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ASSTRACT

This thesis presents an overview of the state of the art in magnetic

bubble memories (MBM) and Ëhe results of a study of the reliability of

bubble memories as a storage medium from the systems aspect. The inter-

face of MBM in rnicroprocessor systens was also invesÈigated.

Rellability of MBM was evaluated 1n terms of device sensft.ivity to

various bit Patterns. Bit patterns vrere chosen to examine the following

failure modes: (i) collapse, (ii) strlp-out, and (iii) failure of a do-

main Ëo cross a gap region. Tests, based on Ëhe above bft patterns, vrere

conducted to evaluate the effects of device control and sensing elements

on data 1nÈegrity, and the effects of failure mechanisms in the major

and minor loops of the TIB-0203.

Fron Èhe tests íÈ was determined that the observed error rate during

any single test was less than 0.6 x 10-li and the overall rate was less

Ëhan 4.11 x lo-r1. Both error rates are below the error rate of l0-9

specified by the manufacturer. Other tests were also conducted to ob-

serve the effects on Èhe implenented system due to prolonged operation.

Results lndlcate thaË there vras no measurable degradaÈion in device op-

eration and that. the lmplemented bubble memory systera and bubble module

are both highly rel1ab1e.
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Chapter I

INTRODUCTION

In Ëhe mid 19 70s, the access times of semiconductor memories \¡Iere

signíficantly lower than Èhose of fíxed head disk and tape storage de-

vices. Semiconductor memories exhibtted an access time of less than l¡s

whereas disk and tapes have access times greater than 5ms. In 1977 this

"access gap " v¡as bridged wlth the introduction of charge-coupled de-

vices (CCD) and magnetic bubble memories (MBM) LIr2l" Charge coupled de-

vices and MBI'Í have become pronounced in the markeËplace" This can be aE-

tributed to the following factors: (i) the low latency tfme of CCD

memoríes, (li) the nonvolatílity of MBM, (iii) Ëhe sma1l access times of

both devíces, and (iv) the low power requiremenËs of l{BMs.

The objecËive of thls research v/as to study the reliability of llBll as

a sËorage medium from the systems aspect, and to provide fnsight lnto

MBMs and the lncorporation of bubble memories in microprocessor systems.

Reliability of MBM was evaluated in terms of device sensitivlÈy to vari-

ous bit patterns. Patterns were selected to simulate worst case operat-

l-ng conditions. Tests were also performed to determine MBM system relia-

billty during a prolonged period of operation.

This section presents an introduction to bubble memories. This in-

cludes a discusslon of the stability of magnetic domalns and a descrf.p-

tlon of device architecture, as well as current devfce Èrends. This is

followed by a description of Èhe hardware and sofÈware associated with a

-l-



bubble memory /mf-croProcessor

Fína11y Ëhe testing and test

reliabilÍty are presented.

system used ín conducting system testfng.

results evaluating the bubble memory system

1,1 MAGNETIC BUBBLES

Magnetic bubbles are cylindrícal magnetic domaíns formed in single

crystal thin fílms of ferríËes [3], garnets [4,5], or ín amorphous ma-

terials 16,71. The domaíns are formed when the film is subjected to an

external magnetfc fíeld applied perpendicular to the fflrn surface. With-

out the external field , the domains form serpentine domains of equal

and opposiËe uagnetizaÈion such as to mínimize the total energy of the

bubble platelet. This ís the minimum energy configuration' Both types

of domains are illustraÈed in Fig. 1.1. Bubbles and serpentine domains

were first obseryed in orthoferrlËes ín 1959, and by 1967 a workíng

bubble memory had been demonsÈrated t8l. The presence and absence of a

domaln was used Ëo represent a logical ttltt and logical ttOtt respectively'

The use of nagnetic donains is not limited to purely memory functions as

the use of bubbles ín performlng bubble logic has been postulated and

Ëested [9,10] .

By Ig7O, the use of garnets became prevalent, which resulted ln 1n-

creased storage densities of MBlf [8]. This allowed a reduction ín bub-

ble diameter from approximately 150¡ro to 3-5¡ur bubbles utílized by pres-

ent devices. Garnets and amorphous materials have the potential for

sustaining lum bubbles.

-2-
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FIGURE 1.1: Serpentine and Cylindrical Douaíns [10]
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The strlpe donal-n and cyltndrical douain phenomena have been analyzed

from the stabilfty perspective. Strlpe doroain analysis lras first per-

forued by C. Kooy and U. Enz tlll and later by A.H" Bobeck lIzJ. The

cyllndrical domain analysis was carried out by A"A. Thie]e [13'I4J. The

work conducted by Thtele fs the basis for the design and ur,aterial selec-

tion Ln present devlces. To gain lnsfght into the behavlor of bubbles

when subJected to numerous forces, the work of Thiele 1s outllned below.

L"2 STABILITY ANALYSIS

Consider a magnetic domain configuratlon used by Thlele t13l ín per-

forming the stabllfty analysis as shor¿n tn Fig " L.2. The domain shape is

represented by the followlng quasi-ort,hogonal coordlnates.

ro(o) = i rn costn(s - e-)l (t)
tt'=O n n

where r' and 0n are coefficfents. In order to account for small arbi-

trary variatlons from a perfectly circular domaln Eq" (t) nay be written

es

r. (0)
D

+l
n=l

= r +Aroo Ar cosln(O-0 -40)lnnn (2)

where

æ

lr l>> l¡' l+ | n l¡r I' o o -, nn=I

Thf-s constraint Ínsures that the variatÍons are snall compared to

domain radius. To facilltate analysis the following assumptfons

made:

a) The wall energy ( o" ) ls lndependent of the wall configuration,

b) The dornain wall 1s of negliglble width,

the

are

-4-
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c) The domafn is in an lnfinite platelet of unfform Èhickness, and

d) The rnrgnetlzatfon is along the z axis.

The followlng three energy terms are lmportant when consfdering do-

mal-n stability: the wall energy (E"), the energy due to the externally

applied field (EH), and the fnternal magnetostatlc energy (Elt). The

wall energy 1s due to the exchange energy and anisotropy energy. The

total energy for the ldea1 model 1s assumed to be the sum of Èhe above

three energf.es, and can be wriËten as

[ = E +E +ETI,THM

The lndivldual components are gfven by

( 3)

2¡ , *t 
dru(e) 

l2lr/2 ao (4)u" = ,l"o"u" - t' ow /o {ri{e) + L -fr- l-} ^'

2t
EH = - I û.fr¿., = hHMs,[^ .n2{e) ae (5)

v0u

à14.2 ayÍt 
z

r'lrrðZAZIEu=i J p,ll¿.r =T J J - _ dvr dv- v '-v-vt l; -;tl
(6)

where h = plate thickness.
s = wall area"
M = magnetizatlon.
H = applled field (positive when tending to collapse

the donaln).
p = scalar nagnetíc potentfal.
P = V"l'l = magnet.fc pole density.
M = saturatfon magnetization"s_rO = domaln radius.
oi = energy per unit wall âFêâ.

Usfng a Taylor serles expanslon in expressing the varlatlon 1n total en-

ergy due to variatlons Ln r and 0 we obtain:

-6-



æ aE- ôE-
our = 

r,Lo 
l( d )o o"' * ( # )o 

^onl

Z2
+ + J, 

jo tt #t )o a',,4". 
" ãffi )o o','o','

2
aE-

+ ( ,r+ )o aorrle, ] + ttigtter order Èer's Q)
nm

By uraklng appropriate substltutLons, Th1ele showed that the total energy

variatfon 1s:

^E 
= fzntro, * 4irh4u"r o - (2ntt2)(4nlr") F(a)] aro

+ j [on*"" - (4rh)(4nM2 ) +P ] {a.o)2

+ + i { i n o",,2 * 2ntru"H - (2nh){a"ul> S
n=l o

+ (h)(4rM3) a [lr,( t/^)z - r.r,(o)]i {1.,.,)2

* higher order t.erlûs

F(a) = l^'l(1 i")r''"rt+*)-rl

(8)

r¡here

¡/2
E(K) = t' it - K sin2a)rlz d a



Lrr(l/a) =: j''
2

(1 +r
dg

rLzÐr/ 2

nß

sl
I
2

1

a

I
/

L (0) = L (I/a) I

nna-

and the aspect ratio a = 2rO/h.

Upon nornalfzatlon, Eq (8) becomes

^E I L -L d H ¿./-\ I ^to
-----õ----ã-=z(anu!)(rh') L rt + EAII'L !(a) I r'

c1) (2) c3)

+ + {-(+)tå so(a)1.?,'

æ 1 L n Af- ô+ I^ (,,2 - r)( å )t* - s,,(a)l( + )']
tÌ=¿

+ hlgher order terms (e)

where 1, the characteristlc length, and the stability funcÈions SO and

S are defined as follot¡s:
n

ú
o=w- 4nM"

s (a) = F(a) - 
":Í")

o d¡l

( l0)

( 1r)

and

s,,(a) = 7: {so{')+ * lr-,,{t/.)z-r.,,co)l} n)2 (r2)
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In Eq" (9) terms (1), (2), and (3) correspond to the forces acting on

the nagnetic bubble due to the wall energy, applled fieldo and Ínternal

m¡gnetostatÍc energy respectively. The renalnfng terms in Eq" (9) are

called ttstabllity eoefficientst' corresponding Èo the second order varia-

tLons Ln energy" The force and stablllty functlons are plotted tn Flg.

1"3o

The followlng conditions are requlred for bubble stability:

a) The suu of the forces mrst equal zero, and

b) The second order varlatlons in energy uust be positlve.

The two constraÍnts, above, lnply that for a stable bubble the followfng

condiÈions Eust be satisfled:

9"/h + aHlM" F(a) ( r3)

( 14)s (a)
n

s (a)
o

Both equations (13) and (14) and Fig. 1.3 can be used Èo determlne ma-

terlal parameters for bubble memories. For example, consider a particu-

lar material vith a characterlstf-c length 1. Choosing h=2.51 results 1n

l/h = L/2.5L = 0.4" Figure 1"3 shor¡s that for l/h = 0.4, the stabllity

region is between aspect ratfos of 1"6 to 5.2 as deÈermined by the bfas

fteld and saturaÈfon nagnetfzation. The stabllity region is lirnited to

wlthin SO and S, since these t\ro funcÈlons represent a Èransftlon from a

circular donaln to a strLpe domaln respectÍvely" Now conslder the applt-

catlon of a bias f ield H = 0.17 I'fs:, a substitutlon of knolrn Paraueters

lnto Eq. (13) results in:

F(a)=0.L7a+0.4

-9-
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Equatlon (15) has Èhe followlng two solutlons, a=1 and a=3.5, as íllus-

Ërated in Fig" 1.3" The constrainÈ that 1"6 < a < 5"2 inrplies that the

stable domain will have an asPect ratio of 3"5 . The use of stability

design curves may be reversed to determine the characterlstic length and

saturation magnetízation of the material Ii3l.

The stabllíty discussion alone gives lnsight into the complex co-

nfiguratlon of a nagnetic dornaln. The use of design curves enable direct

analysis of the effects on the dornain due to variaËions in material

characteristics. Thiele's efforËs have laid Èhe groundwork for most of

Èhe devlces currently being used.

1.3 FrELD ACCESS DE\IICES AND FI]NCTTONAL EIE]ÍENI_q

In field access devices the domain notion is the result of a field

gradient produced by a roËatíng in-plane field interactíng with a per-

uralloy structure t151. In consideríng MBlf devices, the following six

essential functions are required for an operatfonal memory: (i) storage'

(íí) propagation, (iii) generation, (iv) detection, (v) annihilation'

and (vi) transfer.

1.3" I Bubble Storage

Information is represented in MBM by the presence and absence of urag-

neÈfc domains representing a logical "1" and a logical "0" respectively"

In functíonal devíces, a domain fs kept stable by the application of an

external field applted perpendlcular to the storage filrn surface" The

external fíeld 1s generated by permanent magnets"

-10-
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1"3.2 Bubble Prs¡pagation

propagation of bubbles 1s achieved through the interaction of an in-

plane rotating field with the permalloy overlay structure such that at-

tractive and repulsive poles are created. The principle of operation is

that a rotating in-plane nagnetíc field produces a travelling wave that

propagates a bubble" The wave is produced when the magnetization of the

permalloy is changed sequenËially by the in-plane field applied along

the long axís. The permalloy nagnetizatlon produces field wells whích

hold the bubble during propagation lI6,17l. Figure 1.4 illustrates do-

main motion usíng various propagatíng cicuits due to an appllcation of a

rotating in-pIane fie1d. Each propagaËing element 1s traversed in one

period of the in-plane field.

FÍrst generation bubble devices employed the "T - bar" propagating

pattern. This structure evolved through the various illustrated patterns

Èo the presenÈ1y used asymmetric chevrons. Asymmetric chevrons are dis-

cussed in Sec. 3"1. The evolution \"tas an attenpt to, (i) def j-ne more sta-

ble posítíons for bubbles (in Èhe case of the "Y - bar", "X - bar" and

nodified "Y - bar" propagation paÈLern), and (ii) sÍnplify the drlve

circuits by using propagatÍon patÈerns not requiring a rotating in-plane

field. Other propagation techniques include: angelfish propagation

[18], para1lel bar propagation [19], channel bar propagation [20]' sln-

gle conductor propagation 12I,221, contiguous disk propagation [23], and

current sheet propagation t241.

The angelfish propagaËion circuit utilizes an oscillating bias field

to modulate Èhe bubble diameter causing an inchr¿orm-llke moÈíon" The

parallel bar circuít. uses an alternating transverse field interactíng

-12-
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wíth para1le1 perrnalloy bars of different lengths Ëo instigate propaga-

Ëion. Propagation Ín the channel bar circuit is due to a combinaLion of

forces stemming from a modulated channel, made by physical etching, and

a permalloy bar nagnetized by a transverse magnetic field. The latter

technique uses current conductors to supply the field gradient required

for bubble propagation. Permalloy nay be used in conjunction with the

current conductors to define stable positions for a bubble duríng propa-

gation. The various propagation techniques are illustrated in Fig. 1.5.

The contiguous disk propagation circuit uses a gapless propagating

paÈtern. The propagation pattern is created by implanting He* ions into

the domain carrying garnet film t251" Figure 1.6 illusÈrates an ínter-

pretation of a domain pattern around an lsolated hole. A charged wa1l is

formed upon applÍcation of an in-plane field. Charged walls are domain

s¡al1s formed when in-p1ane magnetizatíon diverges and converges around

an unimplanted hole [26,27 r28]. Propagation via charged walls is illus-

trated in FÍg" 1"7. Contiguous disk devices provide higher storage since

sma11er, coarser propagation elements can be realized using present li-

thographic capabílities. Conplete functional mernory elements have been

described 129,301 and workíng contÍguous disk mernories have been demon-

s traËed.

The currenË sheet propagation círcuit departs from the convenÈional

field access devices ín that propagatlon is achleved uslng dual current

conducting sheets. In fíeld access devices, motion results from the aL-

tractíon of a doupln to the magnetic dipole formed by the interaction of

an ín-p1ane field with the permalloy overlay. For current access de-

vlces, an application of a current divergíng around a slotted current
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sheet will create sirnllar magnetÍc dipoles as índuced in the permalloy

bar, as shor¿n in Fig. 1.8. Figure 1.9 illustrates the use of two cur-

rent sheets separated by an insulator to propagate bubbles" Bubbles are

propagaÈed from posiËíons 1 through 4 when currents Il through A4 are

applied. There are Èhree forseeable âdvantages of the current-access

bubble memory: (i) eliminatlon of speed límiting drive coíls, (ii) in-

creased storage density as a result of using smaller bubbles (due to re-

laxed lirhographic requíreurents), and (íii) design flexibllity intro-

duced by eliminating the need to rnanípulaÈe the entlre bubble storage

array.

1.3.3 Bubble Generation

Two methods are currently used to €lenerate bubbles, i.e., to perform

a \¿rÍte operation. One meÈhod uÈilizes a "seed" bubble frorn which a bub-

b1e is cut with the aid of permalloy patterns and/or current loops

L3L1321. The second method generates a neÌv bubble by nucleaÈíon wÍth

the aid of a current conductor andfor perrnalloy-conductor interactíons.

Nucleation is the reversal of the rm6¡netization due to a loca1 field

concentration. One other rnethod not used by commercial devices, due to

tÈs conplexity, ls microwave generation of bubbles t331. This method

relles on the ferrimagnetic resonance, that ís set up by the frequency

of the r.f' field, to generaËe bubbles.
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1"3,4 Bubble Detect_lon

Bubble detectors can be classified as eíther passive or active Í201

The passive deÈectors lnclude the induct.ive loop l34l, and the piezoe-

1ecÈric-magnetostrictive t3Sl detectors" The active deEectors include

the optical [36,37], galvanomagneÈic [38] ' 
mâgneto-resistive and acous-

tic detectors t391.

The inductive loop technique is the simplest detection method

achieved by placíng a conductor loop over a domain rvhich senses the flux

change as Èhe dourain i,s collapsed" The piezoelectric-magnetostrictive

detector achieves detectfon by nonitoring an electrical output from a

piezoelecÈric crystal strained by a magnetostrictive underlay which is

subjected to the field of a bubble. In considering the active detec-

tors, Ëhe following Èhree methods are used for opÈical detection: (i)

the Bítter rnethod, (ii) the Kerr effect, and (iíi) the Faraday effect.

The galvanomagnetic (or Hal1 effect) detector 1s based on measurÍng the

voltage induced in a semiconductor aaterial, due to the bubble stray

field interacting wíth moving charge carriers in an adjacent semiconduc-

Èor. The acoustic detector uses surface acoustic v¡aves to induce an

electric slgnal in a conductor coupled to a nagnetostrictive material

magnetízed by the stray field from a nagnetic domaln. The rnagneto-resis-

tance phenomenon is also used for domain detection. This method senses

the voltage ehange due Ëo an increase in resistance of the detector rna-

terial, when a rragnetic domafn magnetizes the materÍal ln the same di-

rection as the current flowing through the detector" Figure 1"10 illus-

t.raÈes a chevron detector currently used by most commercial devices.

Magneto-resisÈfve detectors are preferred for the following reasons:

- 19 -
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a) The deËector is made of Ëhe same material and at the same time as

the permalloy propagation path' and

b) Chevron propagation elements lend themselves naturally to bubble

amplification, thereby producing large outpuË slgnals without any

external sources"

1"3"5 Bubble Annihilators

Bubble annihílators and bubble generators are very slurilar in nature.

The following three methods are used for bubble annlhilation: (i) the

hairpin annihilator, (ii) disk annihilator, and (fii) guardrail annihi-

lator. The latter type ls currently used in commercial devíces. The

guardrail annihÍlator siurply propagates bubbles through a guardrail

(protectíng the operating device area from being contamínated by stray

bubbles) ínto a vraste area referred to as "bubble heaven". The hairpÍn

annihilator uses a current loop to locally increase the bfas field to

the point of collapse of a magnetic domaín ( tO curve on Èhe stability

curve, Fig. i.3). A disk annfhilator functions in reverse to the seed

generator in that bubbles are Èrapped onto a permalloy area with no

means of re-enÈerlng the propagation path.

1"3'6 Bubble Transfer

The bubble transfer srvitch 1s the last funcÈional element required in

conventlonal MBM devices" The sv¡itch enables the routlng of a bubble

from one propagatlon path t.o another" Figure t.tl illustrates the dollar

sign transfer switch. Transfer 1s accompllshed by means of an applfed

current ln conjuncÈfon t¡fth Èhe rotating ffeld. The applicatlon of a
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currenË mâkes point 2 (see Fig" I.1I), repulsfve and creates a pole at

point 3, atlractíng the bubble" At Ëhis polnt the in-plane field domi-

nates bubble motion. This process performs a transfer from point 2 to

poinÈ 4 "

Several functional elements required for operational memories have

been described. These elements play a key role ín memory organízation

since the complexity and interconnection of these functions must be well

def ined" Itlith the fundamental building blocks of ìfBM established, vari-

ous organizations are outlined below.

T"4 I"IEMORY ORGANIZATION

Ilagnetic bubble memorÍes have inherently slower access times in com-

parison to semlconductor memories. This can be aÈÈributed to the shift

register type of architecture, whereas semiconductor merâories have ac-

cess tinnes in the range of 50ns"

By using innovative structures, some of the inherent speed límita-

tions of shift registers can be overcome. The shift regisÈer memory

shown in Fig. 1.12 has evolved frorn the parallel shift register memory

illustrated in Fíg. 1.13, to Èhe major/mínor loop architecture of Fig.

I.14. The evolution process resulted from a need to nninimize the number

of drive lines, ínterconnecting pfns, and perlpheral circuits, while

trying to decrease the access and cycle tines.

Minor loops cannot be placed closer than eight bubble diameters be-

cause of limitations imposed by geometric constraints on the propagation

circuit. Since the rrlnlrm¡m bubble separation 1s approximately four bub-

ble diameters (a dfstance at which bubble-bubble interactf.on becomes

-22-
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negligible), the constraints funposed on the najor/rninor loop configura-

tion does not lend itself to an organízation exhibiting an optimum out-

put data rate"

To further increase the data rate by a factor of thTo' a block repli-

cate architecture was devised" The archítecture is illustrated in Fig.

1.15" Present commercial devices use one of the following Èhree organi-

zations: (i) serial loop [40], (ii) najor/ninor loop [4I,42], or (iii)

the block repllcate architecture 143r441. At present all conmercial de-

víces are serial Ín naËure. Other non-serial approaches have been con-

sidered t451.

I"4"I Serial Loop Operation

The serial loop memory illusÈrated in Fig. I.I2 is inherently sirçler

than either the rnajor/ninor loop or block replicate architecture. The

serial loop mernory 1s ideally suited for applications which are noË time

critical, but require the large storage capacity andfot simpler inter-

facing requirements attainable with this organization. Information is

stored as a continuous string, resulÈing 1n a long cycle time. To im-

prove cycle times, a najor/ln-inor loop architecture was devised.

1"4"2 MaJor/rnlror Loop Archltecllrre

The najor/minor loop architecture, illustrated in Fig. 1.14' is com-

posed of a number of para1le1 minor loops used for information reten-

tion, and a common major loop for fnput/outpuË functions. An funportant

feature of this organizatlon is thaÈ the number of bíts sÈored in any

rninor loop ís equal to the number that can be st.ored in the major loop.
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The above constrafnt provides the means for accurate data trackíng as

outlfned belov¡. To write data into the uúnor loops, data is generated

and propagated serially on the major loop. A complete page or block of

data is transferred into t.he mlnor loops when all the bits in the rnajor

loop are aligned wÍth the tops of the mínor loops. A bubble memory con-

troller is used to provide conËrol signals(eg. generate), and maÍntaÍn

tracking information for the MBM modules L46l " To initiate a read oper-

ation, the desired page of daLa ís rotated in the minor loops until the

block is aligned sueh that a para1lel Èransfer into the rnajor loop can

be perfornned. After transferring Èhe data into Èhe rnajor 1oop, the bits

are rotated over a detector where Ëhe data can be annihilated or replí-

cated. This results l-n either a destrucÈive or nondestructíve read oper-

ation. The size constraints of Èhe major and n-inor loops (i.e., Èhe

length of the rnajor loop must equal the length of the minor loop), in-

sure that all paging informatíon is retained when data bits are rotated

back into the minor loops.

The speed iuprovenents of the rnajor/rninor loop archítecture in com-

parison to the serial loop architecture are illustrated by the following

example. Consider both devíces with a storage capacity of. 64K bíts and

a rotatlng field frequency of 100 kHz. The average access time for the

serial loop memory is 320 ms. Assume for the major/n-inor loop device a

minor loop size of ]K bít, i.e., 64 minor loops. The average access time

may be computed as follows:

Average tLne to locate desired page

,no. of blts/loop x ll/Q x field frequency)l

= 5. 12ms

Tlme to read first daÈa bit

-26-



= noo of bit poslÈfons to the detector

x LI/(2 x field frequency)l

=nx50¡s n<10

Access tine = A.verage tíme * read Ëime = 5"12¡os

The above example illustrates that a signifícant increase in data

rates can be achieved by using novel memory organlzatÍons.

The physícal geometric llmÍtations of device layout result in every

second bit positlon of the najor loop being left vacant. This drawback

results in a data rate of one half the field frequency. To further in-

crease the data rate a block replicate architecture ís used.

1"4"3 Block Replicate Structure

In the block replicate structure, daÈa is generated on both input

tracks as shown ín Ftg. 1.15. The physícal layout insures the $ransfer

of odd and even bits into the odd and even storage loops respectively.

During a read operaÈion, data bíts are interleaved such that the odd or

even bits fill the vacant bit posítions. This interleaving results in

the full uÈilization of one detector. One should also noLe that in the

illustrated structure the input Ërack has been separaÈed from the output

track ín order to further increase the average access tine.

1 " 5 REDIINDANCY

The MBM is a serial devfce, hence any defect ln a propagatlon path

would render that path unusable" Devices based on the najor/ninor loop

archltecture âre not rendered unusable by defects in the minor 1oop" To

l-ncrease devlce yield, a MBM can be manufactured wlth redundant minor
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loops vrhích would compensate for any defective loops that may arise.

This insures that the device storage capacity is stí11 rnintained and

compensaÈion for defective loops can be performed by the bubble memory

controller.

During Ëhe bubble memory evolution process there has been a trend Èo

decrease memory access times and fncrease storage capacities. This has

been achieved, prímarily through the use of novel memory organÍzations.

Presently research is being conducted in the area of collless propaga-

tion techniques " The drive coils are the prir.rary elements impeding the

operation of bubble mernorles at field frequencies greater than 200 kHz

l47l " The speed limitation is due to both skin-effect losses in the

coil windings and eddy-current losses in the metal package componenÈs.

The following three devices are currently being considered to either in-

crease storage density andfor eliminate drive coils: (1) bubble lattice,

(ii) contiguous disk, and (Íii) the dual conductor memory.

1" 6 BIIBBLE LATTICE MMIORTES

The bubble lattice memory structure offers the largest storage capac-

ity. In this structure bubbles are stored in a compact hexagonal array

as shown in Fig. 1"i6. The distance between bubbles is determined by

the mutual repulsive forces between Ëhem. Storage of information is

achieved by encoding data in the v¡all states t48l rather than by the

presence or absence of a domain. It has been found that, depending on

the wall configuration, a domain will either propagate ín a straight

line or at an angle to the applied field. This difference leads Èo dis-

tingufshable states for data storage. Propagation of bubbles may be

-28-



achieved vía field gradients produced by current carrying conductors

[49]or by ln-plane field fnteracting wíth a permalloy overlay t501.

Figure I"17 illustrates the organization of a colun¡n accessed bubble

lattice device. The translation of domains 1s achieved by field gradi-

ents interacÈing with a fraction of t.he array' Thls inËeraction in turn

affects the entire array due to bubble-bubble interactions.

The increased storage capacity of bubble lattice devices is attribut-

ed to the followíng two factors:

a) The bubble-to-bubble spacing of 4 bubble diameters is eliminated,

and

b) no restrictions, imposed by permalloy propagation patterns' are

placed on the locatlon of domains.

other approaches to increasing the storage densíty of magnetie bubble

memory are the contiguous disk memory, and the dual conductor memory.

The propagation strucËures are described in Sec. I"3'2'

Bubble lattíce devices and eontÍ-guous disk memories are two techni-

ques to improve the storage capacities of MBlf. However, the approach in

I'ÍBM design 1s not simply to increase the storage density, but also to

attempt to increase the speed of the MBM. Currently' sPeed is limited by

the drive coÍls. An alternaÈíve to drive coils is the dual conductor aP-

proach. presently, only field access permalloy devices are available

couumercially. It Ís conceivable that the next generation of bubble de-

vlces will utllize the conÈiguous disk propagation structure offeríng

fncreased sËorage capaclty. Recently an experimental devíce wíth a stor-

age capaclty of 11.5 negabfts was dernonstrated t5tl. It can be conclud-

ed that contiguous disk devlces offer at least an order of magnltude

-29-



PROPAGATE
CONDUCTORS

LATTICE
FIGURE 1.16:

OF BUBBLES
Bubble LattÍce Strucrure IS:1

Tra

Figure I.I7: Column Accessed Bubble Lattice Structure [53]

nslation I^]RITE

BUFFER
STORAGE

LATTICE BUFFER

Access
Channel

-30-



greater storage density over field-access permalloy devices, and the im-

pact of current-access devices is unforeseeble. Current access devices

presently have por^rer dissipation and electromígration problems Ín func-

tional elements, which have to be resolved, before the viability can be

examined.
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Chapter II

SYSTEM DESCRIPTION

The high density and nonvolatillty of nagnetic bubble memories have

enabled this technology to gro\^r to íts present sËate. Currently bubble

memories have been successfully used for flíght recorders [52), reperto-

ry dialers [53], and intellígent terminals 154). Bubble memory technol-

ogy is a comparatively young technology, hence designing }fBlf sysÈerns is

not fully understood. To gain insight lnto designing wíth magnetíc bub-

ble memories and evaluaËing system reliability a bubble memory system

was bui1t. The f ollowÍng two chapters outline the hardware and sof t\,Iare

aspects of the system outlined below.

2.1 HARDI,IARE

A stand-alone bubble memory systern is shor¿n in Fig. 2.L. t55l . The

system consists of a mícroprocessor with íts progran ROIÍ and scratchpad

RAlf, lnternal buffer memory, serial asynchronous interface, bubble memo-

ry controller, funcËion tfming generator and bubble driving circuitry,

and up to eight bubble memory modules.

A Motorola ¡íC6802 microprocessor ís the heart of the bubble memory

system. The microprocessor and its associated circuítry provide all the

necessary control and tinring signals to the bubble nemory controller.

I,Ilth a urÍcroprocessor acËing as a sysÈem controller the system can be

made stand-âlone. The stand-alone system shown allows independence from
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any external archltecture by providíng a standard RS232 asynchronous in-

terface. Hence¡ âny external compuÈer with an asynchronous Ínterface can

view the bubble memory system as an extension of iËs own memory" Commu-

nicaËion is by means of a predefined protocol.

The ItC6802 based system offers a maximum storage capacity of 92Y.

byËes using eight TTB-0203 92K bit bubble memory modules. The processor

controls all data transfers between the outside world and the bubble

memory modules. Data transfer between the central processor and the

bubble memory nodules is through an intelligent bubble menory control-

ler. The bubble memory controller in turn provides all the control sig-

nals (generate, replicate, transfer-in/out, etc.r) to the function tím-

ing generator and bubble drÍving cÍrcuits.

2.2 SoFTI,IARE

To facilltate design and understandÍng, a 4K byÈe monitor was writ-

Èen. The interface monitor is intended to demonstrate and tesÈ the op-

eration of the microprocessor, and the bubble melTrory module within a nri-

croprocessor system. Interactive communications is achíeved through a

Èerminal wíth a RS232 interface. For developrnent purposes, a terminal

\,ras connected to Èhe asynchronous interf ace illustrated ín Fig. 2.I "

Duríng stand-alone operation the Èerminal is not used and interaction

with Èhe system is established through a cornmunication protocol.

Duríng the design phase, various features were incorporated to facíl-

itate system upgrading. Features include IOK bytes of RAlf, direct memory

access (DMA) capability for the MC6802, and a means of displaying inter-

nal status conditions via a peripheral interface adapter(PIA). By having
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a 10K byte buffer memory and DlfA facility, the systen capabilities are

greatly Íncreased, i.e., the systen archÍtecture ís more flexible" The

capabilities also include synchronous communícation, by means of a

synchronous data link controller (SDLC), to interface to the external

world. By using DllA to buffer data to the SDLC, the effective data rates

from the bubble memory to and external computer can be increased past

the 50 kHz data rate of the bubble menory module. During the DllA trans-

fer mode, the mícroprocessor is used to fill buffer RAll and perform any

intermediate processing of data that is desíred by the user. Processing

can include data conpression or expansion through coding techniques.

This r¿ould increase the effective storage capacity of the systen, andfot

allow algorithmic conditioning of daÈa.

A stand-alone bubble memory system with capabilities of storing 92K

bytes of data, interfacing to an external computer through a standard

communication interface, and performing data conditioning, has been de-

signed and implemented" The functional description of the hardware and

software are presented in the following two chapters.
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Chapter III

HARDI^TARE DESCRIPTIOìI

A bubble memory system based on Èhe TIB0203 bubble memory nodule and

its associated circuiËs was designed and constructed. The elernents of

the system are descrÍbed starting from the nucleus of the sysÈem (the

bubble memory ¡nodule). This description is f ollor^¡ed wíth discussions of

the conÈrol1er, f unction tirn:ing generator (FTG) , support circuits, and

the eomputer. Detailed schematics of the hardware are included in Appen-

dix A.

3.1 BUBBLE MÐIORY MODI]LE

The bubble memory system architecture is centered around a TIB0203

bubble module t56,571. A 14-pÍn dual-ín-line package houses the bubble

memory chip, the permanent magnet structure used to provide the neces-

sary bias field, and t$ro orthogonal dríve coils used to generate the

in-plane field. The package casing serves a dual purpose: (í) to house

Èhe above elements, and (ií) to provide a uragnetic shield from external

fíelds r¡hích can affect device operation. The module has a total storage

capacity of 92304 bÍts using a major/mínor loop architecture. The najor/

rninor loop archítecture illustrated 1n Fig. 3"i, consists of 157 minor

loops and one najor loop, each with a total storage capacfty of 641

birs" Thl-s results in a total capacity of 100637 bits. The module has

13 redundant loops, resulËing in a usuable capacity of 92304 biÈs. Con-
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trol elemenËs for generaËion, replicatfon, annihllation and detection

are located on the major looP.

Control functions such as generate, transfer, replicate and annihi-

late are performed by applyíng current pulses to the appropriate bubble

circuit elements. Propagatíon of magnetfc bubbles is achieved by a ro-

tating in-plane field inÈeracting wÍth a permalloy overlay structure.

propagation of bubbles Ín the TIB0203 is by means of asymmetrÍc chevrons

as illustrated in Fig. 3.2. Asymmetric chevrons are used to provide un-

idirect.ional propagation r¿ith well defíned attractive and repulsive

poles. Another advantage of this propagation pattern Ís that it provides

a very stable rest position for the domain, under static conditíons.

Detection is accomplished by means of dual magneto-resistive detectors.

A dual detector structure is used in a dÍfferenÈial rnode' so as to re-

duce common-mode noise. The output signal 1s of the order of a few nril-

livo lt s "

3"2 BUBBLE MEMORY CONTROLLER

A bubble aemory controller handles all transactions between the ni-

crocomputer and the bubble memory modules. The TMS5502 is a MOS/i-Sf ae-

vice wÍth an internal architecture as shown in Fíg" 3.3. The controller

performs the following functlons:

a) llajor/minor loop handling. This handling involves keeping track of

dat.a during input/output transfer, generation and deËection;

b) Bubble memory I/O handling. This lnvolves performing parallel-to-

serial and sería1-to-para11e1 data conversfons to and from the

bubble module. The controller also ensures Èhat Ëhe correct number

of byËes have been transferred fn or out of the bubble module; and
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c) processor-controller I/0 handling. The controller provides an in-

telligent interface between the processor and bubble modules.

The TlfS5502 is a memory mapped device with 15 fnternal registers, oc-

cupying consecutive addresses. Each register performs a specific func-

tion, such as loadíng a command or loading the loop-size register '

reading a staËus condition, or inÍtiating a teadfwrí-te operation.

The rnajor/rninor loop archÍtecture of the bubble module lends itself

to a page-oriented input or output of data. The Page síze for the

TIB0203 is 18 bytes. This amounrs Èo 144 bits which, together with the

13 redundanÈ bits, maÈch the number of minor loops (I57 loops). A page

positíon counter is used to ensure absolute tracking of Page Position.

The page select register operates ín conjunction with the page position

counter during a read/wríte operatÍon. The operation is such thaÈ, when

a partlcular page is desíred, an addressed page available status bít is

set when the two registers natch.

A 20 byte first-in first-out (FIFO) buffer nemory is used to store a

page of data durÍng either a read or write operatíon. Depending on the

mode of operation (síngle or multl-page) the FIF0 becomes either a page

oríented status andfor interrupt driven interface or a byte oriented in-

terrupt driven interface between the systen processor and controller"

Transfers betr¿een the FIFO and the bubble module are accomplished

through an 8-bit bubble daËa register which performs the necessary Par-

a|lel-to-serial conversions. Serial shifting of the data stream is syn-

chronfzed by a 50 kHz clock"

The following two modes of operation are available for data transfers

between the conÈroller and bubble memory modules: (í) single page mode,
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or (ii) multi-page mode. The single page mode operation requÍres l2.8ms

per operation" Each operation consists of transferring l8 bytes or one

page of data to or from the bubble module" This operation may be either

status driven or interrupt driven" The status bit is set or the inter-

rupt is generated when the FIFO is full or enpty, depending on the di-

rection of data transfer" The multi-page mode requires 6.4ms for each

operation. In this mode, data transfers are interrupt timed in that an

interrupt is generated on a byte by byte basis. It can be noted that the

multi-page operatíon provides for increased data Ëhroughput . The in-

crease ín data transfer rates is achí-eved by using a different sËorage

technique. In the single-page mode, pages are stored in sequentÍ-a1 or-

der, whereas in the nulti page mode, pages are stored 322 bit- posifions

apart, thereby reducing access times.

The presence of redundant loops neccesitates a procedure for invali-

dating defective minor 1oops. This is achieved with external circuitry

as illustrated in Fig. 3.4. The hardware is used to generate a gated

signal which is provided to the byte counter, the function of which is

to trace the bits shifted in or out of Ëhe bubble data register. A

512x8 bít PROII is used to rnaintain defective loop mapping ínformation.

Each output corresponds to a particular bubble device" A counter is used

to clock the PROI'Í ín synchronism with the rotatíng field frequency. The

appropriate PROM output is then gated to the byte counter to invalidate

def ective rn-i-nor 1oops.

The bubble memory controller serves

a) To provide an interface between

ble modules, and

the folloI^Iing tvto functions:

Ëhe system processor and the bub-

- '';.\,
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b) To provide control signals requíred by the functíon timíng genera-

tor (described later) to generate precise control tining signals

required to enable the functíonal elements of the bubble module"

3"3 CONTROLLER INTERFACE REQUIR-EME}ITS

The TMS5502 BlfC has been designed to lnterface easily with the 9900

and 80804 microprocessors" An examínatfon of the timing diagrans shown

ín Fig. 3.5 reveals a relationship between the two phase clocks required

by the controller and the system clock of the MC6802 t58J. The rela-

tionship shown 1n Fig. 3.5 shows that the conÈroller can be directly in-

terf aced to the 6802 if clock synchronízation between the t\"ro devices

can be achÍeved. Figure 3.6 illustrates the synchronizatíon technique

and the generation of the requíred clock and timing signals.

An Intel clock generator and driver (8224) t59l provides the master

clock signals. The feature that makes this device ideally suited for

this application is íts abílity to generaÈe the high-level 2 tfli^z fiL ana

d2 requíred by the BMC and a 2 lfrLz TTL level signal synchronized to the

high-levef 62. The 2 lfrtz TTL clock ls converted Èo a 4 lfrlz clock, re-

quired by both the function-timing generator and Èhe 6802. Synchroniza-

tíon beËween the processor and controller Ís achieved by inverting the 4

l{Hz clock required by the 6802 through a CMOS gate. This Èechnique pro-

vided the exacË delay requlred to establish synchronization"It was found

that the conÈroller operated properly with clock signals deviating by as

much as 50 ns from the exact delay.
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3"4 FrrNCrroN TTMTNG GENERATOR (ILg)

The functÍon-tlming generator (74LS361) is a 22-pin DIP uronolithic

integrat.ed circuit. The bubble memory systen depends on the FTG (illus-

tustrated in Fig" 3"4), Èo initiate and synchronize the operation of

various fnterface integrated circufts. The FTG provides the precise con-

trol timing necessary to operate the function driver, coil driver, and

sense amplifier elements shown in Fig 3.7. The function timing generator

also provides data protection during porrrer transient conditions by forc-

ing the coí1 drive oulputs to a logic high when the supply voltage drops

below approxirnately 3.5 volts.

3.5 BUBBLE SUPPORT CIRCUITS

The bubble memory rnodule requires a variety of circuits to generate

control pulses and amplify bubble detector output sígnals. To provide

the necessary control signals a sense anpì-ifier, bubble nemory function

driver, and coil driver have been developed as integrated circuiËs

available t6O1 "

The SN75281 sense amplÍfier circuft is íllusÈrated in Fíg. 3.8" It

consists of an Ínternally ac-coupled amplÍfier, a threshold sense cir-

cuít, a D-type flip-flop, a three state ouËput, and an RC biasing net-

work. The operation of the circult shown tn Fig" 3.8 is such that the

large common-mode signal produced by the rotaËing in-plane field, cou-

pled with high frequency noise, and an offset voltage fs passed through

the RC netnork. A signal of typically three mlllivolts peak Èo peak re-

sults. Thls signal is converÈed to a TTl-compatlble signal before being

passed to the BllC" Appllcation of the RESTORE ínput results 1n the input
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slgnal being elarnped and arnplified before it is strobed into the D-flip-

flop. Gating of the output is vía Ehe output control input.

The functÍon driver (SN75380) shown in Fig. 3.9 provides the constant

current pulses required for generation, replication, annihilation, and

transfer-in/transfer-out operations. Note that transfer in and transfer

out are parallel operations. The parallel operation is achieved as fo1-

1ov¿s: the mínor loop data j-s transferred into vacant bit locations in

the major loop and the major loop data is Èransferred into the rninor

loop. Fígure 3.9 also illusËrates that the sane output is used for both

the replícate and annihilate functions. These functions use current

pulses of different arnplitude or timing, to either transfer bubbles in

or out of the major 1oop, or annihilate bubbles" The funcÈion driver

also provides a reference output that is used to provide LemPerature

trackíng of the generate current. Temperature tracking ís requÍred since

it is easier to generate bubbles at hígher temperatures. This irnplÍes

that the current must be limited with increasfng temPeratures.

A pair of bubble memory coil drivers (SN75382) in conjunction with

Schottky diode arrays are used to produce the 100 klHz rotating in-

plane magnetic field. The configuratlon and drive rtaveforms are shov/n in

FÍg. 3.10. The triangular drive waveform is generated by applying a step

voltage to the drlving coils. The triangular waveform in turn is ínte-

grated to produce a current ramp. Ilhen Èhe step voltage 1s removed, the

current ls eommutaËed by t\"¡o diodes and allowed to ramP dov¡n to zero.

I,llren the current reaches zere, an opposiÈe polarity step is applied to

produee a current ramp of opposite polarity. NoÈe that the frequency of

the rotating fíe1d is twl-ce that of the bubble-in and bubble-ouË rates.
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3"6 INTERNAL MICROCOMPUTER

The internal cor'çuter is based on the 6802 ¡ricroprocessor. The systern

archj-tecture is standard and consists of a 4K byte monÍtor and 128 bytes

of scratchpad RAlf. The RAM is lnternal to the microprocessor and 32

bytes may be retained under standby povler conditíons. The 6802 micropro-

cessor does not have DlfA capabilities. DMA in a halt steal mode can be

achieved by placíng three-state buffers on the address and data buses.

These buffers are enabled by the bus available signal of the 6802. In

this mode of operaÈion, the processor is halted for one machíne cycle

during which one DllA transfer is performed.

3"7 ASYNCHRONOUS INTERFACE

An EIA RS232C ínterface sÈandard is used for data Eransmission. The

interface uses the 6850 asynchronous adapter (ACIA) for data Lransfers

between the conmunÍcation channel and the microprocessor. Baud rate tin-

ing is switch selectable frorn 110 to 9600 baud. The timing ís obtained

from a baud rate generator, the MC14411, as shown in Fig' 3'5'

3.8 POI{ER SIIPPLJ REQUTRE}ÍENI]S

A fundamental requirement for the system is that the Poller supply

regulation must be maintained for approxirnat.ely 13 milliseconds after

polrer faílure or shutdown. Thís allows tLne for any data in the major

loops to be returned to the urlnor loops and time to rotate the rnÍnor

loops to address zêro. In thts way data íntegríty and paging lnformation

are Eaintafned"
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The necessary power supply was designed and buÍ1t. A schematfc of the

po\¡rer supply is íncluded in Appendix A. It is capable of maintaining

por^rer for up to 2 seconds. This flexibillty was buílË in to allow for

complete data lntegríty if the system is modified to use the buffer RAlf

as discussed earlier"

The power supply requirements calculated using typical devíce re-

quirerrents are summarized as follows:

*5v supply total current requirements = 4.225 A

-5v supply total current requirements = 0.201 A

*12v supply total current requirements = 0.346 A
-l2v supply total current requfrements = 0.230 A

3"9 SYSTffi DESIGN CONSIDERATIONS

When designing a bubble memory system using the faurily of circuits

discussed, attention must be paid to the following items:

a) The bubble menory controller provides a gated 50 kHz clock (GC50)

íntended for clocking the defective loop nap PROll. However, there

are timing problerns in GC50 due to design faults in the control-

ler. The tirning problern can be corrected by one of the following

two approaches:

i) the timing can be corrected as i1lusÈrated ín Fig. 3"4, or

ii) the GC50 signal can be gated to the fl2 outp,tt fron Ëhe con-

troller by means of a NOR gate.

b) A delay must be provided before reading the status bit indicating

that a byte has been read or q¡ritten. The delay should be approx-

irnately one machine cycle.

c) One must ensure that all chip select inputs to the bubble support

circuits and Ëhe urultiplex channel select inputs (Fig. 3.4) are
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latched during Ëhe entire transaction between the bubble rnodule

and controller.

d) A nominal duration for transfer-in enable is 10 us. Following an

access to absolute page 64010 however, the transfer 1n ¡:emains ac-

tive ínto the next transfer" The following two approaches rnay be

used to correct thís condition:

i) Issue an initialize command to the controller after access-

ing page 64010, or

ii) Avoid using page 64016, resulting in a total storage capaci-

ty of 92160 bits.

e) Coí1 drivers are highly susceptible to noise spikes on the -I2

volt supply line. A voltage spike in the order of -14 volts will

destroy the device. The plaeement of a 12 volt transient suppres-

sor along with the capacitors recournended by the manufacturer on

the supply line will sufficiently minimize noise spíkes.

3" IO BUBBLE MEMORY MODTILE LAYOUT CONSIDERATIONS

The following guldelines are effective ín reducing noíse lnduced into

the sense amplifier and detector circuits, when 1ayíng out bubble mod-

ules.

a) Use large ground planes to Efnfmlze nofse effects such as switch-

ing nofse and high frequency noise generated by the coil drive and

funcËíon drive cÍrcuits.

b) Use separate ground returns for the cofl drive and sense amplifier

circuÍts to reduce induced noise.
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c) Use hígh frequency decoupling and low frequency filtering on all

supply lines. Filter capacitors should be placed at the board edge

and at coil driver supplies"

d) Use wide coíl drive lines to reduce IR drops created from large

peak currents "

e) Keep detector signal lines between the bubble memory and the sense

arnplifier as short, close together, equal in length, and as dis-

tant from all other signal lines as is practical.

A bubble merxory system vlas designed and inplemented using the

TTB-0203 92K bit uragnetl-c bubble menory module. The systell architecture

is such that the total storage eapacity is 92K byÈes" A I'fC6802 nicropro-

cessor in conjunction vriËh a bubble memory controller is used to províde

an intellígent interface to the bubble modules" The controller provides

the necessary tiníng and control signals to the bubble supPort circuits(

FTG, sense amplifier, function dríver, eÈc.r). The microprocessor is

also the heart of the microcornputer which controls Ëhe interface between

the bubble modules and the external communÍcations port. Hence, with the

aid of the mlcrocomputer, an exÈernal termínal can communicate wlth the

bubble nemory for either testlng purPoses or as a memory expansion to

the external system.
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Chapter IV

SOFTI^IARE DES CRIPTION

The bubble memory systen software ís a 4K byte interactive monitor

r,¡riËten in 6800 assembly code. The Ínteractlve monitor is intended to

demonstrate and test the operaÈion of the bubble memory module within a

6802 based system. Flowcharts and the assembly listing of the software

are included in Appendix B "

The roonÍtor has functions found in standard CPU monitors. The soft-

vrare is stored in four 2708 EPROìÍS residing at memory locaÈions

FOOO-FFFF Hex. The sËack area and scratchpad RAlf area required by the

monitor consist of 128 bytes of RAìf starting at address 0000 Hex. The

locations of the various menory mapped system elements are shorn¡n in Fig.

4.I. Interactive cornmunicaÈion is achieved through a terminal wÍth an

EIA RS232C interface"

4.L POI,{ER-UP INITIALIZATION

Figure 4"2 illustrates the sequence of events after either a posrer-up or

hardware reset. After a reset, the ACIA, PIA, BlfC, and bubble modules

are lnitialÍzed. The ACIA is configured for a transmission frame com-

posed of 7 data bits, I parity bit, and I stop bit. The PIA inÍtiaLiza-

tion configures the ports as outputs except for the LSB of port A. The

PIA is intended for monitoring power-faf1 and for outputing status con-

ditlons. Initfalization of the BllC involves setting up the minor loop
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size and pâge size registers, and issuing a controller reset. The bubble

module must also be lnitialized on por^7er up" Thís operation is perforned

to destroy any bubbles Èhat may have been present in the major 1oop.

Flowcharts for the above operations are included in Appendix B"

4.2 COMMAND DESCRÏPTÏONS

In writing the software, a modular approach was taken" ThÍs approach

allowed the greatest degree of flexÍbílity in buí1ding up a complete

monitor. This concepÈ is illustrated ín Fig. 4.2 with the ímplementa-

tion of the command sÈructure. The modular approach 1s easíer to imple-

ment than some type of coding scheme, particularly ¡vhen the number of

comrnands are límited. This approach also makes any softvlare expansion

easÍer to ímplement. Table 4.1 shows the full command list.

Each command is executed by entering a single letter or number fol-

lowed by any required parameters. Commands interacting with the bubble

module are self explanatory in operation. A more detailed command de-

scription is presented below with the dÍscussion of the tests lefÈ to

the next chapter.

4.2.L C,

Slmtax:

Contínuous bubble I/O

CIONTTNUOUS BUBBLE T/O ]
BUBBLE T/O TU ASCII OR HEX?

ENTER <A> 0R <H) (enter desired letter)
START PAGE: <starting page address)
END PAGE: (end page address>
DATA PATTERN: <enter ASCII character or Hex byte>

The data pattern entered ís stored into the bubble memory starÈing

the page specified in Hex" The verify subcommand (descríbed later)

aË

ís
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TABLE 4.1

System Command List

0perat ionI tnput I

tl
C

D

E

F
G

H

I
L
R

S

T
V
I
2

3

4

5
6

Continuous bubble I/0
I{emory dump to terrn-inal
Examine memory location
Fill bubble mernory with a selected 8 bit daÈa pattern
Execute user program
Help factllty - displays available system commands

Initialize BlfC
Display contents of bubble module (ASCII or HEX)
Read deslred page from bubble memory (ASCII or HEX)

Set up for data input mode (half duplex)
Transfer frorn RAlf-to-bubble or bubble-to-RÁll
Verify number of r /w generations
TesÈ l, generator and deÈector testing
Test 2, major loop fallure mode tesËing
Test 3, major loop nearest neighbour testing
Test 4, mÍnor loop failure mode Èesting
Test 5, minor loop nearest neighbour testlng
Fitl selected mlnor loop entirely wÍth ttlstt or ttOstt

also avaÍlable under this command as shown in Fig " 4.3. The "C" co¡nmand

is used as a hardware debugging aid when the bubble control signals have

Èo be monftored to determine proper devíce operation.

4"2.2 D, Dump memory

Syntax:

D [l]MP I <sÈarting address> <end address>

The'b" command dumps the contents of rnemory starting frorn the speci-

fied address. The starting and end address are specified 1n Hex. The

daËa is displayed boÈh in Hex and ASCII"
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4.2.3 E, Examin-e memory

Syntax:

E IXA-]f I <s tarting addres s)

The ttEttcommand is used for examining memory in the rnicroprocessors work

space. The followíng three subcommands are available under the EXAI'Í con-

mand: (i) next, (ii) back, and (iii) change" A carríage return is used

t.o examine the next location, and entering the letËer ttBttallows examin-

ing of the previous locaËion. Entering a ttctr results ín the following

output:

XXXX XX (enter new data in IIex)

where XXXX and XX represent the address and data respectively" The naÍn

program can be re-entered by entering a space or thettESCttcharacter

Figure 4.4 illustrates the subcommand structure'

4.2"4 F, Fill

Syntax:

bubble rnemory

FIILL ]
BUBBLE I/O IN ASCII OR TIEX?

ENTER <A> OR (H) <enter desired letter>
START PAGE: <starting page address)
END PAGE: (end page address>
DATA PATTERI'I: <enter ASCII character or Hex byte>

The "F" command is used to inltiaLize a block of bubble memory with a

user specifíed data patÈern startíng from Èhe specified address. The

data pattern nåy be entered in ASCII or Hex to allow ínput flexlbilty .

During executlon of the fill operation the following message **I'trORKING**

will be displayed.
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4"2"5 G, Execute user Program

Syntax:

G Io FROM: ] <starting address>

This command ls used to initl-ate execution of a program starting from

a specified address "

4.2.6 L, Dlsplay conterits of bubble module

Syntax:

L IIST ]
BUBBLE I/O IN ASCII OR HEX?

ENTER <A> 0R <H> <enter desired letÈer>
START PAGE: <starting page address>
END PAGE: (end Page address>

This command lists a block of data speeified by the starting and end

addresses. The outPut is either in ASCII or Hex'

4"2.7 3, Read desired Þage from bubble lnemorY

Syntax:

RTEAD ]
BUBBLE I/O IN ASCII OR ITEX

ENTER <A> OR (II> (enter desired letter)
START PAGE: <startíng page address>

The tRtt command ls simllar to the ttEttcommand in oPeratlon. This com-

m¡nd is used to examine the contents of the bubble module a Page at a

time. The followJ-ng three subcommands are avallable: (i) next' (ii)

back, and (iil) change. EnterLng an "N" wf-ll output the nex¡ page and a

"B'r will dfsplay the prevlous page. The display is wrap-around¡ l.e',

the next page after 64010 1s page zeto. The change command acts on one

page of daÈa (18 bytes) at a tirne. Data can be changed by entering the
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ner,¡ daËa or can be left unchanged by entering an up-arrovl character" Af-

ter the enÈíre page has been changed or partially changed, the ne\,r Page

is written, read, and re- displayed for vlsual verificatÍon. The command

structure is illustrated in Fig" 4"5.

4"2"8 S, Set gp fgr data input mode

Syntax:

S TDATA INPTff MODE ] <I{ iNPUI dAtA /> DATA TRANSFEP.P.ED

This allows for uncondiÈional data lnput from a termlnal or external

source. The block of data is preeeeded with a ttl^lt' and ended v¡ith a tt ftt

character. This configures the communication channel to half duplex

mode.

4.2.9 T. Transfer from RÁM-to-bubble or bubble-to-RAlt

Syntax:

T IRANSFER ]
FROM RAM T0 BUBBLE -ENTER <B> 0r
ENTER <R> IF TR-ANSFER FROM BUBBLE TO RAM==)(CNTCT dCSíTCd lCttET>

If the response 1s "8" the outPut prompt fs as follows;

START ADDRESS: <enter start address)
EIrTD ADDRESS: <enter end address)
TRANSFER PAGE NO.: <enter transfer page address>

and if the response is ttRtt Ëhe promPt becomes;

START PAGE: <enter start page address>
END PAGE: <enter end page address>
TRANSFER RAM ADDRESS: <enter transfer address>

Thfs command is used to copy a block of data from system memory to

bubble memory or from bubble memory Èo system memory. The data block de-

fined by the starÈ and end address is transferred startfng from the

specfffed address.
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4"2.L0 V, _Verify

Syntax:

number of R/i.I operations

v
N0, 0F HARD ERRORS = XX
N0. 0F SOFT ERRORS = Ð(XX
NO. OF R/W OPERATIONS = XXXXXÐC(

This command fs used for monitoring system sËatus during a test pro-

cedure or during the continuous bubble I/0 operaÈion. Hard and soft er-

rors are defined in chapter 5. Note that all numeric operands are in

Hex.

4"3 SOFTI,IARE FEATIIRES

Features of the software include error cheeking and speed enhancement

during bubble lnput/output operations" The following types of error

checkíng are performed: (1) checking for invalid commands in boÈh corn-

mand structure levels, (ii) checklng for valid Hex inputs, i.e., to en-

sure that the entry is beËween 0 and F, and (f11) cheeking that a bubble

pâge address does not exceed 640i0" If the bubble page address exceeds

64010 the controller remains pertnånently active, and must be reseÈ.

This reset results ín a loss of paging lnformation. Speed enhancements

are due to both software and hardware considerations. The speed enhance-

ment Ì{as obtained by uemory mapping the BMC to an address of 80-FF Hex.

This facflltates uslng the direct addressfng mode of the 6802. The use

of dfrect addressing over extended addressing a11ows the software to ex-

ecute faster since Eost operations require one less machfne cycle.

The sof t\.rare also features a means of returnÍng to Èhe main program

wfthout uslng a hardware reset" Enteríng the "ESC" character will return

control to the main program. This avoids the lnlEiâlfzation procedure

performed durlng por¡er up or hardware reset"
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A 4K byte interactlve monitor serves as the operating sysEem for the

bubble memory system. Interactive communlcation is achíeved through a

Èermlnal and a standard asynchronous communlcatlon lnterface" The moni-

Èor is essentially a modiffed CPU moniÈor with enhancements to accono-

date the internal otganization of the bubble memory module"
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Chapter V

SYSTEM TESTING PROCEDURES

Magnetic bubble memories have been commercially available since 1977 "

This young technology requires various testing schemes and test equip-

ment to deternine its re1íability 16I,62r631. This chapter discusses

Èhe testing that was performed to evaluate Èhe effects of bit Patterns

on data íntegrity, and the effects of prolonged operation on device con-

trol s ignals" Bit pattern testing \,ras based on f ailure mechanisrns dis-

cussed by Cheng and Davis 1641. The following three failure rnodes are

possible in bubble devices: (i) collapse, (ii) strip-out, and (íiÍ)

failure to cross a gap region. The results of the above tests are pre-

sented in the next chapter.

5" 1 PATTERN SENSITIVITY

The three failure modes

Device function sensíti-vity

a) Forces on bubbles due

cent bubbles'

b) Forces on bubbles due

above are bft pattern sensitíve.

the following three factors:

nagnetic fields Produeed bY adja-

rnent ioned

is due to

to loca1

to fields produced by current control ele-

ments, and

c) Interactlon of bubbles wíth detector elements"
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Since a bubble memory has a limit.ed number of functions (generate,

replÍcate, transfer in/out, €tc.r) localtzed to sma1l areas of the de-

vlce, a limited number of bit patterns can be used for sensitivíty test-

ing. This limÍtation rnininrizes the number of test patterns. In examin-

íng pattern sensitivity, the following factors have to be considered:

a) Bubble-to-bubble interaction ís strongest v/íthin a radius of four

bubble diameters. Since Èhe field strength is reduced within four

bubble diameters, only shorË bit patterns are required for approx-

ímating Èhe worst case condition, and

b) SÍnce device funcÈions are localized and dependent on each other,

specÍfic bit patterns can be used for multiple Èests. For example,

the write operation affects primarily Èhe generate and swap-gate

elements. A read operaÈion can be used to Èest the replicate gate

and magneto-resísËive sensor elements. The propagation path, used

for data storage can be testecl by propagating a string of bubbles

across each propagation element.

5"1"1 Patt_e_rn Sensltf-vltv of Pr-opagation Elegents

The Ëhree fallure modes (collapse, strlp-out, and failure to cross a

gap region) are sensitive to different types of data patterns. Failure

of propagatlon elernents fs dependent on Ëhe following three factors:

a) The shape of the permalloy Pattern'

b) The strain induced by conductor crossing elements, and

c) The type of defect in the propagation element.

The shape of the permalloy element determines stable bubble positions

durlng propagatlon. The strain due to conductor crossÍng elements can
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result in deformation of the propagating element. This deformation

could result in non-uniform bubble propagation. Defects in the proPaga-

tion element can result in strong localized fÍe1ds, induced by the ro-

tating in-plane field, which could result in propagation failure"

Collapse, strip-out, and failure to cross a gap region are each pos-

sible under different bit pattern combinations" A bubble Ís more prone

to collapse r,¡hen surrounded by other bubbles since the bubble-to-bubble

interaction is Ëhen at a maximum. A strong bubble-to-bubble interaction

results in an increased bias field as seen by the bubble located in the

center. Propagation failure can also occur when a bubble is displaced

from the propagation path by forces exerted on the bubble by other bub-

bles behind it. Thís is a repelling force due to the non-uniform field

dÍstríbution as seen by the leadíng or trailing bubble. Failure due to

strfp-out can occur in a region where a bubble is isolated frorn other

bubbles.

Bit patterns most suitable for testing all three failure modes are of

the form 11111ii100001000100 and its complement. A bit pattern of the

form I1011010i0i0i0 and its complement should be used to tesÈ failure

due to bubble-to-bubble ínteracÈion" These bit patterns \¡7ere used by

Cheng and Davís. To pronote failure, several such patterns should be

staggered around each storage 1oop.

5"1.2 PatlerIr Sensltivitv at Genergtion Elements

It v¡as stated earlier that bubble-Èo-bubble interaction increases ap-

preciably 1f the bubbles are seperated by less than four bubble diame-

ters. To determlne the effecE of the generator element on data bíts' the

btt pattern 11110001000101 should be used.
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5,1.3 Pattern SensLtiviLv of DeËector Elements

DeEectionofdomalnsisbymeansofthemagneto-reslstiveeffect.

This rnethod relies on the stray field of a bubble to alter the net re-

sístance of the deËector. since neighbouring bubbles can contribute to

thestrayfíeldrthesamebitpatternusedfortestfngtheeffectsof

Ëhe generator element can be used to exercise the deÈectors'

5"L'4 Pattern Sensitivity at

PatÈern sensitivitY at the

Ëhe Ínteraction of bubbles on

in the storage looP' To fullY

Swap and RePll-cate Gates

swap and replicate gates is dependent on

the input track with that of Èhe bubbles

test the two oPerations the following com-

and the effects of

binatíons are sufficient:

a) SwaP a bubble with a bubble'

b) SwaP a bubble with no-bubble' and

c) CornPlemenÈ of boËh (a) and (b)'

5.2 TIB-0203 DEVICE TESTING

onthebasisoft'heabovediscussion,thefollowingfivetestswere

performedÈodeterminebubbleuemoryrelíabitítyinasystemenviron-

ment:

a)

b)

c)

d)

e)

Effects of the generaËe element on bit paËtern

the same bit patterns on the output signal,

Major loop faílure mode testing'

Major loop nearest neighbour testing'

Minor loop fallure mode testing, and

Mínor loop nearest neighbour testfng'
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5.2"I Test 1:Generator and Detector Effects

The object of this Ëest lras to detenníne Ëhe effects of the generate

current on the bit patÈern in the vicinlty of Ëhe generate element' The

bit pattern generated is also suitable for determining the effects on

Èhe detector output signal due to bubbles ín the neighbourhood of the

detector.Abitpatternofthetypelll000r000l0lwasusedasabasis

for this tesË. since the TrB-0203 is a page oriented device with a page

lengthoflSbytes,abitpatterncomprlsedofthefollowingfundamental

pattern Fl15OEEAOO Hex was used'

This test is lnvoked by entering a r'1rr after the prompt is disPlayed'

Thetestisperformedbywritínganlsbytedatapatternconstructed

from a repetitive comblnation of the 5 byÈe data pattern shov¡n above

intopageZè'l:o.Areadcycleísusedtoperformthefollowingtwofunc-

tions:

a) Provide a means of verifying the data

b) To see the effects of the bit pattern

Figure 5.1 sho'¡s the flowchart of the test

test and all subsequent tests are presented

generated, and

on the outPut signal.

software. The results of the

in the next chaPter.

5.2.2 Test 2:Major Loop Failure Mode Testing

This test \¡Ias perf ormed to determ{ ne Ëhe reliabilíty of the najor

loop. Based on Èhe previous discussion of failure modes, an 18 byte

data pattern consLsting of the fundamental data Pattern FF08800F77 Hex

l¡as use,il . The testing scheme is si¡nilar to that of test one, ín that the

daËa pattern fs continuously writ.ten and read Ëo determine any errors

during propagatlon. This and subsequent Èests would only be ueaningful
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if the previous test vras successful, success is determined by a 1ow er-

ror rate" One inherent assumption ln perforroíng each test j-s that, if

one test is successful and faflure occurs during the next test, Ëhe

failure is 1n the portlon of the device being tested" For example, if

an error occurs In test 2, ft fs assumed that the failure is in the ma-

jor loop and not in the generaLor or detecËor portion.

5.2"3 Test 3:Major Loop Nearest Nelghbour Testíng

The object of this test is to deterrn{ne the failure rate in the major

loop due to bubble-to-bubble interactions. The bit patÈern used 1n per-

forning this test was 8M82557 Hex.

To fully test nearest neighbour interactions in the major loop, the

multi-page npde of operatj-on was used. The rnulti-page mode maximizes the

number of data bits tn the najor loop, hence províding the largest in-

ter-bubble lnteraction.

5"2"4 Test 4:Hlnor Loop Fal-lure Mode Testl-ng

The test pattern and the objectives of test 4 are the same as for the

najor loop failure mode Èesting. Hovrever, care nusÈ be exercised in

choosing the data pattern sínce iË must be stored serially in each minor

loop. The paÈtern used 1s FF08800F77 Hex. DurÍng major loop testfng,

this bit pattern could be broken up into each minor loop. This break up

is possfble during the read/write process because the bit pattern is as-

sembled and rotated serially in Èhe rr,ajor loop. To store the data pat-

tern in the mlnor loops, Lhe faílure mode btt pattern consists of 40

pages of ones or zeros, ürhere the contents of each page are determfned
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by each bit ln the test pattern. The test procedure ls to write this

data pattern and perform contLnuous reads. Thís provides a means of ro-

taËing the pattern around the mínor loop and verifying data integriËy"

5.2"5 Test 5:Mlnor Loop Nearest Neighbour Testing

This test also utilizes the same bit patËern used for major loop

nearest neighbour testing" Again the data pattern roust be stored such

that the serial pattern is stored in each minor loop. The method for

storing the data pattern used in test 4 is again employed here. Hor¿ev-

€rr in this test, 64010 pages of ttlstt and ttOstt are stored corresponding

to a repetitive conbination of the bit pattern 84482557 Hex. Thls pro-

vides the maximum inter-bubble interaction thereby increasing the like-

lihood of failure"

5"3 GENERÁI COMMENTS

In performing the above five tests a distinction was made between a

soft error and a hard error" The consistent verificatfon scheme was ob-

served during each test. Thls involved comparíng the read data wíth the

expecËed data, and if an error occured, the error would be flagged as a

soft error. 0n an error condition the read process hras repeated until

no error occured or until five soft-errors !'¡ere encountered, whÍchever

occured first. The occurance of five soft-errors constituted a hard-er-

ror, since it was assumed Èo be incorrectable by performing a reread" If

a hard error condition was detected Èhe entfre test procedure \¡ras re-

peaÈed. Each tesÈ procedure also maintains a sofÈr,rare counter for the

number of read/r.¡riËe operations performed which 1n turn gives a dlrect

lndication of the number of bits Èhat were read or wrlt.ten per test.
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A provlslon !¡as also incorporated in Ëhe test softrvare to provide a

means of cheekÍng any particular minor loop Íf continuous errors v¡ere

observed in Ëhat minor loop. This test procedure is invoked by entering

a tt6tt af ter the prompt is displayed. Af ter entering a tt61t the monitor

prompts for a 18 byte data pattern which is to be rotated through the

entire memory. For example, by entering the followÍng blt pattern

000.".010...000 (total length equals 144 bits), the minor loop corre-

spondíng to the active high bit (logical one) will be continually exer-

cised.

5"4 OPERATIONAL TESTING

The object of operational testing \.ras to observe the effects of de-

vice operation on the control signals. In partÍcu1ar, the test process

involves examining changes 1n the coil driving currents' generate cur-

rents, transfer in and transfer out currents, replicate/annihilate cur-

rents, and detector output signals. The effects of temperature on the

generate current were also observed" The results of this test are pre-

sented in the following chapter. Operational testing provlded a qualita-

Èíve evaluaËion of the bubble memory driving circuits"

A total of six tests were performed to evaluate the reliability and

useability of a bubble memory syst.em. The following tests were Per-

formed:

a) The effects of the generate element on data bits and Ëhe effects

of bit Patterns on the output signal'

b) Major and nlnor loop faflure mode testing'
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c) The effects of inter-bubble interactions in Ëhe major and minor

loops, and

d) A qualitative evaluation of the bubble memory drÍving circuits'

In perforrning bit pattern sensitivity testing, ânY failures are flagged

by means of a prlntout lndicating Ëhe actual data Pattern, the observed

data paLtern, and a record of the number of read/ write operations per-

formed until faÍlure occurred. The record provides a means for evaluat-

ing the effective error rate' and hence the rellabllity of the bubble

memory system.
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Chapter VI

TEST RESIJLTS

Bubble memory sysÈem testing was performed to determine the follow-

ing: (i) the effects of bít paLterns on data integríty, (ii) to observe

the effects of prolonged operation on control signals, and (iiÍ) the ef-

fects of prolonged operation and biL patterns on the detector output

signals. Test methodology was discussed in the previous chapter with the

results of the tests presented in thís chapter'

6. I BIT PATTERN RESIILTS

Five tests \,rere performed Ëo evaluaLe the reliabilíty of the magnetic

bubble memory system. To evaluate the rellability, a minimum of 109

bits per test were read. Table 6.1 summarizes Èhe results of the various

tests.

A total of zero soft and hard errors were detected during the course

of system testlng, which fnvolved eyclíng ovet 2.4 *1010 bits through

the bubble memory. ln performing the five tests, the next test was al-

hTays started immediately following the completion of the current test"

This ensured that the entlre system was always operating Í-n a consistent

test environEent.

In examinJ.ng the above results, it can be concluded that under nornâl

operaËing conditions Èhe bubble memory systen is extreuely reliable.

This reliabllity can be ¡neasured ln terms of the observed error rate of
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TABLE 6"1

BÍÈ PaËtern Sensitivlty - Test Results

lo
Generator and I 2"0200922xI0'
detector testlng I

I t.6sz2sr2xroe
I

I

Major loop
failure mode
t es tlng

I

Major loop near-l
esÈ neíghbour I

testing I

I

Minor loop fail-l
ure mode testing I

I

Minor loop near-l
est neighbour I

I

9.1993268x109

2.678419 7x 109

8 .7 7 007 9 4x109

t' . Thís represents a probability of a bit in er-

-t 1x I0 ^' r.¡hen the module is exercfsed using l^¡orst

t any error correction" This error rate compares

the error rate of other devices âs shown in Fig.

less Èhan 4.11 x 10-1

ror of less than 4.11

case patterns, withou

qufte favorably with

6. I t65l .
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Figure 6.1; Device Error Rate Conparison
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6"2 EPERIMENTAL EQUIPI{ENT AND PROCEDTIRES

In performing tests to observe the effects of prolonged operation on

control signals and bit patterns on the deÈector output signals, the

following test equipment was used:

1- Tektronix oscilloscope model 465 (100 MHz bandwidth)
l- Tektronix storage oscilloscoPe nodel 466 (100 ¡Ctz

bandwidth)
1- Fluke 85002- model 21004 digital thermometer wiËh a

Cu/Con thermocouple.
l- Tektronix active differential probe and amplifier model

P6046
t- Tektronix AC current probe model P6019
1- Tektronix AC current probe model P6016

The above equipment rvas calíbrated accordÍng to manufacturer specifi-

cations. All probes were rechecked prlor to use by measuring known cur-

renËs and ternperaÈures. The differential probe was checked by measuring

ground potenËíal with a physical separation of the probe Ëips kept as

close to zero as possl-ble. The observed voltage was wlthín specifica-

tj-ons supplied by the manufacturer.

I,,Ihtle performing the various tests, certaín precautions qTere taken to

malntain consistency of results. One precaution etas Ëo run the test

equipment unÈil therrnal equllibriurn eras atLaíned, thereby minímizing the

effects of the dc thermal drift. Once thermal equillbrlum vras achleved'

the callbration was rechecked and adjusted if requlred. Another method

to ensure consistent results \,Ias to rigídly fix the test probes such

that no positfonal effects Ívere introduced into the measurements. Posl-

tional effects are more pronounced in the differential probe due to fn-

terference fnduced in the probe leads from external sources. Finally'

the thermocouple l^ras afflxed to the bubble module to ensure that the

therrnal time constanË did not effect the accuracy of temPerature meas-

uremenËs.
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6.3 E)TPERTHENTAI, RESIILTS

Tqro tests were performed to determlne the effects of prolonged system

operatlon. One test r,¡as for a period of 21 hours and the second Ëest on

a dif f erent bubble module Tr¡as f or a period of 96 hours. A total of

1.686x109 bits were cycled in a períod of 96 hours. The second test was

conducted because the replieate/annlhilate gate of the fÍrst module was

accidently desÈroyed rendering the devlce inoperable. The results of the

tvlo tests are lllusÈrated in Figs. 6.2-6"5" Test one was for a period

of 2I hours and the results are presented for completeness. From the

figures it can be noted that the results of test one disagree with the

resulËs of test tqro. This dlsagreement can be attributed to the number

of data points collected for test one. Measurenents were performed eve-

ry half hour for the first three hours, after which time ít was observed

that the readings trere consistent with each oÈher. Since the readings

were consistenË the collecËion rate was reduced to every two hours. Be-

cause of the línited nurnber of measurements for test one, a valid analy-

sis cannot be performed on the data. The results of test t\,¡o are all in

agreemenÈ with nanufâcturer's specifications which índicate no degrada-

È1on in drivlng capability of the bubble conËrol signals. Figure 6.6

illustrates the shape and anplítude of the various control signals.

A study of the effecÈs of device operaÈion on the bubble output sig-

nals was also performed. Photographs of bubble output signals during the

course of measurements indicate Ëhat devfce operation had no effect on

the bubble output sfgnals" This is illustrated in Fig" 6"7 and 6.8 whích

represent Èhe bubble outpuÈ signals observed at Ëhe beginnfng and end of

the prolonged test period, Both ffgures depict a blÈ pattern correspond-
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ing to "11", where the aetual bit is

peak" For comparison purposes, a bit

illustrated in Fíg. 6"9"

represented by the second positlve

pattern corressponding to tr00tr is

6"4 GENERAL OBSERVATIONS

Figures 6"10 and 6.11 illustraÈe two Ínterestlng points. Both figures

show the effects of bubble-bubble interaction, as described below. Fig-

ure 6"10 shor¡s that the output signal of fsolated bubbles is snaller in

amplitude than the output signal of a bubble 1n the vÍcinity of other

bubbles. Flgure 6.11 illustrates the effects of neighbouring bubbles on

a centrally-located bubble" From Fig. 6.ll the output signal of the

centrally-located bubble is urarginally larger than the output signal of

adjacent bubbles. Thís can be attrfbuted to the flux contribution from

adjacent bubbles.

The TIB-0203 uses dual magneto-resj-stive detectors 1n a differential

configuraÈion to sense magnetic domains. Domains are propagated on one

detector track and a duruny detector is used to increase the signal to

nolse ratio of the output signal by subtractlng common mode sÍgnals gen-

erated by the rotating in-plane field. One general observation that was

made is thaÈ the effecËs of the dummy detector currents are less pro-

nouneed on the output sfgnal than that of Ëhe acÈual detecËor. The cur-

rent in the dunmy detector could be varied as much as 1.5ÐA before er-

rors were observed 1n the output signal, whereas the current 1n the

actual detector was varied by as little as 0.5m.A' before bit errors qTere

de tect ed.
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Figure 6.8: Bubble Output Signa1 at End of Test
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Various tests were performed Èo evaluate the rellability of the bub-

ble memory system" Bit pattern sensitívity Ëests \,rere conducted to de-

termine system error rates, 1.e", the probabílity of a bit in error. In

performing the tests, no sof t or hard errors \r7ere observed" In any sin-

gle test, the worst case error rate was 0.6 x 10-it and an overall

error rate of 4.11 x 10-11 was observed. Both these error rates are less

Ëhan the error rate of 10-9 specified by the manufacturer for device op-

eration without any error correction. Tests were also conducted to ob-

serve the effects of prolonged operation on control signals and the ef-

fects of bit patÈerns on the detector output s,lgnals. The measurements

were conducted over a period of 96 hours. Collected data indicates Èhat

there are no observable effects due to prolonged device operaEfon. From

the results it can be eoncluded that the implemented bubble menory sys-

tern and bubble module are both highly rellable. It was also observed

that bubble-bubble lnteraction has some effects on the strength of the

output. signal.
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Chaprer VII

CONCLUSIONS

Magnetic bubbles are srna1l cylindrical magnetfc domains in sÍngle

crystal ferrlmagnetic thfn fi1ns. The domafns are stabíllzed by an ex-

ternal bias field applied perpendícular to the f1lm surface. The stabÍl-
ity of the domaln is obtained through a balance of the following three

forces :

a) The force due to the external blas field,

b) The force due to the magnetostatic energy, and

c) The force due to the domain wall energy.

Bubbles can be used to represent information through blnary coding,

where the absence or presence of a domain represents a logical rtgrt or

logical t'1tt respectively. Varíous ¡nemory devices have been manufactured

and postulated. Present commercial devíces enploy permalloy propagatÍon

structures to produce field gradienÈs requfred to manipulate the cylln-
drical domains. The next generation devices nri1l utillze ion-irnplanted

contíguous disk propagatfng structures. Future generation devices could

use bubble-bubble fnteraction as a means of propagation as in the bubble

lattfce configuratfon or depart from the sËandard technlques and employ

current carryfng sheets to produce the field gradíents required for bub-

ble propagation. Both techniques promlse increased storage densities by

at least an order of megnltude from the present linlt of lM bits offered
by permalloy devices. Experimental contfguous disk devices with sÈorage
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capacíties of i1"5Mb have been developed" Aside from an increase ín

storage densities, current sheet memories offer the possibilíty of oper-

aÈlng devices at speeds of up to 20 l*lz, which by far exceeds the pres-

enÈ limit of 400 kHz" Because bubble devices are ín the lnitial phases

of development little work has been done to study the reliabllity of the

devlce in actual operatfng systems"

To sÈudy reliabflity of magnetic bubble memories, a bubble memory

system vras implernented. The system employed the second generation

TIB-0203 magnetic bubble memories Ín a mícroprocessor based system. A

MC6802 was used to control the memory devíces with the aíd of a bubble

memory controller. The bubble memory system r{as comprised of the fol-

1owíng components: (i) a central processor, (11) a bubble memory con-

troller, (iii) one bubble module wfth provision for eight modules, and

(iv) and an asynehronous ínterface. Intelligent control was obtained by

interacting with Ëhe system through a terminal and a 4K byte system mon-

Itor. Other features of the system include a 10K byte buffer, and provi-

sion for direct rnemory access (a feature not directly lurplementable 1n a

6802 based system) " These features would facilitate Ëhe implementation

of buffered synchronous comrnunfcatíon wiËh burst data râtes exceeding

the 50 kHz data rate of the bubble memory.

Reltability ÈesÈs lrere conducted on the above systen. Two types of

tests r^rere performed, one to determine Èhe sensitivity of the device to

varfous b1È patterns, and the second to observe the effecËs of prolonged

operatlon on:

a) Devlce control sfgnals, and

b) Detector output signals"
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Ffve tests !¡ere performed Ëo evaluate sensitiv-tEy to blt patterns. The

tests exercised the different control functfons and the entire propagat-

lng and storage area. Tests vrere designed to Ëest the following three

failure modes.

a) Failure due to collapse,

b) Failure due to strip-out, and

c) Failure to cross a gâp regÍon.

Asíde fro¡o failure mode testing, tests were performed Ëo determine the

effects of bubble-bubble interaction. From the various tests that were

performed there were no observed soft or hard errors. I,IiEh a toÈal num-

ber of bits cycled through the memory exceeding 2.4 x 1010 bits, the

probabitity of a bit in error is less Èhan 4.11 * 10-lI

rate is less Ëhan the error rate of 10-9 specified by the

er.

The test results indicate Èhât the magnetlc bubble memory system Èhat

lras lmplemented 1s highly reliable, when operating under normal condi-

tions, even without error correction. The results are indicative of Èhe

reliability of bubble memories which can be used for hfgh density nonvo-

latile storage. Bubble memories offer solid state storage for applica-

tions requlring lo¡v polrer consumpËion, porÈabilíty, or v¡ith sLze and

weight constralnts, and/or applications in which electromechanlcal stor-

age is adversely affected by the physical environment. The advanÈages

and characteristLcs of bubble memories ouËllned here have been the prí-

nary reasons for Ëhe existence of this technology. Applications of MBM

range from numerfcal controllers, porÈable computers' milltary applica-

tions to voice announcement systerDs, illustrating the versatilíty of

this device.

. This error

manufaetur-
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Chapter VIII

RECOMMENDATIONS

During the design phase of the system, consideratfons were made to

allow for further system modificaÈions" The considerations include a

small buffer RAlf and a DMA facillty for the MC6802. It is recommended

that the followíng enhancements to the system be made to lncrease the

transfer rate from the bubble module to an external host system:

a) In place of the internal 20 byte FIFo in the bubble memory con-

toller, provide eighÈ external B btt para1le1 tn/paralle1 out

shift registers. These registers can be memory mapped to eight

consecutive locations and can be used to simulate the internal

FIF6 in Ëhe multipage mode of operation" Since a1l control sÍgna1s

(such as the defective loop map and clock sLgnals synchronized

vrith the rotatl-ng field), are externally avaílable' the shift reg-

isters can be used as a means of operatlng bubble modules in par-

a11e1. To inftiate actíon frorn Ëhe controller, dumrny data can be

s¡ritten and read from the controller. Thls data wíll not be stored

in the bubble module since Èhe lnternal FIFO would not be connect-

ed to any external circuitry" Thls implementation would íncrease

the daÈa rate from the bubble module from 50 kHz Ëo 400 kHz.

b) IncorporaËe the synchronous comuunlcation channel and Èhe direct

memory access capability. The advantages and use of such an fmple-

mentatlon have been dlscussed ln chapter four'
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For further research 1t is recommended that a study of system opera-

tion under different environmental condltions be performed" This in-

cludes sÈudying the effects of prolonged operatl-on under different ther-

maI conditions and studying the effects of electroroagnetic ínterference.

It fs also recommended that the study of different memory organíza-

tions and propagatfon structures be carríed out. A study of these areas

would inevitably lead to fuÈure bubble memories wiÈh higher storage den-

s1Ëies and faster access times.One nethod foreseeable for improving ac-

cess times r.lould be to ímplemenË an architecture that does not rely on

manípulating the entlre sËorage array. The current-sheet memory technol-

ogy Ís mosÈ pronising in thls regard, since it does not require a coil

assembly to provide the roÈatÍng in-plane field.
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Appendix B

SYSTEM MONITOR
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POI,IER UP INITIALIZATION INITIALIZE BMC.

SET UP

MINOR LOOP

SIZE

SET UP

PAGE SIZE

RESET
CONTROLLER

INITIALIZE
STACK

POINTER

INTTIA],IZE
ACIA

DISPLAY
PROMPT
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INTERRUPT ROUTINE POIüER DOhN ROUTINE

GET

CONDITION
CODES

RETURN1

CONDITION
CODES

Pow¡n
DOI,TN?

ISABLE BUBBLE
ULES, SELEC

DRISS 0lF0H

CONTINUE
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SINGLE PAGE READ

LOAD PAGE

SELECT
REGISTER

SINGLE PAGE WRITE

LOAD PAGE
SELECT

REGISTER

TRANSFER
PAGE TNTO

FIFO

ISSUE
I{RITE
COMMAND
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INCREMENT
SOFT ERROR

COUNTER

CORRECT?

COUNT

\< 5?

INC. HÄRD

RROR COIJNTER

RESTART TEST

COMPARE ROUTINE
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TEST 1&2: GENERATOR & DETCTOR INDUCED
FAILURE TESTING
MAJOR LOOP FAILURE MODE

STORE DATA
PATTERN

READ DATA
PATTERN

INCRET4ENT

OPERATION
COUNTER

PATTERN

CORRECT?

INCREMENT
SOFT-ERROR
COUNTER G

REREAD DATA

PATTERN
CORRECT?

COUNTER
iNCREMENT
HARD

ERROR COUNTE
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SET IIP FOR

MULTI-PAGE
MODE

I^IRITE DATA

INTO FIFO

CLEAR
INTERRUPT

MASK

INTERRUPT
INTERRUPT
ROUTINE

GET NEXT
DATA

ISSUE
MULTI-PAGE

READ

CLEAR
INTERRUPT

MASK

INTERRUPT?
INTERRUPT

ROUTINE

PAGE

READ?

CORRECT?

COMPARE
ROUTINE

MAJOR LOOP NEAREST

NEIGHBOUR TESTING
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GET DATA
PATTERN

EXAMINE
DATA

PATTERN

SET OR

CLEAR PAGE

BUFFER

I{RITE
PAGE

POINT TO
FIRST PAGE

INCREMENT
PAGE
COUNTER

CORRECT?

TEST 4&5: MINOR LOOP FAILURE
MODE TESTING
MINOR LOOP NEAREST
NEIGHBOUR TESTING
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BUBBLE MEI"ÍORY SYSTEM MONTTOR

Ol00 PIADATAA EQU 0100H ;PIA DATA REG" A

0101 PIAC0NTA EQU 0101H ;PIA CONT REG' A

0102 PIADATAB EQU 0102H ;PIA DATA REG' B

0103 PIACONTB EQU 0103H ;PIA CONT REG' B

2000 DELAY EQU 2000H ;TIlfE DELAY FoR POi'rER FAIL
OIFO DISABLE EQU OIFOH ;ADDRESS CALLED TO DISABLE BUBBLE MODULES

0082 RE EQU 82H ;READ FIFO ADDR.

0082 RÐC¡4D EQU 8211 ;SINGLE PAGE READ COMMAND

0080 PGSEL EQU 80I{ ;PAGE SE"t REG. ADDR

0083 CONT EQU 83H ;BUBBLE CONT REG. ADDR.

0084 STAS EQU 84H ;STATUS REG. A-DDR.

0085 I{R EQU 85H ;IJRITE FIFO ADDR.

0084 I,IRCI{D EQU 84H ;SINGLE PAGE WRITE CMD"

0086 PGCNT EQU 86H ;PAGE COUNT REG. A-DDR.

0012 MPRDCIÍD EQU 12H ;MULTI PAGE READ COMIIAND

0010 MULTI EQU loH ;CoM}ÍAND T0 INIT. IfULTIPAGE MoDE

0014 }ÍPI{RCMD EQU 14II ;MULTI PAGE WRITE CO}'0{AND

0080 RESETINT EQU 80H ;COM}íAND T0 RESET INTERRUPT

0200 ACIACT EQU 020011 ;ACIA CONT REG. ADDR.

O2OI ACIATR EQU O2OIH ;ACIA I/O REG" ADDR.
0088 MINLP EQU 88H ;MINOR L00P SIZE REG. A-DDR.

008D PGSIZE EQU 8DI1 ;PAGE SIZE REG. ADDR.

0020 TPSTK EQU 20H ;TOP 0F STACK
0021 BIIF EQU TPSTK+I ;PAGE BUFFER BEG. A¡DR.
OO33 ENDBUF EQU BUF+I2H ;END OF PAGE BUFFER

028I ENDI'ÍEM EQU 0281H ;END 0F BUBBLE MEMORY

0034 BIIFI EQU ENDBUF+I ;MULTI-PAGE BUFFER

0058 ENDBUFI EQU BUFI+36 ;END oF MULTI-PAGE BUFFER

0059 oRG 59H

0059 0001 LOC BLOCK I ;ASCII 0F IIEX DATA

0054 0002 TE'ÍPI BLOCK 2 ;STORE ADDR. 0F DIIMP START

0O5C 0002 TffP2 BLOCK 2 ;INDEX REG TÊfP STORE 2

0058 0002 TË'fP3 BLOCK 2 ;DIn'fP END ADDR" STORE

0060 0002 TBÍP4 BLOCK 2 ;PAGE START AÐDR. TBfP STORE

0062 0002 TEMP BLOCK 2 ;PAGE SEL ADDR. STORE

0064 0001 L0cl BLOCK t ;TBÍP REG.
0065 0002 TBÍP5 BLOCK 2 ;STACK POINTER TEMP STORE

0067 0002 TnfP6 BLOCK 2 ;N0. 0F SOFT ERRORS

0069 0002 TtlfPT BLocK 2 ;MS" N0. 0F R/W oPERATToNS

0068 0002 TE'ÍPB BLOCK 2 ;LS. N0. 0F R/I^I OPERATIONS

006D 0002 TffPg BLoCK 2 ;IJSID 10 TRANSFER INDEX RIGISTER
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006F 0002 TBrPtO BLOCK 2 ;STORE STARTING PAGE ADDRESS

0071 0002 TÐfPlI BLOCK 2 ;TIIIR.D IEMP. STORAGE FOR INDEX REGISTER

0073 000i Locz BLOCK I ;ÎBfP. REG USÐ IOR HARÐ ERROR COUNTER

0074 0001 L0C3 BLOCK i ;USED AS TEMPOR-A,RY COUNTER

FOOO BOS ORG OFOOOH

F000 8E0020 BEGIN LDS //TPSTK ;rNrr. STACK PoTNTER

F003 BDFOEA JSR ACIAIT ;INIT. ACIA
F006 BDFOF5 JSR BUBINT ;INIT" BUBBLE MEMORY CONT.

F0O9 CEFEQ4 LDX //0FE04H ;INIT. PIA PORT A FoR I INPUT AND REST AS OUTPUTS

r00C FF0100 STX PIADATAA ;STORE AT PIA CONT. REG. A
FOOF CEFFO4 LDX /IOFTO4IT ;INIT. PIA PORT B FOR OUTPUTS

F0i2 FF0l02 STX PIADATAB ;STORE AT PIA CONT. REG. B

F015 0E CLI ;CIEAR INTERRUPT MASK

F0l6 CEFB29 LDX #PRl'fPTl ;DISPLAY INIT. PROMPT

FO19 BDFIBE JSR MESSA

F01C CEFB3B START LDX ilPROtfPT ;DISPLAY SECOND PROIæT

FOIF BDF1BE JSR MESSA

8022 8642 LDA A /lrtB'r ;SET UP FoR I{EX II{PUT oNLY

8024 9759 STA A @LoC

F026 CE0000 LDX ll0
F029 FF0073 STX LOC? ;CLEAR TWPORARY REGISTERS

FO2C FFOO67 STX TE}IP6
FO2F FFOO69 STX TN,IP7
FO32 FFOO6B STX TBÍPS
F035 BDFrOl JSR BUB ;RESET CONTROLLER

FO38 BDFllC REPT JSR INPUT
F03B 8145 ClfP A #rrE'' ;CHECK FOR E

F03D 2758 BEQ CoMl
F03F 8143 CMP A lltt3tt ;CHECK FOR C

F04l 2757 BEQ C0M2
F043 8144 CMP A /l'b" ;CHECK FOR D
F045 2756 BEQ CoM3

F047 8L47 CMP A /lrrGtl ;CIIECK IOR G

8049 2755 BEQ CoM4
F04B 8152 cMP A /l'rRrr ;CEECK FOR R
F04D 2754 BEQ CoM5

F04F 8148 CMP A /lrrHrr ;CIIECK FoR H

F051 2753 BEQ CoM6
F053 8146 cMP A #rrFrr ;CIIECK FoR F

F055 2752 BEQ C0M7
F057 8l4C CMP A ll"Lu ;CEECK FOR L
F059 2751 BEQ CoMS

F05B 8154 cMP A ilrrTrr ;CIIECK FoR T

F05D 2750 BEQ C0M9

F05F 8149 CMP A /lrrrr' ;CHECK FoR r
FO6L 274F BEQ CoMIo
Fo63 8153 CMP A /lrrs' ;CHECK FoR S

EO65 2748 BEQ CoMli
F067 8156 CMP A #rrvt' ;CIIECK FOR V

F069 275F BEQ CoMl2
F06B 8131 CMP A {lttl-tt ;CHECK l0R I
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F06D 27 49
F06F 8132
F07L 2748
F073 8133
F075 27 47
F077 8134
F079 27 46
F07B 8135
F07D 27 45
F07F 8136
E08r 27 44
F083 8D02
F085 20BI

F097 78F293 CoMi
F09A 7EF3A7 COt42

FO9D 7EF2OA COM3

F0A0 7EF283 C0M4
F0A3 7EF466 C0M5

FOA6 7EF1OD COM6
'F0A9 78F560 C0M7
FOAC 7EF58F COMS

FOAF 7EF5B6 COM9

FOB2 7EF6CB COM1O

FOB5 7EF6D7 COMIl
FOBS 7EF72F COH13
FOBB 7EF73F COM14

FOBE 7EF8O1 COM15

Focl 7EF914 C0M16
F0c4 7EF924 CO\{I7
F0c7 7EFA23 C0M18
FOCA BDF43F COMIz
FOCD 7EFOlC

;THIS ROI]TINE IS CAILED
; I S ENCOI]NTERED

#08H
TRÁNS
ll20H
TRANS
#08H
TRANS

BEQ

CMP

BEQ

CMP

BEQ

CMP

BEQ

CMP

BEQ

CMP

BEQ

BSR
BRA

JMP

JMP

JMP
J}IP
JMP

JMP
JMP

JMP

J}fP
JI,IP
J}fP
JMP
J}IP
JMP
JMP
Jl'fP
JMP

JSR
JMP

;DETERMINE IF

LDX
JSR
JSR
CMP A

FO87 8608 REJECT LDA
FO89 BDF145 JSR
F08C 8620 LDA
FOSE BDF145 JSR
F091 8608 LDA
FO93 BDF145 JSR
F096 39 RlS

;COMIíAND SELECTION

;CHECK FOR 2

;CHECK FOR 3

;CHECK FOR 4

;CHECK FOR 5

;CHECK FOR 6

;COMIIAND REJECT

;CYCLE THRU CO¡ûIAND LIST

IF AN INVAIID COM.

;CLEAR CHAR. TRANSMITTED

;IF CHAR NOT VAIID
;TR.AI{SMITT SPACE

;TR.ANSMITT BACK-SPACE

;GENERATOR AND DETECTOR TESTING

;ìÍAJOR L00P FAILURE IíODE TESTING

;}ÍAJOR LOOP NEAREST NEIGHBOR TESTING

;lfINOR L00P FAILURE MODE TESTING

;MINOR LOOP NEAREST NEIGHBOR TESTING

;TEST EACH MINOR LOOP I{ITH TEST PAÏTERN

HEX IS TO BE USED

;OUTPUT PROMPT

;CEECK FOR A

coMt 3

llt12t1

COMI4
lln3n
COMI5
lltt 4n
cot'f 16
# 

n5il

c0M17
lln6tl
coM18
REJECT
REPT

FODO CEFB4O AB
FOD3 BDFIBE
FOD6 BDFIlC El
F0D9 8141

EXAH
CNTNUE
DT]MP

GO

READ

Hg,P
FILL
LIST 1

TRSFER
INÏLZE
STARTl
TESTI
TEST2
TEST3
lEST4
TEST4A
TEST5
VERFY
START

ASCII OR

#MESAGE
MESSA
INPUT
// nAn
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I'0DB 2704 BEQ E9 ;SET UP FOR ASCII INPUTS
FODD 8148 CMP A /Ér'H'r ;CIIECK F'OR Il
FODF 2704 BEQ E2 ;SET UP FOR HEX INPUTS
FOEI 8DA4 BSR REJECT ;REJECT COMMAND

F0E3 20F1 BRA El ;REPEAT
EOE' 8642 E2 LDA A /1"8" ;SET HEX TIIPUT ELAG

EOET 9759 E9 STA A @r,Oc ;STORE FLAG
FOE9 39 RTS

;INITTAI,IZE ACIA

FOEA 8603 ACIAIT LDA A #0311 ;ACIA ÙIASTER RESET
FOEC B7O2OO STA A ACIACT
FOEF 8649 LDA A ll4glF. ;INIT. ACIA FOR RTS=EIGIi
FOFI B7O2OO STA A ACIACT ;7BITS+E PARITY+I STP BIT, /i6 l'fODE

FOF4 39 RTS

;INITTÄLIZE BUBBLE MEMORY CONT.

F0F5 8602 BUBINT LDA A. ll02í ;INIT. MINOR LO0P SIZE
F0F7 9788 STA A MINLP ;To 0281 HEX -MS. BYTE

FOF9 868i LDA A #8IIT
FOFB 9789 STA A MINLP+I ;LS. BYTE

FOFD 8612 LDA A llIzE ;INIT. PAGE SIZE T0 18 BYTES

FOFF 978D SlA A PGSIZE
F101 8640 BUB LDA A ll40B ;IIASTER RESET

F103 9783 STA A CONT

Fl05 8601 LDA A /i01H ;ISSUE INIT. COMMAND

F1O7 9783 STA A CONT

FIO9 BDF3OF JSR STAT
FIOC 39 RTS

;HELP COMIIAND

Fl0D CEFCBB HILP LDX 111426 ;oUTPUT PRoMPT

FllOBDF1C4 JSR I,IESS

F113 CEFDsE F19 LDX lll"128 ;olJlrPUT HELP TA3LE
F1I6 BDF1BE JSR MESSA
F119 7EF01C JMP START ;RESTART

;TERMINAL INPUT RETURNÐ IN ACC A

FIIC 860200 INPUT LDA A ACIACT ;LOAD CONT REG.
FllF 8530 BIT A #30H ;CHECK FOR ERROR

FL?I 2702 BEQ NoERR
F123 8DI6 BSR ERROR ;BRANCH 0N ERROR CONDITION
FL25 47 NOERR ASR A ;CHECK FOR TULL BUFFER IF NOERR

Ê126 24F4 BCC INPUT ;RE-CHECK IF N0 INPUT
F128 860201 LDA A ACIATR ;INPUT CIIAR.
F12B 81lB CMP A #lBH ;CEECK FoR RESTART,ESC
FlÐ 2603 BNE A1
F12F 7EF01C JMP START ;RESTART 0N ESC CHAR.
1132 81OA A1 CMP A #OAIi ;CITECK FOR LINE FEED
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F134 2601 BNE A2
F136 4F CLR A ;STRIP OFF LINE FEÐS
Fl37 BDFI41 LZ JSR TRANS ;ECHO CHAR.
FI3A 39 RTS
Ft3B CEFBll ERROR LDX #Ml ;OUTPUT ERROR ì'fESSAGE

FI3E BDFIC4 JSR MESS

Fi41 860200 LDA A ACIACT ;CLEAR ERROR FLAG

FT44 39 RTS

;OUTPUT CHAR VTA ACC A

FL45 37 TRAI.TS PSH B ;SAVE REGISTERS

FL46 36 PSI1 A

FI47 8D1F BSR TRANSI ;CHECK FOR EMPTY TRANS BUFFER

Fl49 87020I STA A ACIATR ;OUTPUT CHAR

F14C 0l NOP ;THE NOP IS USED AS A SPACE FILLER
F14D 01 NOP

F14E 810D CMP A //oDH ;CHECK FOR CR

Fl50 2613 BNE A3 ;AVOID lIiE FOLLOIIING IF POSSIBLE
EL52 C607 LDA B ll07w ;LoAD NULL COUNT

F154 8600 LDA A /100H ;INSERT NULLS AFTER CR

Fl56 8Dt0 A4 BSR TRANSI ;CEECK IF CLEAR T0 TRANSMITT
Fl58 870201 STA A ACIATR ;TRANSÌtrTT NULLS

Ft5B 5A DEC B ;DECREIÍENT NULL COUNT

F15C 26FB BNE A4 ;CHECK IF AI-L TR.AI{SFERRED

F15E 8604 LDA A /ÉOAH ;OUTPult LINE FEED

FI60 8D06 BSR lRAl{Sl ;CHECK IF CLEAR T0 TRANSMITT
ÊL62 870201 STA A ACIATR ;TRAI{S. LINE-FEED
F165 32 A3 PUL A ;RESTORE REGISTERS
F166 33 PTIL B

FI67 39 RTS

;TTTIS CHECKS IF IT IS CLEAR TO TRANSMITT
F
F168 37 TRAI{SI PSH B ;SAVE REGISTER
F169 F6O2OO TRA}IS2 LDA B ACIACT ;CHECK IF TR.AI.ISMIT
Fl6C C502 BIT B #02H ;BUFFER IS n'fPTY
FL6E 27F9 BEQ TR.AIIS2 ;REPEAT IF NOT CLEAR

F170 33 PIIL B ;RESTORE REGISTER
ELTL 39 RTS

;CONVERTS ASCII TO HEX
F
FL72 8540 CNVERIi BIT A ll40rl ;CHECK IF A-F
FL74 2702 BEQ DoWN

FI76 8809 ADD A #09H ;CONVERT T0 ASCII
F178 84OF DOS]N Aì{D A /IOFIT

F17A 39 RTS

;CONVERTS EEX TO ASCII

F17B 8890 CNVERA ADD A #90H ;CONVERT T0 IiEX
F17D 19 DAA

-126-



F17E 8940 ADC A ll40ï
F18O 19 DAA

F18I 39 RTS

;BYTE RETURNED IN ACC A - USÐ TO FORM BYTE OF DATA

Fl82 BDFIIC PACK JSR INPUT ;CONVERT 2 ACSII CHARS

F185 37 PACK1 PSH B ;INTO A BYTE

Fl86 SDIA PACK4 BSR CHECK ;CIIECK FOR VALID BIN.
F188 2513 BCS PACK3 ;REREAD IF NOT VA.LID BINARY
FISA 8DE6 BSR CNVERII ;CONVERT ASCII TO HEX

F18C i6 TAB
F18D BDFllC PACK2 JSR INPUT ;INPUT SECOND ASCII CHAR.
F19O SDIO BSR CIIECK ;CHECK IF VAI-ID BIN.
EL92 25F9 BCS PACK2 ;REREAD IF NOT VAIID BINARY
F194 SDDC BSR CNVERIT ;CONVERT ASCII T0 EEX
Fi96 58 ASL B ;PACK INT'O BYTE

F197 58 ASL B

F198 58 ASL B

FI99 58 ASL B

Fl9A lB ABA ;BYTE 0F DATA IN ACC - A
F19B 33 PT]L B

F19C 39 RTS

;THIS SECTION REREADS INPUT
F19D BDFIIC PACK3 JSR INPI]T
F1Á,0 2OE4 BRA PACK4

;THIS SECTION CHECKS FOR VAIID INPUTS
FlA2 36 CEECK PSH A ;CHECK ¡OR VALID BIN.
F1A3 8146 CMP A /lilFtr ;CHECK rF VALUE BETI{EEN A-F
ELA' 22LL BHI DT

F1A7 812F ClrP A llzF:']'
FIAg 23OD BLS Dl
FIAB 8140 ClfP A /i 40II ;CEECK IF VALUE BETI{EEN 0-9
FL/J 2709 BEQ Dl
F1AF 84OF AND A //OFH

FtBl 8109 CMP A i¡09H
F1B3 2203 BHI DI
FIB5 32 PIIL A
FIB6 OC CLC
F1B7 39 RTS
FIBS BDFO87 Di JSR REJECT ;REJECT IF INVAIID IIEX"
F1BB 32 PIIL A
F1BC OD SEC

FIBD 39 RTS

;OüTPI]T A MESSAGE

FIBE 36 MESSA PSII A ;SAVE REGISTER
F1BF 86OD LDA A #ODII
FlCl 8D82 BSR TRANS ;OUTPIII CR

FlC3 32 PIiL A ;ìIAINTAIN STACK POINIER
F1C4 36 I,IESS PSH A
FlCs 4600 ABOVE LDA A 0,X ;POINT T0 MESSAGE
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F1C7 8140 CMP A /l'r@'t ;CIIECK FOR END OF MESSAGE

FLC9 2706 BEQ UNDER ;EXIT IF MESSAGE TRANSMITTED

FICB BDF145 JSR TRANS ;TRAI{S CHAR.
FICE 08 INX ;POINT T0 NEXT CHAR"

FICF 20F4 BRA ABOVE ;REPEAT
FID1 8620 UNDER LDA A IÍTOH
F1D3 BDFI45 JSR TRÁNS ;OUTPÜI A SPACE

FLD6 32 PIIL A ;RESTORE REGISTER
FIDT 39 RTS

;OUTPIIT ONE BYTE OF DATA BY COVERTING

;ONE BYTE INTO TIrlO ASCII CEARS.

FIDS 37 BREAK PSH B

F1D9 i6 TAB
FIDA 84F0 AND A /l0F0H ;ÞIASK 0F MS. NIBBLE
FIDC C40F AND B i/OrH ;Þ{ASK 0F LS. NIBBLE
FIDE 44 LSR A ;SI{IFT BYTE ll'lTo P0SITI0N
F1DF 44 LSR A
F1EO 44 LSR A
FIEI 44 LSR A
FlE2 8D97 BSR CNVERA ;CONVERT MS. NIBBLE T0 ASCII
FlE4 BDFI45 JSR TRANS ;OUTPUII MS" NIBBLE
FIET 17 TBA
FIES 8D91 BSR CNVERA ;CONVERT LS. NIBBLE T0 ASCII
FIEA BDFI45 JSR TRANS ;OUÏPUT LS. NIBBLE
FlÐ 33 PT]L B

FIEE 39 RTS

;GET 2 BYTE INPUT FROM TERMINAI,

FIEF 8D9i ADDR BSR PACK ;PACK TI.i0 CHAR. INTO ONE BYTE

FlFl 9754 STA A @TûfPl ;SAVE BYTE
FlF3 8D8D BSR PACK ;PACK TI^IO CIIAR. INT0 OìIE BYTE

F 1F5 9 758 STA A GTrllP I+1 ; SA\rE BYTE

FIFT DE5A LDX GTB'ÍPI ;LOAD Two BYTE VAI-UE

FIFg 39 RTS

;OUTPUT TWO BYTES

FIFA 860D BREAKI LDA A /lOpn ;oUTPUT CR

F1FC BDFI45 JSR TRÄNS

F1FF DF5C BREAK2 STX GTH'fP2 ;SAVE DATA T0 BE TRANSIÍITTED
F201 965c LDA A GTBÍP2 ;LOAD WITH MS. BYTE

F203 8DD3 BSR BREAK ;TRANS. MS" BYTE
F205 965D LDA A @TEMPz+l ;LOAD I{ITH LS. BYIE
F207 SDCF BSR BREAK ;TMNS" LS. BYTE
F2O9 39 RTS

;DIIMP CONTENTS OF RAH

F20A CEFB25 DUMP LDX lfi43 ;oUTPUT REST 0F PRoMPT

F2OD BDFIC4 JSR I'fESS
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F2r0 9620 LDA A lltt tl

F2T2 BDÊ145 JSR TR¿NS ;OUTPIJT SPACE

F215 BDFI45 JSR TRÁ¡IS ;OUTPUT ANOTI{ER SPACE

F2l8 BDF182 JSR PACK ;READ MS. BYTE 0F START ADDRESS

F2IB 9754 STA A GTefPl ;GET MS. BYTE 0F START ADDR"

F2lD BDF182 JSR PACK ;READ LS. BYTE 0F STAP.T ADDR.
E22O 9758 STA A @TEfPl+l ;GET LS. BYTE 0F START ADDR.

8222 8620 LDA A llz1í ;OUTPUT SPACE

F224 BDF145 JSR TRANS

8227 BDFL45 JSR TRÄ¡IS ;OUTPUT AI¡OTHER SPACE

F22A BDFI82 JSR PACK ;READ l'1S. BYET 0F END ADDR.
F22D 9758 STA A GTffP3 ;GET MS" BYTE OF END ADDR.
F22F BDF182 JSR PACK ;READ LS. BYTE 0F END ADDR.
8232 9758 STA A GTIlfP3+l ;GET LS. BYTE 0F END ADDR.
F234 DE5A LDX GTEÍPI ;LOAD REG. I{ITH START ADDR.
F236 C610 AtO LDA B 1116 ;SET UP BYTE COUNTER

F238 BDFIFA DIIMPI JSR BREAKI ;OUTPUT ADDRESS

F23B 09 DEX
F23C 08 A9 INX
F23D 8620 LDA A {120H ;OUTPUT SPACE

F23F BDFI4s JSR TRANS
F242 A600 LDA A 0,X ;GET DATA
F244 BDFTDS JSR BREAK ;TRANSMITT DATA
F247 5Ã DEC B ;DECREIÍENT DATA COIJNTER

F248 26EZ BNE A9 ;16 BYTES OUTPUTED?
F24Ä DF5C STX @TfrfP2 ;SAVE ADDR. POINTER
F24C C605 LDA B i¡05H ;LOAD I{ITIi No. 0F SPACES

F24E 8620 All LDA A lltt tt ;OUIIPUT 5 SPACES

F25O BDFT45 JSR TRÂ}IS

F253 5A DEC B ;DEC. SPACE COUì{IER
F254 26F8 BNE AII ;CONTINUE IF NOT FINISHED
F256 DE5A LDX GTEíPI ;GET START AÐDR. AGAIN
F258 4600 AI2 LDA A 0,X ;GET DATA
F25A 2BO8 BMI A2O

F25C 8I1F CMP A #fFH ;CHECK To SEE IF VAIID ASCII
F25E 2304 BLS A2O
F26O 8I7E CMP A IITEH
F262 2302 BLS A13
F264 862E. 

^20 
LDA A lltt.tl

F266 BDFI45 413 JSR TRANS ;OlITPtJlI ASCII IF VALID
F269 9C5E CPX GTBÍP3 ;0R DOT IF INVALID ASCII
F26B 2713 BEQ A8 ;EXIT IF END REACIIÐ
F26D 08 INX ;INCREI{ENT ADDR. COIINIER
F26E 9C5E CPX gTIilP3 ;HAS END BEEN REACHÐ?
F270 2708 BEQ A8 ;EXIT IF END REACIIÐ
î272 9C5C CPX GTElfP2 ;EAS ALL ASCII BEEN TRANSMITTED?
F274 2682 BNE At2 ;CONTINUE IF NOT

F276 DE1C LDX GTB{P2 ;RESTORE ADDRESS COUNTER

1278 08 INX ;I0R NEXI LINE 0F OUTPUT

F279 DF5A STX GTEMPI ;SAVE ADDR. COUNTER

F27B BDF3EE JSR IO ;GET KEYBOARD ENTRY IF ANY
F27E 20F6 BRA 410 ;OUTPUT STARTING 0F NEXT LINE
F280 7EF01c 4,8 JMP START ;RESTART
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; EXECUTE PR0GR-A.ÙÍ

F283 CEFCBF GO LDX lÍ1"f27 ;OUTPUT PROÞÍPT

F286 BDFIC4 JSR MESS

F289 BDFI82 JSR PACK ;GET MS. BYTE 0F ADDRESS

F28C 16 TAB
F28D BDFI82 JSR PACK ;GET LS. BYTE 0F A-DDRESS

F29O 36 PSH A
î291 37 PSII B

8292 39 RTS ; START EXECUTION

; EXAIIINE Ì,ÍEMORY LOCATION

F293 CEFB21 EXAl,f LDX llV2 ;OÜIPUT PROMPT

F296 BDFIC4 JSR MESS

F299 8620 LDA A {120H

F29B BDF145 JSR TRANS ;OUTPII'I SPACE

F29E BDF182 JSR PACK ;GET ÈlS. BYTE 0F ADDRESS

F2A1 16 TAB

F2A2 BDF182 JSR PACK ;GET LS. BYTE 0F ADDRESS

F2A5 36 PSH A ;PulI ADDRESS 0N STACK

î2A6 37 PSn B

F2A7 30 TSX
F2A8 EE00 LDX 0,X ;LOAD REG. IIITH EXAM ADDRESS

F2AA 31 INS ;RESTORE STACK P0INTER

FzAB 3I INS
F2AC 860D LDA A /100n
F2AE BDFI45 JSR TR.ANS ;OlITPÜt CARRIAGE RETURN

F2B1 BDFIFF A7 JSR BREAK2 ;OUTPUT ADDRESS

î2B4 8620 LDA A llz1ï ;OUTPIIT SPACE

F2B6 BDF145 JSR TRANS
F2B9 4600 LDA A 0,X ;LOAD I{ITR DATA

F2BB BDFIDS JSR BREAK ;OUTPlJlt DATA

F2BE 8620 LDA A lltt ,t

F2C0 BDF145 JSR TRAI{S ;OUTPIIT SPACE

F2C3 BDFI1C A6 JSR INPIIT ;IMIIT CHAR.
F2C6 8143 gMP A ll"C"
F2CB 27LA BEQ CHANGE ;CHANGE COMMAND?

F2CA 81OD CMP A #ODH

FTCC 27L3 BEQ NEXT ;NEXI COlfl'fÂND?

E?CE 8L42 CMP A /lilBrr ;B- FOR BACK CMD

F2D0 2707 BEQ BACK ;BACK COMMAND?

F2D2 8120 CMP A lllt tt

F2D4 26Ð BNE A6 ;RETIIRN T0 MAIN PROG

F2D6 TEFOIC JMP START

; BACK COMì,ÍÁ.ND

F2D9 09 BACK DEX ;OUTPIIT DATA CORRESPONDING T0
F2DA 860D LDA A /¡ODII ;PREVIOUS ADDRESS
F2DC BDF145 JSR TRANS
F2DF 2ODO BR.A, A7
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;NEXT CoÌrlfAND

F2El 08 NEXT Il{X ;OUTPIIT DATA CORRXSPONDING T0

F2E2 20CD BRA L7 ;NEXT ADDRESS

; CHANGE COI0fAND

F2E4 BDF182 CHANGE JSR PACK ;REPLACE OLD DATA I{ITIi
F2E7 ATOO STA A 0'X ;NEW DATA

F2E9 2OD8 BRA A6

MACRO NUMBER

STX GTBÍP ;STORE BEGIN. ADDR.
LDA A @TBÍP ;LOAD PAGE SEL REG.
STA A PGSEL ;ÏTITH PAGE NI]MBER

LDA A @TEMP+I ;TO BE ACCESSED
STA A PGSEL+I
ENDM

;SINGLE PAGE READ

;INDEX REG. CONTAINS STARTING PAGE NO.

F2EB 36 SREAD PSH A ;SAVE REGISTERS

FZEC 37 PSH B
NI]MBER

F2Ð DF62 STX @TmP ;STORE BEGIN. ADDR.
E?EF 9662 LDA A GTffP ;LOAD PAGE SEL REG"
F2Fl 9780 STA A PGSEL ;IIITH PAGE NIJMBER

F2E3 9663 LDA A GTIIIP+I ;T0 BE ACCESSED

F2F5 978I STA A PGSEL+I
F2F7 8682 LDA A //RDCMD ;TSSUE READ COMMAND

F2F9 9783 STA A CONT

F2FB 8Dl2 BSR STAT ;CHECK IF CONT. BUSY

F2FD C6l2 LDA B IILZH ;SET UP BYTE COUNTER

F2FF CEOO21 LDX /IBUF

F302 9682 Ai4 LDA A RE ;READ FIFO
F304 4700 STA A 0,X ;STORE DATA INTO BUFFER

F306 08 rNX
F3O7 5A DEC B

F308 26F8 BNE Al4 ;PAGE TRÁì{SFERED?

F30A DE62 LDX GTEI'IP ;RESTORE REGISTERS

F3OC 33 PIIL B

F3OD 32 PI]L A
F3OE 39 RTS

;CHECK FOR CONT. BUSY

F30F 9684 STAT LDA A STAS ;LOAD STATUS REG.
F3lr 8520 BIT A llz1ï ;CHECK IF CONT. NoT BUSY

E3l3 27r'¡^ BEQ STAT
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F3I5 9684 A16 LDA A STAS

F3t7 8520 BIT A llz}H ;CHECK IF CONT. BUSY

F3I9 26FA BNE A16
F3IB 39 RTS

;SINGLE PAGE I^IRITE

;INDEX REG. CONTAINS STARTING PAGE NO"

F31C 36 SWRITE PSII A
NI]MBER

F31D DF62 STX @TÐ{P ;STORE BEGIN" ADDR.
F3LF 9662 LDA A GT¡MP ;LOAD PAGE SEL REG.
F321 9780 STA A PGSEL ;IIITII PAGE NIIMBER

F323 9663 LDA A GTBfP+t ;T0 BE ACCESSÐ
F325 978L STA A PGSÐ,+I
P327 37 PSH B

F328 C6l2 LDA B lflzF. ;SET UP BYTE COUNTER

F32A CE0021 LDX /IBUF ;POTNT T0 BEG. 0F PAGE BUF.
F32D 4600 418 LDA A 0,X ;GET DATA FROl"f BUFFER

F32F 9785 STA A wR ;SAVE DATA INTO FIFO
F33I 08 INX
F332 5A DEC B ;DECREMENT BYTE COUìJTER

F333 26F8 BNE 418 ; 18 BYTES TRANSFERED?

F335 8684 LDA A /¡I"IRCMD ;TSSUE I.lRrTE CoMMAND

8337 9783 STA A CONT

F339 8DD4 BSR STAT ;CIIECK CONTROLLER STATUS

F33B DE62 LDX GTEl,lP ;RESTORE REGISTERS
F33D 33 PIIL B

F33E 32 PT]L A
F33F 39 RTS

;GET START A}iD END ADDRESSES FOR BUBBLE MEMORY

; TRANSACTIONS .

F34O 01 INPUT2 NOP

F341 BDFODO Bl JSR AB ;CEECK IF ASCII oR BIN.
F344 CEFC63 829 LDX 1h420 ;oUTPUT ÞÍESSAGE

F347 BDFIBE JSR MESSA

F34A BDFIEF JSR ADDR ;GET START ADDR.
F34Ð DF60 STX GTEMP4 ;ST0RE START ADDR.
F34F 9654 LDA A GTffPf ;CHECK IF ILLEGAL ADDR.,THAT IS'
F35l 8102 CMP A ll02E, ;IS THE ADDRESS BETI^IEEN 0000
F353 2206 BHI 830 ;AI.TD 0280 HEX.
F355 9658 LDA A GTÐIPI+I
F357 8180 CMP A #80H
F359 2308 BLS 828 ;END 0F cIIEcK
F35B CEFBBA B3O LDX #MlO
F35E BDFIBE JSR }ÍESSA ;OUTPIIT MESSAGE - ILLEGAL ADDRESS

F36I 2OE1 BRA 829
F363 CEFC6F 828 LDX llr(2l ;oUTPUT NEXT MESSAGE

F366 BDFIBE JSR }IESSA
F369 BDFIEF JSR ADDR ;GET EÎ{D ADDR.
F36C 9654 LDA A GTtlPI ;CHECK IF ILLEGAI ADDR.
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F36E 8101 CMP A /i01H ;TIIIS P0RT10N AGAIN CHECKS

F37O 2312 BLS 831 ;T0 SEE IF THE END ADDRESS
F372 8102 CMP A ll02V ;IS VAIID
837 4 2206 BHr 832
T'376 9658 LDA A GTnfPI+l
F378 8180 CMP A #80H
F37A 2308 BLS B3i
F37C CEFBBA 832 LDX #MlO
F37F BDF1BE JSR MESSA ;OUTPUT }-fESSAGE - ILLEGAI ADDRESS

F382 2ODF BRA 828
;THIS ROUTINE INPUTS DATA FROM TIIE TER-I'ÍINAL

;IN EITHER ASCII OR HEX DEPENDING ON

;INITIAL SET UP CONDITONS.

;THB{ TTTE ROUTINE FILLS A BUFFER I{ITII THAT DATA.

F385 CEFBgD INPUT3 LDX III47

F388 BDFIBE JSR MESSA ;OUTPIff MESSAGE . DATA PATTERIi

F38B D659 LDA B GLOC
F38D Cl42 CMP B /1"8" ;CIIECK IF IIEX 0R BINARY NEEDED

F38F 2605 BNE 83
F396 BDFI1C B3 JSR INPUT ;GET ASCII DATA
8399 9764 OVER STA A GLOCI ;STORE IN @TBIPREG
F39B CE002l OVERI LDX iIBUF ;FILL PAGE BUFFER WTTH DATA

F39E A700 84 STA A 0,X
F3AO 08 INX
F3A1 8COO33 CPX /IENDBUF
F3A4 26F8 BNE 84 ;IS BUFFER FULL?
F3A6 39 RTS

;CONTINUOUS READ/WRITES TO BUBBLE MODULE

F3A7 CEFB6D CNTNIIE LDX IÍ144

F3AA BDFIC  JSR ÞIESS ;OUTPUT REST 0F PROIÍPT

F3AD 8D91 BSR INPtI:t2 ;GET START AND END ADDRESS

F3AF 8DD4 BSR INPUT3 ;FILL BUFFER WITH DATA

F3Bl DE5A LDX @TElfPf ;GET START ADDRESS

F3B3 08 INX
F3B4 DF5A STX @TBfPl ;STORE NEXT ADDRESS

F3B6 CE0000 LDX ll0 ;INIT. ERROR CNTR T0 ZERO

F3B9 DF67 STX @Tts{P6
F3BB DF69 STX @TEr,fP7 ;INIT. R/I"I OPER. CNTR

F3BF BDF436 JSR B10B ;oUIPUT I'ÍESSAGE - **[JoIu(ING*:t
F3C2 DE6B B7 LDX GTE4P8 ;INCRB{ENT OPER.ATION COUNIER
F3C4 08 INX ;LEAST SIGNIFTCAÌ{T Two BYTES

F3C5 DF6B STX GTI}íPS ;SAVE COUNTER

F3C7 2609 b¡r¡ DOr^¡Nl
F3C9 DE69 LDX GTnlPT :INCREIÍENT OPERATION COUNIER

F3CB 08 INX ;lfOST SIGNIFICANT TI"I0 BYTES
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F3CC DF69 STX @TÐfP7 ;SAVE COUNTER

F3cE 9664 LDA A @LOCI ;RETRIEVE DATA PATTERN

I'3D0 8DC9 BSR O\¡ERI ;FILL BUFFER WITIT DATA PATTERN

F3D2 DE60 DOI^¡NI LDX @Tn{P4 ;WRITE N PAGES 0F DATA

F3D4 BDF31C 86 JSR SWRITE ;CHECKING T0 INSURE SND

F3D7 8Dl5 BSR I0 ;ËlAS NOT BEEII REACHÐ

F3D9 08 INX
F3DA 9C5A CPX @TElrPl ;IS END REACIIÐ?
F3DC 26F6 BNE B6 ;IF NOT'WRITE OUT PATTERN

F3DE DE60 85 LDX GTFíP4 ;READ N PAGES 0F DATA

F3EO BDF2EB 88 JSR SREAD ;CIIECKING TO INSURE Ð{D

F3E3 8D09 BSR I0 ;HAS NOT BEEII REACHED

F3E5 8D2B BSR VER ;PRINT OUT NUMBER oF CYCLES RUN

F3E7 08 INX
F3E8 9C5A CPX GTEI'ÍPI ;IS END REACHED?

F3EA 26F4 BNE 88 ;IF NOT CONTINUE READING

F3EC 20D4 BRA 87 ;REPEAT PROCEDIIRE

;CHECK ¡OR RESTART OR VERIFICATION KEY CLOSURE

F3EE 36 IO PSH A ;SAVE REGISTERS

F3EF 37 PSH B

r3FO DF65 STX GTEMPs

F3F2 860200 LDA A ACIACT ;CHECK FOR DATA IN ACIA
Ê3F5 47 ASR A
F3F6 2410 BCC Vl ;EXIT IF N0 DATA

F3F8 860201 LDA A ACIATR ;LOAD CTIARACTER FROM ACIA
F3FB 8118 CMP A #lBH ;CHECK FoR ESC CITAR.

F3FD 2708 BEQ 89 ;BRANCH IF AN ESC CÏ{AR

F3FF 8156 CMP A /lrrvrt ;CHECK FoR A V ENTRY

F40i 2605 BNE Vl ;BR.AI'ICH IF N01 FOUND

F403 8D3A BSR VERFY ;PRINT OUT ERROR COIINT

F405 BDF436 JSR Bl0B ;PRINT **i.¡0Rl(ING**
F408 DE65 Vl LDX @TEMPS ;RESTORE REGISTERS

F4OA 33 PI]L B

F4OB 32 PIIL A
F4OC 39 RTS
F
F40D 31 89 INS ;RESTORE STACK POINTER
F4OE 31 INS
F4OF TEFOIC JI'ÍP START ;RESTART }ÍONITOR

;VERIFY BUFFER I,¡ITTI CHARACTER

F4l2 DF5C VER STX GTBP2 ;STORX CIIRRENT PAGE POSN.
F4I4 C80021 LDX /IBUF ;POINT T0 BEG. 0F PAGE BUFFER

F4L7 9664 LDA A @LoCl ;LoAD ACTUAL DATA

F419 At00 Bll CMP A 0,X ;COMPARE CHAR. WITII BUF.
F4fB 2609 BNE BI0 ;BRANCE IF ERROR

F4lD 08 INX ;POIUNT T0 NEXT CHÄR" IN BUFFER

F4IE 8COO33 CPX //ENDBUF ;HAS B:{D BEBI REACHÐ?
F42l 2686 BNE Bll ¡CONTINUE CIIECKING IF NOT COMPLETE

F423 DE5C LDX GTfrfP2 ;RESTORE PAGE POSN.
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8425 39 RTS

;OUTPUT FOLLOIIrING IÍESSAGE - **WOzu(ING**

F426 CEFBAB Bl0 LDX ilMS ;POrNT TO I{ESSAGE

F429 BDFIBE JSR MESSA ;OUTPUT Ì'ÍESSAGE - READ ERROR

F42C DE5C LDX @TBÍP2 ;GET CURPJNT PAGE POSN.

F42E BDF525 JSR OUTPUT ;OUTPUT PAGE oF DATA

F431 DE67 BI0A LDX @TBÍP6 ;IIIC. ERROR CNTR

F433 08 INX
F434 DF67 STX GTÐ'íP6 ;SAVE ERROR COUNTER

F436 CEFCDB BI0B LDX lll429 ;OUTPIII MESSAGE - **WOru(ING**
F439 BDFIBE JSR MESSA
F43c DE5c LDX GTIlrP2 ;RESTORE PAGE POSN INDICATOR
F43E 39 RTS

;OUTPIIT NUì,fBER OF CYCLES RUN & NO. OF ERRORS E}ICOUNTERED

F43F CEFD42 VERÏY LDX lÍM39 ;MESSAGE - NO. 0F HARD ERRRoRS

F442 BDFIBE JSR ÌíESSA ;OUTPUT MESSAGE

Ê445 9673 LDA A @L0C2 ;LOAD ERROR COUNT

F447 BDFIDS JSR BREAK ;PRINT ERROR COUNT

F44¿. CEFCCT LDX #M30 ;MESAGE - N0. 0F SOFT ERRoRS

F44D BDFIBE JSR MISSA ;oUTPlJlt MESSAGE

F450 DE67 LDX GTETP6 ;LOAD ERROR COIINT

F452 BDFIFF JSR BREAK2 ;PRINT ERROR COT]NÏ

F455 CEFCE9 LDX #M3l ;IIESSAGE - N0. 0F R/!I oPERATTONS

F458 BDFIBE JSR MESSA ;OUTPUT MESSAGE

F45B DE69 LDX @TffP7 ;LOAD COUNTER

F45D BDFTFF JSR BREAK2 ;OUTPUT COIINTER
F460 DE6B LDX @TIlrPS ;LOAD COUNTER LS. BYTES

F462 BDFIFF JSR BREAK2 ;OUTPUT COUNT

8465 39 RTS

;READ PAGE FROM BUBBLE MODULE

F466 CEFBB6 READ LDX llt49 ;oUTPUT REST 0F PRoMPT

F469 BDF1C4 JSR MESS

F46C BDFODO 826 JSR AB ;CIIECK IF ASCII OF BIN.
F46F CEFC63 BI3 LDX IIÞT2O ;MESSAGE - START PAGE:

F472 BDF1BE JSR MESSA
F475 BDFIEF JSR ADDR ;GET START ADDRESS

8478 965!- LDA A GTÐTPI ;CIIECK IF ILLEGAI ADDR"

F47A 8t0t CMP A #01H
F47C 2312 BLS AROU}TD

E47E 8LO2 CMP A IIO2H
F480 2206 BHr 833
F482 9658 LDA A @TEMPI+I
F484 8180 CMP A /É80H

F486 2308 BLS AROIIND ;END 0F CI1ECK

F488 CEFBBA 833 LDX #MIo ;MESSAGE - TLLEGAL PAGE

F48B BDFIBE JSR È1ESSA ;OUTPUT MESSAGE

F48E 2ODF BRA 813 ;GET NEW PAGE ADDRESS
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F490 BDF2EB AROT]ND

F493 DF5C
F495 BDF525
F498 CEFBCA BI8
F49B BDF1BE
F49E BDFlIC 815
F4AI 814E
E4A3 27LL
F4t5 8L42
F4A7 27LC
F4A9 8143
F4et 2604
F4AD 8D24
F4AF 2ODF

F4BI BDFO87 N5
F4B4 2088
F4B6 DE5C NEXTI
F4B8 08
F4B9 8C0281
F4BC 26D2
F4BE CEOOOO

F4C1 DF5C
F4C3 20CB

F4C5 DE5C BACKI
F4C7 2703
F4C9 09
E4CA 20C4
F4CC C80280 825
F4CF DF5C
F4D1 2OBD

F4D3 8D6E
F4D5 27TE

F4D7 BDF1IC
F4DA 8158
F4DC 270A
F4DE ATOO

F4E0 08
F4E1 8C0033
F4E4 26EL
E4E6 2028
F4E8 8608
F4EA BDF145
F4ED A600
F4EF 8D2C
E4FL 2684
F4F3 2018

F4F5 BDFl IC
F4F8 815E

;READ PAGE

;SAVE PAGE CURRENT PAGE POSN.

;OUTPUT PAGE ADDRESS

;CHANGE oUTPllT PRol,fPT

;OUTPUT PROMPT

;GET TERMINAL ENTRY

;CHECK rF NEm PG" REQ.

;BzuNCH IF NEXT APGE REQUIRÐ

;crlECK IF PREV. PG" REQ.

;BRACH IT' PREV. PAGE REQUIRED

;CHECK IF CH.ANGE REQI]ESTED

;G0 T0 CoMMAND REJECT

;G0 T0 CHANGE ROUTINE

;REPEAT PROCEDI]RE

; COI,ÍI'ÍAND REJECT

;GET NEW INPUT & REPEÀT

;ouT?ut NEXT PAGE

;UNLESS PAGE 0281H IS
;REACHÐ,THEN OUPUT PAGE O

;OUTPUT DESTRED PAGE

;POINT TO PAGE ZERO

;SAVE PAGE POSN. ADDR.

;OUTPUT PAGE

;OUTPUT PREV. PAGE

JSR
STX
JSR
LDX
JSR
JSR
cr'fP A
BEQ

CMP A
BEQ

CMP A
BNE

BSR
BRA
JSR
BRA
LDX
INX
CPX
BNE
LDX
STX
BRA
LDX
BEQ

DEX
BRA
LDX
STX
BRA

SREAÐ

GTffP2
OUTPIII
llt{.LL
MESSA
INPUT
#rrNil
NEXT I
#rBn
BACKl
ll"c"
N5
CHNGE I
AROIIND

REJECT
815
GTBfP2

/¡END}GM
AROUND

lt0
GTB{P2
AROUND

GTN.{P2
825

;IF PAGE O IS REACEÐ
AROIIND ;OUTPUT PAGE 0280H
/IENDMEM-I;GET LAST PAGE ADDR.

eTEfP2 ;SAVE PAGE ADDR.
AROI]ND ;OUTPUT PAGE & REPEAT

;CEANGE CONTENTS OF PAGE

CM{GE1 BSR
BEQ

;ASCII SECTION
823 JSR

CMP A
BEQ
STA A
INX
cPx
BNE
BRA

822 LDA A
JSR
LDA A
BSR
BNE
BRA

;EEX SECTION
821 JSR

CMP A

SAl"fEl ;OUTPUT CIIRRENT PAGE 0F DATA &

BzL ;CEECK Fo ASCII 0R HEX OUTPUT

INPUT ;GET TERMINAL INPUT
/l5EH ;CHECK FOR UP ARROI{

822 ; IF FOTIND, MAINÎAIN DATA
O,X ;OTHERI^IISE STORE DATA INTO BUFFER

;POINT TO NEXT CHAR. IN BUFFER

íIENDBUF ;IS END REACHED?

823 ;CONTINUE OUTPUT
827 ;T.JRITE CHANGED BUFFER

#08H ;LOAD WITI{ BACK-SPACE CIIAR
TRANS ;OUTPUT BS CHAR.
O,X ;LOAD PRESENT DATA
SAllE3 ;OIITPÜT DATA
823 ;CEECK IF NEW INPÏJT
827 ;I.IRITE CE^A}IGED BUFFER

INPUT ;GET TERMINAI INPUT
#5EH ;CHECK FoR uP ARRow
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F4FA 2708 BEQ 824 ;MAINTAIN DATA

F4FC BDFI85 JSR PACKI ;GET BYTE 0F DATA

F4FF 4700 STA A 0,X ;STORE DATA INTO BUF
F501 8Dl8 BSR SAME4 ;OUTPUT SPACE & CHECK FOR BUF. END

F503 26F0 BNE BzL ;REPEAT IF N0 TI1E END 0F BUFFER

F505 2009 BRA 827 ;I,IRITE CHANGED BUFFER
F507 8608 824 LDA A /108H ;LOAD I{ITE BACK-SPACE CHAR.

F509 BDFI45 JSR TRANS ;TRANS BS CHAR"

F50C 8D08 BSR SAME ;OUTPLI'I BUFFER DATA

F50E 26E5 BNE BzL ;GET NEI'I INPUT
F510 DE5C 827 IDX GTBíP2 ;SAVE PAGE POSN INDICATOR
F5l2 BDF3IC JSR SWRITE ;IJRITE oUT CIIAI'¡GED PAGE

F515 39 RTS

;OUIPI]T PAGE

F516 4600 SAME LDA A 0,X ;READ DATA FROM BUF.
F518 BDFIDS SAME2 JSR BREAK ;OUTPUT CHÄR IF BIN.
F51B 8620 SAlfE4 LDA A lltt ,t ;OUltPüI SPACE

F5TD BDFI45 SA},ÍE3 JSR TR.ANS

F52O 08 INX
F521 8C0033 CPX /ÉENDBUF ;IS END 0F BUFFER REACHÐ
F524 39 RTS

;OUTPIJT PAGE BUFFER,X CONTAINS PAGE ADDR.

F525 DF5C OUTPUT STX GTED'ÍP2 ;SAVE PAGE POSN. INDICATOR
F527 36 PSH A ;SAVE REGISTERS
F528 37 PSH B
F529 8D18 BSR SAMET ;OUTPUT CURRENT PAGE POSN DATA & CHECK

F52B 270Ð BEQ Bi9 ;FoR ASCII 0R HEX INPUT

;ASCII SECTION
F5Ð 4600 B2O LDA A 0,X ;GET DATA
F52F BDF145 JSR TRANS ;OUTPiI'I DATA
F532 08 INX ;POINT T0 NEXT CHAR.

F533 8C0033 CPX iÉENDBUF ;IS END 0F BUF. REACHÐ
F536 26F5 BNE 820 ;CONTINIIE IF NOT FINISHÐ
F538 2OO4 BRA 835 ;EXIT

;HEX SECTION
F53A SDDA 819 BSR SAIÍE ;OUTPUT I{EX DATA

F53C 26FC BNE 819 ;CONTINUE UNTIL FINISHÐ
F53E DE5C 835 LDX GTB,!P2 ;RESTORE PAGE POSN AND REGISTERS
F54O 33 PI]L B

F54I 32 PUL A

F542 39 RTS

;OUTPIIT CURRENT PAGE 0F DATA & CITECK IF ASCII 0R

;EEX FOR}IAT DESIRED

F543 CEFBCE SAME1 LDX lll4t2 ;OUTPIIT APPRoPRTATE IÍESSAGE

F546 BDFIBE JSR MESSA
F549 965C LDA A €TE¡fP2 ;GET CURRINT PAGE POSN

F54B BDFIDS JSR BREAK ;OUTPII PAGE ADDRESS - MS BYTE
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F54E 965D LDA A GTtlP2+l ;GET CURRENT PAGE POSN'

¡550 BDF1D8 JSR BREAF- ;OUTPUT LS BYTE

F553 8620 LDA A lllt tt ;OUTPIIT SPACE

¡555 BDF145 JSR TRANS

F558 CE0021 LDX /IBUF ;L0AD X I{ITI{ BEG. OF BUFFER

F55B 9659 LDA A Gl,oC ;LoAÐ ASCII 0R HEX INDICAToR

F55D 8142 uMP A #r'Brr ;CHECK IF ASCII 0R I1EX

F55F 39 RTS

;FILL BLOCK 0F }IEMORY I^IITII CERTAIN DATA PATTERN

¡560 CEFBD4 FILL LDX #M13 ;oUTPUT PRoMPT

F563 BDF1C4 JSR MESS

F566 BDF340 JSR INPUT2 ;GET START & END ADDRESSES

1569 BDF385 JSR INPIII3 ;GET NECESSARY DATA

F56C DE5A LDX GTElrPl ;GET CIIRRENT PAGE POSN'

F56E 08 INX ;TNCREMENT PAGE POSN

F56F DF5A STX GTtfPl ;SAVE PAGE POSN

F571 CEFCDB LDX llltlzg ;MESSAGE - **I^10zu(ING**

¡ 574 BDFIBE JSR MESSA ;0UTPIIT ìIESSAGE

8577 DE6O LDX GTBIP4 ;GET START PAGE ADDRESS

¡579 BDF3IC E6 JSR SWRITE ;WRITE OUT PAGE 0F DATA

F57C 08 INX ;INCRE}ÍENT PAGE POSN.

!'57D 8C0281 CPX /lENDlßM ;CHECK rF END rS REACHÐ

F580 2704 BEQ E5 ;EXIT
F582 9C5A CPX GTn,lPl ;CHECK IF BLoCK END IS REACHÐ

F584 26F3 BNE E6 ;CONTINUE IF NOT FINISHED

F586 CEFBDS E5 LDX lll',l.L4 ;I'ÍESSAGE - FTLLED

F589 BDF1BE JSR MESSA ;OUTPUT MESSAGE

F58C 7EFOIC JMP START ;RESTART

;LIST BLOCK OF }ÍEMORY TO TERI'fINAI

F58F CEFBE6 LISTI LDX #M15 ;OUTPÜT PROMPT

¡ 592 BDFIC4 JSR IIESS
F595 BDF340 JSR rMIlT2 ;GET r/0 rNFo
F598 DE5A LDX @TIl.fPl ;GET PAGE CURRENT PAGE PoSN.

F59A 08 INX ;INCRÐÍENT PAGE POSN

F59B DF5A STX GTB{PI ;SAVE PAGE POSN

F59D DE6O LDX GTEMP4 ;GET CURRENT PAGE POSN

F59F BDF2EB E8 JSR SREAD ;READ PAGE OF DATA

¡542 DF5C STx GTEllP2 ;S10RE PAGE POSN'

F5A4 BDF525 JSR OUTPÜT ;OUTPUT PAGE oF DATA

F5A7 DE5C LDX GTBTP2 ;GET PAGE PoSN

F5A9 08 INX ;INCREMENT PAGE POSN

F5AA 8CO28l CPX /¡ENDtfiM ;rS END REACHÐ?

EsAÐ 2704 BEQ E7 ;EXIT IF YES

F5AF 9C5A CPX GTn'fPI ;CtlECK IF BLoCK END REACHÐ

F5B1 26EC BNE E8 ;CONTINTIE IF NO FINISTIED

F5B3 TEFOTC E7 JMP START

;TRAI{SFER CONTENTS 0F BIIBBLE T0 RA}f

;OR RAH TO BUBBLE

- 138 -



¡586 CEFBEA TRSI'ER LDX lfytlí ;OUTPUT REST 0F PROMPT
F5B9 BDF1C4 JSR MESS

F5BC CEFBF2 Fl LDX lh4L7 ;oUTPIIT APPRoPRTÄTE MESSAGE

F5BF BDF1BE JSR },ÍESSA
F5C2 BDFI1C F5 JSR INPUT ;CHECK FOR R 0R B

î5C5 8L42 CMP A /l'rB'r ;TRANSFER FROM RAlf T0 BUBBLE
r'5C7 27 0C BEQ F3
F5C9 8152 CMP A //'h." ;TRANSFER FROM BUBBLE T0 RÁM

F5CB 2603 BNE F24 ;REJECT COMì'ÍAND

F5CD 7EF63B J}fP F 4
F5D0 BDF087 F24 JSR REJECT ;COMMAND REJECT

F5D3 208Ð BRA F5 ;GET NEI^I INPUT

;RAM TO BUBBLE TRANSFER
F5D5 CEFB8I F3 LDX III45 ;R.AM TO BUBBLE TRANSFER

F5D8 BDF1BE JSR ¡IESSA ;OUTPIE }'ÍESSAGE

¡5DB BDFIEF JSR ADDR ;GET STARTING ADDR

F5DE DF60 STX GTBÍP4 ;S10RE ADDRESS

F5E0 CEFB9O LDX 11146 ;MESSAGE - END A.DDRESS:

!'5E3 BDF1BE JSR MESSA

¡586 BDF1EF JSR ADDR ;GET END ADDR.
F5E9 DF5E STX GTTMP3 ;SAVE END ADDRESS

F5EB CEFC3F LDX /1U18 ;MESSAGE - TRANSFER PAGE

FsEE BDFIBE JSR I'fESSA
F5F1 BDFIEF JSR AÐDR ;GET TRANSFER PAGE ADDR.

F5F4 9F65 STS GTElfPs ;STORE STACK POINTER
F5F6 BDF436 JSR Bl0B ;MESSAGE - **WON(ING**

F5r9 9E60 F7 LDS GTÐ'fP4 ;POINT T0 FIRST DATA BYTE

FsFB 34 DES
F5FC CE0021 LDX #BUF ;POINT T0 BEG. 0F BUFFER

F5FF 32 F6 PITL A ;GET DATA BYTE

F600 4700 STA A 0,X ;FILL PAGE BUFFER
F602 DF60 STX GTBfP4 ;SAVE STACK POINTER
!'604 30 TSX ;GET CURRENT DATA ADDR.
t'605 09 DEX ;DEC DATA POINTER
F606 9C5E CPX GTtsfP3 ;IS END REActtÐ?
F608 2708 BEQ F2I ;WRITE OUT BIIFFER IF YES

F60A DE60 LDX GTEI'ÍP4 ;RESTORE PAGE POSN. INDICATOR
l'60C 08 INX ;POINT TO NE)CI PAGE

r60D 8C0033 CPX iÍENDBUF ;BUFFER FIILL?
¡610 26ED BNE F6 ;FILL IF N0
v6L2 9860 F2l STS GTBÍP4 ;SAVE DATA POINTER
F6l4 9865 LDS GTBÍP5 ;RESTORE STACK POINTER
F6t6 DE5A LDX @TnfPl ;POINT T0 CURRENT PAGE POSN

¡618 BDF31C JSR SWRITE ;ISSUE SINGLE PAGE I.TRITE

F61B 08 INX
¡61C DF5A STX GTEMPI ;SET UP FOR NEXT PAGE

r61E 8C0281 cPX i¡El{DIßM ;CHECK IF END 0F MEM.

T62L 270F óEQ F9 ;EXIT IF FINISHED
F623 DE60 LDx GTÐíP4 ;GET CURRENT RAM ADDR.
F625 9C5E CPx GTÞíP3 ;CHECK IF LAST RAll ADDR.

F627 26D0 BNE F7 ;REPEAT IF NOT FINISHED
F629 CEFCS1 LDX #M19 ;ìÍESS. - TRAI'ISFER COMPLETE
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F62C BDF1BE JSR MESSA ;OUTPUT MESSAGE

F62r 7EF01C JMP START ;RESTART
F632 CEFBDS F9 LDX llt4L4 ;MESSAGE - MEMORY FILLÐ
F635 BDFIBE JSR MESSA ;OUTPIII I"fESSAGE

!'638 7EFOIC JHP START ;RETURN T0 MAIN PROG.

F63B CEFC63 F4 LDX #v120 ;BUBBLE TO RAI'Í TRANSFER
¡638 BDF1BE JSR MESSA ;OUTPUT MESSAGE

F64I BDF1EF JSR ADDR ;GET STARTING PAGE

F644 965A LDA A GTEMPI ;CHECK FOR VALID PAGE

F646 8101 Cr"æ A #01H
1648 2312 BLS C2
!'644 8102 CMP A ll02 ;A VALID PAGE IS BETWEEN

F64c 2206 BI1I cI ;0000 AND 0280 HEX

F64E 9658 LDA A @TE}fPI+1
1650 8180 CMP A il80H
¡652 2308 BLS C2 ;END 0F CHECK

.h'654 CEFBBA Cl LDX #M10 ;I"fESSAGE - ILLEGAL A-DDRESS

F657 BDFIBE JSR MESSA ;OUTPUT MESSAGE

F65A 20DF BRi, 14 ;GET NEW ADDRESS IF NoT VALÏD
F65C DF60 C2 STX GTnrP4 ;SAVE PAGE POSN.
F65E CEFC6F C3 LDX llt'Izl ;ÌÍESSAGE - END PAGE:

F661 BDF1BE JSR MESSA ;OUTPIJII MESSAGE

F664 BDF1EF JSR ADDR ;GET ENDING PAGE

v'667 965A LDA A GTfrlPI ;CIIECK FOR VAI,ID PAGE

F669 8I0l CMP A #01H
F66B 2312 BLS C5
F66D 8102 CMP A ll02 ;A VAIID PAGE IS BETI¡EEN

F66F 2206 BHI c4 ;0000 AND 0280 HEX

F671 9658 LDA A GTEI,ÍPI+I
!'673 8180 CMP A i¡80H
F675 2308 BLS C5 ;END 0F CHECK

F677 CEFBBA C4 LDX #M10 ;ìIESSAGE - IT,LEGAL ADDRESS

F67A BDFIBE JSR MESSA ;OUTPUT MESSAGE

F67D 20DF BRA C3 ;GET NEW INPII IF NOT VAIID
F67F DF5E C5 STX GTEl,fP3 ;SAVE PAGE POSN.

F681 CEFC79 C7 LDX llv|2z ;MESS. - TRÀNSFER RÂIl ADDRESS

¡684 BDFIBE JSR IÍESSA ;OUTPUT MESSAGE

F687 BDFIEF JSR ADDR ;GET TR.ANSFER RAM ADDRESS

.i'684 9654 LDA A GTnrPl ;CHECK IF MEMORY IS NOT

F68C 8103 cMP A ll13 ;SYSTEM sTAcK AREA

F68E 2208 BHI c6 ;EXIT IF NOT

F690 CEFBBA LDX #M10 ;MESSAGE - ILLEGAL ADDRESS

¡693 BDFIBE JSR I'IESSA ;OIJIIPUT ì'fESSAGE

T696 2089 BRA C7 ;GET NEW ADDRESS

F698 CEFCDB C6 LDX {1M29 ;MESSAGE - **I.J0RI(ING**

F69B BDFIBE JSR MESSA ;OUTPU'I ì'fESSAGE

F69E DE60 LDX GTEMP4 ;LOAD START PAGE

F6AO BDF2EB FlI JSR SREAD ;GET PAGE OF DATA

F6A3 9F65 STS @TEMP5 ;SAVE STACK POINTER

;TEIS SECTION TRANSFERS THE CONTENTS OF

;TEE PAGE BUFFER TO TIIE RAM

56A5 9E5A LDS GTÛÍPI ;LOAD I.IITII TRANSFER ADDRESS

F6A7 CE0021 LDX #BUF ;POINT T0 BEG. 0F BUFFER
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!6AA 4600 F10 LDA A 0'X ;LOAD DATA

F6AC 36 PSH A ;TRANSTER DATA
!6AD 3l IIIS ;FIX UP TR-ANSFER ADDRESS

F6AE 31 INS
F6AF 08 INX ;POINT 0T NEXT DATA

F6B0 8C0033 CPX i/ENDBUF ;TRANSFER CoMPLETE?
F6B3 26F5 BNE F10 ;CONTINUE IF NOT

F6B5 9F5A STS GTÐfP1 ;SAVE CURRENT TRANSFER ADDR"

F6B7 DE60 LDX GTIlfP4 ;LOAD CURRENT PAGE POSN

F6B9 08 INX ;NEKI PAGE

¡68A DF60 STX GTB4P4 ;SAVE PAGE POSN

F6BC 9E65 LDS GTElfPs ;RESTORE STACK POINTER
F6BE 9C5E UPX GTFÍP3 ;FINAI PAGE?

F6C0 26DE BNE FlI ;CONTINUE IF NoT
F6C2 CEFC5I LDX /lMIg ;llESS. - TRAITSFER COMPLETE

F6C5 BDFIBE JSR MESSA ;OUTPUT }ÍESSAGE

F6C8 TEFOIC JMP START ;RESIART

;AIL0II FOR CONTROLLER INIT.

F6CB CEFCSF TNTLZE LDX llt423 ;POTNT T0 PROMPT

!'6CE BDF1C4 JSR I{ESS ;OÛIPUT REST 0F PROMPT

¡6Dl BDFOFS F17 JSR BUBINT ;INITIAIIZE CONTROLLER

¡ 604 7EF01C Jl'fP START ;RESTART

;DATA INPUT FROM COMPUTER (HALF DUPLEX)

¡6D7 CEFC9A STARTI LDX lÍV24 ;l'fESS. - DATA INPUT MODE

¡6DA BDFIC4 JSR IIESS ;OUTPIIT MESSAGE

F6DD CE0000 LDX ll0 ;rNrT PAGE POSN COIINTER

!.6E0 DF5A STX GÎE,ÍPI ;SAVE PAGE POSN

þ'6F,2 860200 F12 LDÄ A ACIACT ;CHECK FOR START gIlAR.

F6E5 8501 BIT A #OlH
E6E7 27T9 BEQ FL2 ;REPEAT IF N0 DATA YET

F6E9 860201 LDA A ACIATR ;LOAD DATA

r6EC 8157 CMP À /¡r\¡lrr ;IS IT A W

E',íEE 26F2 üNE FLz ;REPEAT rF NoT
r6F0 CE0021 FI5 LDX #BUF ;FILL PAGE BUFFER I{ITH DATA

F6F3 860200 F13 LDA A ACIACT ;CHECK FoR DATA
F6F6 8501 Brr A iloln
!'6FB 27F9 BEQ F13 ;REPEAT IF N0 DATA

F6FA 860201 LDA A ACIATR ;GET DATA

F6ID ATOO STA A O,X ;STORE DATA IN PAGE BUFFER

F6FF 08 INX ;POIN T T0 NEXT POSN.

F700 812F uMP A #" /" ;CHECK FOR END 0F DATA

F702 27L4 BEQ F22 ;CONTINUE IF NOT TIIE END

¡704 8C0033 uPX #ENDBUF ;IS BIIFFER FULL
F707 26F.!,, BNE F13 ;CONTINüE IF NOT

F709 DE5A LDX @TÐÍPI ;GET CIIRRENT PAGE POSN.

F70B BDF3IC JSR SI.IRITE ;HRITE CONTENTS 0F BUFFER

F70E 08 INx ;INC. PAGE POSN

rr70F DF5A F14 STX GTBíPI ;SAVE PAGE POSN.

F7l1 8C0281 cPx /¡ENDMEM ;IS BUBBLE ì'IEMORY FULL?
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F7L4 27L0 öEQ F16 ;EXIT IF YES

!'7 L6 20D8 bRA F 15 ; ELSE CONTINUE

F718 DE5A F22 LDX GTfrfPl ;GET PAGE POSN

F71A BDF3IC JSR SI4IRITE ;IIRITE OUT FINAL BUFFER

F71D CEFCAB LDX llt425 ;MESS - DATA TRÁNSFERRED

F720 BDFIBE JSR I'IESSA ;OUTPUT MESSAGE

F723 7EF1IC JMP START ;RESTART
¡726 CETBD8 F16 LDX llt{l4 ;MESSAGE - MEMoRY FILLE"D

F729 BDF1BE JSR MESSA ;OUTPUT MESSAGE

F72C TEFOIC JMP START ;RESTART

;TEST 1 -GENERATOR AND DETECTOR TEST PATTERN

; -PATTERN USÐ -F1150EE400

F72F CEFDol TEST1 LDX llr432 ;MESSAGE - TESTI
r.732 BDF1BE JSR }IESSA ;OUTPIIT MESSAGE

¡ 735 BDF436 JSR B10B ;0UTPIIT - **WOzu(ING**

F738 CEFBlz J3 LDX /¡PATI ;POINT T0 BEGINNING 0F DATA PATTERN

¡738 8Dl2 BSR TEST ;PERFORM TEST

F73D 20F9 BRA J3 ;REPEAT

;TEST 2 -llAJOR L00P FAILURE MODE TESTING

; -PATTERN USED - FF08800F77

F73F CETDOS TEST2 LDX 1h433 ;MESSAGE TEST2

F742 BDF1BE JSR MESSA ;OUTPUT MESSAGE

¡745 BDF436 JSR BI0B ;OUTPIJ'I - **I¡J0RI(ING**

¡748 CEFB}7 J4 LDX lfP/.rz ;POINT T0 BEGINNING 0F DATA PATTERN

¡-748 8D02 sSR TEST ;PERFORM TEST
F74D 2089 BRA J4 ;REPEAT

;THIS ROUTINE PERFORMS TI1E ACTUAT TESTING

F74F DF6D TEST STX GTE}TP9 ;SAVE INDEX REGISTER TO BE USED LATER

F751 8D4E tsSR TRANSFER ;FILL PAGE BUFFER I{ITIT PATTERì{

F753 CE0000 LDX lÍO ;POINT T0 PAGE ZERO

¡756 BDF3lC JSR SWRITE ;I'IRITE PAGE

F759 BDF2EB JSR SREAD ;READ PAGE

F75C BDF7E4 JSR COUNT ;COUNT N0. 0F OPERATIONS

¡75F SD1D BSR COHPARE ;COMPARE RESULTS

F76I 2504 ËCS BELOI{ ;BR.A}ICE 0N ERROR CONDTTION

F763 BDF3EE ABOVE4 JSR I0 ;CIiECK FOR ANY KEYBOARD I0
F766 39 RTS

;THIS SECTI0N CAJ,LÐ UPON ERROR CONDITION
F767 c606 BELOW LDA B #06 ;LOAD MAx. ERORR COÛNT

1769 5A U2 DEC B ;DEC. COUNTER

F76e. 270E' BEQ U3 ;JIIMP T0 HAR-D ERROR SECTION
F76C 8D71 BSR SOFTERR ;UPDATE S0FT-ERROR COUNT

F76E CE0000 LDX ll0 ;LOAD IJ'ITH PAGE POSN.

1771 BDF2EB JSR SREAD ;REREAD PAGE

F774 8D08 rSR COMPARE ;COMPARE (CEECK FOR ERRORS)

t776 25ÊL BCS tJz ;REPEAT IF ERRORS

î778 20I'9 BRA A30vE4 ;RETURN IF N0 ERROR
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;THIS SECTION COMPARES R-EAD DATA WITII ACTUAI, DATA

î77I' 37 COI{PARE PSH B ;SAVE REGISTERS

t'77A 8D42 U3

E77C 20F.5

F77E 36
F780 9F65
F782 CEO02t
F785 9E6D J6
F787 34
F788 C605
þ'78A.32 Jto
¡ 788 4100
F78D 2706
! 78F 0D
t790 9E.65 J8
F792 32
F793 33
F794 39

¡ 795 08 J7
F796 8C0033
F799 0C

F79A 2784
F79C 5A
E79D 26EB
F79F 2084

r7A2 9F65
F7A4 CE0021
F7A7 9E6D J2
F7A9 34
¡ 7AA C605
FTAC 32 Jl
F7AD.A,7OO
FTAF 08
F7B0 8C0033
F7B3 2705
F7B5 5A
î786 26F4
F7B8 2OE'D

FTBA 9E65 J5
FTBC 33
¡ 7BD 39

F7C1 CEFDOF Ul
¡ 7C4 BDFIBE
F7C7 CE0000
FTCA BDF525
¡ 7CD 8DD2

ËSR TTARDERR ;THIS SECTION EXECUTÐ ÏF FIVE
BRA ABOVE4 ;SOFT ERRORS ARE B'ICOUNTERED

PSH A
STS @TÐ,fP5 ;SAVE STACK POINTER
LDX //BUT ; POINT TO BEGINNING OF BUFFER

LDS GTTHP9 ;LOAD I^TITII ÐATA PATTERN ADDRESS

DES ;POTNT TO BEG. OF DATA PATTERN

LDA B //05 ;COUNT BYTES IN PATTERN

PT]L A ;GET BYTE OF PATTERN
uMP A 0,X ;COMPARE DATA

öEQ J7 ;CONTINUE IF CORRECT

SEC ;SET FLAG UPON ERROR CONDITION
LDS GTEllPs ;RESTORE STACK POINTER
PI]L A ;RESTORE REGISTERS
PIIL B

RTS

;CONTINUE OPERATION IF CORRECT

INX ;INC BUFFER POINTER
CPX /IENDBUF ;CHECK IF ENTIRE BUFFER CHECKED

uLC ;CIEAR FLAG IF NO ERROR

BEQ J8 ;EXIT IF THE END

DEC B ;CHECK IF LAST PATTERN

6NE J10 ;CONTINUE IF Ai,L CHECKS NOT DONE

ERA J6 ;REPEAT PROCIDiIRE

STS GTÐ{P5 ;SAVE STACK POINTER
LDX i/BUF ;POTNT TO BEGINNING OF BUFFER
LDS @TEMP9 ;GET POINTER OF DATA PATTERN
DES ;POINT TO BEG. OF DATA PATTERN

tDA B /É05 ¡COUNT BYTES IN PATTERN
PT]L A ;GET BYTE OF PATTERN
STA A 0,X ;STORE INTO BUFFER

INX ;INC. BUFFER POINTER
CPX /ÉEMDBUF ;CHECK IF BUFFER FILLÐ
BEQ J5 ;EXIT IF FILÐ
DEC B ;CHECK IF END OF PATTERN

BNE Jl ;CONTINUE IF NOT ATL
BRJ, J2 ;REPEAT DATA PATTERN

LDS GTÞP5 ;RESTORE STACK POINTER
PI]T B ;RESTORE REGISTER
RTS

LDX III434 ;DISPLÄY MESSAGE 'bATA REA.D''

JSR MESSA ;OUTPTJIT MESSAGE

LDX #O ;SET UP PAGE POSN

JSR OUTPUI ;OUTPLII BUFFER CONTENTS

BSR TRAI{SFER ;REFILL BUFFER I{ITII DATA PATTERN

-143-

;FILL PAGE BUFFER WITH DATA PATTERN

ITAT 37 TRANSFER PSH B ;SAVE REGISTER

;THIS SECTION CALLED UPON HARD ERROR COÌ'IDITION
FTBE 7C0073 HARDERR INC L0C2 ;INCREMENT HARD ERROR COIINTER



FTCF CEFD19 LDX lll"I35 ;DTSPALY MESSAGE "ACTUAI- DATA PATTERN"
F7D2 BDFIBE JSR l.lESSA ;OUTPUT MESSAGE

F7D5 BDF525 JSR OUTPIII ;DISPLAY READ DATA

F7D8 BDF43F JSR \TERFY ;OUTPIJ"I RUNNING RESULTS

FTDB BDF436 JSR BI0B ;OUTPUT - **WORI(ING**

¡ 7DE 39 RTS

;TI1IS SECTION CALLÐ UPON SOFT ERROR CONDITION
FTDF BDF431 SOFTERR JSR B10A ;INCREMENT SOFT ERROR COIINTER

¡782 20DD BRA Ul
;THIS SECTION UPDATES CYCLE COIINIER

F7E4 DE6B COUIII LDX GTefPS ;LOAD COUNT VAIUE
F7E6 08 INX ;INC. COUNT VALUE

F7E7 DF6B STX GTBfPS ;SAVE COUNT VA],UE

F7E9 2605 BNE J9
FTEB DE69 LDX GTE}íPT ;LOAÐ MS. BYTES 0F COIINT

¡ 7Ð 08 IlfX ; INC " COIINT VAIUE
¡7EE DF69 STX GTE{P7 ;SAVE COUNT VALUE

¡ 7F0 39 J9 RTS

;THIS ROUTINE PERFORMS A MULTI-PAGE INITIA],IZATION

F7F1 8610 MULTTPGE LDA A #MULTI
F7F3 9783 STA A CONT ;INITIAIIZE MULTI PAGE READ

F7F5 4F CLR A
r7F6 9780 STA A PGSEL ;INIT. BEGINNING PAGE TOR TRANSFER

F7F8 9781 STA A PGSEL+I
FTEL 9786 STA A PGCNT ;SET UP N0. 0F PAGES T0 TRANSFER

FTFC C602 LDA B ä02 ;LS. BYTE 0F PAGE COIINTS

FTFE D787 STA B PGCNT+I
FSOO 39 RTS

;TEST 3 -MAJOR LOOP NEAREST NEIGHBOR PATTERN TESTING

; - PATTERN USED - 8448255700

¡8OI CEFD2D TEST3 LDX 111436 ;MESSAGE - TEST3
F8O4 BDFIBE JSR MESSA ;OUTPTIT }ÍESSAGE

F807 BDF436 JSR BI0B ;OÜTPIIT - **WORI(rNG**

F80A CEFBoC U7 LDX #PAT3 ¡PorNT T0 BEGTNNTNG 0F PATTERN

F80D DF6D STX GTEMP9 ;SAVE POINTER
F80F 8D90 öSR TRANSFER ;FILL PAGE BUFFER lIIÏ1 PATTERN

FSlt SDDE rSR MULTIPGE ;INIT. FOR MULTI-PAGE
F813 CE0021 LDX í/BUF ;POINT T0 BEGINNING 0F BUFFER

F816 4600 LDA A 0,X ;GET DATA BïTE
1818 9785 STA A I,lR ;PLACE DATA BYTE INTO WRITE EIFO
F81A 8614 LDA A #MPWRCMD ;LOAD I{ITII COMMAND

F81C 9783 STA A CoNT ¡TSSUE ìtULTr PAGE V¡RITE O',lD.

¡'8lE 0E Nt CLI
F81F 3E WAI ;WAIT I0R OPERATION

F820 08 INX ;POINT T0 NEXT BYTE IN BUFFER

¡821 8C0033 tPX //ENDBUF ;CIIECK IF END 0F BUFFER RXACHÐ
F824 270F öEQ N6 ;EXIT IF DONE

F826 4600 LDA A 0,X ;LOAD DATA

F828 9785 STA A I.lR ;STORE DATA
F824. C10i CMP B /101H ;ARE IÍE AT TIIE LAST PAGE

-144-



F82C 2605 BNE N7 ;II'NOT CONTINUE
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F84A BDF3EE A30VE1 JSR I0 ;CHECK FOR AÀlY KEYBOARD ï0
¡'84D 20F3 óRA IJ4 ;REAÐ DATA

;SOFT ERROR SECTION
F84I' C606 BEL0I{I LDA B i/06 ;SOFT ERROR COIINTER

F82E 8C0032
F831 2708
F833 20E9 N7
¡835 CE0020 N6
F838 5A
F839 26E3
F83B BDF315 N8
F83E 8680
F840 9783
8842 8D23 U4
F844 8D9E
¡ 846 8D3C
F848 2505

F851 5A U6
F852 270F
F854 37
F855 8D4E
F857 BDF7Al
F85A SDOB

F85C 8D26
F85E 33
!'8 5F 25F0
F86I 2087

F863 8045 U5
F865 20A3

F869 8612
F868 9783
¡86D CE0034
F87O OE JLz
F871 3E
r872 9682
¡874 4700
1876 08
¡877 8C0058
r87A. 26F4
F87C BDF315
F87F 8680
F88r 9 783
F883 39

F885 9F65
F887 C80034
F88A 8E0020 Jl5
F88D 32 JL7
F88E A100

CPX /i ENDBUF.I;ARE I,JE AT THE EI'ID OF THE MULTI-PAGE
bEQ N8 ;BUFFER, EXTT IF YES

rRA Nl ;CONTINUE IF l.I0T
LDX /IBUF-I ;REINITIAIIZE BUFFER POINTER
DEC B ;CHECK IF ENTIRE BUFFER
BNE NI ;IS TRANSFERED
JSR 416 ;CHECK IF CONTROLLER BUSY

LDA A /ÉRESETINT
STA A CONT ;RESET INTERRUPT
ÉSR READ1 ;PERFORM MULTI PAGE REA-D

6SR COUNT ;COUNT N0 0F OPERATIONS
ðSR COMPAREI ;COMPARE RESULTS
øCS BELOWI ;BRANCE 0N ERROR CONDITION

DEC B ;DEC COUNTER

BEQ U5 ;CIIECK IF l'{AX. N0. 0F ERRORS REACI{Ð
PSH B ;SAVE COUNTER

sSR SOFTERR1 ;INCRBÍENT COUNTER

JSR TRANSFER ;FILL BUFFER WTTII DATA

BSR READI ;READ PAGE

BSR COMPAREI ;COMPARE DATA
PIIL B ;RESTORE COiINTER

BCS U6 ;REREAD IF ANOTHER ERROR

BRA ABOVEI ;EXTT IF NO ERROR

;THIS CALLED UPON HARD ERROR CONDITION
BSR ITÄRDERRI ;UPDATE COUNTER

rRA IJ7 ;RESTART TEST ON HARD ERROR

LDA A /lwn¡Cm
STA A CONT ;ISSUE MULTI PAGE REA-D CMD.

LDX iiBUFl ;POINT TO BEGINNING OF PAGE BUFFER

ULI
I{AÏ ;I.IAIT FOR OPERÂTION

LDA A RE ;GET DATA BYTE

STA A O,X ;STORE DATA BYTE

INX ;INC. BUFFER POINTER
r-px i/rNpsurt ;FrNAr BYTE TRAIISFERED?

cNE JLz ;READ IF NOT COMPLETE

JSR 416 ;CHECK FOR CONTROLLER BUSY

LDA A /lnrsrrrHr
STA A CONT ;RESET INTERRUPT
RTS

STS GTE}TP5 ;SAVE STACK POINTER
LDX i¡BUFt ;POINT T0 BEG. 0F BUFFER
LDS //BUF-I ;POINT T0 BEG" 0F SECOÌIÍD BUFFER

PIIL A ;RECALL DATA
uMP A 0,X ;COMPARE DATA
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F867 8D88 READI BSR MULTIPGE ;INITLIALIZE MULTI PAGE PARAI'{ETERS

;THIS ROUTINE COMPARES READ DATA I,TITfl ACTUAI DATA

I'884 37 COMPARE1 PSH B ;SAVE REGISTER



1890 2705 BEQ JL4 ;CONTINUE IF 0K
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1892 0D SEC ;SET FLAG 0N ERROR

I'893 9865 J16 LDS GTIlrPs ;RESTORE STACK POINTER
F895 33 PI]L B ;RESTORE REGISTER
t896 39 RTS
¡897 08 JL4 INX ;POINT T0 NEXT DATA BYTE

F898 8C0046 uPX //BUFl+i8 ;IS THE END 0F THE BUFFER REACHIII

F89B 27Ð BEQ Jl5 ;POINT T0 BEG. IF YES

¡89D 8C0058 CPX /IENDBUFI ;END 0F PAGE TWo?

¡840 0C uLC ;RESET ERROR FLAG

F8A1 27F0 öEQ J16 ;EXIT rF FTNTSHED

F8A3 2088 BRA JL7 ;CONTINUE IF NOT

;SOFT ERROR SECTION
F8A5 BDF43I SoFTERRI JSR B10A ;INCREMENT SOFT ERROR COI}NTER

F8A8 2OO3 BRA JI8
;HÀRD ERROR SECTION

r'8AA 7C0073 HARDERRI INC LOCL ;INCREMENT HARD ERROR COUNTER

F8ÁD CEFDI9 J18 LDX #M35 ;DISPT,AY IfESSAGE "ACTUAtr DATA PATTERNn

¡880 BDF1BE JSR MESSA ;OUTPÜI ¡ÍESSACE

F8B3 CE0000 LDx ll0 ;POINT T0 PAGE ZERO

I'886 DF5C STX GTELP2 ;SAVE PAGE P0SN

!'888 BDF525 JSR OUTPUT ;OUTPIIT PAGE DATA

¡8BB C602 LDA B iÉ02n ;OUTPUÎ ACTUAI- N0. 0F PAGES

FSBD CEFDOF LDX Ih'434 ;DISPI,AY }IESSAGE 'ÐATA READ''

¡8CO BDF1BE JSR MESSA ;OUTPUT MESSAGE

F8C3 9F65 STS GTEMPs ;THE FoLLoI{rND SECTTON

!'8c5 8E0033 LDS /ÉBUFI-I ;TRAITSFERS TIIE PAGES READ

F8C8 CE002I J21 LDX //BUF ;rNTo A BUFFER SUCH

!'8CB 32 J19 PIIL A ;TTIAT TITE DATA MAY

FSCC 4700 STA A 0,X ;BE OUTPIIIÐ
FSCE OB INX ;INC. BUFFER POINTER

FSCF 8C0033 uPX /IENDBUF ;END 0F BUFFER?

FBD? 2687 ¡NE J19 ;FILL BUFFER IF NOT

F8D4 9865 LDS @TB{PS ;RESTORE STACK POINTER

F8D6 DE5C LDX @TIlfP2 ;RECALL PAGE POSN

F8D8 BDF525 JSR OUTPI]'I ;OUTPUT PAGE

¡8DB 5A DEC B ;DEC PAGE COUNT

¡'8DC 2704 BEQ J20 ;EXIT IF DONE

F8DE 7C005D INC TEMP2+1 ;INCREMENT T0 DISPLAY TI{E SECoND PAGE

FSE1 9F65 STS @TEMPS ;SAVE STACK POINTER

F8E3 8E0045 LDS /l¡Urt+tg-1;P0rNT T0 BEG. 0F BUFFER

F8E6 2080 BRA JzL ;REPEAT ABOVE PROCÐURE FOR PAGE Ï1"10

F8E8 9E65 J20 LDS @TElfPs ;RETORE STACK POINTER

FSEA BDF43F JSR VERFY ;OUTPTIT RUNNING RESULTS

F8Ð BDF436 JSR BI0B ;OUTPUT - **I'J0RI(ING**

¡8F0 39 RTS

;CEECK TO SEE IF PAGE BUFFER SHOULD BE CLEARED OR SET

¡8F1 36 CEECKI PSH A ;SAVT REGISTER
F8F2 DF5E STX GTM{P3 ;SAVE INDEX REGISTER
F8F4 CEOO2I LDX //BUF ;POINT TO BEG. OF BUFFER

F8F7 58 ASL B ;SHIFT DATA T0 CHECK BIT VALUE

F8F8 2406 BCC Kl ;BRAI{CH IF LOw
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¡'8FA 8D14
FSFC DE5E
FSFE 32
FSFF 39
¡ 900 8D04
F902 32
F903 DE5E
F905 39

1906 4F
F907 A700
F909 08
F90A 8C0033
F90D 26F8
F90F 39

F910 86FF
F912 2013

BSR
LDX
PUL A
RTS

KI BSR
PI]L A
LDX
RTS

;FILL BUFFER I^IITIT OO

SETBUF

GTE}TP3

HEX

i¡OFnr ; SET
K2 ;FILL

;FILL BUFFER I,ITII ONES

;RESTORE REGISTERS

CLR
STA
INX
r,PX
ðNE
RTS

A
A

CLEARBUF ;FIIL BUFFER I,IITI{ ZEROS

;RETORE R.EGISTERS

GTNIP3

EEX

;CLEAR REGISTER
O,X ;STORE IN PAGE BUFFER

;POINT T0 NEXT POSITON

/IENDBUF ;rs END REA,CHÐ?
K2 ;CONTINUE IF NOT

CLEARBUF
R2

TEST4A

;FILL BUFFER ![ITl{ FF

SETBUF LDA A
BR.A.

;TEST 4

;TEST 4A

t

;

TEST4

REGISTER TO ONE

BUFFER I,TITH ONES

-MINOR LOOP FAILURE MODE TESTING

-MINOR LOOP NEAREST NEIGHBOR TESTING
.PATTERN USÐ - FFO88OOF77

- 8A48255700

¡ 914 CEFD34
F9I7 BDFlBE
F91A CEo000
F9lD DF6O
F9lF CEFBOT
F922 2008
F924 CETD56
F927 BDF1BE
F92A C80000
F92D DF6O
F92F CEFBOC

F932 DF6D
F934 DF6F
F936 08
¡937 08
¡ 938 08
F939 08
F93A 08
F93B DFTI
F93D BDF436
F940 DE6D

t942 8600
1944 8608
F946 8DA9
F948 DE60

K3

LDX
JSR
LDX
STX
LDX
BRA
LDX
JSR
LDX
sTx
LDX
STX
STX
INX
INX
INX
INX
INX
STX
JSR
LDX
LDA
LDA
BSR
LDX

lÍt437 ;ìIESSAGE - TEST4A
MESSA ;OIJIIPüT I'ÍESSAGE

ll0 ; SET T0 PAGE ZERO

GTEMP4 ;INITIÀLIZE STARTING PAGE

lnP!.T2 ;POINT T0 BEGINNING 0F PATTERN

K3 ; BRACIÍ AROUI{D

iiM4O ;MESSAGE - TEST 48
MESSA ;OUTPUT MESSAGE

ll0 ; SET T0 PAGE ZERO

GTBTP4 ;INITIAIIZE STARTING PAGE

/IPAT3 ;POINT TO BEGINNING OF PATTERN

@TfrfPg ;SAVE PATTERN POINTER

GTBíPIO ;SAVE IN ANOTI{ER TEMP. REG.

;INCREMENT POINTER TO END OF

;DATA PATTERN

;RXG. CONTAINS END ADDRESS

GTffPl1 ;SAVE POINTER FOR PATTERN gND

B10B ;OUTPUT - *{'¡ORI(ING**

GTBÍP9 ;GET PATTERN POINTER

B O,X ;GET DATA PATTERN

A li08H ;SET UP BIT COUNTER

CHECKI ;SET 0R CLEAR BUFFER

GTEÍP4 ;SET UP I^IRITE PAGE
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F94A BDF3lC
F94D 08
! 94E DF60
! 950 8C028 I
8953 2712
F955 4A
1956 26EE
F958 DE6D
F95A 08
F95B DF6D
F95D 9C7l
F95F 26El
F961 DE6F
F963 DF6D
1965 20D9
r 967 CE0000
!96A DF60
! 96C DE6F
F96E DF6D
F970 E600
F972 8608
F974 DE60
F976 BDF2EB
F979 08
!974 DF60
F97C 8C0281
F97î 27E,6
F981 DE6D
F983 BDF7E4
! 986 8042
! 988 25 15
¡984 BDF3EE
F98D 4A
F98E 26E4
!990 DE6D
F992 08
F993 DF6D
F995 9C7I
F997 26D7
F999 DE6F
F99B DF6D
!'99D 20D1

F99F 36
F9A0 37
F9A1 C606
F9A3 5A
F9A4 27L4
t9A6 37
F9A7 8D4E
F9A9 DE6O
FgAB 09
F9AC BDF2EB

Kl0

K9

A30VE2

;soFT ERRoR

BELOI.I2

KI2

JSR
INX
STX
UPX
BEQ

DEC A
BNE
LDX
INX
STX
cPx
gNE

LDX
STX
BRA
LDX
STX
LDX
STX
LDA B

LDA A
LDX
JSR
INX
STX
cPx
BEQ

LDX
JSR
öSR
ðcs
JSR
DEC A
BNE

LDX
IIfX
STX
cPx
BNE
LDX
STX
CR.A.

SECTION
PSH A
PSH B

LDA B

DEC B

BEQ

PSH B
úsR
LDX
DEX
JSR

SWRITE

€TmrP4
/IEì{D}GM
K7

K4
GTE'ÍP9

GTTTP9
@TBÍPI I
K5

GTTÞÍP IO
@TEMP9

K6
ll0
@TEMP4

@TffPIO
GTEMP9
0'X
i/08H
GTÐTP4
SREAD

GTffP4
/lEÎTDìfrH
K7

GTN,fP9
COUNT

COI'ÍPARE2
BELOI.I2
IO

K9
GTE}TP9

GTnfP9
GTBIPl l
Kl0
GTB{P1O
GTftfP9
Kl0

R7

;!ÍRITE PAGE BUFFER

;rNc. PAGE PoSN TNDTCAToR

;SAVE NEI^I PAGE COUNTER

;CITECK IF FTLLED

;EXIT IF DONE, NoI,r CoMPARE

;ROTATED ALL BITS
;CONTINUE IF NOT FINISHÐ
;FETCH DATA POINÏER
;POINT T0 NE!] DATA

;SAYE NEI,I DATA POINTER

;ARE WE AT TTIE BID?
;CoNTrNUE rF NOT

;GET BEGINNING DATA POINTER

;SAVE BEGINNING DATA POINTER

;REPEAT FROM BEGINNING

;PoINT T0 PAGE ZERo

;SAVE PAGE POINTER

;GET BEGTNNING DATA POINTER

;REINITIALIZE DATA POINTER

;GET DATA

;sET UP BrT CoUNTER

;GET PAGE COUNIER

;READ PAGE

;UPDATE PAGE POINTER

;sAvT NEW PAGE CoUNTER

;ENTIRE MEMORY READ?

;REPEAT OPERATION

;GET DATA POINTER

;INCREIÍENT CYCLE CoUNTER

;COMPARE READ DATA I^¡fTH ACTUA], DATA

;BRACH 0N ERRoR CoNDITroN
;CHECK FOR TERMINAL ENTRY

;A],L BITS ROTATED

;CONTINUE IF NOT FINISIIED
;UPDATE DATA PATTERN POINTER

;SAVE PATTERN POINTER

;E.iD OF PATTERN REACHED?

;IF END OF PATTERN POINTER

;REACHÐ THEN RESET POINTER

;SAVE POINTER

;REPEAT

;SAVE REGISTERS

; SOFT ERROR COIINTER

;CHECK IF I'fAX. ERRORS ENCoIINTERED

;SAVE COUNT VAIUE

;OUTPUT REAÐ A}ID COMPARÐ DATA

;GET PAGE POSN

;PoINT T0 CoRRECT PAGE

;REREAD PAGE

#06H

Kl1

SOFTERR2

GTB.IP4

SREAD

-150-



r9/^F D674
¡98l 8D17
!983 33
F9B4 25ffi
F9B6 33
F9B7 32
F9B8 20D0
!9BA 8D40
!9BC 33
! gBD 32
FgBE DE6F
FgCO DF6D
F9C2 CE0000
F9C5 DF60
t9C7 7F'F940

F9CA 36
T9CB D774
F9O DF5E
F9CF 58
.r 9D0 CEo0 21
F9D3 2411
F9D5 A600
F9D7 81FF
F9D9 2619
FgDB 08
F9DC 8C0033
F9DF 26F4
! 9E1 0C

E9E2 32
F9E3 DE5E
F9E5 39

F9E6 A.600
!9E8 8100
F9EA 2608
FgEC 08
F9Ð 8C0033
F9F0 26F4
!982 20Ð
F9F4 OD

F9F5 2OEB

F9F7 BDF43I
FgFA 2003
FgFC 7C0073
FgFF CEFDOF

IAO2 BDFlBE
!A05 DE60
.1407 09
IAOS BDF525
FAOB D674
FÀOD BDF8F1

LDA
BSR
PUL
ócs
PUL
PUL
BRÄ

KIl BSR
PI]L
PUL
LDX
STX
LDX
sTx
JMP

;COMPARE READ DATA
COI,ÍPARE2 PSH

STA
STX
ASL
LDX
BCC

K8 LDA
cllP
ËNE
INX
CPX
BNE

N2 CLC

N4 PT]L

LDX
RTS

@L0C3 ;REREAD OLD BIT TEST VAIUE
COÌ"ÍPARE2 ;COMPARE DATA

;GET COU}I'I VAIUE
KI2 ;REPEAT ON ERROR

;RESTORE RXGISTERS

ABOVE2 ;RETTIRN TF FINE
I{AR.DERR2 ;OUTPUT DATA

B ;RESTORE STACK POINTER
A

GTEMPIO ;RETNITIAIIZE POINTERS

GTE}.ÍP9
ll0 ;REINITIALIZE PAGE POSN

GTTI,fP4
K6 ;RESTART TEST

IJ]TH ACTUA]. DATA
A ; SAVE ACCTIMULATORS

B GLOC3 ;STORE DATA PATTERN

GTÐIP3 ;SAVE II.IDEX REGISTER
B ;ROTATE ACC. B, CHECK T0

/i BUF ; SEE IF BUFFER SHOULD BE

K21 ;FF HEX 0R 00 IIEX
A O,X ;LOAD BUFFER DATA
A /IOFFIT ;COMPARE T{ITH FF HEX

ERROR3 ;BR.AI'ICH 0N ERROR

;POINT TO NEXT DATA BYTE

#ENDBUF ;IIAS END OF BUTFER BEEN REACI{M?
K8 ;CONTINUE IF NOT

;CLEAR ERROR FLAG

A ;RESTORE REGISTERS

GTEMP3

;THIS ROUTINE COMPARES DATA I,¡fTIt 00 EEX

K21

B

A

LDA
CMP

BNE
INX
cPx
BNE
öR-4,

SEC
rRA
JSR
BR.A,

INC
LDX
JSR
LDX
DEX
JSR
LDA
JSR

A
A

0,X ;LOAD DATA

#0H ;CoMPARE l.J-rrn 00 H¡x
ERROR3 ;BRANCH ON ERROR COìIDITON

;POINT TO NEXT DATA BYTE

#ENDBUF ;H.A,s END 0F BUFFER BEn\r REAcnED

K21 ;CONTINUE IF NOT

N2 ;EXIT IF DONE

;SET ERROR FLAG

N4 ;RXTURN
B10A ;INCREIÍENT SOFT ERROR COUNTER

K13 ;OUTPUT RELEVAI{T DATA
L0C2 ;INCREIÍENT IiÄRD ERROR COIINTER

lltq34 ;DTsPLAY ¡ÍESSAGE 'bATA READ"
IÍESSA ;OUTPIJ]I ì'fESSAGE

@TBÍP4 ;GET PAGE POSN

;POINT TO CORRECT PAGE

OÜTPUT ;OUTPUTÐ PAGE DATA

B GLOC3 ;LOAD WITII ACTUAL DATA PATTERN

CITECKI ;CHECK IF ONES 0R ZEROS
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FAlO CEFDI9 LDX llyl35 ;DTSPLAY I4ESS" "ACTUA.L DAÎA PATTERNTT
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FA13 BDFlBE
FAl6 DE6O
FAIS 09
FA19 BDF525
FAlC BDF43F
FA1F BDF436
EA22 39

;TEST 5

FA23 CEFD3B TEST5
FA26 BDFIBE
¡A29 BDF436
FA2C CE0000
FA2F DF5C
FÂ3I BDF4D3
!A34 BDF436
!A37 08 K23

;THIS SECTTON

FA38 8C0281
rA3B 2705
FA3D BDF3lC
FA40 20F5

FA42 9F65
FA44 8E0020
FA47 CE0034
FA4L 32
FA,4B ATOO

!A4D 08
rA4E 8C0046
TASL 26F7
FA53 9E65
FA55 CE0000
FA58 FFOO71
FAsB BDF2EB
FA5E BDF7E4
FA61 8D2C
FA63 250E
FA65 BDF3EE
iA68 FE0071
FA6B 08
FA6C 8C0281
TA6F 26E'7
r^7L 20F-2

FA73 C606
FA75 5A
rL76 270E.
FA78 37
FA79 BDFA.Cs

!A7C BDF2EB
FATF SDOE

;TEIS SECTION
N3

A3OVE3

;soFT ERRoR

BELOW3
KI5

K24
K25

JSR I'IESSA ;OUTPUT MESSAGE

LDX GTBÍP4 ;GET PAGE POSN

DEX ;POINT T0 CORRECT PAGE

JSR OUTPLrI ;OUTPIJII PAGE 0F DATA

JSR VERF"Y ;OUTPUT RUM{ING RESULTS

JSR Bl0B ;OUTPIIT - **WOU(ING**
RTS

-TEST EACII MINOR LOOP VIITH EITHER ALL ls 0R 0s

LDX #M38 ;IÍESSAGE - TEST5
JSR MESSA ;OUTPIJ'I IIESSAGE

JSR B10B ;OUTPUT - **I¡¡ORI(ING**

LDX ll0 ;INITIALIZE PAGE POSN

STX GTE¡æ2 ;SAVE PAGE POSN.
JSR CENGE1 ;FILL PAGE BUFFER WITH DATA PATTEPN

JSR BI0B ;OUTPUT - **WORI(ING**

INX ;INC. PAGE COUNTER

I^IRITES THE SAME PATTERN INTO TIIE N'¡TIRE MEMORY

uPX IIENDMEM ;IS END 0F THE IÍEMORY REACHÐ?
öEQ N3 ;EXIT IF YES

JSR SI.]RITE ;T.IRITE OUT PAGE

cRA K23 ;CONTINUE
RESTORES TTIE WRITE BUFFER CONTENTS

STS GTEI,ÍP5 ;SAVE STACK POINTER
LDS /ÉBUF-I ;POINT TO BEG. OF BUFFER

LDX ilBUFl ;PorNT TO oTIÍER BUFFER

PI]L A ;GET DATA

STA A O,X ;STORE DATA
INX ;INCRÛÍENT POINTER
CPX /lBUFl+l8 ;IS B{D REACHÐ?
ðNE K22 ;CONTINUE IF NOT

LDS GTfrfPs ;RESTORE STACK POINTER

LDX IIO ;STOR3 STARTTNG PAGE NiIMBER

STX TH'ÍPI l
JSR SREAD ;READ PAGE

JSR COUNT ;INCREMENT TIIE N0. OF OPERATIONS
gSR COMPARE3 ;COMPARE RESULTS

cCS BELOI"I3 ;ACCOUNT FOR ERROR

JSR IO ; CHECK FOR reYBOARD IO
LDX TBÍPl I ;RECATL PAGE NINIBER

INX ;UPDATE PAGE POSN

uPX #ENDMEM ;HÂS END BEEN REACIIÐ YET?

BNE K25 ;CONTINUE IF NOT FINISHED
BRA K24 ;REPEAT ENTIRE PROCEDURE

SECTION
LDA B /¡06H ;SOFT ERRoR CoUNTER
DEC B ;DEC COUNTER

BEQ Ki4 ;EXIT IF MAX. N0 EXCEÐ
PSII B ;SAVE COUNTER

JSR SOFTERR3 ;UPDATE COUNTER

JSR SREAD ;REREAD PAGE

BSR COMPARE3 ;COMPARE READ DATA
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FA81 33 PUL B ;RECAIL COUNTER

FA82 25Fl 6CS K15 ;REPEAT 0N ERROR COND.

¡484 2ODF BRA ABOVE3 ;CONTINUE TEST

;I{ARD ERROR SECTION

FA86 8D42 K14 BSR HARDERR3 ;INCREMENT C0UNTERS

¡488 8D23 cSR TRANSFRI ;REINITIAIIZE BUFFER

FA8A CEFFFF LDX /IOFFFFH ;SET UP FOR PAGE POSN

FASD 2048 BRA K23 ;REPEAT TEST

;COMPARE ACTUAT, DATA WITIT READ DATA
FASF DF5E COMPARE3 STX @TEMP3 ;SAVE INDEX REGISTER

FA91 9F65 STS GTÐfP5 ;SAVE STACK POINTER
FA93 8E0033 IDS /iBUFl-t ;POINT T0 BEGINNING 0F ORIGINAI PATTERN

FA96 CE0021 LDX /ÉnUr ;PorNT T0 REA¡ PATTERN

rA99 32 K17 PIIL A ;GET DATA

FA9A 4100 uMP A 0,X ;COMPARE RESULTS

FA9C 260C ÉNE K16 ;SEÎ FLAG 0N ERRoR CoND.

¡A9E 08 INX ;P0INT T0I NEXT DATA

rAgF 8C0033 CPX /IENDBUT ;HAS BUFFER BEEN CHECKED?

rlÀ2 2685 sNE K17 ;CONTINUE IF NOT

FAA4 0C uLC ;CLEAR FLAG II ALL IS 0K!
FAA5 DE5E K18 LDX @TÐ'lP3 ;RESTORE REGISTERS

FAAT 9865 LDS GTFTPs
FAA9 39 RTS

;TEIS SECTION SETS TITE ERROR FLAG

FA.AA OD K16 SEC ;SET IT.AG IF ERRoR DETECTED

FAA3 2OF8 öRA K18 ;RETURN

;FILL PAGE BUFFER WITI1 DATA STORED AT ALTERNATIVE PAGE BUFFER

FAAD DF5E TRANSFRI STX GTE}TP3 ;SAVE REGISTERS

FAAF 9F65 STS ETEMPs
FA-BI 8E0033 LDS #BUFI-I ;POINT T0 BEG. 0F BUFFER

FAB4 CE002l LDX /IBUF ;PorNT 0T FIRST BUFFER

¡AB7 32 K19 PIIL A ;GET DATA

FA38 A,7OO STA A O'X ;STORE DATA

FABA 08 INX ;INCRÐIENT BUFFER POINTER

FABB 8C0033 r,PX //ENDBUF ;rS END REACHÐ?
¡ABE 26F7 öNE K19 ;CONTINUE IF NoT
¡ACO DE5E LDX GTnrP3 ;RESTORE REGISTERS

FAC2 9865 LDS @TNIPs
FAC4 39 RTS

;INCREMENT SOFTERROR COUNTER

FA.C5 BDF431 SOFTERR3 JSR BiOA ;INCREIfENT SOFT ERROR COUNTER

FACS 2003 BRA K20 ;CONTINUE
;EÀRD ERROR SECTION

¡ACA 7C0073 HARDERR3 INC LOC2 ;INCRBÍENT IIARD ERROR COUNTER

FACD CETDOF K20 LDX {11434 ;DISPLAY l.fESS. 'bATA REA.D"

FÄDO BDF1BE JSR MESSA ;OUTPUT MESSAGE

¡AD3 DE71 LDX GTBIPiI ;GET PAGE P0SN.

FAD5 BDF525 JSR OUTPUT ;OUTPUT BUFFER CONTENTS

FADS 8DD3 uSR TRANSFRI ;FILL BT]FFER I,IITII OTHER PATTERN

FADA CEFDI9 LDX #M35 ;DISPT,AY MESS. 'TACTUAL DATA. PATTERN"

¡ADD BDF1BE JSR }ÍESSA ;OUTPUT MESSAGE

FAE0 DE71 LDX GTEIfPII ;GET PAGE POSN
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FA.E2 BDF525 JSR OUTPUT ;OUTPIN READ & ACTUAI DATA
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FAE5 BDF43F JSR VERFY ;OUTPUT RUNNÏNG RESULTS

FAES BDF436 JSR B10B ;OUTPIIT - **W0RKING**

FAEB 39 RTS

;THIS IS THE INTERRUPT ROUTINE USÐ FOR

;MULTI PAGE READ/l¡Rrrr oPERATToN

FAEC 32 INTERR PIIL A ;GET COND. CODES

FAED 8410 ORA A #10H ;SET INTERRUPT I'IASK

¡AXF 36 PSH A ;RESTORE COND. CODES

FAFO 38 RTI ;RETURN

; POIIER FAIL ROUTINE

FAT1 OF IMERRI SEI
FAF2 CE2OoO LDX /IDELAY ;LoAD FoR BRoWN ouT DELAY

¡AF5 09 A5 DEx
FAF6 26FD BNE A5

¡AF8 760100 RoR PIADATM ;CHECK IF REAL POWER FAILURE

FAFB 2504 BCS BELOI,T4

FA¡D 8601F0 LDA A DISABLE ;DISABLE BUBBLE M0DIILE IOR POI{ER FAIL
FB00 3E I'IAI ;WAIT FOR POIIER T0 G0 DOI"]N

¡801 38 BELOW4 RTI ;RETURN IF N0 POI4IER FAIL

;DÄTA PATTERNS FOR TESTS

FB02 FII5OEEPAT1 BYTE 0F1H, l5H,oEIl,oEAH,00H
¡806 00
FB07 I'F08800P4T2 öYTE 0FFI1,08H,80H,OFI{,77H
FBOB 77
FBOC BAA8255PAT3 uYTE 0BAII,0A8H' 25H,57H'00H
FB10 00

;MESSAGE TASLE
F
¡ B1 1 5 245434M1 ASCI I ''RECEPTION ERROR@I'

¡815 5054494
FBI9 4E20455
FBLD 524F524
îBzL 58414D4þr2 ASCrr "XAlf@tr
FB25 554D504M3 ASCII IIU}fPGII

FB29 424F532PRMPT1 ASCII ''BOS - VERSION 2.I@''
rB2D 2D20564
FB31 5253494
FB35 4820322
FB39 3140
!'B3B 434F4D3PROMPT ASCII''COM:G''
FB3F 40
FB4O 4255424}ÍESAGE ASCII ''BUBBLE I/O IN ASCII OR HEX?I'

FB44 4C45204
ÊB,48 2F48204
FB4C 4E20415
FB50 4349492
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FB54 4F52204
FB58 45583F
FB5B OD

FB'C 4548544
EB60 52203C4
!864 3E204F5
FB68 203C483
FB6C 40
FB6D 4F4E544t44
FBTl 484F555
FB75 2042554
r^879 424C452
ilBTD 492F484
FB81 5354415M5
!F.85 5420414
FB89 4452455
FBSD 533A40
FB90 454E44A46
FBg4 414444s
FB98 4553s33
FB9C 40
FB9D 4441544t47
!BAl 2050415
¡'BA5 5445524
FBAg 3A4O
FBA3 5245414M8
FBAF 2045525
¡BB3 4F5240
FBB6 454I444vr9
.rBBA 494C4C4M10
FBBE 474I4C2
tBCz 4L44445
3BC6 4553534
FBCA 3D3D3E4M1I
FBCE 504147 41412

FBD2 3A4O
tBD4 494C4C4\4L3
FBDS 4D45 4D4I7L4
FBDC 5259204
FBE9 494C4C4
FBE4 4440
!BE6 4953544M15
FBEA 52414E5M16
!*BEE 4645524
FBF2 46524F4tttL7
EBF6 2052414
FBFA 20544F2
FBEE 4255424
FC02 4C45Ð4
¡'c06 4E54455
FC0¡. 203C423
FCoE 204F52
¡-c 1l 0D

BYTE ODIT

ASCTI ''ENTER <A> OR <H>G''

ASCIT ''ONTINOUS BUBBLE I/OG''

ASCII ''START ADDRESS: G''

ASCII ,'END ADDRESS: G''

ASCII 'DATA PATTERN: @"

ASCII 'h.EAD ERROR@''

ASCI I ''EADG''
ASCII''ILLEGA], ADDRESSG''

AScII tt==>@tt

ASCII I'PAGE : GI'

ASCII ''ILLG''
ASCII''I'IEMORY TTLLEDG''

ASCTI ''IST@''
ASCII Ih.A}TSFERG''

ASCII ''FROM RAI'Í TO BUBBLE-ENTER <B> 0P"

BYTE ODH
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rcLz 4548544
FCL6 52203C5
ECLA 3820494
FCLE 2054524
îc22 4853464
FC26 5220465
¡'c2¿. 4F4D204
îc2E 5542424
FC32 4520544
EC36 2052414
FC3A 203D3D3
FC3E 40
FC3F 5 45 2414t4r8
FC43 s346455
FC47 2050414
FCíB 4520484
FC4F 3A40
FC51 54524t4t'rl9
FC55 53464s5
FC59 2043484
FC5D 504C455
FC6t 4540
FC63 53544L5M20
FC67 5420504
FC6B 47 453e.4
FC6F 454E442t421
FC7 3 504147 4
FC77 3L40
sc7 9 54524r4t422
t'c7D 5346455
FCSL 20524L4
îc85 2041444
FC89 524553s
rcSD 3440
FCSF 4E49542þ123
rc93 2043484
FC97 542E,40
!'c9A 08 l'124
ECgB 4441544
rcgr 2049485
FCA3 5554204
ECAT 4F44454
FCA3 4441544M25
rc¡.v 2054524
FCB3 48s3464
!'cB7 5245444
¡ cBB 454C 504t426
FCBF 4F20 465vt27
FCC3 4F4D3A4
ECCT 48482E2M30
FCCB 4F46205
ECCF 4F46542
FCn3 4552524

ASCII "ENTER <R> IF TRAI{SFER FROM BUBBLE T0 R-AM ==>@"

ASCII "TRANSFER PAGE N0:@"

ASCTI''TRANSFER COMPLETE@''

ASCII "START PAGE:@'r

ASCII ''END PAGE: G''

ASCII "TRANSFER RAH ADDRESS: G"

ASCII 'NIT. CONT. G''

BYTE O8IÌ
ASCII 'bATA INPUT MODE@''

ASCII'bATA TR.ANSFEREDG'I

ASCIr "ELPG"
ASCII I'O FROM: G|'

ASCII 'NO. OF SOFT ERRORS=@"
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FØ7 52533D4
FCDB 2A2A205t429
FCDF 4F52484
FCE3 4847202
rcET 2L40
FCE9 4E4F2E2I43T
tcED 4F46205
ECFL 2F57204
FCF' 5045524
E'cFg 54494F4
FCFÐ 53203D4
!'D01 5445535M32
!D05 203140
FD08 5445535M33
FDoC 203240
moF 444L544M34
EDL3 2052454
I,DLT 4440
FDi9 4143545M35
¡DID 4 14C204
ED?L 4L54412
Fn25 5041545
rD29 4552484
tD2D 5445535M36
!D31 203340
rD34 5445535M37
FD38 203440
!D38 5445535M38
!D3F 203540
ED42 4E4F2E2YT39
m46 4F46204
ED4A 4152442
Ð48 4552524
Fll-52 52533D4
tD56 5445535M40
Ð5L 20344L4
FD5E 5448452t428
FO62 464F4C4
t'D66 4F57 494
ED6A 4720434
Fn6E 4453282
Ð72 4L524s2
!D76 4156414
!D7A 4C4L424
FD 7E 45
¡D7F OD

FO80 43202D4
FO84 4F48542
rD88 2042554
lDgC 424C452
rD90 522F572
rÐ94 4F50455
!D98 2E

ASCI I I]** Í,¡ORKING **GI'

ASCrr "NO. OF R/W OPERATTONS =G"

ASCII ''TEST 1G''

ASCII ''TEST 2G''

ASCII 'bATA READG''

ASCII ''ACTUAI DATA PATTERNG''

ASCII ''TEST 3G''

ASCII ''TEST 4G''

ASCII 'ITEST 5G''

ASCIT 'NO. OF T1ARD ERRORS=@,'

ASCII ''TEST 4AG''

ASCTI ''TEE TOLLOI{ING C}IDS. ARE AVAILABLE''

BYTE ODH

ASCrr "C -CONT. BUBBLE R^.I oPER."
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TÐ99 OD

Ð9A 4420D4
rD9E 454D204
¡,DA2 554D50
FDA5 OD

EDA6 45202D4
!'DA-A,58414D2
TDAE 4D454D2
tDBz 4C4F432
FDB6 OD

FDBT 20202D5
!ÐBB 4954482
IDBE 432D434
FOC3 4L48474
FtcT 2C203C4
EDCB 382D424
FOCF 43482C2
rDD3 4352282
FDDT 4E45585
FDDB OD

mDc 46202D4
FDEO 494C4C2
!DE4 4L20424
IDES 4F43482
FDEC 4F46204
íDFO 4F442t2
EDF4 5749544
!'DF8 2041204
TÐFC 4 L544L2
FE00 504154s
EE04 455248
FEOT OD

rE08 47202D4
FEoC 5845432
FE10 50524F4
FEL4 524L4D
FE17 OD

rE18 48202D4
FELC 454C502
FE20 4641434
EE24 4C49545
!'828 0D

FE29 49202D4
FEZO 4849542
rE31 20434¡'4
FE35 542E
!'837 0D
!E38 4C20Ð4
FE3C 4953s42
Fn40 424C4F4
FE44 4820484
rE48 2042554
FE4C 424C452

BYTE ODI{

ASCIT ''D -I.{EM DU},ÍP''

BYTE ODII
ASCII ''E -EXAM MEM LOC.''

ËYTE ODIT

ASCII II

óYTE ODIT

ASCII ''F

-I.üITIl C-CIIANGE, <B>-BACK, CR.-NEXT"

-FILL A BLOCK OF MoD. wITTi A DATA PATTERN''

BYTE ODH

ASCII ''G

BYTE ODII

ASCII 'H

-EXEC PROGRA}ÍII

-HELP FACILITY'I

-INIT. CONT. II

-LIST BLOCK OF BUBBLE ME}ÍORY TO TERM.I'

BYTE ODH

ASCII ,'I

BYTE ODH

ASCII 'L
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FE50 4D454D4
FE54 5259205
EE58 4î20544
lEsC 524D28
FE5F OD

FE60 52202D5
FE64 4541442
!E68 4120504
FE6C 4745204
TE70 524F4D2
tE7 4 4D4î445
tE78 4C45
FETA OD

FETB 20202t5
ÊE7F 4954482
rE83 432D434
TE87 4L48474
FESB 2C203C4
!E8F 382D424
!893 43482C2
FE97 4E2D4E4
FEgB 5854205
FEgF 4 T47 45
FEA2 OD

t'EA3 20202D5
EELT 4954482
FEA3 4348414
EEtß 47 452C2
FEB3 3C3E205
EEBT 4554414
IEBB 4E53205
FEBF 5 245534
!EC3 4854204
FECT 415441
FECA OD

FECB 53202D4
¡ECF 4L54412
FED3 494E505
tÐ7 5420494
FÐB 544F204
FEDF 4F44554
rEE3 452C484
FEß7 4C46204
FEEB 55504C4
FEEF 5820434
FEF3 4D4D2E
!EF6 OD

íEFT 20202D4
FEFB 4L544L2
IEEF 424C4F4
¡F03 48204D5
!F07 5354204
!FoB 4520505

BYTE ODH

ASCII ''R -READ A PAGE rROM MODULE''

BYTE ODH

ASCII II -I{ITIi C-CIIÄNGE, <B>-BACK, N-NEXT PAGE"

BYTE ODH

ASCII '' -WITH CIIANGE, (^) RETAINS PRESENT DATA''

EYTE ODH

ASCII "S -DATA INPUT INTO MODULE,HALF DUPLEX COMM. ''

BYTE ODE
ASCII " -DATA BLOCK MUST BE PRECÐm I{ITfl A <I^l>, AllD ENDED !¡'ITII </>
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FFoF 4543454
îFt3 4544205
FELT 4954482
FFIB 41203C5
rFIF 3E2C204
FF23 4844204
Ê827 4844454
rFzB 2057495
FF2F 48203C2
¡F33 3E
FF34 OD

rE35 54202D5
fF39 5241485
EF3D 4645522
EE4L 444L544
!F45 2046524
EF49 4D2042s
FE4D 42424C4
EEsL 2054412
FF55 524L4D2
!859 4T52204
FF5D 524F4D
FF6O OD

FF6r 20202D5
¡F65 414D205
EF69 4820425
!F6D 42424C4
!I7l 0D

TF72 56202D5
!F76 4552282
Tî7A 4552524
FFTE 5253204
rF82 5552494
FF86 4720434
ETSA 4F542F2
FFSE 4F50455
EE92 2E
FF93 OD

FF94 OD

rF95 4I.4F544
rF99 2042554
rîgD 424C452
EFAL 492F4F2
FFA5 4D41592
FF1^g 4245204
FFAÐ 4E20415
FFBL 4349492
FFB5 4F52204
FFBg 455840

FTFS
FT¡'8 FAEC
¡FFA FOIC
FFFC FAFI

BYTE ODIl
ASCII ''T -TRANSFER DATA FROM BIIBBLE TO RAI'Í OR FROMI'

bYTE ODH

ASCII ,' -RAM TO BUBBLE''

ËYTE ODH

ASCII ''V -VER. ERRORS DIIRING CONT. OPER.'I

BrIE ODH

üYTE ODH

ASCII 'NOTE BUBBLE I/O I,fAY BE IN ASCII OR HEXG''

ORG OFFFSH
I.IORD INTERR
WORD START
T,TORD INTERRl
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FFFE FOOO

F000
WORD - BEGIN
END BOS
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