rn—ENTER ? “

033 0 03 13A CD l I l AC JSR INCHAR
03320 031313 81 47 CUP A # ‘ G
03330 0 311F 26 01 DUE ‘~+3
03340 03C 1 39 RTS CO RUN TEST

03360 03C2 131 32 CUP A #~ R
03)70 03C4 26 03 CUll *.j- 5
03380 03C6 71: 037 8 JI1P SSTART dO RF— ENTER I)1\Th
01390 03C9 81 58 ClIP A #‘X
03400 63C11 26 03 UIE *4- 5
03410 03C1) 7E FODO J~I[~ U1IBUG
03420 03D0 81 03 ClIP A t~$03 TST FOR CONTRO L C
031130 03132 26 CD l~~E D1 CIS
03440 031)4 7E 01F~\ JIlL’ £10112

0J~$60 * IN PUT HEX cl:ARACTER ‘‘UNG
03470 * i’E N!IIIIATI ;D I L ’  cr~, x, COflT ROL X , (JR
03480 * CONTROL C
03490 A061 H IIQU $A061
03500 A060 }~ EQU $A060

8,
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03520 03D7 INW:X EQU *
03530 03117 7F A061 CLR H
035110 031)A 7F A060 CLR K
03550 03D1) 131) flht~C INIJI:E1 JSR INCI!AR
03560 03130 81 58 CI1I~ A # ‘ X
03570 03132 26 03 BCE *4. 5
03580 031:4 713 130130 JIIP l t l l ;UUG
03590 031:7 81 013 ClIP A #~~0D CA l~RIAGE RET
03600 031:9 26 07 lIN E *+9
03610 031311 FE A060 LDX K
03620 011:1; 116 A061 LDA A H
03630 03F 1 39 RTS

03650 03r2 81 03 CUP A ~~03 CONTROL C
o3t ;ro  03F4 26 03 fiNE *+5
03670 031•’6 713 O 1F A JIIP 110112
03680 03F9 81 18 CUP A #~~18 CON TRO L X
O36~ 0 03rD 26 03 ~P!~ *-~5
03700 03rD 7 1-: 04 32 DIP DELETE
037 10 0~4O 0 80 30 SUB A
03720 0402 211 (11 8111 Cl [JOT HEX
03730 01104 Eli 09 ClIP A #~ 09
037 ’tO 01101; 2F 08 fiLl-I I N l i l o
03750 0/ 108 211 313 CIII Cl  NO l’ HEX
03760 04 0A 81 16 CUP A #$ 16
03770 OIIOC 213 37 DCT Cl hOT HEX
03780 0110 13 80 07 SUB A #$7

03800 01110 1111110 l:Qu *

t 03810 O t I l O  $4 OF AND A #$OF
03820 0 4 1 2  78 A06 1 AEL I! E I L I E T  2 fl’~’TI: itl:GIST 1:R (IL-- : ; )
03830 01115 79 MOO .ROL K I~- CIT.P \ C L I ~~~TO LEF T
030’J O 0418 78 M G i  ASL U
03850 04 113 79 A060 ROL K
03860 011113 78 A061 AET. ii
03870 0421 79 MO O l~OL K
03880 0424 78 MGi .\S1, H
03690 0427 79 M60 flOl, K
03900 042A fin A061 ADD A H
03910 0421) B7 MGi ETA A H
03920 01130 20 AB BRi~ li l ikI X i

03940 0432 CE 043A DEl ETE LOX ~CO?Ui i0
03950 011)5 131) F.07E JElt PDI\TA1
03960 01138 20 91) lTh.A Ii!IIIIX

03980 0432\ 20 ‘ C0111110 FCC / DF.r~ :T1:D/
03990 01142 01) [‘CII $OD ,$ 0A ,~~0l1
04000 0445 86 3P Cl IDA A #‘?
014010 Ø41~7 nfl 13075 JSII (fITCh
04020 0L I~4A lID 0450 JSR 01131?
04030 011411 713 0 1432 JIIP DELETE
04040 0450 86 013 OCRLF LDA A # O D

C- 87

- .
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04050 01152 III) 1:075 JSR OUTCII
04060 0455 86 OA LDA A #$OA
04070 01157 III) 13075 J$R OUTCI!
04080 0145A 39 RTS

04100 011513 119 COhilli 1 FCC / I U P u T  BACKG ROUND TEST /
04110 6(171 50 COl1h113 FCC /P2\TTIIRN /
04120 01179 04 FCC $04
04130 04Th 49 CO!I1~12 FCC /ITIVUT /
041 40 01190 54 COUE I L L FCC /TLUT WORD /
04150 048A 04 FCB $04
011161) 04011 47 C0t11115 FCC /00 OR RL—EWTER DATA ? /
0417 0 OLIA1 04 FCB ~Ol4

04190 * SUIIPItOGPhI [ PCOIITL
04200 011A2 CE 0511’ ‘CuI3T1 LDX 4~CONI t22
011210 011A5 130 0450 JSR OCITLF
0 11220 04A6 1111 EO7E JSR P ) ’ .TAl PRET “ P U L SL ’. WIDTH I’IORD”
04230 OLIAD CE 0531 LDX #L ’F~ N23
0112110 04l~): 111) 1:071: 3 SR ~O. ~i A  1 “WRI TE ”
04250 011111 ci: t\06U LDX ~t .iIJID
011260 041:4 LID EOC8 JSR OUT4I~S PUN T CON TEN TS OF WRITS WORD
04270 014B7 CE 051F LoX ~C .S;:122
04280 OLW A 1313 0450 JER OCRL,F
04290 OLISD lID 130711 JER FDATA 1 PUNT “PUL SE WI D ’L’1I WO IL3”

4 04:300 04C0 Cl: 053A LDX # C O U M I 9
(‘11310 04C3 NIT . 1307 13 JSR 1’DX~.\l PRI,~ ‘ ERASE”
O L L 3~~0 04c6 c~: A066 LDX ~t :P1I T 1)
04 330 O’IC9 CD 130c8 ~ SR OU’r~1~~S PR~ T C~~UTEl-]TS OF ERASE EOIU)
0434 0 011CC ci-: 0543 DECS LDX I’C ’: s20
04350 OLICF CD 1.07 11 J E R  PDM’ A 1~RET “OK OR R E — E N T 1 3 R ? ”
OLIJoO 0(402 1:5 lI l AC 3513 ]WCI !AR
011370 04D5 01 111’ CSP A #‘O OK
0413:0 OLIIY’ 26 03 BNE *~.5
04390 Ol1D~

) 71: 01 PA JIIP ~I O J 2
O~l 400 014 DC 81 52 C?h1~ A ~: ‘11 R E—h WTI ;u
0 U L l 1 0  0111313 26 03 fiNE *-f5
04’120 0(1130 7.11 O4i’l JI-IP ClI. ’ NGF
O~l~4 3O 04133 81 58 CI.P A # X
041140 041:5 26 03 CUE *~~5
0(4450 04137 71; RODO JUT ti.~EI;UG‘14460 04 13A 131 03 CUP A ~$3
014470 OI4EC 26 1)11 1 1113 1)13CC
0.1480 041313 71: O 1FA JI-IP 110112

04500 O4F 1 ci: 0517 CtlAIl t ;I :  ~.DX *C01ih12 1
04 510 04R4 1313 1307 13 JS’3 PDNrA I P13101’ ‘iN P UT TuLsi-: wni’rit WORD ’
04520 04F7 ci: 0531 LDX ~CoUlt2304530 O4FA ED 13071: JI3R ?DATA I P ImT”wrU TEM
0115140 O’lI’D CD 03D7 JL~~ I1nn :x
04550 0500 F? A068 STX Wl’I IID
04560 0503 CF. 0517 LDX ~COl t1I2 1

( ‘
88
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04570 0506 CD EO7E JSR PDATA 1
04580 0509 CE 053A LDX #CO1I?119
04510 OSOC 131) 110713 JSR PDATA1 P}U’~T”ERA Sl1”
0L4600 050F LiD 031)7 JSR INICEX
04610 0512 FF A066 STh L P W I D
04620 0515 20 811 B111~ PCONTL,

04640 0517 OD C011112 1 FCB $D ,$A
04650 0519 49 FCC /INPUT /
04660 051F’ 50 COt-i1122 rcc /puLsE WII)TlI WORD /
011670 0530 04 FCB (4
04680 0531 211 00111123 FCC /— WRITE /
04 690 0539 04 FCI3 11
O~1700 0 53A 211 COIIM 19 FCC I— ERASE / -

0(4710 0542 0(4 i-’cn 4
04720 05143 013 C0111120 FCC $D,$2~011730 0511 5 (IF FCC /01: OR RE—ENTER ?/
0474 0 0555 OD FCC $D ,$A , 14
04750 0558 OD c0111124 FCB $D ,$A
04760 OSSA 54 FCC /T1:S’f IN P13001313613/
047-’O 0562\ 04 FCB 4
04780 05611 20 COh2125 FCC / — -— TEST COMPLETE ——— I
011790 0582 04 FCB 4

89
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4 , 04810 * Di:rlhiL: SCRATCh AREAS
04820 AO6A PTh L’QU $A06h
04630 AOGA CURADD L-QU $AOGA
04840 A0613 COIIADD I’.QU $A06B
04850 AO6C CDATA 1 EQU $A06C
04860 A062 TE1~ 1IQU $A062
0(4870 A064 BEE EQU $A064

04890 0583 WAKPAT EQU *
04900 0583 liD 05113 JSR BCKGLI D GO WUI T E 13~\ CIZGR O(T ND PATTERN
011910 0586 7F AO62\ CLR PTIL
0 14 920 0589 FE A062 LOOP 1 LDX TEE T1-:sTwoRD
04930 058C FF A052 STX UDATA1
0(4940 058F 116 ltO6A LDA A PTR
04950 0592 137 A055 ETA A 10)1)13
04960 0595 CD 0150 JSR IJRITE

04980 0598 7F A055 CLR ADDR
04990 05911 lID OiBi \  LOOP2 JCR READ
05000 059!; 131-; ~ O50 LDX RDATA 1

05020 * ‘rS~ L’O1~ LOCATION WI TH Tl:ST CURl)
05030 05A1 136 ~\055 LDA A )\DDR
05O~4 O 05A4 131 AOGA CUP A PTR
05050 05A7 27 OA B1:Q LOOP2A

05070 * TEST FOR BACECINOU ND PAT TII RN
05080 05A9 BC A OGL I CPX DEE BAC K GROUND

t 05090 O5~\C 27 03 REQ *4.5
05100 OSAE 1311 0619 JSR ERUOR1
05110 05131 20 08 1MU~ L00P213

051 30 * TEST FOIl TEST 1-10131)
051~1O 05n3 DC A062 LOOP2A CPX TEE TEST WORD
05150 05116 27 03 1IEQ *+5
05160 05B8 !3D 06140 JER 1:13130112

051 80 * TEST FOR TOP OF IIUIORY
05190 O5BB 136 A055 LOOP2D LD~\ A 10)1113
05200 051313 81 iF ClIP A #~~iF
05210 OSCO 27 05 131-13 LOOI’3
05220  05C2 7C A055 IN C ADDIL
05230 05C5 20 114 EllA LOOP2

0525 0 * IIESTORE BACI :GROUUD PATTI:RN
05260 05C7 FE M6’I L00P3 LDX ,iLiI 13i\CKGROULID
05270 O5CA FL’ A052 S’I’X SLDNi’A l
052 130 05CD 136 AO6A LIlA A PTI(
05290 05110 B7 A0S 5 S’i’A A 10)1113
05300 05113 DD 0150 JSR WRITE

0532 0 05 116 116 AO6A LDA A PTh
05330 05119 81 iF ChIP A t$1F

(
. 90
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05340 051il1 27 05 wx2
05150 051)1) /0 AO6A 1110 P’~’13
05360 05130 20 A7 IWA I.~~’i’1

05350 05132 LNDIT EQIJ ‘
05390 051:2 39 RTS

I
05~4 tO • St (lI5 t,~’ ~ i: ‘ .1:111: 1; .\t ’Ei:1~,f l1ND

I :: 1:11 I -~ I 5 t h E :  0 \CE C E ~’t ‘::; ‘ 1 .\~~T I t N  IN TILE
05430  * l:~-~~~1R l :  :3!  LCE\  ‘

~ 3: :.\t’s s’lu: ~1:L~~R\
054110 • -\E1 \ 1 : U  L I ’  I 05 .L ,_ \ E’ T i l t :  1 . -~L l~., 5 ) t ’N l )  l’A’31’l’ERN
01(450 * L E \ S  W 5 L ~~E 1 1 (

05~170 (15131 LICKOITh L Q U  •
(1 .-I “0  0’l 3 ~~~ 1n x  io: t :  h~.\CL 13OtI N L )
0 ~4” 0 0 ’  :~ I I  12 SEX 3.E ’AT:\ 1

3~~~1 ’  ‘1’ . \ 0 ’’ S 01.13 : \Dl>U
I I  10 0 ’  C . -~~ ‘ 0 1 ~0 !1CI~ 1 JSR %J ~33 ~~

0 15_ ’0 011 3’ 1 A O l ’ . I D A  A ~\ 1’ DR
0 1 . 3 ( 3  1’” 3 .‘ 131 Il- ’ c: ~i’ A I ’S ~ F’
, 1 : ’ . . (~ ~~~~ ‘i os ~~~ ~ L I  ‘~\ ‘3 ’ ‘01- ltl:1I013Y
~1 ’ ’ - .t ’ 0 ‘ i t .  7~.’ ~~~~ h A ’  ~\L) 1) 11
~~~~~ 0,

~ I ’ ~ 20 1’1 ORA I ICKI
- 

1’ ‘.130 0” :1 .  ~
‘ 1- ’ A0 ‘ I CI.R .\DDR

f 0 . t . O 0  V l U L F Y
05~ 10 ~

‘ E l :: :.D 0 I.c1~2 ~:5u
— 0 i  . 0  0 . 0  1 : A t )  ‘1) LOX E t ’A’ ,’A1

— ~~ ~~~~ 4 so ..,‘(s- ( ci ’x 01:1 :
0 ’  . 4 , ) (1 ~. ~) 7 - ‘ / ~ 1 1~1 :~o $ •f I
~~ 

‘,
~~

. . ,t ~‘ t ~) I  3 - ’ Ot ’ ‘I I-’ 1:
3 ) , .,. t . 0 0~~’ ‘ Ot .  : \t )  I 5 L t ’A A
0” t, .’ ~ 0i ’~’ l• ’ t3 1 IL’ CML’ A E~ ,- I F’
0 .t. :30 L I t ’  I I ‘ ‘,‘ 0’’ ~
0~~~.’~ 0 O ’  1 I ~C A0 5 S 1~~C A L ’ Oh t

7 ~~) w- I t. 20 (1. 13IhA 1101,2
05710 Ot.1 U 3’) WI’S

4 - 
Ol ’

~30 ~1ti 19 16 1:01:0111 TSIh A
0 . 7 4 0  Ob I 2\ I-E-’ A056 STX X’i’I’,IIP
o-~ ; so Ot; I t ’  013 0058 LDX ~C0IIU1
0:. /t,t) O 20 LID 1:07 1: 1~R0 l.\ ~ EU I’l ” :Vt ’Al
05770 ~) t. - ‘ I C;: A0&. 4 I I  ‘X #1:111-:
01/11 0 O .26 I~P 13000 131313 113 ~I : ’R OLII ’4 I1S  00 L~~3 1  N U L T  3/ tE l  DATA
0’’ 7*1 ~ 0 t. $‘1 o’: A0 50 1 ox ~ RI ‘Xl’A 1
o 1300 0 t’ 10 01) I :0013 JE 13 ‘0101’ OtIS  I’S ( N I ’  REAl) 1’X$A
0 5 8 1 0  ()t . .’P t -3: 0h813 LDX #C~~DD
0~~i32 () OL . 12 LU) 1:0 713 ,1S1l pl)ATA 1
051330 063:. Cl: A055 LDX tADDR

91
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— 058(4 0 0630 liD EOCA JSR 0(022116
05850 06311 32 PUL A
05860 030 i-’i: A056 LOX X’~’1:ttP05870 0631’ 39 11213

k 05890 0640 36 1313110112 P511 A
05900 0641 IT A056 STX XTI :ZI P
05910 06114 CII 0666 LDX #Cl:11132
05920 0647 lID 130713 I:RII2A JSll 1’IV~’1A105” .hO 0614A ci: A062 LUX 4~’L’t:i:
059(10 06Th 20 D7 nRA 131313111

05960 0641’ 36 13131:0133 P SII A
Os”70 0650 131’ ?tOSG STX XTEUP
OS ’ EO 0653 CE 0675 t .DX ~C 1:iuL 3
0590t) 0656 20 CS 113j\ EIUI1A

0:a 10 0658 OD CERR1 :‘C3 ~r , ;~t .•~(1u0 20 065A 45 1’CC / 1:i :0— TYL’l :  I /
06030 0665 04 FCC LI
060110 0666 OD 03:1:1:2 reP 1~D , $A
O .o SO OG~,5 ‘15 FCC /01:1:— TYPE 2 /
0t,9~ 0 0674  04 l-’CB 4
Ot 070 067~ On L I :::: I 13013 $1), $i\
O t , . ) 30 0t~7 7 3 ‘~ 13CC I :s~:— DCI1G~I D VER IFY /
I t  0 ’:,  O t ~0A 0~4 (‘CC (I

0t I )0 I t t  I~ 1 CAIIL1 I- CC /AL)1) R
0 t~ 110 0t~’’2 0-4 F’Cfl 4

H . -
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06130 * ~~~~~~~~~~~~~ 111801..AY Till - : CONTENTS OF
06140 $ TIlE 111305 1112 00V Ott TI lE 01~’1’ MID WAIT
06 1 50 $ rot : ASY CItAIIACE’l Il TO i t t :  II~1’UT BEFORE
0 160 * Rl :’21 l-E:IN. ;  TO ‘2110 COh3/~’0O1, LOOP .

06180 0693 D I S P LY  EQU *
06190 0693 71’ A05S (‘Lll ADDR
06200 0696 81) 12 13513 DIS1
0 6 2 1 0  0 , ’~$ 110 13 13513 0162
06 2 2 0  0 O’A 06 A055 LDA A ADD1~
Uti230 0691) 81 20 CtP A *$20
06.1110 Ot.’)i” 26 £5 LiNE DIE1’LY+3
0625 0 Oi . :\ i  86 3F LDA A # ‘ ?
06260 06A3 lID 1:075 JER ClUTCH

06280 * DISP1J~V Ct IIE’l 21’i’S (‘F’ EOOS MEM ORY ON
06290 $ CII I’ ( ‘33/711 , AllY Clt ,’.Il IS iLl/Ui FROM K E Y BOARD
06300 0 t A t ~ IU )  0 1A C JS0 I1lC10’0~
06310  OuA ’) 39 RTS
06320 O6AA 01) 0~l50 I ’ 1. S 1 3513 OC1ILF
06330 06/0) 110 O 1BA 11152 3513 131:10)
06340 06130 CL l’t QS () LOX ,~RDATA1
06350 Ot.LJ 111) 130CR 3513 01. 1/4( 15
0~~3o0 Ot ’ S t  ci: 068 11 LOX #CADD
06370 0(.l;’l 1)11 1307E JER l’l )A’ t’Ai
Ot ’3b’O Ot . 130 CL A055 LOX #:‘~DI)R
06390 O .  Ii!- ’ 311) 1 OCA .1513 ‘0tI’.’2H5
06t.oO 0 6 02  70 A055 IOC ADOR

- - 06410 06C5 39 R’2S

- 
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‘

~~~

‘ 06440 * SU BROU TINE TEST PROCIIAI-1 —— MARCH

O6~160 OtiC6 MARCh EQU *
06470 06C6 LID 05E3 ‘Isp. 0C1~ /’IO VilIITE BC}.G1;D PATTERN
06( 180 06C9 71’ A055 CLR 10)013
064 90  06CC FE A062 LOX TEE
06500 06cF rr ~,052 srx IJD:.TA 1
06510 0692 110 O1BA LP1 3313 REAl)
06520 CODS FE i\050 LOX RD1~TA1
06530 0608 BC A06 11 COX (IF:!-:
06 13 0 061 0 ~7 03 BIIQ ~+5
01. 5 : )  0690 ltD 0 6 1 9  JSR L~~t 10R 1
06560 00130 LID 0150 JSR 1-IRITL
06570 0 - 0 3  136 A055 Ll)A A ADDR
06~~60 OtO i Cl iF CML’ ,\ # $ 1F
06 590 061311 27 05 ill l Q ~+7
06600 U Ô L A  7C A05 5 100 ~\DDR
06 610  OOLI ) 20 133 BOA LP1

06630 06131’ F11 A0614 LOX 11111:
0664 0 06L’ 2 FF A052 STX LJDATA1
0665t) ObF5 130 O J B A  Lt ’2 3513 READ
Ott6 .) 0 0 F,  FE A 050 ~. :x  IID2ITA1
06670 fl.I ’l4 IIC A062 CPX TEE
06600 O u r I :  27 03 BI:Q *f5
06690 0700 BI) 06110 ~~~ 1-2:130132
06700 0703 DI) 0150 3513 I-naTE
06710 0706 71) A055 ‘7LT

t 
0 6 7 2 ) 0 / 3 9  27 05 REQ *+7
0 6 7 3 0  0/013 7A A0 55 DL.2 !tDI)R
116747. 0701: 20 1-15 BRA LP2
067 .0 07 10  Di) 05F13 .1513 0C132 VERIFY BCKCIJD R E — W R t T T E N
05760 0713 39 Ri’S

~1
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4 ~ - 06780 * suol:ou’i/ to:. 1 1 2 ) 7  l /1tOGRi ~t t  MA~~E5T

06300 0714 I I A S L I S T  EQLJ *
06810 071’I [30 0727 3311 3’l:s!:’l’ I
06020 0717  131) 0773 JSR TEET
06 83 0 07 l~’, I S O  0741’ JSR VFY
06 13( 10 07 11) 01) 072F JSII PlISL~~2
068 50 0720 :o 0773 J~;R Ti-1 ;’i’
0 606 0  0 7 2 3  lt D 0741-’ 3813 VFY
06870 0 726  39

06890 * ‘o  ~:ro’uoo i-oo : T i l l S  ::~.- )ooU I’ TNl- :  TIlE
06900 * j~f7~’,\ 1) 1 I , 7 X / A 1  15 Till: ~)A’l’A 0131011 WAS
0o910 * 021 /11 .0  1:. 10 ALL 1*1 .2 ::1.out:Y -.o::os

16930 * S’IAsT ) J i ’ M ~ A l l .  1’ S  113 /~DD~ 00
0o 9 10  0727  ci: FF1’I’ i’ :0~~:T 1 LOX HF 7F’ L ’
06 6 50  07.:;. 00 A05 2  s’rx 110171/Al
06 -i t.’0 0/ .10 2 0 06 Ti S.—~ P1152&’
0b9 70 * 1~T AST ~ [ 1 1 )  AI ,L 0’ S III ADDR 00
06980  07 . 1’  CL 0000 1’..: . 22  I .CX #0
06 9 9 0  07 12 F’l’ A052  51 /N  i lo/ IA1
07000  0735 713 ?.055 ) ‘251 ,T CLI1 10) 013
07010  0738 DI) 0150 osi: U01’i’E
0 7 0 2 0  073 13 73 A S) S 2  CO! 03 ) -VIAl
0703 6- 0 7 3 k :  7.1 A05 3 cc’:i UOA’IAl ÷ l
070 12  07-1 I 06 A055 LDA A
070 ‘0) 0 7 t t 4 C l  iF  CM1’ A #~~1F TEST FOR TOP C) - ’ L) t-1O,(y
0 7 0 - 0  0~~~6 26 02 1301’. ~ I 4
0l’070 0 7 18  20 05 BRA VFY
07080  07l4 ;, 7C A0 55 . N C 2.01)13
07090  0 74 0  :10 E9 BRA i’RSLT+3

0 7 1 1 0  * V I l S I F Y  :.I.’fl o :IATIOO DATA PAT’l’l:RN
07 120 0741’ 71-’ A055 \ ‘VY CLI: A1)L)i l
0713 !)  0 7 5 2  111) 01 BA J3~1 READ
0 7 1 ( 10  0755 I L  A050 LOX 13DM/Al
0 7 1 5 0  0758  IIC A05 2 CPX \ ‘D Vi’Al
07 1 60 075 11 27 03 REQ i 4 5
07 170 0750 10) O7CA JS13 131300136
0 7 s 8 0  0760 73 A052 COI L UI )A’IAl
071 0 0 0763 1 A053 COO n -~~T A i + 1
( ‘7200 0766 136 2.055 LDA A A D U R
0 7 2 1 0  0760 01 iF ClIP A
072 2 0  076 13 2 .  01 liNE *~ 3
07230 076 1) 39 I1TS
072 0 0763-1 7C 11055 INC 111)13-13
071’ i O  0 7 7 1  20 OF BRA VFY-4- 3
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‘ ‘ 07280  * TIII8 8UL31:UI J TIIII - : ‘l’l:STS ‘i/lIE i-i:-:: b o Y  1”OR
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Operator ’ s Manual for the

NCR 205 1 Test System

Appendix C provides tho reader with a r.~anual which may

be used a’ a guide for operat .nq the NCR 2051 test sy~; 1 er1. A

more dDtailed descripLlon of the Lust algorithms and

subroutines is Contained iii Chapter  V.
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Operatinci ~‘1anua 1 for  the NC ’fl—2 0 5 1 
~~~~

This :~anual  cl sei’ibos the procedures for using the

N C R — 2 0 5 1  1’INOS memory tester . Thi s thstor  is a microcomputer

based system which w;is designed ~pc ’cif iea1]y for te: ;t i l lg the

NCfl—205 1 . In genera l , t h e  L o ut  sy:~tcn~ wi l l  supp ly all the

nocCsS~~ry prompt,in(7 messages to pr ovidc  the operator w~ th

sufficient informatjon to run ~‘he s~’si iem wit h o u t  r e fe r r ing

to the niarmal . The 13e Elcss t c j  ‘s ai ’e dosc r i  bed herein.  The

required memo ry wr i te  and erase pt i l .~c ~‘-idths are controlled

by ho~:adcc Lj U , t1 . (base 1 1 )  data in pu t s  f ro~,i the oper tt -or . The

ti~ cs r c - c~~’i~ Led by a cj VCf l  input  i~a~ ho o~~t:a ,Lncd  Lr~ iii the

pulse wi d th tabl —~ (Table C2~

~~~ ~~~~ ~~~~~~~! ~~~~~~~~
- 

~~~~~~~~~
In order to s implify  the p ower—up se~j uonce , a ll

electrical connect ions  for  t h e  d .L f fo r e n t  par t s  ot t h e  system

are plugged into a common power out le t  st] :ip. ~ i.fl~~1C

switch located on th~.s power ut r iu  may then be u:~od to turn

the system on and o f f .  ~ inca there are not cnouqll out1eL~

on the power s t r ip  for the v~ dec monitor to be ~.luqged into

it , it is necessary to turn  the oii,’off  switch (on the

monitor) to the on position and chock to ~ee that the

roCeiVCl//I1lOflitor switch ( locatcd on the r ight  end of tne

monitor cabinet) is in the monitor position (up)

103 -
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~~~~ Verify that the power irid,icator lights on the

microcomputer and the video terminal  are on and that  the

power switch on the cassette interface is in the on

position. To clear the video screen of the random

characters and i n i t i a l ize  the cursor to the lower left

corner of the screen , press the “f l”  key located at the .Lower

r ight  hand corner of the keyboard (not the key for the

character ‘I I ’) .  N ext  s t r ike  the carriage return  key ( ntarkc~

“return ”) and the Computer should respond wi th  an asterisk .

If this occurs , proceed to the next paragraph . If this  is

not the case, press the rese-L but ton on the microcomputer

front  I?anel. If there is still no asterisk , ch~ck the

local/remote switch on [the casset te  in ter face  (this switch

- ‘  should be in the remote posi t ion)  . If there is st i l l  no

asterisk , check all connections between the components of

the system to be certain that they are all plugged in

securely . Next, compare all switch settings with the list

in Table Cl and correct any discrepencies. If the asterisk
I

still does not appear when the reset button is depressed ,

consult the manuals provided with the micro proce ssor k i t

(Ref 1) for additional help in locating the problem.

- 4 ”
- 
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Loading the Test Monitor

If the test monitor  is res ident  in the microcon’puter

(i.e. the EPROH board installed) omit thi s step . Af te r

having completed the power—up sequence and obtained the

asterisk in response to a carriage return input from the

keyboa rd , it is necessary to set the baud rate switches on

the backs of both the terminal and the microcomputer to 300

baud . Set the read select switch (on the cassette

in ter face)  to input A or B corresponding to the side to

which the tape recorder output is connected . The record and

read status switches (also on the cassette int er face)  should

!)e set in the center (auto)  posi t ion.

- - In se r t  the tape cassette contain ing the test moni tor

object code Ij it o  the cassette  ) :ecorder end rewind the tape

to the beg inning (be certain that  the tape is inserted w i t h

the side (contai n .ing the pro qr am) facing away from the

recorder). It may be necnssary to posit ion the manual/ auto

switch to the manual posi tion in order to rewind the tape

(be sure to roturn this s~, dtch to auto ween the rewind is

com pleted). Place the recorder in the play mode by

depressing th~ play button ( this but ton must remain down —

after  it  is released). The loading process is init iated by

typ.ing the “L” character on the keyboard . The c~.ss -. tte tape

should beg in movi ng , the road “ ready ” liqht should ho

ligh ted , and (when the Leg inning  of the recorded progrem is

105 -
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reacfted on the t ap e)  the read “d’i ta “ l i gh t  should 1: licker as
‘p

the pro~jr am is b a l e d  into t h e  conipu t:cr

~‘Jhen the ~~~~ em is leaded , the conipu Lor  w i l l  stop the

tape recorder ~t t t ~ i turn  ot C the road “ ready ” ligh t . It wi. 11

t- hen tramism :u. t an asterisk to indice t e that IT in’ opera t ion is

coiLt pleted . TI~o S top bt it toxi  on the c~isse L t e r ecorder s h o u l d

now be d~’pressed .

En t or i  no the Tos t: ~ ~ll i tor

The ‘go t:~ user ‘ s pi oor~l t i  ‘ f un c t i on  o C ~-1 l xbug (~~ef 1)

is used to enter the t-o~;t - mon i tor . ~et ’ore us in t J  this

fu n c t i o n , it is neces~;~iry ~e l oad the c c - ct  v al ue s  t u r  the

co n d i t io n  code i ctjis t:cr ( 1.000k tCd at ~A () t~3 ) ~u nh t l tc  [ t c ~~r~lm

counter (boca Led at $A O ’4~ /9 ) . The co:idit ion code req~ s t e r

should he loaded wi th  $ 10 so that  in to ’ r u p l  ~ c not

allowed . The data ~-.-ti ich is  loaded in to  the p roqr am counter

is the s i ar t i nq  a~kt ress  ol. the the test monitor (~~O l 0 0  for

the version loaded from cassette tape an t i  ~D000 tor the

EPRO~t vers ion)  . The fo  I~lowing sequence clemonst t a t  es

entering the cass t -t . t o  tape version. (UnderLined entries are

user inputs  and ‘ n ’ entr ies  are random num ber computer

responses.)

*M A04 3
A043 nu 10
A0 l~ nu Re turn
A045 mJz eturn
A0L~6 nn 1~eturn
A0t17 mmnl ~e- t:urn -
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AO ’~8 fin 01
A 019 nn OO
f~O L ~ \ nn

After the user types the G, the test monitor therm

outpu ts  the directory of all available test programs (See

Fig C—i ) and waits for a one or two d igi t  inpu t ( f rom the

operator)  followed by a carr iage r c t u r n .  This  input

represents the number of a program as indicated in the

directory . The monito r  ~iil I. then enter the selected procrarn

(after printing Lhc name of the progr am selected ) . The

o:)eration of each ka:~~ Jr a m  is dosc r ibed in the following

::~~i:~~jraihs. At avy point in  the operat ion of the test

s;s tem , hen the pi ooram is ‘.- ‘ai t inq  for an innut  trc’m the

operator , the operator  may decu~ e to ui~p neck to the tOst

r~an i  Ler e n t r y  po lnt  (sd ucrc t l  by typinq  a contro.1 C)  , jump

to MIKbug (seLected by entc rin ~j an X) , or delete any entry

( type control X ba~ ore the ca r r iage  return has been

entered) .

fte~cut 1ng M~~~C1I, 
“ 2.~. ~~~~ ~

After entering tile test r.ionitel: and sct1:tag the pulse

widths to the desired values , insert a test d-~vice i nto the

NUT test socket (pin 1 i.~ located nearest the  lever on the

zero insertion force socket) . Type a “1” fol~oweO by a

carr’aqe return to enter flARCI( ( typo “3” for GALPAT and “ a ”

fo r WA1~P,~ ’) . (See Ref 2 for a de~ cr ipt 1on of these
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altjori thins . ) The moni tor  ~~i i. 1 r~’spoixi wi th  “~~ -cg rem

sebee Led” fo llowed by the nai le oC the ru ~rar i  which was

so lec ted . The cu u r en t  va l ue of t h e  ~ac1z~, round t;eS t: pot t-e~~n

and the t~ s t word are then d i~sp inyod and t he opt i on  “Go or

f le—onter  data ” o Ct erc ’d to the ope ra to r .  If th- ’ pat te rns  are

the desired va l ue , th en type “
~~ 

“ and the tc~ t wi l l

cemmence . If di . t t e re n t  v al u es are t o  be used , type “R ” and

the coaputer wi l l  respe~-~d by (1 ~apla ’ i na the in st iTU ~~ tj Ofi

“input . i kqroued L~ sL ~~ - t:Lc~~~” and u~~~t ~or t:bL’ new pat te rn

to he innut  . The inpu t Pu Car is ~ei-o Li 1.1 ad r ior  to the

f i r s t  inpu L SO l e a d iu c ~ z e r e e s  need net b~ Ofl :-erod 
* Only  the

last four  inpu ts  preced I a c:nr ulge rt ’tiiun are v a l i d ,

Lh e r efo r c  correct ions  A m y  L~ made by siup  ly r e ty p in g  all

t - fou r  d1tj  i. t- s ci: ;irg the ~I c o ~-e F~’nc - ~en end - -—enLc r t n~, the

pa t te rn .  The canput Ter  then espends wIth  “ input  test~-:ord ”

ar .cl w t i t ~ 10 r I he new t-es t ’-:ord to he m ont . The l c k ~ r ound

pattern and test  word ~ro nen in U np laycd along with the

option to “go or r e— en  L er ” . When Lh e d~ s1 i-ed v a l ue s  are

en tered , type “G” to begin prograra  execution. The colTiputer

prints “test in progress ” or it hog imis the testing of the

device .

Al! errors (errors meaning  that  the data which was read

does not correspond to tha t  which was wr i t t -en )  which  are

detected will cause an error statement to be pr in ted  on the

output device (one statemenL for each error). When the test

- 
- 
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-. y is complete , the comput :er prints “ — — —  te~ t comp le te——— ” and

if no error st a loument s  have been pr inted the device has

success ful ly  passed the Lest . The test monitor will be

re—entered and the test direc tory  displayed on the output

device.

E~~ecuti  uq A~~l~~~i’ Test  Proqr~um~

A ft er  enter ing the test mon~ tor and se t t ing thc pulse

A~i (t t h& to the deri red values , inser t  a i c s t  dc’.- ico

(NCR 2 0 5 1 )  into the MU T test socket (pin 1 is located

nearest the l ever  on the :~ero  inse:: Lion  force  socket) . r *~ .p _ ~

“2” followed by a car r i age  -rotu::n to sal  ect i-I~~u :ST (See Re f

2 for  a ( i - a scr Lp t  Lon of the t A~~ P~T a l  ~ er!t :hra ) . The ceapu ter

will print “program selec ted ~-A ~ h ST — test in progress ”

and beg in test program e xec u t i o n .  Al! errors  w i l l  cause an

error st at c2raeILt to be pr in t ed  on the outout  device

(including wri t ten  data , road data . and the address whore

the error occurred) .  Whoa the test is conp ieted , the

computer wil l  prin t “ —— — test comple te——- ” and re—enter the

test monitor (printing the teat directory).

Displaying Contents of an NCR 2051

After  entering the test monitor and inser t ing a memory

device into the MUT test nocket , type “D” followed by a

carriage re-turn tc enter the Dl:SPLAY program . The computer

will disp lay the addr ess followed by its contents for each

- -
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mt t ~l t t ’ m ; m ;  ~~t t i i ~’ ~~i i t  I t -
~~’ 1 , ’ m I e t ’ i  ( t ~ v i ,  ‘ i i t - m: f ’ ’s j ’ ’ i-  ~1 i n i l  ny

1. i t m ~’) . ~ llt ’Il a.1 I t he c a t it  e t i l  .~~~~m t ’ ’  ~ :;p aye ! S i t  I lie ~m t t j ’ u t

t t ~m v i ~t ’ , a ‘‘ i’ ‘‘ ~v i I I l ~~ i i i  ‘d ~‘ t m d  I i t o - (  ‘wj  ‘U I or  ~
-i I I wa .L t. I to;:

I I t t ’ O pt ’ I I k )V  t . ) I \‘~ 0 0 eii .i  as I ci - ( s 1  i~ I ‘ any h , 
~
‘ ) l ’foc ’ it:

~,~i~~l _ I  i~~’l ‘ t r i m  to I i : e  l o s t  tuo r t i t o t - . ‘ t i m e  t o r t -  ~‘t - o m i  ‘n

\~ i. 1 1 i t  I mm I ,~~‘ 
,~I i  i ’ I ~iyt ’ ’ I .

l l m np l~ ’v ‘ l t . 1 ~m~1~. ’ i-h - i s  s m i ~l l - ~r ; ;, ’ P u l : ; . ’ i - J i l t  115

A I ( ( ‘ U  ~~i i  t o - i m~~ t l ie men I ci - 
, 1 

~~~ 
o “ I - I ’ ”  I e I ~‘w~ ~1 t )y

a cat r i o j e  r o t  t r i m  I to ‘ i i  l o t  he j ’ t t  I : ’  u k i t i m : ;  i ’ t m t  i t i ~~. ‘‘lie

)llq t t t t ’t’  ~-ii. I I jc itit L ii ’.’ ou r re t. c m t l c i m .  cC 1 1 ’  W I  i i i. ’ ~I t i ( L

et a:k ’ p u i r  w I t h  1~~ j t , m i t  d r  ( o m t t  1 m , ’;. , m d , ’ c i i ~t ; t  1 i i t t m I ~ ’~~;; c - m o l t )

ai~~t ‘j  I “e tl~ flI ) o t d t  ~~~~ ~ i t o  i~ I en to e - - - o O l  en L i i ’ m m ; n m m h ~’ i n ;  i I.

,1o~; t ’ t l .  ‘ lh ’ l’ tm ‘ht ’’ t t .  I i m ~’ e t t i t o i t i  \P ,t .l ( t o : ;  .11 - O i  r ’~’t a t ’

“ R ”  I I i -  •- •en  (- m y in ~~‘ ‘ -  a t  t y .  ‘l ’ lm m m ; ;  l i l t ’ I ‘ i i  I 0 iii (~U I

, ‘ tum h pu I ~n ’ w.i (I l i t  \V , ‘i n  I t~~~ I j U  t o m  I ( ; ‘ ‘  ‘‘ a t ’ e ~ 2 t~~ - i

I I 1 t ~ t t o  t h ~’ l ’ ~-: at l , ’~’ m ; n i  i a i i m ; i ’ i ; )  (Ui  ‘ I i  i l t t ’ c; i i e , ’t

~~~~~~~~ a t . ’ m l i m ; i l~m~’t ’ t t , L~’1’u “(J ’’ I’ t~ r ,~— - ‘ I l l  m r  I I t ’ ’ les t t i toii ; t o t ’

~t nt1 cam . im ; m ’ Lh t _’ t. ‘ m ’~t’ i l l  - e L o i ’y I t o  h’’ U 1 ny ‘ii

( ‘( l I t  1 0 1  i i  ii(
~ 

t ) -
~i Pt1 I h ‘ : ; t  i . m t i t  1 0 1

¶L’lit’ ) l tL L ) i . iL  I i ~~~;i t i l t ’ I t  I m ’ t - m -’e t n t l ’ I t l t ’ t ’ m : y : ; i — e i t t  t i r e ’  I ’

t m )  o t t o  t o !  Four  oi.t t p i t t  dcv i cc;: t ’/li i c l i  iU 1V I n ’ c t o t t t l  ‘ ‘
- ott  I tO I_ It o

Loin. ft eoimt .ra i .  P is I yped I _ m i  cut i5t - I in’ C I U I _ 1) I I L

m l ’ ’ : ’!: t t r i L l  m i t t  nc3 & ‘ ( ‘ t  (~ i’om J I ’ 0 I , 1 . ‘I’h’~ ct 1 i n t , ~r i : ’ ’ ; I ’ o r t t ! : ;  Wi . t hi

“ SO it ’( 1t~ tIt ’,m I i:t ’t t  ()t1t 1)U L dcv i Cm ’ — ~I’i- R , T’~’Y , i ’ P’i’fl” . ‘ I’lie
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~i1’, ’r , it m , ~ ’ t ;h tt ’it LyL’t’$ at least :- I in’ ii t~st two eti ~t t ’ a m ’ I i ’ i: ; ;  o.f thtt ’
L ‘ j~~~~

i ta ttie l ) t ~ t h e  Ou tp ut ;  mt t ’V t O t’ L ’~’ I -
‘ k l

~ \’0(t (‘V 0 m ’~ t t U J  ~O J m ’ t~t ’ t t t t ’ n  ( ‘l’i:i~
‘~~ VI ddO I ~ ‘l  tt ~ I l i m t  I , ‘I1TY ~ son  i a I p er t .  0 , and t ’i~TR li ne

1)L’itiie r )  . The name oF the ( i t t t : 1)U t  m I c v  l eo  which i  \‘~‘,t s  50 I

wi I I titeti be I ) r l n L e m t  on the r e t  (‘(‘11 m i t :  I h im ’ V a t o m ’  L o t  W I  1101

~~ l o o t i n g  T’~’Y a i l o n s OU tT t~tj t: It) ct t li ’t’ a I ott ’! y ’ ’  oi’ t ilt ’

l I P— - ~~OA ca Ice I n  t o t :  t ;y ~ ; t e rm ( 1  l i i : ;  1 ; ;  m I t ’! ~~t n m i t i m ’U by a :;w L I  c i t

so I t ;ing  (TTY/ I  ~P—9 820A ) on Limo Ii , :ek m i  I: the tIll C i m i ’toIti~~U t m ’ ~

1110 u1j )ut: source  r~’m ; ’~a~am: ’ t h e  V Id 0)  1- e rn i  t n ~’ I ‘y l~ ‘~~~ 
r mt

rc’~ardie ;;s  of the eu l:p t m t ;  mIo ~~t t i n t l  L u l l .

~lt ’t t .t  t t r ~ ~m ’ 1~~ — s ’ I ~~~~~ 
r 1~j t ~t j f l ( J

‘ru e road-—c! took ~u Ire tv i ) I l m  i S  ret :  I t ; ;  i l i q  0 r O t  0 1 ’-  l~~t t m ’il

b o a t ed  on I_ h e  ~1IJT t ; ~t f i ~~ t m m i ’ o . ‘.t ’ iio i’e ~irc ’ t i t r e ’  p~~st  I I n i t s

Co ’ Lii is swi. teh I _ l i n t  no I cc t t m L j  C f e m ~ ‘t ~ t: r t ’~ i m t ’ - t I ’  ‘m ; m~ ‘u I so

w i d t h .  1-~aci i  I i m ) ,j t i o i i  5 ’  icC I s 0 1 1’ LI1I IiCI L t o  I.e us ’d 0 :;  O t i t ’ of

Limo t. I lii i~ilg  eontponet l ta ;  for  a 011051101 mu I t - l v i  b i a t o t  wh i .chi

generates  t;h e ~e~ d-~m ; ~l too k i ’ t t  I.: o . ‘ i ’ m ’  (dire,’ t U t . i ; i j ) t )  I

can l ir a t ed  by nb: ;t~r v i u q  I _ h o  CLK m ; i e l i ~ m 1. on ho i’IUT 11 x t n a e

W i tim ~iti OSC 1 1 .1,0 001)t ’ and ~ t t  j  LI ; 1. i tig t u e  ‘ I ~i~_ ’k pmi 1 Se t 0 t i l t ’

di ’:; I i- cd wi ~1th (
~ 

Le: ; t: p l :oq t  ant , that: roam!:; the £ - t t IP , inert b~

e x o o t t l i,n q  (Iul l ng the c , i l  j .h t m - : , i t  ~m > n  p u o m ’ c i t m i - o) . ‘l’ht ’ t 111cm: Cot-

et -tcli sw i L~,h m eL t in g  arc L a b e l e d  unio n 1 ,;~l h i e : ;  i V t ’ I , i i o i  i t  ~nml

should be rep laced o~~chi ( .1  inc ( lit ’ p U L ~~m ’ w i dt h i  m ’a I t h i a t  ion ::

O U t ’ changed .
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‘the NCR 2(1 ‘ 1 Len I 

~ ‘i ’ :; t o r n  I s l i i i ’ flm ’t t  O t t  ~mnd of f  wi. (ii Iwo

swt t m ’ i t t ’S : a :;W i t cli on the powe r sti ’t1i a nd the j io~- t ’ r :;wi I cli

Oil the to h ‘vi r ion mon i~ t~
() U . A [t 1- I lu ’  powt ’ F — u p antI

i m m i  I L t i  icati.,iit si’t j t t O t I C t ’  i : ;  V et - i U i t ’d ( j  . . t h e  e m ) I t t j ~t1 I or

tOS h m ’Ii d;; to a ( ‘O t ’ l i O ( i t ’  t e t : u r i m  w i t h  an  , l : ; i  c i l ~~k) , t h e  t cr1

t h O U  t t o t ’ 1111151 be 1_ lOdOd (. 1. IS the i ;I’~~ ‘p- i I’ i . t  F~1 i 5 1)01 [t 1 t l 0 ~J( ’(h

itito the :‘~y:; L’’ui) . ‘l’lit ’ m ou lt  or I n  t I ’ ’ii o i t t ’ ’t m l ( m i s  I rig

i ’h T 1~U u ; )  anti ~hm: do: ; i r1 -d Iton t nc ’mt m i ’  ~-e t o o l  ‘ ‘ t  md

cxecu 1:i ’cL .

t
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TAI3LE C l .  System I n it i a l i L n it i o n  Switch Set t ings

Swi tch Name Posit-ion

Microproces:;o ; Switches

CI.OC~ ( [(1/131 PASS ) IN ( I)OhrN )
flAUD dft ’~’I’ ~

‘ \di-l AS ‘1’Er-~MINAL

T cmiiml in ct l Swi t ,e1t~ s

cr.~oci~ (IN/BYPA sS) IN (DOWN )
CURSOR (Tt ‘/u)TToM) no’i”t ~ I (DOWN )
LOC AL/COMP Cur—hP (DOWN )

i’owi-m (ON/oFF ) ON (U P )
SCREEP READ (SC~ ) OFF (1)OWN )
DATA T [U\USFEI ~ POS 4

. t. flAUD R \TE 13A1 IP ~‘iS r1 ICR OFt~ec’!:SSOR

VIDi-0 (1ONITOR
POWE R . ON (CT1OCRWISE )

MON (UI’)

-

~ 

-
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TA13LJ~ C2 .  Pulse Width Table

= Time in milliseconds lh�xadocintai value

200 4000
100 2000
50 1000

-A

32 OAOO
6.~I 0200
2 00A0

1 004E

Time in microseconds 1! mxadecina i value

750 0039
500 0025
1400 00 10

- - .  230 00 10
200 0001)
160 000A

105 0005
92 0004
80 0003 -

67 0002
:1 55 0001

NOTE :
4 This table is to be used to look up the hexadecimal

value to he entered into the computer to set the erase and
write pulse width time delays in the erase/write
subrout ine. Locate the (le53rod tir~~i in the left column ,
then find the corresponding hexadecimal v.J,ue from t:he right
column.
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1 . ?I (~ 3O U fltc~~c ’ i o c~-’m ;r .or Op~- ’ia t -~ m ’ - m l1- ~n t m. m I •
~~t i  L t O u J o , o x- i ; ;  : Son LI m \ J m ’: - I .  T~ ‘I I. 0 t  ~. 1’ l O m t t t ’ ’ In
Corporal : ion , unda t :ai

2. 2ohertm3on , ~Toe t. W. Do: ’. l t ~n of .i ~ii’ ot’,:o~- ,’ ;; ;or 
*

I~:msem: l~,~’r t o t ; i  ~. c)r T e ; t . ;-i t~ t o t  t h e  i~-. ’~~~ ’ t ) ’ , l  ~~~~~~
tk ’ i t a i - ’~,. ‘I’lienis Cf l/ 1 l i-~/7~~— j  W r i . m ’ j i l  I’ . i t L m ’m: ’ - m ’t i  A i r
I’o r an  I3arc , Ohio: Air j-’Orc ’ .~ I rmr ~ I Lu t o of
Technology , Ma rch 1978.
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Pul se Width Table

Appendix D provides time reader with a t~ibie which is to

be used to determine the pulse w:Ldiths for erase arid write -‘

eperations . The table lists hexadec Thnul values which are

entered using -the pulse widths dlispl.-my/ chang G subroutine

(See Appendix C) to control the pulse width . The user shoui.d

f i rst  dc L~rniinc the desired pulse width fcr  era’3c arid wr i te

and loca~-,e the times in the table. The co~~rcnponding entry

in the table will be a hexadec.im:ta ]. value (on the same J in e

of the table) and should be input  to the computer for the

pulse width values to be set.

t -~~
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TAr 1LI: Dl • Pul no Wid th  Table

Tir .mc in mi l l iseconds  Ilexad oc .I  m~ 1 value

200 14000
100 2 000
50 *

32 ()AOO
6. 11 0200
2 OOAO

1 OOLIE

Time iii microseconds i {ex. ldnCj hl la J, v a lue

750 0039
500 0tJ25
400 C O l D

‘U 230 0010
200 0001)
160 000A

105 0005
92 0004
80 0003 -

67 0002
55 0001

NOTh :
Thi s table is to be used to look up the hoxadecimal

value to be entered into the cci - ;pute i  to set ti ’, .’ erase and
wr i te pulse width time (Im l ays i n  the er.~s :/wriLe
subroutine. Locate the desired t ime in the 1~~ i S t  column ,
then f ind the corresponding hex~ntc ’cima l valu e from the  r iq ht
column .
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, - Appcnd~ x E

F ‘()WChart s

Appendix E contains f lowcharts  for the the test

mor~Ltor , test al qori ~.hit ’iS , and test sub rou t ines  as i’ollows :

Figure Sul 1e~- t :  of Flowchart

E—1 Tos~ Monitor

E—2 MARCh l ent  Al gori thm

E—3 \~il~~iT Test Al gor ith m

~:-- 4 W~ ,i<P~~T Tent  Algori~:hm

L—5 C ”J ,PAT ~~~ t L i ’ ,Jorithm

!:‘.1~ Ui~!1) Subrout ine

E—7 PFAD Subroutine

E— 8 WRITE Subroutine

E—9 Operating System Input Character Rou tine

E— 1O Opera-tiny System Output Character  Rout ine

-
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START D
Load Index W/
address of
Test Proqrani CLR ~‘Th1OI)F
Name - 

Initialize EPWID &
_______________________ LP~-’1II) tO 1000 ( h ex)

Print “Progr ~ it __
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~el,ected ” Load s tack pointer W/]
followed by A0~~0 ( h l o x )  and m it . i/~
program name ~‘orts — P r i n t  Dircctoj ’Y

~lI 
—___ _ _—

Load Index ~~~ ~~~~~~~~~~~
~:, ‘flddL es S ot ,1 n.~ a. u~ ~.ion
Test subrout ii  e
Start _________________

Co PrInt 1
:1 , :‘ ,~~~ , - ~~~~~~ J

~~~~~~~~? u ~~~~ fl\~~~~~~j i (j ~‘~lLjction 
LLff~

,,
- 1 I ht :rU ct iO

GOSUI3 —Thet 1c0~uB — Disp~~
ft- hackgnd Pnt t  I change pul’;e I

& testi’iord Iwid tj ij, __J
_ _ _  L~~

I 
(‘IOSUB - m d x  ~ Li
—cc:ecute test
rout ine

GO~-~U T 3 -- Disp ’~
coii t :oflt_~i of:

- h U T  — wait fo~
input

r Fig.~~E — 1 .  Flowchart  of Test : Monitor
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NCR 2051 Data Sheets

This appendix conta ins  the da~~a sheet s provid ed by UCR

Corporation for the NCR 20 51 ~N()S Tw~i:lory . Thenc data sheets

were reproduced through the courteny cf NCR Corporat :io-i .
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- -

- !~~ —~~“~~ —~~1 P R E L I M I N A R Y  DATA

_ _ _ _  512-BIT WAROM TM MEMORY 
•
~ U

NCR CORPORATION T~~~

MICROELECTRONICS DIVISION 8181 LIVERS ROAD MIAMISRLJ I1G , 01110 45342 (513) 866-7 471
.T L X 28-8010 NCRMICRO. M.~13G

Electrically alterable ROM 
-

MNOS P-channel technology - 

i
~;l - \N’\ lW .11 PIN siol: LIIMZE DIP

(I 4 . 0 6  IN I

.32 Word x 16 Bj ls ~Woid Organ i zation P~N CONFI G URATION
• 5-Bit Paralle l Binary Add ressin g - “~

‘
~~~~1• EIe~t iic a it y repr og ranlntn bt e - -

- : ‘~ ~~~~~~

• 4 0 pS. ’r Wo rd R, AII Access Time
• 40 ni-i ,- . .VOrd Eraso TI tl e - - 0  - I A

• 4i) ntse c Word Write T im. .‘‘
~~~~ - .-

• ~. I I A ’ A - I ~IiIll Data Rcten iI n — — 2  ~ 1O~ As -ut Cycte si Wo rd Bef ore Refresh - :

• i h e -  St ate Outpu ts “A -

• 76 PItt Ceramic Dual t t -L tne  Package : - ‘

- - • 1 -Ipow~ ceil . NOflVO!3l AIA l Data Storage —- 10 Vear~ at 7G c ~ :: :~ i~~~~~ :( • Chip -SeIsCI . Cent r i~I . ~~A1 AJ IO5S . and Data Input-a TTI Com palitl e 
_______

The NCR 2051 IS a l illy dec~de~1. 32 x 16-bit FUNCTIONAL BLOCK DIAGRAM
el ectrical l y eras able repro ç i rammab lo ROM
utillz.n ,) v c r.on d- qenc rat ion NCR MNOS epi lax iat
PfOLt’SSil)~t tech nolo gy . . —
Data 5 s tor ed by appl y in g negat ive wi Ll Ing pulses
that -~- lAv . 1y tunnel ctt i t1~’ into th o 0*1110- ~‘ --0’.
11111 il~ I A  k r lace at the iale iI1~,u liIto r of the MNOS 0-mt’rnrA ly t rSnSIS t OlS. When the writing voltage 5 32 x 16
remos elt . the charg e Irappod at t h~ interf ace is
ma lllt, -SIL -d as a negativ e shift in t Ile thresh o ld MEMORY “A

voII ,i I ’ ~l the solocled nlelilory transistor . ~- 0—
Stor - -I il d.i may be .C- ’ SA C d  a mi nimum of 2 x , MATRIX -

t 0~ tit us , boforp tt l rCi i h is necessary, and is l~~ —

nonvolatil e in the UI A I ’ O W l I O l I  stale in excess of ‘.0 -
l 0yoats.  Although the NCR 2051 is not int ended .- - - —  -

for lIsa Sr S reiid. ’w rlft- memory, data ca-i he ‘.0-
t’r s-se t and rewri tt en up to ,i m aximu m of I 0 I
t ii no~. - I -
All re t I f l s~J . writing . ~nd c r,I-3 At( ~ Is accomplish ed L
thr nu’ lh lPi~ use of i I A I I . r O a 1  v— ’It~go shilling.
lk-nt-e . Itig h voltage S~~if lI iIl l ~ and its asso cia ted
tog Ic are rio t requi red b r  operation. -‘

‘,ls- _ r ~~~~~

Wh ite the Infor m ation hcr1 - u  presented has been 
A S I A  1.1)1151 ‘*15 - ~‘ (111 51

Chi - k ’ t  for bo t h .II’i uf .l cy  ,mnd reliability, NCII 1 I I
acs I ll, --( P(l Iecpol (- I IA I I I I y  Ii f ’ l t t lCr its use or I I I  6 Ô Ô t5 S 

-th e i l l ?  r A t -  ‘t ent nt li ly IA i r l i  or other i t t lit’, ~ f
t A l l ’ ,l .1) 1 1 ’  . . W I A I A h l % 1 SI I I I !  i —i - I t  h o r n i f s i,si ’ thi’ —___——.~~~~ —. —-——~~~~ ——-——————--~~~~~~~ — A 

-

puhl i n anti dIsse n- - I r , t I tAn ot 11w I lAt elAired 
0-Ilc A IA I - ( ‘III by

t A l l’ i . ’ - Ii C O lA t l lS 11 )  t I - - I- tAl l , by Imp lica t ion or 1’ A l l( lllAl ~
01111 ,5 e under _ i t iy pate nt or patent rlghl ; 11, i i - - ,  115 A

- 

ow ned by NCR.

t~
.
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- 
~~~~rr’s~~~~~,-

_ _ _  

PRELIMINARY DATA

~~tI~~ 512-BIT WAROM 1M MEMORY

All Inputs or Oi t p Uts r.- t . mI,ve to Vc~ , - - ‘0 3V to 30V
Oper 111 I r  asnb ’nt t hm nperature - ~ C to i 7~CSb ,l & }t k-.it p ntah u re - 65 C It) + I5O C

ABSOLUTE MAXIMUM 50111* ’ mIA tg  temp erature of heads 110 sCconds) - ‘ 300’C
RATINGS - ,  -St mes r-es above ,+ bs ,AI UIA ’ A i l i s l o I l i r i t  mat i n g s A l l Il rp~utI In damige to the 8.-

vice FIinCtlon,II ~ t A ~~t II~~ ’) A t  I I A A I A ’ S at I~~ , ml -,, I..t, n Ims l i r l u m rat ingS ’ or 11 

-
above the rr ’(Ofllllit ’ rl ,j, j  pil , l t IOltLl l lI m its st pu ’ ..k-,l elt ;ewhete in this spe:if -
i~~m l A i n Is i -Ot implied.

RECOMMENDED OPERATING CONDITIONS, TA —
~ 0°C TO 70°C

Sym bol P,.w,v S illily Hiqu,  •fl l11fltI

TIE CMOS

V 00 -2 $ i l 5 V  2 4 t l 5 V
i5~.3 ~ O.SV *10 1OV

v eC 0 0

Sy mbol P.ra.n.l.e ~~*li• t!,,t. Red
Typ Ma~ SSn lyp Mae Mm Typ Ma.

V C~~H Cloc k 11110 1 hj y h V , I 5 V~~ V ,1~ * a V -a,; I ~ ~
‘ss V t  3 V~~ I S  V~~ ~~~~ ~d CKL CIo,k 01101 lOW V Ii, V~~ V s,~ - 4 .0 IS V~~ V ,~ + 0 V~~ t 5 V~~ V~~ 40

t1CiH • VC7H Mod,, 01* 1,01 111411 V~~~1 S V~ V ,~~’ -1 V~~ I S \~~ V ,~~’ 3 V 5 -l 5 ~~~ ~‘~~
° 3

V C l _ . ~~~~ Mod.’ co nr ,nI 0,5 V~~~I5 V 1~~ \‘~~~ -40 V
~s .I5 ~~~ V~ ~ a v~~ ha ~~~ v~~ —s o

V~~H Ch,p s, -I-sl ~i togS V -a-a - I S l~~~ V~~ * , 3 
~ ss 1 ~ v ,~ V~y1 3 V~~-1 S V ,~ V ss $ 3

V CSL CIA.p teloci ( w  V -a-a i5 V C1: V,~ - 4 0  V .  IS V~~ V ,~ -40  V 5~~15 V~~ V~~ 4 .0
V
AIl 

WAA I I JIII11AS i~,qh V~~ 1 . 5 Y ,~ V55 t 3  V~~-l S v~~ ~~~~~~ 
3 V~~~I 

~
‘
~ -a “ os ’ ~

~5o ,d ~d,ituts t ow V~~-i5 ~~~ V~~ -4 I) V .~ IS ~~~ V~~ -40 V ss~l5 ~~~ Vss 4 0

~ 
‘t oIl L),lt~ - 1) 5*45 ~~~ I S V~~ L- . ) 

~~ s t “ss ~~~~ ~ ~~ I S V~~ V~~ i.i
(hit,. t ’0I~m V~~ - l3  V c ~ 5ss 4 0  V ss 15 5’cc V ss 4 V .’ 15 V CC V SS 4OA

STATIC ELECTRICAL CHARACTERISTICS, TA 0°C TO 70°C NO EXTE RNAL LOADS EX CE PT AS NOTED
Cond it ien,

Symbol Param.t.r ISin Ty p Ms. Un it
All P.nt at V,,~ Unims NoI +d

Irlp,il ll’lS iI.- ,~0r laA l l V IN v ,~ - II,11 I) pA
IPUTh 18-23 , 25 ‘lI

5
OUT 0i~~ ut 1~~k~t10 ~~~~~ V 0(J ~~ss

’ ~~~ - LAW . V~~ V~~ - 34V .
~~~~ ~~~

V00 aul ’l*iy *Ull~ f lI . V06 V - 5 14V -10 -t ~ mA
1I*-,.d mod,, 01111101% Open

iy~ ~~~~ 1*10015 *011011k - V ,5 - 34V 4 mA
W,t l. r,O*l. Oulpul, 01*01,

OH rs ,r. . ,lOtp *,l I A g h ~~, A , - n I  V
ON 

- 3.tiV -1 .0 mA
1OL 

Oar,. 00101.? I , V * , V A -f l t V~~1 GV ,,
~,a

V014 Data OUIIIOI lUg,. -.-“ lr ~tge C~ 100 Pl V -as
_ I .5 V

VOL 0.14 011101.1 0,5 V- *40 CL 101) ph e v
I, Ufl~i0WOl f l Ol A VOI. , l - Ie FOti ow l nAJ ifl ilitil,,l, m 10 Yen

if . ,?U dO’S,II w,.re COflIll IS

CAPACITANCE WITH ALL PINS_GROUNDED ,
__

f 1 MHz
____ _____

Symbol Par*m.l., ______________________— M~o Typ Ma’i Unit

CA Add,.I. and clock Inilur c*t l.icIt.nc. 6 7 ph
C9 D~ia l,ti),.I/t1*.lpUt c tpaoltancl 6 10 p1

Mod. c*lr i?t,,i ,,n*l ,h’ ;1 seI r , ?  ltapEilaflC I 5 p1
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4; 
-

- 

PRE LIMINARY DATA 
_ _ _ _

E~l~~E~ 512-BIT WAROMTM MEMORY ~‘~~1I

READ CYCLE CHARACTERISt ICS. TA 0°C to l0°C
Symbol Ps..mø4~ T yis Mi. 

— 
(.hi,l

‘*3 Clot-k pulnu w,dll, ~ ~ H
It-- ky,1,’ Ito., ft ~ ,~O fIt.e, ) 40

A~~O,, 11*151 (t O 20  n ,.,) 4 0  p ,. ~
I I Atkl ,ast - cloc k tI%t~iA ~l~ lll 0 0 mc

Sold ~Ii.,-k wp*l~ t*Ofl 0 0 Id
13 5i~*l~ ,i, ~ k mt,u.tion 0 n

ini*ui It... 1 *100 0 1(10 n mc
t F 010, 1 l’,*t i T*.-w 

— 
I) Its) fl iec

h ~~~~~~~~~
CLOCK 

J~~~~\\_______ ______ _________

Cl I
L I

A~~A4 \~~_ _ _ _ _

O~~
Q t~ 

N 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ OkrA 

)~~~i
ll NCINCLl1

Cs 

_ _1- ’ - -

~~~

-- _ 

_ _ _ _ _

MODE CONTROL LOGIC

C1 Mod. l’unctt oo

OV •3V~

’ •

~~~~ 
ll ~,.d Ad*l,OnW-I dlII r,.d . lmr , (‘lkpulw

W,*t. R . 4 ’1 WIl l , IIIPIII ,i~~t 0 w,,tr,n Ot t’, oul.. nrt.i t rsiy
C5 •v v  L~~s. Ited ] EtatS Ston d d,.ra i, ,*ai.d at a,kI.s ,sod k’c.*Ioi%-

P -~~
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tel

PRELIMINARY DATA
F~1~ l~ 512-BIT WAROM TM MEMORY ~~~~
ER A SE CYCLE CHAR A CTERISTICS , TA 0°C TO 70°C

Symbol P...m.tw Mis Ty p Ma, Un*t

EI l* O t1tlIW wIdth 40 200

t O A,h-I .’s* i. ’I~,i (rats DaI’y 0 fl Ier
I I M,.,I,, Sold-I - (ia.. Delay 0 nwc

H
CLOCK —— ——DON T CURE

L

CI 
_ _F

---4 -j I iI~a—- ~ _ir 11-4—

C2 
H

~~~A4 

~~~~ 

~~~~~~ 
H

00-015 —OPEN cincula-J.—____ ~
_
~ —

Cs ____—— ~~~~~~~~ __ t~~~~~~~~~~~ 
—

WRITE CYCLE CHARA CT CT 1~STICS , TA O°i, TO 70°C

~ynbol Pann’.etM Mill T~~ Mon Unit

W,i?. polt ,’ lIt ’ 40 200 mtCC

Add,.’s* S-I ,  , t  - Wr iia Delay 0
M.,r 15~~ t 15, 1, °“~~~ 0 “ lIe

Dali 5,1 +5 111 Delay 0 05*t

H
CLOCK ‘JCN T CARE—--— -—-—

L

CI 

I 
_ _ _ _ _ _ _

C2 N±— -H~V~ 
—

~~-A4

H 11Cr _NCII i . ( A I r
__)t~. - I, n_I _ tj~)(~.r~ N ciuc ut r

~~tj 
- 
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PRELIMINARY DATA 
_ _ _ _

512-BIT WAROM TM MEMORY ~~~~
TYPICAL OPERATING CHARACTERISTICS. Icy, :0°C TO 70°C, V~ 5 5V

TY PICAL ACCESS TIME P40* 2051
CLOCK WIDTH — OUTPUT CHARA CTCHIS1I~S
VSS o -+sV
Do - O tt NOT LOADED

0 +SV
3.0 O C  o/

/~ 
25°C _~~~~

I’__? 
V0

~~~~~~~~~~~~~ -70 C II
— 2 5 C  

If 
OV

70°C

: 
~7 

25°C

20 

- 

~~ 
i,. Ow

~~~
T .

~
. O

~~
PuT

0 ——-~~~~~~ — -~ -~/- ~~~ -— -~~~~~~~~~~~~~~~ —— - ~~~~~ --- 0
(3 5 1 .0 30 35 40  4 .5’ 5(3

~~ 
~~~~~~~~~~~~~~~~

V00

TYPICAL ‘a
~~~ 

CURRENT

12 REA D W140 E ERASE OFSELECISD

1At~t~ 51005$)
II 0 0 -

4 ~~~~~~~~~c

t5’C O~~

_ _  

_
L±i1i

~~~ 

_ _

27 29 31 27 29 31 27 29 31 27 29 31

L V00(V) V~~~ IVI V~~~ ~V) v~~~
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PRELIMINARY DATA

TYPICAL ORGANIZATION
V CC ~ — -
V SS~ - -

~ - - 1

r± 2O5I~ NCR 205I~

L I

CS0 A 
HA 4 , _  ~~ : ,. H

A0
- ‘ ‘  H - -

- - - - U-D0 : - i t ’ - — —

CI - - -
C2 ‘ 0  - — -~~ —

MOS INTERFACE
V ss ‘Iss V S5

-‘ r
~r ~~1—~ 1t i ~Mi [

1 ~ ii
‘
~~ I c~

—IL, t —r-
ill NCR ;~~51

~~~~~ L i 
-

,

~
V CC

TTL INTERFACE
V CC 11511 - V SS IMOSI - Sn V OC ?V SS ~V CC

VCC IMOSI GND Ow [
,

- - -

~~~~ ~~~ Nc

~~
H 

~~~~~~~ 

s1rI
~~~~~~ 

-

, 

L

- .—~~ -~~ -~~—-

_______ 512-BIT WA ROMTM MEMORY
NCR CORPORATION
MICROELEC TRONICS DIVISION 8181 B~-ers Road

M.ami c burq . Ohio 4534 2
1116 06 2/ lA (5 13) 866-7471

TLX 28-0010 NCF1MICRO, MSOG
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