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ABSTRACT

This thesis presents an overview of the state of the art in magnetic
bubble memories (MBM) and the results of a study of the reliability of
bubble memories as a storage medium from the systems aspect. The inter-
face of MBM in microprocessor systems was also investigated.

Reliability of MBM was evaluated in terms of device sensitivity to
various bit patterns. Bit patterns were chosen to examine the following
. failure modes: (i) collapse, (ii) strip-out, and (iii) failure of a do-
main to cross a gap region. Tests, based on the above bit patterns, were
conducted to evaluate the effects of device control and sensing elements
on data integrity, and the effects of failure mechanisms in the major
and minor loops of the TIB-0203.

From the tests it was determined that the observed error rate during

any single test was less than 0.6 x 10_11 and the overall rate was less

than 4.11 x 10—11- Both error rates are below the error rate of 10—9
specified by the manufacturer. Other tests were also conducted to ob-
serve the effects on the implemented system due to prolonged operation.
Results indicate that there was no measurable degradation in device op-

eration and that the implemented bubble memory system and bubble module

are both highly reliable.

-div -



ACKNOWLEDGEMENTS

The author would like to take this opportunity to thank the many in-
dividuals and organizations that have contributed towards this research.
Foremost is Dr. W. Kinsner, for his guidance in directing the field of
study and for the discussions leading to an understanding of the subject
material. The author would also like to express his appreciation for the
technical assistance of Jack Sill and the Industrial Applications of Mi-
croelectronic Centre Inc.

During the course of this research, contributions of components from
G. Cox and Texas Instruments, and the assistance of John Hentic of Bur-
rougs Business Machines were greatly appreciated. Other colleagues who
have contributed by providing helpful suggestions during the experimen-
tal work and/or during the writing of this thesis are, A. W. DeGroot, A.
Weirich, J. Reimer, V. Shkawrytko, and G. Smith.

The author also wishes to express his indebtedness to Mary-Ann Tyler,
Mary Napier, and Toni Allardyce for their help in the typing of this
thesis, and to technologists A. McKay and K. Podaima.

Finally the author would like to thank the National Research Council

for providing the financial support for this endeavor.

—v—



TABLE OF CONTENTS

ABSTRACT @ o e o o © ® 6 6 © © o © 8 o o o o 6 e 6 © 6 o 6 °o e o o o 1V
ACI{NOWLEDGEMENTS ° o o o o L o o L) o L] L] o ° o L] o o L] o o o o © o ® V
LIST OF FIGURES ¢ o o o o o s o o s o o o o s o o 6 s © & o o e o o o 1iX

LIST OF TABLES © & © o © © © o ©o & © © o 8 ° © o & o o s o e o o o o Xi

Chapter page
I o INTRODUCTION ° ° ° ° ° L) ° ° ° ° ° ° L ° ° ® ° ° ° ° ° L) L ° ° l

Magnetic Bubbles =+ o o s s o 2 2 o o « o o 5 o s« o o o o o 2
Stability Analysis =« o o o o o o s o o o o ¢ o o o o ¢ o o 4
Field Access Devices and Functional Elements .« « « « o o o« 10
Bubble Storage o« « o « s o o o s o o o s o s s s o s o & 10
Bubble Propagation « s = s » o o ¢ o o o o s o o s o s « 12
Bubble Generation =« « o o o o o o o o o o o o s o o o & 17
Bubble Detection « « o s o o o o o o s o s o o s o« o o« o 19
Bubble Annihilators « o o o o o o ¢ o ¢« s s s o o o o o 21
Bubble Transfer « « ¢ o o o o ¢ s o o o o o o o o o o« o 21
Memory Organization o s o s o ¢ o o s o o s ¢ s o o o o o o 22
Serial Loop Operation s o s s o o o o o o o o o o o o o 24
Major/minor Loop Architecture .« « o« o« o o o o o o o o o 24
Block Replicate Structure =« s s o s o o o o« o o o o o o 27
Redundancy =« o o o s o o o o s o o s o o o o o o s o o o o 27
Bubble Lattice Memories « o o o o o » o o 2 o o o o o o « o 28

IT. SYSTEM DESCRIPTION & o o o o 5 o o o o o o s s o s s o s o o o 32

Hardware © ® ® o o © 8 ©® © © © ©6 & © © ®8 6 o6 ©o© © © o © © @ 32
SOf tware ° o o ® o o0 o © © © e © © o ©6 o o o @ ° ® © o o o 34

III. HARDWARE DESCRIPTION ° ° ° ° ° ° e ° ° ° ° ° e ° ° ® ° ° ° ° ° 36

Bubble Memory Module =« o ¢ o o s o o s o o o o o o o o « « 36
Bubble Memory Controller .« s o « « o o o s s o o o o o o o 37
Controller Interface Requirements « o s o « « o o o o o o o 44
Function Timing Generator (FTG) o o o ¢ o o o o o o o o o o 47
Bubble Support Circuits « o ¢ o ¢ o s o o« o s s o o o o o o 47
Internal Microcomputer =« o o o o s o o ¢ o o o s o o o o« o 52
Asynchronous Interface =+ o o o o s s o o o o s o s o o o o 52
Power Supply Requirements o o o o o o s o o o o o o o s o o 52
System Design Considerations . ¢ « ¢ o o o o o o « « o « » 54
Bubble Memory Module Layout Considerations « « o « o o o o 55

-yl -



Iv. SOF

Ve 5YS

VI. TES

TWARE DESCRIPTION & o o o s s o o o o o o o o o o o

Power-up Initialization o o « s o o o o o o o o o
Command Descriptions o o ¢ s o « o s o ¢ o o o o o
C, Continuous bubble IT/0 o ¢ o o o o o o s « o »
D, Dump memory « o » s o s s s s s s o o s o o o
E, Examine memory location » « o o o o o o o o o
F, F1ll bubble memory o o o o o o o o « o o o o
G, Execute user pProgram =« s o o s« s« © s o o o o
L, Display contents of bubble module « « - « . .
R, Read desired page from bubble memory . . . .
S, Set up for data input mode .« & ¢ o ¢ o o .
T, Transfer from RAM-to-bubble or bubble—to-RAM
V, Verify number of R/W operations - « « o o« o o
Software Features « o s s o o » o o o 5 a s o s o o

TEM TESTING PROCEDURES « o 5 ¢ s s o o o o s o o

Pattern Sensitivity o o o o o s o o 5 o o o o & s o
Pattern Sensitivity of Propagation Elements .
Pattern Sensitivity at Generation Elements . . .
Pattern Sensitivity of Detector Elements . . . »
Pattern Sensitivity at Swap and Replicate Gates

TIB-0203 Device TesSting ¢ o s « o o s o o o o o o o
Test l:Generator and Detector Effects .« « « « &
Test 2:Major Loop Failure Mode Testing « « « o o
Test 3:Major Loop Nearest Neighbour Testing . .
Test 4:Minor Loop Failure Mode Testing « » « « »
Test 5:Minor Loop Nearest Neighbour Testing . .

General Comments o o o o s o o s o o o o s o o o o

Operational Testing o « s o o o o o s o o o o o o o

T RESULTS ° e © ® o ® © © © o6 o o o e o o e o o » °

Bit Pattern Results o o o« o o o 2 o o ¢ o o o o o a
Experimental Equipment and Procedures « « ¢ o o o &
Experimental Results =« o ¢ o o o o « o o o o o o o
General Observations o « ¢ o s ¢ o s o o o o o o o

VII ° CONCLUS IONS ® & o o° o @ ° e ¢ © o o0 o © o © ©6 © © o @

VIII. REC

REFERENCES

OMNDATI ON S e o e @2 © © o© o o e © @ o ® © ° o o o

e o © © oo © o o e ® © 8 © © © © © ®» © o© o e @ o o

- vii -

57

57
59
59
61
63
63
65
65
65
66
66
68
68

70

70
71
72
73
73
73
74
74
76
76
77
77
78

80
80
83
84
87
91

94

96



Appendix

A. HARDWARE SCHEMATICS

B. SYSTEM MONITOR .

°

- viii -



Figure

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

1.10

1.11

1.12

1.13

1.14

1.15

1.17

2.1

3.1

3.2

3.3

3.4

LIST OF FIGURES

Serpentine and Cylindrical Domains « « « « o
Cylindrical Domain Configuration « « o o » &
Force and Stability Punctions « « o o o o
Bubble Domain Propagation Tracks « o « o o o
Other Propagating Circuits « « o o o o o & &«
Domain Pattern Around an Implanted Hole . .
Propagation Using Charged Walls =« o ¢« « o o
Dipole Fields from Permalloy Bar and Current
Dual Conductor Bubble Stepping Circuit . .
Chevron Detector « ¢ o o o o o o o o o o o »
Dollar Sign Transfer Gate =« o o o o o o o o
Serial Shift Register Memory Organization .
Parallel Shift Register Memory Organization
Major/minor Loop Memory Organization . « o o
Block Replicate Memory Architecture . . . »
Bubble Lattice Structure « « o o o o o o o &
Column Accessed Bubble Lattice Structure . .
System Organization « o s« « s o o o o o o o
Bubble Module Organization « o « o o o o o o
Asymmetric Chevron Propagating Pattern . o »
Bubble Controller Organization « « o o o o o«
Function Timing Generator =« « o « ¢ o o o

-4ix -



3.5

3.6

3.7

3.8

3.9

3.10

4.3

b4o4

4.5

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

Timing Diagram of the 6802 and 5502 . . . &
Generation of Clock and Timing Signals . - »
Bubble Module with Drive Circuits .+ « o & &
Sense Amplifier Internal Architecture . . »
Function Driver Block Diagram . o « o o o o
Generation of Bubble Drive Fields .« o - « o«
System Memory Map o« o o o o ¢ o o o o o o o
Monitor Main Program o « s o o s o o o o o o
"Continue" Command Structure « « o « o « o o
"Exam" Command Structure « « o o o o o a s &
"Read" Command Structure o » o o o o o o o &
Test Software Flowchart .« « « « o ¢ o o o o

Device Error Rate Comparison

Transfer Current vs. Time « « o ¢ o o o o o
Annihilate/Replicate Current vs. Time . . .
Coil Drive Currents vs. Time « s o o o o o o
Generate Current vs. Time =« o o o o o o o o
Photographs of Control Signals « o « e o o «
Bubble Output Signal at Start of Test .« « o«
Bubble Output Signal at End of Test . « - &
Output Signal Representing "00" . . . . . .

Effects of Bubble-Bubble Interaction on Lone

Effects of Bubble-Bubble Interaction on Surrounded Bubble

--x—

Bubble

45

46

48

49

51

53

58

60

62

64

67

75

82

85

85

85

85

86

88

88

88

89

89



Table
4.1

6.1

LIST OF TABLES

System Command LiSt o o s o o o o o o

Bit Pattern Sensitivity = Test Results

- xi -

°



Chapter 1

INTRODUCTION

In the mid 1970s, the access times of semiconductor memories were
significantly lower than those of fixed head disk and tape storage de-
vices. Semiconductor memories exhibited an access time of less than lps
whereas disk and tapes have access times greater than 5ms. In 1977 this

" was bridged with the introduction of charge-coupled de-

Yaccess gap
vices (CCD) and magnetic bubble memories (MBM) [1,2]. Charge coupled de-
vices and MBM have become pronounced in the marketplace. This can be at-
tributed to the following factors: (i) the low latency time of CCD
memories, (ii) the nonvolatility of MBM, (iii) the small access times of
both devices, and (iv) the low power requirements of MBMs.

The objective of this research was to study the reliability of MBM as
a storage medium from the systems aspect, and to provide insight into
MBMs and the incorporation of bubble memories in microprocessor systemse.
Reliability of MBM was evaluated in terms of device sensitivity to vari-
ous bit patterns. Patterns were selected to simulate worst case operat-
ing conditions. Tests were also performed to determine MBM system relia-
bility during a prolonged period of operation.

This section presents an introduction to bubble memories. This in-
cludes a discussion of the stability of magnetic domains and a descrip-

tion of device architecture, as well as current device trends. This is

followed by a description of the hardware and software associated with a




bubble memory/microprocessor system used in conducting system testing.
Finally the testing and test results evaluating the bubble memory system

reliability are presented.

1.1 MAGNETIC BUBBLES

Magnetic bubbles are cylindrical magnetic domains formed in single
crystal thin films of ferrites [3], garnets {4,5], or in amorphous ma-
terials [6,7]. The domains are formed when the film is subjected to an
external magnetic field applied perpendicular to the film surface. With-
out the external field , the domains form serpentine domains of equal
and opposite magnetization such as to minimize the total energy of the
bubble platelet. This is the minimum energy configuration. Both types
of domains are illustrated in Fige. l.l. Bubbles and serpentine domains
were first observed in orthoferrites in 1959, and by 1967 a working
bubble memory had been demonstrated [8]. The presence and absence of a
domain was used to represent a logical "1" and logical "0" respectively.
The use of magnetic domains is not limited to purely memory functions as
the use of bubbles in performing bubble logic has been postulated and
tested [9,10].

By 1970, the use of garnets became prevalent, which resulted in in-
creased storage densities of MBM [8]. This allowed a reduction in bub-
ble diameter from approximately 150pm to 3-5um bubbles utilized by pres-
ent devices. Garnets and amorphous materials have the potential for

sustaining lum bubbles.
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The stripe domain and cylindrical domain phenomena have been analyzed
from the stability perspective. Stripe domain analysis was first per-
formed by C. Kooy and U. Enz [l11] and later by A.H. Bobeck [12]. The
. cylindrical domain analysis was carried out by A.A. Thiele [13,14]. The
work conducted by Thiele is the basis for the design and material selec-
tion in present devices. To gain insight into the behavior of bubbles

when subjected to numerous forces, the work of Thiele is outlined below.

1.2 STABILITY ANALYSIS

Consider a magnetic domain configuration used by Thiele [13] in per-
forming the stability analysis as shown in Fig. 1.2, The domain shape is

represented by the following quasi-orthogonal coordinates.

rb(e) = nzo r cos[n(g - en)] (1)

where r and Sn are coefficients. In order to account for small arbi-
trary variations from a perfectly circular domain Eq. (1) may be written

as
co

rb(e) = r +or 4+ nzl br cos[n(8 - 6 - Aen)] (2)

where

lr I> lar I+ § =n lar |
o o] n
n=1

This constraint insures that the variations are small compared to the
domain radius. To facilitate analysis the following assumptions are

made:

a) The wall energy (ow) is independent of the wall configurationm,

b) The domain wall is of negligible width,
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¢) The domain is in an infinite platelet of uniform thickness, and

d) The magnetization is along the z axis.

The following three energy terms are important when considering do-

main stability: the wall energy (Ew), the energy due to the externally

applied field (EH), and the internal magnetostatic energy (EM).

The

wall energy is due to the exchange energy and anisotropy energy. The

total energy for the ideal model is assumed to be the sum of the above

three energies, and can be written as

E = E +E + E
T %) H M

The individual components are given by

27 ) drb(e)
Ew = f O’wdS = h O'w f {rb(e) -+ [ —'—a—e——
s 0
27 9
Ey = -/ MeHdv = hiMs[ r () de
v 0
M M
] 7 3 7

where h = plate thickness.
s = wall area.
M = magnetization.
H = applied field (positive when tending to collapse
the domain).
Y = 'scalar magnetic potential.
p= VeM = magnetic pole density.
M = saturation magnetization.
rz = domain radius.
ow = energy per unit wall area.

(3)

(4)

(3

(6)

Using a Taylor series expansion in expressing the variation in total en-

ergy due to variations in r and 8 we obtain:



T T
AE. = § [Cz=) ar_+ (—) 18 ]
T n=0 arn 0 n 86n 0 n
i N 5 E
1 T .
+ = ) ) [Cxzs= ), ar ot + 2( =7 ), Or A8
2 n=0 m=0 arnarm 0 n m arngem 0 2%
2
] ET
+ 3enaeé )O AenAem ] + higher order terms (7)

By making appropriate substitutions, Thiele showed that the total energy

variation is:

2
AE = [2who + 47haM_r = (2mh7)(4mM) F(a)] or

dF(a)

2
+ - [4nhM_H - (Anh)(anMi ) ] )

ol

8

b 2 2, dF
. { ?; h o + ZnhMSH (2nh)(4ﬂMs)-Eg

+
NIH
| 0~

n

2
+ (h)(4wM§) a [Ln(l/a)z - Ln(O)]} (ar )

+ higher order terms (8)
where
1/2
_ 2 2 (1 + a2) a?
F(a)—na[———-———-a E(—l—_—*_'—az')—l]
n/2
E(K) = 6 1-x sinZ) /2 4 o



4 n/2 sinan
L (1 = - ds
a(1/2) a é (1 + 1/a2 sinZg)1/2
L (0) = L (1/a)l
n n a=o

and the aspect ratio a = 2r0/h'

Upon normalization, Eq (8) becomes

Ar
AR 2 d H 0
2(41TM§)(T1’h3) { h h [HTMS a ] h
aj ) @3)
Ar
1 2h L 2
+ 5 =5 g - s @ ] (52
0 Ar
2 h L 2
+n22 @ - D3I F -s @)%}

+ higher order terms (9)

where 1, the characteristic length, and the stability functions S0 and

Sn are defined as follows:

0]

w
£ = [HT_M; (10)
So(a) = F(a) - a Eg%il (1
and
-1 a2 2
s (a) = 5 { s (@ + 5 [L (1/2)" - L (O]} n>2 (12)



In Eq. (9) terms (1), (2), and (3) correspond to the forces acting on
the magnetic bubble due to the wall energy, applied field, and internal
magnetostatic energy respectively. The remaining terms in Eq. (9) are
called "stability coefficients' corresponding to the second order varia-
tions in energy. The force and stability functions are plotted in Fig.
1.3,

The following conditions are required-for bubble stability:

a) The sum of the forces must equal zero, and

b) The second order variations in energy must be positive.
The two constraints, above, imply that for a stable bubble the following

conditions must be satisfied:

¢/h + aH/MS - F(a) = 0 (13)

(14)
Sn(a) < &/h < So(a)

Both equations (13) and (14) and Fig. 1.3 can be used to determine ma-
terial parameters for bubble memories. For example, consider a particu-
lar material with a characteristic length 1. Choosing h=2.51 results in
1/h = 1/2.51 = 0.4. Figure 1.3 shows that for 1/h = 0.4, the stability
region is between aspect ratios of 1.6 to 5.2 as determired by the bias
field and saturation magnetization. The stability region is limited to
within S, and S, since these two functions represent a transition from a

0 2

circular domain to a stripe domain respectively. Now consider the appli-

[}

cation of a bilas field H 0.17 M a substitution of known parameters
into Eq. (13) results in:

F(a) 0.17a + 0.4 (15)



Equation (15) has the following two solutioms, a=] and a=3.5, as illus-
trated in Fig. 1.3. The constraint that 1.6 < a < 5.2 implies that the
stable domain will have an aspect ratio of 3.5 . The use of stability
design curves may be reversed to determine the characteristic length and
saturation magnetization of the material [13].

The stability discussion alone gives insight into the complex co-
nfiguration of a magnetic domain. The use of design curves enable direct
analysis of the effects on the domain due to variations in material
characteristics. Thiele’s efforts have laid the groundwork for most of

the devices currently being used.

1.3 FIELD ACCESS DEVICES AND FUNCTIONAL ELEMENTS

In field access devices the domain motion is the result of a field
gradient produced by a rotating in-plane field interacting with a per-
malloy structure [15]. In considering MBM devices, the following six
essential functions are required for an operational memory: (i) storage,
(ii) propagation, (iii) generation, (iv) detection, (v) annihilation,

and (vi) transfer.

1.3.1 Bubble Storage

Information is represented in MBM by the presence and absence of mag-
netic domains representing a logical "1" and a logical "O" respectively.
In functional devices, a domain is kept stable by the application of an
external field applied perpendicular to the storage film surface. The

external field is genmerated by permanent magnets.

- 10 -
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1.3.2 Bubble Propagation

Propagation of bubbles is 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 magnetic field produces a travelling wave that
propagates a bubble. The wave is produced when the magnetization of the
permalloy is changed sequentially by the in-plane field applied along
the long axis. The permalloy magnetization produces field wells which
hold the bubble during propagation [16,17). Figure l.4 illustrates do-
main motion using various propagating cicuits due to an application of a
rotating in-plane field. Each propagating element is traversed in one
period of the in-plane field.

First generation bubble devices employed the "T - bar" propagating
pattern. This structure evolved through the various illustrated patterns
to the presently used asymmetric chevrons. Asymmetric chevrons are dis-
cussed in Sec. 3.1. The evolution was an attempt to, (i) define more sta-
ble positions for bubbles (in the case of the "Y - bar", "X - bar" and
modified "Y - bar" propagation pattern), and (ii) simplify the drive
circuits by using propagation patterns not requiring a rotating in-plane
field. Other propagation techniques include: angelfish propagation
[18], parallel bar propagation [19], channel bar propagation [20], sin-
gle conductor propagation [21,22], contiguous disk propagation [23], and
current sheet propagation [24].

The angelfish propagation circuit utilizes an oscillating bias field
to modulate the bubble diameter causing an inchworm-like motion. The

parallel bar circuit uses an alternating transverse field interacting

- 12 -
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with parallel permalloy bars of different lengths to instigate propaga-
tion. Propagation in the channel bar circuit is due to a combination of
forces stemming from a modulated channel, made by physical etching, and
a permalloy bar magnetized by a transverse magnetic field. The latter
technique uses current conductors to supply the field gradient required
for bubble propagation. Permalloy may be used in conjunction with the
current conductors to define stable positions for a bubble during propa-
gation. The variouslpropagation techniques are illustrated in Fig. 1l.5.

The contiguous disk propagation circuit uses a gapless propagating
pattern. The propagation'pattern is created by implanting He+ ions into
the domain carrying garnet film [25]. Figure 1.6 illustrates an inter-
pretation of a domain pattern around an isolated hole. A charged wall is
formed upon application of an in-plane field. Charged walls are domain
walls formed when in-plane magnetization diverges and converges around
an unimplanted hole [26,27,28]. Propagation via charged walls is illus-
trated in Fig. 1.7. Contiguous disk devices provide higher storage since
smaller, coarser propagation elements can be realized using present li-
thographic capabilities. Complete functional memory elements have been
described [29,30] and working contiguous disk memories have been demon-
strated.

The current sheet propagation circuit departs from the conventional
field access devices in that propagation is achieved using dual current
conducting sheets. 1In field access devices, motion results from the at-
traction of a domain to the magnetic dipole formed by the interactiom of
an in-plane field with the permalloy overlay. For current access de-

vices, an application of a current diverging around a slotted current

- 14 -
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sheet will create similar magnetic dipoles as induced in the permalloy
bar, as shown in Fig. 1.8. Figure 1.9 illustrates the use of two cur-
rent sheets separated by an insulator to propagate bubbles. Bubbles are
propagated from positions 1 through 4 when currents Il through I4 are
applied. There are three forseeable advantages of the current-access
bubble memory: (i) elimination of speed limiting drive coils, (ii) in-
creased storage density as a result of using smaller bubbles (due to re-
laxed lithographic requirements), and (iii) design flexibility intro-
duced by eliminating the need to manipulate the entire bubble storage

array.

1.3.3 Bubble Generation

Two methods are currently used to generate bubbles, i.e., to perform
a write operation. One method utilizes a "seed" bubble from which a bub-
ble is cut with the aid of permalloy patterns and/or current loops
[31,32]. The second method generates a new bubble by nucleation with
the aid of a current conductor and/or permalloy-conductor interactions.
Nucleation is the reversal of the magnetization due to a local field
concentration. One other method not used by commercial devices, due to
its complexity, is microwave generation of bubbles [33]. This me thod
relies on the ferrimagnetic resonance, that is set up by the frequency

of the r.f. field, to generate bubbles.
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1.3:4 Bubble Detection

Bubble detectors can be classified as either passive or active [20] .
The passive detectors include the inductive loop [34], and the piezoe-
lectric-magnetostrictive [35] detectors. The active detectors include
the optical [36,37], galvanomagnetic [38], magneto-resistive and acous-
tic detectors [39].

The inductive loop technique is the simplest detection method
achieved by placing a conductor loop over a domain which senses the flux
change as the domain is collapsed. The piezoelectric-magnetostrictive
detector achieves detection by monitoring an electrical output from a
piezoelectric crystal strained by a magnetostrictive underlay which is
subjected to the field of a bubble. 1In considering the active detec-
tors, the following three methods are used for optical detection: (i)
the Bitter method, (ii) the Kerr effect, and (iii) the Faraday effect.
The galvanomagnetic (or Hall effect) detector is based on measuring the
voltage induced in a semiconductor material, due to fhe bubble stray
field interacting with moving charge carriers iﬁ an adjacent semiconduc-
tor. The acoustic detector uses surface acoustic waves to induce an
electric signal in a conductor coupled to a magnetostrictive material
magnetized by the stray field from a magnetic domain. The magneto-resis-
tance phenomenon is also used for domain detection. This method senses
the voltage change due to an increase in resistance of the detector ma-
terial, when a magnetic domain magnetizes the material in the same di-
rection as the current flowing through the detector. Figure 1.10 illus-
trates a chevron detector currently used by most commercial devices.

Magneto-resistive detectors are preferred for the following reasons:
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a) The detector is made of the 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 output signals without any

external sourcess

1.3.5 Bubble Annihilators

Bubble annihilators and bubble generators are very similar in nature.
The following three methods are used for bubble annihilation: (i) the
hairpin annihilator, (ii) disk annihilator, and (iii) guardrail annihi-
lator. The latter type 1s currently used in commercial devices. The
guardrail annihilator simply propagates bubbles through a guardrail
(protecting the operating device area from being contaminated by stray
bubbles) into a waste area referred to as "bubble heaven". The hairpin
annihilator uses a current loop to locally increase the bias field to

the point of collapse of a magnetic domain ( S, curve on the stability

0
curve, Fig. 1.3). A disk annihilator functions in reverse to the seed

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

means of re—entering the propagation path.

1.3.6 Bubble Transfer

The bubble transfer switch is the last functional element required in
conventional MBM devices. The switch enables the routing of a bubble
from one propagatiqn path to another. Figure 1.11 illustrates the dollar
sign transfer switch. Transfer is accomplished by means of an applied

current in conjunction with the rotating field. The application of a
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current makes point 2 (see Fig. 1.11), repulsive and creates a pole at
point 3, attracting the bubble. At this point the in-plane field domi-
nates bubble motion. This process performs a transfer from point 2 to
point 4.

Several functional elements required for operational memories have
been described. These elements play a key role in memory organization
since the complexity and interconnection of these functions must be well
defined. With the fundamental building blocks of MBM established, vari-

ous organizations are outlined below.

1.4  MEMORY ORGANIZATION

Magnetic bubble memories have inherently slower access times in com-
parison to semiconductor memories. This can be attributed to the shift
register type of architecture, whereas semiconductor memories have ac~-
cess times in the range of 50ns.

By using innovative structures, some of the inherent speed limita-
tions of shift registers can be overcome. The shift register memory
shown in Fig. 1.12 has evolved from the parallel shift register memory
illustrated in Fig. 1.13, to the major/minor loop architecture of Fig.
l.14. The evolution process resulted from a need to minimize the number
of drive lines, interconnecting pins, and peripheral circuits, while
trying to decrease the access and cycle times.

Minor loops cannot be placed closer than eight bubble diameters be-
cause of limitations imposed by geometric constraints on the propagation
circuit. Since the minimum bubble separation is approximately four bub-

ble diameters (a distance at which bubble-bubble interaction becomes
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negligible), the constraints imposed on the major/minor loop configura-
tion does not lend itself to an organization exhibiting an optimum out-
put data rate.

To further increase the data rate by a factor of two, a block repli-
cate architecture was devised. The architecture is illustrated in Fig.
1.15. Present commercial devices use one of the following three organi-
zations: (i) serial loop [40], (ii) major/minor loop [41,42], or (iii)
the block replicate architecture [43,44]. At present all commercial de-

vices are serial in nature. Other non-serial approaches have been con-

sidered [45].

1o4.1 Serial Loop Operation

The serial loop memory illustrated in Fige. 1.12 is inherently simpler
than either the major/minor loop or block replicate architecture. The
serial loop memory is ideally suited for applications which are not time
critical, but require the large storage capacity and/or simpler inter-
facing requirements attainable with this organization. Information is
stored as a continuous string, resulting in a long cycle time. To im-

prove cycle times, a major/minor loop architecture was devised.

le4.2 Major/minor Loop Architecture

The major/minor loop architecture, illustrated in Fig. l.14, is com-
posed of a number of parallel minor loops used for information reten-
tion, and a common major loop for input/output functions. An important
feature of this organization is that the number of bits stored in any

minor loop is equal to the number that can be stored in the major loop.
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The above constraint provides the means for accurate data tracking as
outlined below. To write data into the minor loops, data is generated
and propagated serially on the major loop. A complete page or block of
data is transferred into the minor loops when all the bits in the major
loop are aligned with the tops of the minor loops. A bubble memory con-
troller is used to provide control signals(eg. generate), and maintain
tracking information for the MBM modules [46]. To initiate a read oper-
ation, the desired page of data is rotated in the minor loops until the
block is aligned such that a parallel transfer into the major loop can
be performed. After transferring the data into the major loop, the bits
are rotated over a detector where the data can be annihilated or repli-
cated. This results in either a destructive or nondestructive read oper-
ation. The size constraints of the major and minor loops (i.e., the
length of the major loop must equal the length of the minor loop), in~-
sure that all paging information is retained when data bits are rotated
back into the minor loops.

The speed improvements of the major/minor loop architecture in com-
parison to the serial loop architecture are illustrated by the following
example. Consider both devices with a storage capacity of 64K bits and
a rotating field frequency of 100 kHz. The average access time for the
serial loop memory is 320 ms. Assume for the major/minor loop device a
minor loop size of 1K bit, i.e., 64 minor loops. The average access time
may be computed as follows:

Average time to locate desired page

L]

no. of bits/loop x [1/(2 x field frequency)]

5.12ms

Time to read first data bit
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no. of bit positions to the detector

x [1/(2 x field frequency)]

n x 50ps n < 10
Access time = Average time + read time = 5.12ms

The above example illustrates that a significant increase in data
rates can be achieved by using novel memory organizations.

The physical geometric limitations of device layout result in every
second bit position of the major loop being left wvacant. This drawback
results in a data rate of one half the field frequency. To further in-

crease the data rate a block replicate architecture is used.

1.4.3 Block Replicate Structure

In the block replicate structure, data is generated on both input
tracks as shown in Fig. 1.15. The physical layout insures the gransfer
of odd and even bits into the odd and even storage loops respectively.
During a read operation, data bits are interleaved such that the odd or
even bits fill the vacant bit positions. This interleaving results in
the full utilization of one detector. One should also note that in the
illustrated structure the input track has been separated from the output

track in order to further increase the average access time.

1.5 REDUNDANCY

The MBM is a serial device, hence any defect in a propagation path
would render that path unusable. Devices based on the major/minor loop
architecture are not rendered unusable by defects in the minor loop. To

increase device yield, a MBM can be manufactured with redundant minor
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loops which would compensate for any defective loops that may arise.
This insures that the device storage capacity is still maintained and
compensation for defective loops can be performed by the bubble memory
controller.

During the bubble memory evolution process there has been a trend to
decrease memory access times and increase storage capacities. This has
been achieved, primarily through the use of novel memory organizations.
Presently research is being conducted in the area of coilless propaga-
tion techniques. The drive coils are the primary elements impeding the
operation of bubble memories at field frequencies greater than 200 kHz
[47] . The speed limitation is due to both skin-effect losses in the
coil windings and eddy-current losses in the metal package components.
The following three devices are currently being considered to either in-
crease storage density and/or eliminate drive coils: (i) bubble lattice,

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

1.6 BUBBLE LATTICE MEMORIES

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. 1.16. The distance between bubbles is determined by
the mutual repulsive forces between them. Storage of information is
achieved by encoding data in the wall states [48] 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 in a straight
line or at an angle to the applied field. This difference leads to dis-

tinguishable stétes for data storage. Propagation of bubbles may be
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achieved via field gradients produced by current carrying conductors
[49]or by in-plane field interacting with a permalloy overlay [50].
Figure 1.17 illustrates the organization of a columm accessed bubble
lattice device. The translation of domains is achieved by field gradi-
ents interacting with a fraction of the array. This interaction in turn
affects the entire array due to bubble-bubble interactions.

The increased storage capacity of bubble lattice devices is attribut-
ed to the following 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 location of domains.
Other approaches to increasing the storage density of magnetic bubble
memory are the contiguous disk memory, and the dual conductor memory.
The propagation structures are described in Sec. 1.3.2.

Bubble lattice devices and contiguous disk memories are two techni-
ques to improve the storage capacities of MBM. However, the approach in
MBM design is 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 coils. An alternative to drive coils is the dual conductor ap-
proach. Presently, only field access permalloy devices are available
commmercially. It is conceivable that the next generation of bubble de-
vices will utilize the contiguous disk propagation structure offering
increased storage capacity. Recently an experimental device with a stor-
age capacity of 11.5 megabits was demonstrated [51]. It can be conclud-

ed that contiguous disk devices offer at least an order of magnitude
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greater storage density over field-access permalloy devices, and the im-
pact of current-access devices is unforeseeble. Current access devices
presently have power dissipation and electromigration problems in 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 nonvolatility of magnetic bubble memories have
enabled this technology to grow to its present state. Currently bubble
memories have been successfully used for flight recorders [52], reperto-
ry dialers [53], and intelligent terminals [54]. Bubble memory technol-
ogy is a comparatively young technology, hence designing MBM systems is
not fully understood. To gain insight into designing with magnetic bub-
ble memories and evaluating system reliability a bubble memory system
was built. The following two chapters outline the hardware and software

aspects of the system outlined below.

2.1  HARDWARE

A stand-alone bubble memory system is shown in Fig. 2.1. [55]. The
system consists of a microprocessor with its program ROM and scratchpad
RAM, internal buffer memory, serial asynchronous interface, bubble memo-
ry controller, function timing generator and bubble driving circuitry,
and up to eight bubble memory modules.

A Motorola MC6802 microprocessor is the heart of the bubble memory
system. The microprocessor and its associated circuitry provide all the
necessary control and timing signals to the bubble memory controller.
With a microprocessor acting as a system controller the system can be

made stand-alone. The stand-alone system shown allows independence from
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any external architecture by providing a standard RS232 asynchronous in-
terface. Hence, any external computer with an asynchronous interface can
view the bubble memory system as an extension of its own memory. Commu-
nication is by means of a predefined protocol.

The MC6802 based system offers a maximum storage capacity of 92K
bytes using eight TIB-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 modules is through an intelligent bubble memory control-
ler. The bubble memory controller in turn provides all the control sig-
nals (generate, replicate, transfer-in/out, etc.,) to the function tim-

ing generator and bubble driving circuits.

2.2 SOFTWARE

To facilitate design and understanding, a 4K byte monitor was writ-
ten. The interface monitor is intended to demonstrate and test the op-
eration of the microprocessor, and the bubble memory module within a mi-
croprocessor system. Interactive communications is achieved through a
terminal with a RS232 interface. For development purposes, a terminal
was connected to the asynchronous interface illustrated in Fig. 2.1,
During stand-alone operation the terminal is not used and interaction
with the system is established through a communication protocol.

During the design phase, various features were incorporated to facil-
itate system upgrading. Features include 10K bytes of RAM; 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 DMA facility, the system capabilities are
greatly increased, i.e., the system architecture is more flexible. The
capabilities also include synchronous communication, by means of a
synchronous data link controller (SDLC), to interface to the external
world. By using DMA 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 memory module. During the DMA trans~
fer mode, the microprocessor is used to £ill buffer RAM and perform any
intermediate processing of data that is desired by the user. Processing
can include data compression or expansion through coding techniques.
This would increase the effective storage capacity of the system, and/or
allow algorithmic conditioning of data.

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.

- 35 -



Chapter ITI

HARDWARE DESCRIPTION

A bubble memory system based on the TIB0203 bubble memory module and
its associated circuits was designed and constructed. The elements of
the system are described starting from the nucleus of the system (the
bubble memory module). This description is followed with discussions of
the controller, function timing generator (FIG), support circuits, and
the computer. Detailed schematics of the hardware are included in Appen-

dix A.

3.1 BUBBLE MEMORY MODULE

The bubble memory system architecture is centered around a TIB0203
bubble module [56,57]. A l4-pin dual-in-line package houses the bubble
memory chip, the permanent magnet structure used to provide the neces-
sary bias field, and two orthogonal drive coils used to generate the
in-plane field. The package casing serves a dual purpose: (i) to house
the above elements, and (ii) to provide a magnetic shield from external
fields which can affect device operation. The module has a total storage
capacity of 92304 bits using a major/minor loop architecture. The major/
minor loop architecture illustrated in Fig. 3.1, consists of 157 minor
loops and one major loop, each with a total storage capacity of 641
bits. This results in a total capacity of 100637 bits. The module has

13 redundant loops, resulting in a usuable capacity of 92304 bits. Con-
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trol elements for generation, replication, annihilation and detection
are located on the major loop.

Control functions such as generate, transfer, replicate and annihi-
late are performed by applying current pulses to the appropriate bubble
circuit elements. Propagation of magnetic bubbles is achieved by a ro-
tating in-plane field interacting with a permalloy overlay structure.
Propagation of bubbles in the TIB0203 is by means of asymmetric chevrons
as illustrated in Fig. 3.2. Asymmetric chevrons are used to provide un=-
idirectional propagation with well defined attractive and repulsive
poles. Another advantage of this propagation pattern is that it provides
a very stable rest position for the domain, under static conditions.
Detection is accomplished by means of dual magneto-resistive detectors.
A dual detector structure is used in a differential mode, so as to re-
duce common-mode noise. The output signal is of the order of a few mil-

livolts.

3.2 BUBBLE MEMORY CONTROLLER

A bubble memory controller handles all transactions between the mi-
crocomputer and the bubble memory modules. The TMS5502 is a MOS/LSI de-
vice with an internal architecture as shown in Fig. 3.3. The controller
performs the following functions:

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

data during input/output transfer, generation and detection;

b) Bubble memory I/0 handling. This involves performing parallel-to-

serial and serial-to-parallel data conversions to and from the
bubble module. The controller also ensures that the correct number

of bytes have been transferred in or out of the bubble module; and
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¢) Processor-controller I/0 handling. The controller provides an in-

telligent interface between the processor and bubble modules.

The TMS5502 is a memory mapped device with 15 internal registers, oc-
cupying consecutive addresses. Each register performs a specific func-
tion, such as loading a command or loading the loop-size register ,
reading a status condition, or initiating a read/write operation.

The major/minor loop architecture of the bubble module lends itself
to a page-oriented input or output of data. The page size for the
TIB0203 is 18 bytes. This amounts to 144 bits which, together with the
13 redundant bits, match the number of minor loops (157 loops). A page
position counter is used to ensure absolute tracking of page position.
The page select register operates in conjunction with the page position
counter during a read/write operation. The operation is such that, when
a particular page is desired, an addressed page available status bit is
set when the two registers match.

A 20 byte first-in first-out (FIFO) buffer memory is used to store a
page of data during either a read or write operation. Depending on the
mode of operation (single or multi-page) the FIFO becomes either a page
oriented status and/or interrupt driven interface or a byte oriented in-
terrupt driven interface between the system processor and controller.
Transfers between the FIFO and the bubble module are accomplished
through an 8-bit bubble data register which performs the necessary par-
allel-to-serial conversions. Serial shifting of the data stream is syn-
chronized by a 50 kHz clock.

The following two modes of operation are available for data transfers

between the controller and bubble memory modules: (i) single page mode,
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or (ii) multi-page mode. The single page mode operation requires 12.8ms
per operation. Each operation consists of transferring 18 bytes or omne
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 empty, 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 operation provides for increased data throughput . The in-
crease in data transfer rates is achieved by using a different storage
technique. 1In the single-page mode, pages are stored in sequential or-
der, whereas in the multi page mode, pages are stored 322 bit positiomns
apart, thereby reducing access times.

The presence of redundant loops neccesitates a procedure for invali-
dating defective minor loops. 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 the bubble data register. A
512x8 bit PROM is used to maintain defective loop mapping informaticn.
Each output corresponds to a particular bubble device. A counter is used
to clock the PROM in synchronism with the rotating field frequency. The
appropriate PROM output is then gated to the byte counter to invalidate
defective minor loops.

The bubble memory controller serves the following two functions:

a) To provide an interface between the system processor and the bub-

ble modules, and
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b) To provide control signals required by the function timing genera-
tor (described later) to generate precise control timing signals

required to enable the functional elements of the bubble module.

3.3 CONTROLLER INTERFACE REQUIREMENTS

The TMS5502 BMC has been designed to interface easily with the 9900
and 8080A microprocessors. An examination of the timing diagrams shown
in Fig. 3.5 reveals a relationship between the two phase clocks required
by the controller and the system clock of the MC6802 [58]. The rela-
tionship shown in Fig. 3.5 shows that the controller can be directly in-
terfaced to the 6802 if clock synchronization between the two devices
can be achieved. Figure 3.6 illustrates the synchronization technique
and the generation of the required clock and timing signals.

An Intel clock generator and driver (8224) [59] provides the master
clock signals. The feature that makes this device ideally suited for
this application is its ability to generate the high-level 2 Miz ¢1 and
¢2 required by the BMC and a 2 MHz TTL level signal synchronized to the
high-level $2. The 2 MHz TTL clock is converted to a 4 MHz clock, re-
quired by both the funqtion—timing generator and the 6802. Synchroniza-
tion between the processor and controller is achieved by inverting the 4
MHz clock required by the 6802 through a CMOS gate. This technique pro-
vided the exact delay required to establish synchronization.It was found
that the controller operated properly with clock signals deviating by as

much as 50 ns from the exact delay.
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3.4 FUNCTION TIMING GENERATOR (FTIG)

The function-timing generator (74LS361) is a 22-pin DIP monolithic
integrated circuit. The bubble memory system depends on the FTG (illus-~
tustrated in Fig. 3.4), to initiate and synchronize the operation of
various interface integrated circuits. The FIG 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 power transient conditions by forc-
ing the coil drive outputs to a logic high when the supply voltage drops

below approximately 3.5 volts.

3.5 BUBBLE SUPPORT CIRCUITS

The bubble memory module requires a variety of circuits to generate
control pulses and amplify bubble detector output signals. To provide
the necessary control signals a sense amplifier, bubble memory function
driver, and coil driver have been developed as integrated circuits
available [60].

The SN75281 sense amplifier circuit is illustrated in Fig. 3.8. It
consists of an internally ac-coupled amplifier, a threshold sense cir-
cuit, a D-type flip-flop, a three state output, and an RC biasing net-
work. The operation of the circuit shown in Fig. 3.8 is such that the
large common-mode signal produced by the rotating in-plane field, cou-
pled with high frequency noise, and an offset voltage is passed through
the RC network. A signal of typically three millivolts peak to peak re-
sults. This signal is converted to a TTL-compatible signal before being

passed to the BMC. Application of the RESTORE input results in the input
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signal being clamped and amplified before it is strobed into the D-flip-
flop. Gating of the output is via the output control input.

The function 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 fol-
lows: the minor loop data is transferred into vacant bit locations in
the major loop and the major loop data is transferred into the minor
loop. Figure 3.9 also illustrates that the same output is used for both
the replicate and annihilate functions. These functions use current
pulses of different amplitude or timing, to either transfer bubbles in
or out of the major loop, or annihilate bubbles. The function driver
also provides a reference output that is used to provide temperature
tracking of the generate current. Temperature tracking is required since
it is easier to generate bubbles at higher temperatures. This implies
that the current must be limited with increasing temperatures.

A pair of bubble memory coil drivers (SN75382) in conjunction with
Schottky diode arrays are used to produce the 100 kHz rotating in-
plane magnetic field. The configuration and drive waveforms are shown in
Fig. 3.10. The triangular drive waveform is generated by applying a step
voltage to the driving coils. The triangular waveform in turn is inte-
grated to produce a current ramp. When the step voltage is removed, the
current is commutated by two diodes and allowed to ramp down to zero.
When the current reaches zero, an opposite polarity step is applied to
produce a current ramp of opposite polarity. Note that the frequency of

the rotating field is twice that of the bubble-in and bubble-out rates.
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3.6 INTERNAL MICROCOMPUTER

The internal computer is based on the 6802 microprocessor. The system
architecture is standard and consists of a 4K byte monitor and 128 bytes
of scratchpad RAM. The RAM is internal to the microprocessor and 32
bytes may be retained under standby power conditions. The 6802 micropro-
cessor does not have DMA capabilities. DMA in a halt steal mode can be
achieved by placing 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 operation, the processor is halted for one machine cycle

during which one DMA transfer is performed.

3.7 ASYNCHRONOUS INTERFACE

An EIA RS232C interface standard is used for data transmission. The
interface uses the 6850 asynchronous adapter (ACIA) for data transfers
between the communication channel and the microprocessor. Baud rate tim-
ing is switch selectable from 110 to 9600 baud. The timing is obtained

from a baud rate generator, the MC14411, as shown in Fig. 3.5.

3.8 POWER SUPPLY REQUIREMENTS

A fundamental requirement for the system is that the power supply
regulation must be maintained for approximately 13 milliseconds after
power failure or shutdown. This allows time for any data in the major
loops to be returned to the minor loops and time to rotate the minor
loops to address zero. In this way data integrity and paging information

are maintained.
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The necessary power supply was designed and built. A schematic of the
power supply is included in Appendix A. It is capable of maintaining
power for up to 2 seconds. This flexibility was built in to allow for
complete data integrity if the system is modified to use the buffer RAM
as discussed earlier.

The power supply requirements calculated using typical device re-
quirements 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
-12v supply total current requirements = 0.230 A

It
(]
[
w
~
()]
g

3.9 SYSTEM DESIGN CONSIDERATIONS

When designing a bubble memory system using the family of circuits

discussed, attention must be paid to the following items:

a) The bubble memory controller provides a gated 50 kHz clock (GC50)
intended for clocking the defective loop map PROM. However, there
are timing problems in GC50 due to design faults in the control-
ler. The timing problem can be corrected by one of the following
two approaches:

i) the timing can be corrected as illustrated in Fig. 3.4, or
ii) the GC50 signal can be gated to the ¢#2 output from the 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 written. The delay should be approx-
imately one machine cycle.

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

circuits and the multiplex channel select inputs (Fig. 3.4) are
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latched during the entire transaction between the bubble module
and controller.
d) A nominal duration for transfer-in enable is 10 us. Following an

access to absolute page 640l however, the transfer in remains ac-

0
tive into the next transfer. The following two approaches may be
used to correct this condition:
i) Issue an initialize command to the controller after access-
ing page 64010, or
ii) Avoid using page 64010, resulting in a total storage capaci-
ty of 92160 bits.
e) Coil drivers are highly susceptible to noise spikes on the =12
volt supply line. A voltage spike in the order of =14 volts will
destroy the device. The placement of a 12 volt transient suppres-

sor along with the capacitors recommended by the manufacturer on

the supply line will sufficiently minimize noise spikes.

3.10 BUBBLE MEMORY MODULE LAYOUT CONSIDERATIONS

The following guidelines are effective in reducing noise induced into
the sense amplifier and detector circuits, when laying out bubble mod-
ules.

a) Use large ground planes to minimize noise effects such as switch-
ing noise and high frequency noise generated by the coil drive and
function drive circuits.

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

circuits to reduce induced noise.
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¢) Use high 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 coil drive lines to reduce IR drops created from large
peak currents.

e) Keep detector signal lines between the bubble memory and the sense
amplifier as short, close together, equal in length, and as dis-
tant from all other signal lines as is practical.

A bubble memory system was designed and implemented wusing the
TIB-0203 92K bit magnetic bubble memory module. The system architecture
is such that the total storage capacity is 92K bytes. A MC6802 micropro-
cessor in conjunction with a bubble memory controller is used to provide
an intelligent interface to the bubble modules. The controller provides
the necessary timing and control signals to the bubble support circuits(
FTG, sense amplifier, function driver, etc.,). The microprocessor is
also the heart of the microcomputer which controls the interface between
the bubble modules and the external communications port. Hence, with the
aid of the microcomputer, an external terminal can communicate with the
bubble memory for either testing purposes or as a memory expansion to

the external system.
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Chapter IV

SOFTWARE DESCRIPTION

The bubble memory system software is a 4K byte interactive monitor
written in 6800 assembly code. The interactive monitor is intended to
demonstrate and test the operation of the bubble memory module within a
6802 based system. Flowcharts and the assembly listing of the software
are included in Appendix B.

The monitor has functions found in standard CPU monitors. The soft-
ware 1is stored in four 2708 EPROMS residing at memory locations
FOOO-FFFF Hex. The stack area and scratchpad RAM area required by the
monitor consist of 128 bytes of RAM starting at address 0000 Hex. The
locations of the various memory mapped system elements are shown in Fig.
4.1. Interactive communication is achieved through a terminal with an

EIA RS232C interfaces

4o1 POWER-UP INITIALIZATION

Figure 4.2 illustrates the sequence of events after either a power-up or
hardware reset. After a reset, the ACIA, PIA, BMC, and bubble modules
are initialized. The ACIA is configured for a transmission frame com-
posed of 7 data bits, 1 parity bit, and 1 stop bit. The PIA initializa-
tion configures the ports as outputs except for the LSB of port A. The
PIA is intended for monitoring power-fail and for outputing status con-

ditions. Initialization of the BMC involves setting up the minor loop
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size and page size registers, and issuing a controller reset. The bubble
module must also be initialized on power up. This operation is performed
to destroy any bubbles that may have been present in the major loop.

Flowcharts for the above operations are included in Appendix B.

4e2 COMMAND DESCRIPTIONS

In writing the software, a modular approach was taken. This approach
allowed the greatest degree of flexibility in building up a complete
monitor. This concept is illustrated in Fig. 4.2 with the implementa-
tion of the command structure. The modular approach is easier to imple-
ment than some type of coding scheme, particularly when the number of
commands are limited. This approach also makes any software expansion
easier to implement. 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 discussion of the tests left to

the next chapter.

4.2.1 C, Continuous bubble I/0

Syntax:

C[ONTINUOUS BUBBLE I/0 ]

BUBBLE I/0 IN ASCITI OR HEX?

ENTER <A> OR <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 is stored into the bubble memory starting at

the page specified in Hex. The verify subcommand (described later) is
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TABLE 4.1

|
|
|
| System Command List
|
l

| Continuous bubble I/0 |
| Memory dump to terminal |
| Examine memory location |
| Fill bubble memory with a selected 8 bit data pattern |
| Execute user program |
| Help facility - displays available system commands !
| Initialize BMC |
| Display contents of bubble module (ASCII or HEX) [
| Read desired page from bubble memory (ASCII or HEX) |
| Set up for data input mode (half duplex)

| Transfer from RAM-to-bubble or bubble-to-RAM |
| Verify number of r/w generations |
| Test 1, generator and detector testing ]
| Test 2, major loop failure mode testing

| Test 3, major loop nearest meighbour testing

| Test 4, minor loop failure mode testing

| Test 5, minor loop nearest meighbour testing

| Fill selected minor loop entirely with "1ls'" or "0Os" |
l |
+

also available under this command as shown in Fig. 4.3. The "C'" command
is used as a hardware debugging aid when the bubble control signals have

to be monitored to determine proper device operatiom.

4.2.2 D, Dump memory

Syntax:
D[UMP ] <starting address> <end address>
The '"D" command dumps the contents of memory starting from the speci-
fied address. The starting and end address are specified in Hex. The

data is displayed both in Hex and ASCII.
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4.2.3 E, Examine memory location

Syntax:

E[XAM ] <starting address>

The "E" command is used for examining memory in the microprocessors work
space. The following three subcommands are available under the EXAM com-
mand: (i) next, (ii) back, and (iii) change. A carriage return is used
to examine the next location, and entering the letter "B" allows examin-
ing of the previous location. Entering a "C" results in the following

output:

XXXX XX <enter new data in Hex>

where XXXX and XX represent the address and data respectively. The main
program can be re-entered by entering a space or the "ESC" character

Figure 4.4 illustrates the subcommand structure.

4.2.4 F, Fill bubble memory

Syntax:
F[ILL ]

BUBBLE I/0 IN ASCII OR HEX?
ENTER <A> OR <H> <enter desired letter>

START PAGE: <starting page address>
END PAGE: <end page address>
DATA PATTERN: <enter ASCII character or Hex byte>

The "F" command is used to initialize a block of bubble memory with a
user specified data pattern starting from the specified address. The
data pattern may be entered in ASCII or Hex to allow input flexibilty -
During execution of the fill operation the following message **JORKING**

will be displayed.
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4.2.5 G, Execute user program

Syntax:
G[O FROM: ] <starting address>
This command is used to initiate execution of a program starting from

a specified address.

4o2.6 L, Display contents of bubble module

Syntax:
L[IST ]
BUBBLE I/0 IN ASCII OR HEX?
ENTER <A> OR <H> <enter desired letter>
START PAGE: <starting page address>
END PAGE: <end page address>
This command lists a block of data specified by the starting and end

addresses. The output is either in ASCII or Hex.

4.2.7 R, Read desired page from bubble memory

Syntax:

R[EAD ]

BUBBLE I/0 IN ASCIT OR HEX

ENTER <A> OR <H> <enter desired letter>

START PAGE: <starting page address>

The "R" command is similar to the "E" command in operation. This com-

mand is used to examine the contents of the bubble module a page at a
time. The following three subcommands are available: (i) next, (ii)
back, and (iii) change. Entering an "N" will output the next page and a
"B" will display the previous page. The display is wrap-around, i.e.,

the next page after 64010 is page zero. The change command acts on one

page of data (18 bytes) at a time. Data can be changed by entering the
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new data or can be left unchanged by entering an up-arrow character. Af-
ter the entire page has been changed or partially changed, the new page
is written, read, and re- displayed for visual verification. The command

structure is illustrated in Fig. 4.5.

4.2.8 S, Set up for data input mode

Syntax:
S[DATA INPUT MODE ]<W input data /> DATA TRANSFERRED
This allows for unconditional data input from a terminal or external
source. The block of data is preceeded with a "W" and ended with a "/"
character. This configures the communication channel to half duplex

mode.

442.9 T, Transfer from RAM-to-bubble or bubble-to-—RAM

Syntax:
T[RANSFER ]
FROM RAM TO BUBBLE ~-ENTER <B> Or
ENTER <R> IF TRANSFER FROM BUBBLE TO RAM==><enter desired letter>
If the response is "B" the output prompt is as follows;
START ADDRESS: <enter start address>
END ADDRESS: <enter end address>
TRANSFER PAGE NO.: <enter transfer page address>
and if the response is "R" the prompt becomes;
START PAGE: <enter start page address>
END PAGE: <enter end page address>
TRANSFER RAM ADDRESS: <enter transfer address>
This command is used to copy a block of data from system memory to
bubble memory or from bubble memory to system memory. The data block de-

fined by the start and end address is transferred starting from the

specified address.
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4.2.10 V, Verify number of R/W operations

Syntax:
v
NO. OF HARD ERRORS = XX
NO. OF SOFT ERRORS = XXXX
NO. OF R/W OPERATIONS = XXXXXXXX
This command is used for monitoring system status during a test pro-
cedure or during the continuous bubble I/0 operation. Hard and soft er-

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

Hex.

4.3 SOFTWARE FEATURES

Features of the software include error checking and speed enhancement
during bubble input/output operations. The following types of error
checking are performed: (i) checking for invalid commands in both com-
mand structure levels, (ii) checking for wvalid Hex inputs, i.e., to en-
sure that the entry is between 0 and F, and (iii) checking that a bubble

page address does not exceed 640, . If the bubble page address exceeds

10

64010 the controller remains permanently active, and must be reset.
This reset results in a loss of paging information. Speed enhancements
are due to both software and hardware considerations. The speed enhance-
ment was obtained by memory mapping the BMC to an address of 80-FF Hex.
This facilitates using the direct addressing mode of the 6802. The use
of direct addressing over extended addressing allows the software to ex-
ecute faster since most operations require one less machine cycle.

The software also features a means of returning to the main program
without using a hardware reset. Entering the "ESC" character will return
control to the main program. This avoids the initialization procedure
performed during power up or hardware reset.
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A 4K byte interactive monitor serves as the operating system for the
bubble memory system. Interactive communication is achieved through a
terminal and a standard asynchronous communication interface. The moni-
tor is essentially a modified CPU monitor with enhancements to accomo-

date the internal organization 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 determine its reliability [61,62,63]. This chapter discusses
the testing that was performed to evaluate the effects of bit patterns
on data integrity, and the effects of prolonged operation on device con-
trol signals. Bit pattern testing was based on failure mechanisms dis-
cussed by Cheng and Davis [64]. The following three failure modes are
possible in bubble devices: (i) collapse, (ii) strip-out, and (iii)
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 mentioned above are bit pattern sensitive.
Device function sensitivity is due to the following three factors:
a) Forces on bubbles due to local magnetic fields produced by adja~
cent bubbles,
b) Forces on bubbles due to fields produced by current control ele-
ments, and

¢) Interaction of bubbles with detector elements.
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Since a bubble memory has a limited number of functions (generate,
replicate, transfer in/out, etc.,) localized to small areas of the de-
vice, a limited number of bit patterns can be used for sensitivity test-
ing. This limitation minimizes the number of test pattermns. In examin-
ing pattern sensitivity, the following factors have to be considered:

a) Bubble-to-bubble interaction is strongest within a radius of four

bubble diameters. Since the field strength is reduced within four

bubble diameters, only short bit patterns are required for approx-
imating the worst case condition, and

b) Since device functions are localized and dependent on each other,
specific bit patterns can be used for multiple tests. For example,
the write operation affects primarily the generate and swap-gate
elements. A read operation can be used to test the replicate gate
and magneto-resistive sensor elements. The propagation path, used
for data storage can be tested by propagating a string of bubbles

across each propagation element.

5.1.1 Pattern Sensitivity of Propagation Elements

The three failure modes (collapse, strip-out, and failure to cross a
gap region) are sensitive to different types of data patterns. Failure
of propagation elements is dependent on the following three factors:

a) The shape of the permalloy pattern,

b) The strain induced by conductor crossing elements, and

¢) The type of defect in the propagation element.

The shape of the permalloy element determines stable bubble positions

during propagation. The strain due to conductor crossing 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 fields, 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 is more prone
to collapse when surrounded by other bubbles since the bubble-to-bubble
interaction is then 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. This is a repelling force due to the non-uniform field
distribution as seen by the leading or trailing bubble. Failure due to
strip-out can occur in a region where a bubble is isolated from other
bubbles.

Bit patterns most suitable for testing all three failure modes are of
the form 1111111100001000100 and its complement. A bit pattern of the
form 11011010101010 and its complement should be used to test failure
due to bubble-to-bubble interaction. These bit patterns were used by
Cheng and Davis. To promote failure, several such patterns should be

staggered around each storage loop.

5.1.2 Pattern Sensitivity at Generation Elements

It was stated earlier that bubble-to-bubble interaction increases ap-
preciably if the bubbles are seperated by less than four bubble diame-
ters. To determine the effect of the generator element on data bits, the

bit pattern 11110001000101 should be used.
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5013 Pattern Sensitivity of Detector Elements

Detection of domains is by means of the magneto-resistive effect.
This method relies on the stray field of a bubble to alter the net re-
sistance of the detector. Since neighbouring bubbles can contribute to
the stray field, the same bit pattern used for testing the effects of

the generator element can be used to exercise the detectors.

5¢104 Pattern Sensitivity at Swap and Replicate Gates

Pattern sensitivity at the swap and replicate gates 1is dependent on
the interaction of bubbles on the input track with that of the bubbles
in the storage loop. To fully test the two operations the following com-
binations are sufficient:

a) Swap a bubble with a bubble,

b) Swap a bubble with no-bubble, and

¢) Complement of both (a) and (b)-.

5.2 TIB-0203 DEVICE TESTING

On the basis of the above discussion, the following five tests were

performed to determine bubble memory reliability in a system environ-

ment:

a) Effects of the generate element on bit pattern and the effects of

the same bit patterns on the output signal,
b) Major loop failure mode testing,
c) Major loop nearest neighbour testing,
d) Minor loop failure mode testing, and

e) Minor loop nearest neighbour testing.
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5.2.1 Test l:Generator and Detector Effects

The object of this test was to determine the effects of the generate
current on the bit pattern in the vicinity of the generate element. The
bit pattern generated is also suitable for determining the effects on
the detector output signal due to bubbles in the neighbourhood of the
detector. A bit pattern of the type 1110001000101 was used as a basis
for this test. Since the TIB-0203 is a page oriented device with a page
length of 18 bytes, a bit pattern comprised of the following fundamental
pattern F1150EEAQO Hex was used.

This test is invoked by entering a "1" after the prompt is displayed.
The test is performed by writing an 18 byte data pattern constructed
from a repetitive combination of the 5 byte data pattern shown above
into page zero. A read cycle is used to perform the following two func-
tions:

a) Provide a means of verifying the data generated, and

b) To see the effects of the bit pattern on the output signal.

Figure 5.1 shows the flowchart of the test software. The results of the

test and all subsequent tests are presented in the next chapter.

502.2 Test 2:Major Loop Failure Mode Testing

This test was performed to determine the reliability of the major
loop. Based on the previous discussion of failure modes, an 18 byte
data pattern consisting of the fundamental data pattern FF08800F77 Hex
was used. The testing scheme is similar to that of test one, in that the
data pattern is continuously written and read to determine any errors

during propagation. This and subsequent tests would only be meaningful
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if the previous test was successful, success is determined by a low er-
ror rate. One inherent assumption in performing each test is that, if
one test is successful and failure occurs during the next test, the
failure is in the portion of the device being tested. For example, if
an error occurs in test 2, it is assumed that the failure is in the ma-

jor loop and not in the generator or detector portion.

5.2.3 Test 3:Major Loop Nearest Neighbour Testing

The object of this test is to determine the failure rate in the major
loop due to bubble-to-bubble interactions. The bit pattern used in per-
forming this test was BAA82557 Hex.

To fully test nearest neighbour interactions in the major loop, the
multi-page mode of operation was used. The multi-page mode maximizes the
number of data bits in the major loop, hence providing the largest in-

ter-bubble interaction.

5.2.4 Test 4:Minor Loop Failure Mode Testing

The test pattern and the objectives of test 4 are the same as for the
major loop failure mode testing. However, care must be exercised in
choosing the data pattern since it must be stored serially in each minor
loop. The pattern used is FF08800F77 Hex. During major loop testing,
this bit pattern could be broken up into each minor loop. This break up
is possible during the read/write process because the bit pattern is as-
sembled and rotated serially in the major loop. To store the data pat-
tern in the minor loops, the failure mode bit pattern consists of 40

pages of ones or zeros, where the contents of each page are determined
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by each bit in the test pattern. The test procedure is to write this
data pattern and perform continuous reads. This provides a means of ro-

tating the pattern around the minor loop and verifying data integrity.

50265 Test 5:Minor Loop Nearest Neighbour Testing

This test also utilizes the same bit pattern used for major loop
nearest neighbour testing. Again the data pattern must 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. Howev-
er, in this test, 640lO pages of "1s" and "Os" are stored corresponding
to a repetitive combination of the bit pattern BAA82557 Hex. This pro-

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

lihood of failure.

5.3 GENERAL COMMENTS

In performing the above five tests a distinction was made between a
soft error and a hard error. The consistent verification scheme was ob-
served during each test. This involved comparing the read data with the
expected data, and if an error occured, the error would be flagged as a
soft error. On an error condition the read process was repeated until
no error occured or until five soft-errors were encountered, whichever
occured first. The occurance of five soft-errors constituted a hard-er-
ror, since it was assumed to be incorrectable by performing a reread. If
a hard error condition was detected the entire test procedure was re-
peated. Each test procedure also maintains a software counter for the
number of read/write operations performed which in turn gives a direct

indication of the number of bits that were read or written per test.
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A provision was also incorporated in the test software to provide a
means of checking any particular minor loop if continuous errors were
observed in that minor loop. This test procedure is invoked by entering
a "6" after the prompt is displayed. After entering a "6" the monitor
prompts for a 18 byte data pattern which is to be rotated through the
entire memory. For example, by entering the following bit pattern
000...010...000 (total length equals 144 bits), the minor loop corre-
sponding to the active high bit (logical one) will be continually exer-

cised.

5.4 OPERATIONAL TESTING

The object of operational testing was to observe the effects of de-
vice operation on the control signals. In particular, the test process
involves examining changes in 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 provided a qualita-
tive evaluation of the bubble memory driving circuits.

A total of six tests were performed to evaluate the reliability and
useability of a bubble memory system. The following tests were per-
formed:

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

of bit patterns on the output signal,

b) Major and minor loop failure mode testing,
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c) The effects of inter-bubble interactions in the major and minor
loops, and
d) A qualitative evaluation of the bubble memory driving circuits.
In performing bit pattern sensitivity testing, any failures are flagged
by means of a printout indicating the actual data pattern, the observed
data pattern, and a record of the number of read/ write operations per-
formed until failure occurred. The record provides a means for evaluat-

ing the effective error rate, and hence the reliability of the bubble

memory system.
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Chapter VI

TEST RESULTS

Bubble memory system testing was performed to determine the follow-
ing: (i) the effects of bit patterns on data integrity, (ii) to observe
the effects of prolonged operation on control signals, and (iii) the ef-
fects of prolonged operation and bit patterns on the detector output
signals. Test methodology was discussed in the previous chapter with the

results of the tests presented in this chapter.

6.1 BIT PATTERN RESULTS

Five tests were performed to evaluate the reliability of the magnetic
bubble memory system. To evaluate the reliability, a minimum of 109
bits per test were read. Table 6.1 summarizes the results of the various
tests.

A total of zero soft and hard errors were detected during the course
of system testing, which involved cycling over 2.4 xlO10 bits through
the bubble memory. In performing the five tests, the next test was al-
ways started immediately following the completion of the current test.
This ensured that the entire system was always operating in a consistent
test environment.

In examining the above results, it can be concluded that under normal

operating conditions the bubble memory system is extremely reliable.

This reliability can be measured in terms of the observed error rate of
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TABLE 6.1

Bit Pattern Sensitivity - Test Results
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This error rate compares

quite favorably with the error rate of other devices as shown in Fig.

6.1 [65].
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Figure 6.1; Device Error Rate Comparison
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6.2 EXPERIMENTAL EQUIPMENT AND PROCEDURES

In performing tests to observe the effects of prolonged operation on

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

following test equipment was used:

1- Tektronix oscilloscope model 465 (100 MHz bandwidth)

1- Tektronix storage oscilloscope model 466 (100 Miz
bandwidth)

Fluke 85002- model 2100A digital thermometer with a
Cu/Con thermocouple.

1~ Tektronix active differential probe and amplifier model

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

1

The above equipment was calibrated according to manufacturer specifi-
cations. All probes were rechecked prior to use by measuring known cur-
rents and temperatures. The differential probe was checked by measuring
ground potential with a physical separation of the probe tips kept as
close to zero as possible. The observed voltage was within specifica-
tions supplied by the manufacturer.

While performing the various tests, certain precautions were taken to
maintain consistency of results. One precaution was to run the test
equipment until thermal equilibrium was attained, thereby minimizing the
effects of the dc thermal drift. Once thermal equilibrium was achieved,
the calibration was rechecked and adjusted if required. Another method
to ensure consistent results was to rigidly fix the test probes such
that no positional effects were introduced into the measurements. Posi-
tional effects are more pronounced in the differential probe due to in-
terference induced in the probe leads from external sources. Finally,
the thermocouple was affixed to the bubble module to ensure that the
thermal time constant did not effect the accuracy of temperature meas-

urements.
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6.3 EXPERIMENTAL RESULTS

Two tests were performed to determine the effects of prolonged system
operation. One test was for a period of 21 hours and the second test on
a different bubble module was for a period of 96 hours. A total of

1.686x10°

bits were cycled in a period of 96 hours. The second test was
conducted because the replicate/annihilate gate of the first module was
accidently destroyed rendering the device inoperable. The results of the
two tests ére illustrated in Figs. 6.2-6.5. Test one was for a period
of 21 hours and the results are presented for completeness. From the
figures it can be noted that the results of test one disagree with the
results of test two. This disagreement can be attributed to the number
of data points collected for test one. Measurements were performed eve-
ry half hour for the first three hours, after which time it was observed
that the readings were consistent with each other. Since the readings
were consistent the collection rate was reduced to every two hours. Be-
cause of the limited number of measurements for test omne, a valid analy-
sis cannot be performed on the data. The results of test two are all in
agreement with manufacturer’s specifications which indicate no degrada-
tion in driving capability of the bubble control signals. Figure 6.6
illustrates the shape and amplitude of the various control signals.

A study of the effects of device operation on the bubble output sig-
nals was also performed. Photographs of bubble output signals during the
course of measurements indicate that device operation had no effect on
the bubble output signals. This is illustrated in Fig. 6.7 and 6.8 which
represent the bubble output signals observed at the begimming and end of

the prolonged test period. Both figures depict a bit pattern correspond-
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Figure 6.6: Photographs of Control Signals
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ing to "11", where the actual bit is represented by the second positive
peak. For comparison purposes, a bit pattern corressponding to "00" is

illustrated in Fig. 6.9.

6.4 GENERAL OBSERVATIONS

Figures 6.10 and 6.11 illustrate two interesting points. Both figures
show the effects of bubble-~bubble interaction, as described below. Fig-
ure 6.10 shows that the output signal of isolated bubbles is smaller in
amplitude than the output signal of a bubble in the vicinity of other
bubbles. Figure 6.11 illustrates the effects of neighbouring bubbles on
a centrally~-located bubble. From Fig. 6.11 the output signal of the
centrally-located bubble is marginally larger than the output signal of
adjacent bubbles. This can be attributed to the flux contribution from
adjacent bubbles.

The TIB-0203 uses dual magneto-resistive detectors in a differential
configuration to sense magnetic domains. Domains are propagated on one
detector track and a dummy detector is used to increase the signal to
noise ratio of the output signal by subtracting common mode signals gen-
erated by the rotating in-plane field. One general observation that was
made is that the effects of the dummy detector currents are less pro-
nounced on the output signal than that of the actual detector. The cur-
rent in the dummy detector could be varied as much as 1.5mA before er-
rors were observed in the output signal, whereas the current in the
actual detector was varied by as little as 0.5mA before bit errors were

detected.
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Figure 6.7: Bubble Output Signal at Start of Test

Figure 6.8: Bubble Output Signal at End of Test

Figure 6.9: Output Signal Representing "00"
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Figurz 6.10: Effects of Bubble-Bubble Interaction on
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Figure 6.11: Effects of Bubble-Bubble Interaction on
Surrounded Bubble
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Various tests were performed to evaluate the reliability of the bub-
ble memory system. Bit pattern sensitivity tests were conducted to de-
termine system error rates, i.e., the probability of a bit in error. In
performing the tests, no soft or hard errors were observed. In any sin-

gle test, the worst case error rate was 0.6 x 10“ll and an overall

error rate of 4.11 x 10"11 was observed. Both these error rates are less
than 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 patterns on the detector output signals. The measurements
were conducted over a period of 96 hours. Collected data indicates that
there are no observable effects due to prolonged device operation. From
the results it can be concluded that the implemented bubble memory sys-
tem and bubble module are both highly reliable. It was also observed

that bubble-bubble interaction has some effects on the strength of the

output signal.
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Chapter VII

CONCLUSIONS

Magnetic bubbles are small cylindrical magnetic domains in single
crystal ferrimagnetic thin films. The domains are stabilized by an ex-
ternal bias field applied perpendicular to the film surface. The stabil-
ity of the domain is obtained through a balance of the following three
forces:

a) The force due to the external bias 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 binary coding,
where the absence or presence of a domain represents a logical "0" or
logical "1" respectively. Various memory devices have been manufactured
and postulated. Present commercial devices employ permalloy propagation
Structures to produce field gradients required to manipulate the cylin-
drical domains. The next generation devices will utilize ion~implanted
contiguous disk propagating structures. Future generation devices could
use bubble-bubble interaction as a means of propagation as in the bubble
lattice configuration or depart from the standard techniques and employ
current carrying sheets to produce the field gradients required for bub-
ble propagation. Both techniques promise increased storage densities by
at least an order of magnitude from the present limit of IM bits offered

by permalloy devices. Experimental contiguous disk devices with storage
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capacities of 11.5Mb have been developed. Aside from an increase in
storage densities, current sheet memories offer the possibility of oper-
ating devices at speeds of up to 20 MHz, which by far exceeds the pres-
ent limit of 400 kHz. Because bubble devices are in the initial phases
of development little work has been done to study the reliability of the
device in actual operating systems.

To study reliability of magnetic bubble memories, a bubble memory
system was implemented. The system employed the second generation
TIB-0203 magnetic bubble memories in a microprocessor based system. A
MC6802 was used to control the memory devices with the aid of a bubble
memory controller. The bubble memory system was comprised of the fol-
lowing components: (i) a central processor, (ii) a bubble memory con-
troller, (iii) one bubble module with provision for eight modules, and
(iv) and an asynchronous interface. Intelligent control was obtained by
interacting with the 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 memory access (a feature not directly implementable in a
6802 based system). These features would facilitate the implementation
of buffered synchronous communication with burst data rates exceeding
the 50 kHz data rate of the bubble memory.

Reliability tests were conducted on the above system. Two types of
tests were performed, one to determine the sensitivity of the device to
various bit patterns, and the second to observe the effects of prolonged
operation on:

a) Device control signals, and

b) Detector output signals.
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Five tests were performed to evaluate sensitivity to bit patterns. The
tests exercised the different control functions and the entire propagat-
ing and storage area. Tests were designed to test the following three
failure modes.

a) Failure due to collapse,

b) Failure due to strip-out, and

c¢) Failure to cross a gap region.
Aside from failure mode testing, tests were performed to determine the
effects of bubble-bubble interaction. From the various tests that were
performed there were no observed soft or hard errors. With a total num-

ber of bits cycled through the memory exceeding 2.4 x 1010 bits, the

probability of a bit in error is less than 4.11 x 10—11 . This error
rate is less than the error rate of 10_'9 specified by the manufactur-
er.

The test results indicate that the magnetic bubble memory system that
was implemented is highly reliable, when operating under normal condi-
tions, even without error correction. The results are indicative of the
reliability of bubble memories which can be used for high density nonvo-
latile storage. Bubble memories offer solid state storage for applica-
tions requiring low power consumption, portability, or with size and
weight constraints, and/or applications in which electromechanical stor-
age is adversely affected by the physical environment. The advantages
and characteristics of bubble memories outlined here have been the pri-
mary reasons for the existence of this technology. Applications of MBM
range from numerical controllers, portable computers, military applica-
tions to voice announcement systems, illustrating the versatility of

this device.
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Chapter VIII

RECOMMENDATIONS

During the design phase of the system, considerations were made to

allow for further system modifications. The considerations include a

small buffer RAM and a DMA facility for the MC6802. It is recommended

that the following enhancements to the system be made to increase the

transfer rate from the bubble module to an external host system:

a)

b)

In place of the internal 20 byte FIFO in the bubble memory con-
toller, provide eight external 8 bit parallel in/parallel out
shift registers. These registers can be memory mapped to eight
consecutive locations and can be used to simulate the internal
FIFO in the multipage mode of operation. Since all control signals
(such as the defective loop map and clock signals synchronized
with the rotating field), are externally available, the shift reg-
isters can be used as a means of operating bubble modules in par-
allel. To initiate action from the controller, dummy data can be
written and read from the controller. This data will not be stored
in the bubble module since the internal FIFO would not be connect-
ed to any external circuitry. This implementation would increase
the data rate from the bubble module from 50 kHz to 400 kHz.

Incorporate the synchronous communication channel and the direct
memory access capability. The advantages and use of such an imple-

mentation have been discussed in chapter four.
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For further research it is recommended that a study of system opera-
tion under different environmental conditions be performed. This in-
cludes studying the effects of prolonged operation under different ther-
mal conditions and studying the effects of electromagnetic interference.

It is also recommended that the study of different memory organiza-
tions and propagation structures be carried out. A study of these areas
would inevitably lead to future bubble memories with higher storage den-
sities and faster access times. One method foreseeable for improving ac-
cess times would be to implement an architecture that does not rely on
manipulating the entire storage array. The current-sheet memory technol-
ogy is most promising in this regard, since it does not require a coil

assembly to provide the rotating in-plane field.
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Appendix A

HARDWARE SCHEMATICS
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SHEET 1

+5V

0.1uF I

N.C.O22

+5V

SHARESETuP

Vee

S5

/
\SS

Vee

STANDBY

MC6802

RESET

MR

HALT

XTAL

EXTAL

Ag
A,
Ag

Ao
Ay

Ar
A
Ay
Ays
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o ADDRESS
}—— POWER FAIL DETECT CONTROL DATA
13
4 < (%7409, ol
37 1p 05, A =
lzr/fosm I%S s
— N6 VMA - E
He—  RESET wr 7408 )2
1/6 6887 1—— A/
5 4 [\5 -
L7 176 0887
1
AR
1/6 6887 /T
71 11 -
1s
16
ON I 3 Ao
STl 2N, Voo OUTh
10 4, out, A
11 ol In, ouTs ki
. - N
12 10 N, MC6835 OUT., 9 3
13 12 INs OUTs 11 Ay
—_ A
14 14 1ine BN TV OuTe b2 :
- -
@0; T T s
1 1 i
15 21N, Ex  TIx OUT, |2 A
16 4 IN, OUT» 5 A
L SNy yoegss VT A
18 10 INy OUT, 3] A
19 12 11N OUTs fLL A
20 14 INe VCC OUTe 13 A
=
27 5 l()1 Yl() 3 Ars
< Iy Vo OUNF
5 A
- i Mcosss U2 >
24 6 e oUT, 7 A
25 IN. ENABLE EN OuTw 12 A
L l" -_(:
fbg——ﬂ il
. - 5
22 2 ENABLE A,
32 B, A, 3
4
31 B, Ay
5
30 B A
29 p, 74Ls24s 1O
28 B, A P
27 5, A, 8
y
26 By VCC As
20 ] 10




SHEET 2

ADDRESS DATA

gspve (22 SHS
PPOM DECOBE

\

cc Ao 8 Ap
A7 A
Asl6 Ao

- Aj 5 Aj

BB Ayl Ay
As 3 Asg
Agl2 As

VDD A7 l Az
Ag 23 Ag
Agf22 A

MC27A08L

PROGR
Do L9 D,y
D, {10 D,
D2 ll D')
Dy j13 D,
D, §4 D,
Dy {5 Dg
D¢ L6 D¢
Dy L7 Do

! }
llZ
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SHEET 3

Ao 2 Ay
Ay 6 Ay Tl8-<+5\'
A, i, Jur
As il I :____[_:
A, 3 Ay
As 2 As
A ! Ag
A, 171,
As 16 4n,
As 15],, MCM21L14-30
Do 14 11/0,
D, 1311/0;
D 12§1/0;
D 11 §1/0,
10]: e
q [ 1ss
g =
it 14
R/ Lo} T
D, 14 /0, l ur
Dsg 13 1/0, :_E-
D 121 /0,
Dy 11} .
Ao Ao MCM21L14-30
Ay A,
Az Ag
Aj As
Ay, A,
As As
Ag Al
As A7
Ag Ag 9
As Ag _g—'_vss
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SHEET 4

I
+5v-;—_£—6- Ve s — ¢
O-lp- I ¢ — 4’2 +5V
-3
N.C —2{RDYIN | Qlpuf
N.C—READY $(TTLIF o o 0K
N.C—2{SYNC 'l B2 ce %wv
N.C—L{STSTB Al '—‘14
+i2v 2y NTEL | , ¥ oka
O.lpf T osc +sv>28l 74221 [ +5v
= | 8224 ol __@O A<
opf, 14 [
AR TAL Y =
MHz CLRI
C_SixtaL2 2lcLR2
+5v
‘ 12 9 RESET up
l | A\ 8
r— + oy 820K 3lficoop Io@ggé,sﬁ,sm
57400 )2 a7t BIT RATE Hz
T
! ¢, 1536k
22KQ 24 I7__115.2K
+5V)———I— Voo £,
Olpt fz 2 768K
= (e 576K
f“ 3 384K
S
MC144ll  fg [>—2B8K
' = 192K
B |2 1.8432 MHz 2
+ov Ve Qa 20 Xrauin -~ fe -_5;———-3—2—32
0.1 ut L2x fo Hmtoo
L| a0 e T ole 3200
Wap Qs P—N.C +5v > —22Igsy f,, L2490
[14] 5 23] 4w 21533
' LA fiz
2 = 131758
Fol 0 "3l 200
31Ro12) +SV>—-vw-—r——- RESET  fuul——=
Ralll Ref2) GND MR | 0047uf |8 9216
6] 7] 10
= _ I _IZ GND oS 18432 MHz
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SHEET 5

ADDRESS SH 7 inCEN 1 , 4 .
CONTROL DATA 17400 17400 DATA OUT_SH9
B 5LB LPCIK oy
33 45V
15 FUNCEN 3
+5 v DATA Q
1 cec oUT
s 74109
_I BDET 7% 7__21|BDET _
= — |6 Ax SHI10
1 l
-5 v -_— 1 Ax
BB U RESET  3[B3S
1y f B - _
1y, I Bx I8 Bx_ SH10
= 20 §XDEN
+1 v xoen 12 - -
i DD ix s Ax_ SH10
T
12 JrepeN
= REPEN |38 LD ) ]
Bx [© x SH1O
Dg 181D 37 10 JANNEN -
0 ANNEN e his REP SH10
1 191D — |
) ! TM55502 4 RESET
D2 ofp, ———— 4 ] -
2 ¢l N.C. ll"> o ANK SH10
D3 21|, iy Q 10 19 |XIEN
Dy 22 {D - 33 — _—
L 2 5 12 cL 74],53()]_ X1 hs T SH10
D6 24 I, XIEN . K l’; 9
B Evarse oy
D7 25]p, l X0 [l7 X0 sH10
+5V .
T , Sl4 - 4 Mz CLOCK am o GEe sho
An Eamoo 161, 27 .. N.C. ‘
e 14, RESETHp __2 oo
9 514 “F0 S0STORE is RESTORE sng
13 Ao RDY N.C.
12 , 221} )
s A3 3 5V I ‘e STRCLE |14 STRCLT sie
GC50 f—— N.C. —
E 1 17 Ayl __l
s 1/3 DBIN —_— s TRy
R /19 217411 TNTTRG B INITRU N.C. 4 OVLIHD
il
11 | cxp
SH8 29 —._]__—
POWERFATC——{PWR BAD
. 11 ics DA'%‘S 26
CONTR@L—'IIO —
DECODE v -
TNT s
$1 ¢2 RESET
301 35 6 -
1
6 . SHY9  DATA IN
Sli4 ¢, fia
$H4  RESLT wup
Sild ¢ L———'—- M
1/6 74LS14
INT SH1
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SHEET 6

ADDRESS
CONTROL DATA
8 Ag
+5V L2 dv, Sy
10
CS) VMA
Cduf
=T s, 1o ~ACIA
= 2 SHS .
- DECODLE
3 11 Ag
R CLK RS
X
1 13 "
4 . R/W
T. CLK R/W >
I‘X / 14 E
E -
— 17
) .
MC6850 % 4x7
[
T_ DATA +5V
22 D
D 2
D, 21 D}
D
D2 20 2
Q
D3 19 D3
RS232 » TTL 2 Rx DATA D, 18 D,
D
Ds 17
D 16 De
5 )
D, 15 |
24 e e e res————
r————) CLEAR TO SEND
= 73
:—-——-“—"—v DATA CARRIER DETHCT
= 5

&————>— REQUEST TO SEND
Vsg

T
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SHEET 7

+5V +5V
v Y
- 24 = 16
\
+5V >-f-9- Vee B Ve cc
l ADI
0.1uf I "
- 10, |3 8| apa Do |9 4 1 Do
A
2 |CLEAR lQB 4 7| ADB Dy |10 31D SHI11
Y 11 MODSEL A
g5 INITRY Al
12| CLEAR 1Qq 15 6] ADC Dy |11 2 IDy SH11
74393 6340-1J 74251 Bl1O MODSEL B
c——_EMRlQD 6 5| ADD 512x8 D3 {13 1 |p3 MUX SHI1
CLOCK 2 |13 | c|-9MODSEL C
sus LBOK lcrock 1 2Q, 11 4| ADE Dy |14 15 | Dy
ZQB 10 3] ADF Ds {15 14 |Ds
ZQC 9 2{ADG Dg {16 13 |Dg
7
STROBE
ZQD 8 1|ADH D7 {17 12 | D7 j‘:‘
19§Ss3
18]s, onp 2
GND 51 82 GND W Y l—.—.—
7 +5V 21 20 € 5
= 12 N.C
- _—
FUNCEN SHS
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N\
ADDRESS CONTROL < JuF _.[_—

+5V
/

SHEET 8

109 -

= |24
v 17
CC OUTysp2' — __ PROM DECODE 4  Sli2
Ao P\ OUT W b 28 PROM DECODE 3
OUT,s b 1> DPROM DECODE 2
An 22 1g oUT,, 14 PROM DECODE 1
OUTqy s
A a1 OUTyob it RAM DECODE 10
ouTs b0 RAM DECODE 9
Az 20 { 0UTg |2 RAM DECODE 8
oUT, b—S RAM DECODE 7
741154 .
OUTg p—l— . RAM DECODE 6
outs |—° RAM DECODE 5
OUT, b2 RAM DECODE 4
OUT; pt e RAM DECODE 3
ouT, p—2 e RAM DECODE 2
2
OUT, b—2—  RAM DECODE 1  SiI3
ouT, L
ACIA DICODE SHo, Sill
GAD CONTROL DEcobE &7
d 1" 740 CONTROL
12 15 , -8B e
O +5V 13 DECODE
, = . 11V T SHs
\VMA +30 > 'CC 12 24 [
/ M
YT 410 Ve STROBL
Ao |1 1a 18 gl 6
A 218 24 |-012 GND o |18 BNL_ SHl0
8 —
Mg 5 11C 745260 4 ]5__. 7 S 17 BM2 SHIO
Se Bl
A B2 1D 1 MC14515B 7 5 BNG_ Sl
il B 21 S1o
124 5Aoraconcad Sy) 19 B SH10
I4 18!9!191 l7 14 BNS_ SH10
SJZ e
As = 1is BNG_ sHlo
12, Sy —
As r={74l58% 11 22 16 B SHILO
C D Sy -
‘ - .
As 3 21] . ) SE: BMS . siio
As 3 B s, 4
Au 2],
GND INHIBIT /6 741514
12 Lo23
OWERIAT L,




SH8
SHS
SHS

SH5
SH5
SH5
SH5

SHEET 9

4+5V ~l2v
-l2v
oal s
SH5 Ay 14|— 9 {-)
1_____A CI 3
2l VSB53
Cz 6 4 {+)
SN75382 GND
GND L
+5v L7
I3 eV 12V
Vee Ve TZ
__ 215 sN75382 VSB53
sus  |By_llg ¢ |6 3
(il .
GND <1
L7 sl |7 Ts
6 CXI X2 -l2v
+5V 4 5 cY2 \v4
TIS Tg cy! pET2-J12
= | e vl s ,| 180203 oFTi-{
cS GEN GEN-
DATAOUT I3]mn  yreRlZ 4 ren.
GEN___I4I5EN  REP/ANNNS LIREP/ANN
X0 4 'ibm L IOlREP/ANN  DET 1+
ANN | 34KQ DET2+| 13 14 34KQ
ek ANN Q +I2V > AN esesand G AAAA e 12 V
REP____12/8FF  R/TEMP| g Opf AR ZROIpt
2= 10005t
oV DIS crer GND | 341200 $TSPIOZF —
6 L3 HSRESTORE 13 RA" A=
IKQ sus STBCLK 12 SN 75281
BMI sc DATA IN sy
18 SH8 10 S OUTPUT 7 SH5
oot GND Vee-
k; 14i 8 }\3
5V = Z5v
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’ﬁm‘»«m' P
b= BRI

b
7,
=

Il
2

>
O

18
16

14

s
it |~ | wirg

Fm>l o1l
> X

w

| &

=1z

><
<

SHEET 10

+5V

L.

O O N ]

~1

Vee

7415348

m
—

125310

111 -

SH9 § ———
SHY ]
Sli9 o — |
SHY BN5 et
T SHo BMd 1
T SH9 B3 ——-—f
SH9 B ————
SHY [
U
Vee
G
18
16—
14
12
7415241 2
2 7
5
3
16 GND

=

SH11
SM11

SMl11
SM11
SMi1
SM11

SM11
SM11

oll-(;;

MODSEL A SIiT

MODSEL B SiIT

[ MODSLL C SHY




SHEET 11

+5V
+5V
CONTROL 1o Yoo [eolso]is]io %~ 7%
ADDRESS SH4 RESETuP 34 | Yec  cA caz a1l B2
D, 33 RﬁjET PAO |2
D, 32 I PAl |3
D, 31 |, PA2 |4 —
Dy 30 | b, PA3 |5
D, 29 | o, PA4 | 6
De 28 I D PA5
Dg 27 Dy Mce821 PA6
D, 26 | D, BA7
SH1 E 25 | ENABLE
SH1 R/W 21 | R/W PBO |10
SH1 A, 36 | RS0 PB1 {11
SH1 A 35 | Rs1 PB2 [12
PB3 |13
Ag 22 | cso PB4 | 14
SHI  VMA 24 | cs1 PB5 |15
SH8 ACIA DECODE 23 Jcs2 PB6 |16
37 J1RQ PB7 {17
38 _|1rQ v
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112vac

NMI - power fail detect

POWER SUPPLY DESIGN

R
MJI3000
25 AMP DIODE = [ ==—m=—————— -
10 { 5V @ 10A A
[ H[ A78P05
s, 1509
r———=== IN1199 3200 =100
1 ¥pa 1201 " b 2N6504
[
: SZMOOS}WO 10k (A 213 11
|
J _ba700)t e | powezdixc 8
= L e ] por $ | 3423 105[; 0
12.6VAC 1 I ™ __+L
1 — IOORQ‘E. —C 7 5 =
i el Rf 22pf L& 1uf
i Ho — 12v 63000
i1qoouf== | .1uf —— 15V
[ ua7848 _ | - s
T 1 CED
4700uf N 1u . AN JLuf
63 GND Y our T ! 5 @ 1A  Vec Standby ¢
wA7805
+12
\ -~ +oUT 1T VDC @ 525MA
Apf == o= 1uf
PM851 -OUT ~12 VDC @-525MA
pC/DC ]m ot _J_luf
IV
CONVERTOR ouT " _svne
wA7905 J__ _L
GND l Jpf 1uf
TN com T F GND




Appendix B

SYSTEM MONITOR
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POWER UP INITIALIZATION

START

INITIALIZE
STACK
POINTER

INITIALIZE BMC.

START

Y

SET UP
MINOR LOOP
SIZE

Y

INITIALIZE
ACIA

SET UP
PAGE SIZE

Y

INITIALIZE
BMC.

1

y

RESET
CONTROLLER

INITTALIZE
PIA

Y

Y

CLEAR MAJOR
LOOP

CLEAR
INTERRUPT
MASK

¥

DISPLAY
PROMPT




INTERRUPT ROUTINE POWER DOWN ROUTINE

START

GET
CONDITION

CODES

!

SET
INTiiggPT DISABLE BUBBLE
MODULES, SELECT
T WDDRESS O1FO0,

RETURN
CONDITION
CODES

HALT

)

£

END '
CONTINUE
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SINGLE PAGE READ

START

LOAD PAGE
SELECT
REGISTER

ISSUE READ
COMMAND

IS
CONT.
BUSY?

Y

READ
FIFO

SINGLE PAGE WRITE
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START

LOAD PAGE
SELECT
REGISTER

TRANSFER
PAGE INTO
FIFO

ISSUE
WRITE
COMMAND




‘ START ’

Ll

INCREMENT
SOFT ERROR
COUNTER

CORRECT?

INC. HARD
FRROR COUNTER
& RESTART TEST

¥

END

COMPARE ROUTINE

- 118 -




TEST 1&2: GENERATOR & DETCTOR INDUCED
<:— START :> FATILURE TESTING
MAJOR LOOP FAILURE MODE

TESTING

3

STORE DATA
PATTERN

READ DATA
PATTERN

v

INCREMENT
OPERATION
COUNTER

PATTERN

Y

7 N

INCREMENT
SOFT-ERROR
COUNTER §&
REREAD DATA

IS
PATTERN
CORRECT?

Y

INCREMENT
HARD
ERROR COUNTER

Y
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START

SET UP FOR
MULTI-PAGE
MODE

¥

WRITE DATA
INTO FIFO

4

ISSUE WRITE
COMMAND

A

s

hd

ISSUE
MULTI-PAGE
READ

CLEAR
INTERRUPT
MASK

>0

Y

INTERRUPT
ROUTINE

CLEAR
INTERRUPT
MASK

N

INTERRUPT
ROUTINE

5=

GET NEXT
DATA

TEST 3: MAJOR LOOP NEAREST
NEIGHBOUR TESTING
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IS
PAGE
CORRECT?

COMPARE
ROUTINE




START

GET DATA
PATTERN

LN
A

7

EXAMINE
DATA
PATTERN

¥

SET OR
CLEAR PAGE

BUFFER
¥

WRITE
PAGE

POINT TO
FIRST PAGE

TEST 4&5: MINOR LOOP FAILURE

MODE TESTING

MINOR LOOP NEAREST
NEIGHBOUR TESTING

I

READ
PAGE

COMPARE
DATA

S
DATA
CORRECT?

INCREMENT
PAGE
COUNTER

COMPARE
ROUTINE

ALL
PAGES
READ?

Py
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0059
005A
005¢C
005E
0060
0062
0064
0065
0067
0069
0068
006D

0100
0101
0102
0103
2000
01F0
0082
0082
0080
0083
0084
0085
0084
0086
0012
0010
0014
0080
0200
0201
0088
008D
0020
0021
0033
0281
0034
0058

0059

0001
0002
0002
0002
0002
0002
0001
0002
0002
0002
0002
0002

PIADATAA
PIACONTA
PTADATAB
PTACONTB
DELAY
DISABLE
RE

RDCMD
PGSEL
CONT
STAS

WR
WRCMD
PGCNT
MPRDCMD
MULTI
MPWRCMD
RESETINT
ACIACT
ACIATR
MINLP
PGSIZE
TPSTK
BUF
ENDBUF
ENDMEM
BUF1
ENDBUF1

L.oC
TEMP1
TEMP2
TEMP3
TEMP4
TEMP
LOC1
TEMP5
TEMP6
TEMP7
TEMP8
TEMP9

BUBBLE MEMORY SYSTEM MONITOR

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

ORG

BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK
BLOCK

0100H
0101H
0102H
0103
20008
01FOH
82H
82H
80H
83H
84R
85H
84H
86H
12H
10H
140
80H
0200H
0201H
88H
8DH
20H
TPSTK+1
BUF+12H
0281EH

;PTA DATA REG. A

;PIA CONT REG. A

;PIA DATA REG. B

;PIA CONT REG. B

;TIME DELAY FOR POWER FAIL
;ADDRESS CALLED TO DISABLE BUBBLE MODULES
3sREAD FIFO ADDR.

;SINGLE PAGE READ COMMAND
;PAGE SEL REG. ADDR

;BUBBLE CONT REG. ADDR.
3STATUS REG. ADDR.

;WRITE FIFO ADDR.

;SINGLE PAGE WRITE CMD.

s PAGE COUNT REG. ADDR.
sMULTI PAGE READ COMMAND
;COMMAND TO INIT. MULTIPAGE MODE
;MULTI PAGE WRITE COMMAND

; COMMAND TO RESET INTERRUPT
;ACIA CONT REG. ADDR.

;ACIA I/0 REG. ADDR.

sMINOR LOOP SIZE REG. ADDR.
s PAGE SIZE REG. ADDR.

;TOP OF STACK

;PAGE BUFFER BEG. ADDR.
;END OF PAGE BUFFER

;END OF BUBBLE MEMORY

ENDBUF+1 ;MULTI-PAGE BUFFER

BUF 1436

591

NN DNNFODNN NN

sEND OF MULTI-PAGE BUFFER

3ASCIT OF HEX DATA

;STORE ADDR. OF DUMP START

; INDEX REG TEMP STORE 2
;DUMP END ADDR. STORE

sPAGE START ADDR. TEMP STORE
;PAGE SEL ADDR. STORE

;TEMP REG.

sSTACK POINTER TEMP STORE
;NO. OF SOFT ERRORS

sMS. NO. OF R/W OPERATIONS
;LS. NO. OF R/W OPERATIONS
;USED TO TRANSFER INDEX REGISTER
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006F 0002 TEMPILO BLOCK 2 s STORE STARTING PAGE ADDRESS

0071 0002 TEMP11 BLOCK 2 ;THIRD TEMP. STORAGE FOR INDEX REGISTER
0073 0001 L0oC2 BLOCK 1 ;TEMP. REG USED FOR HARD ERROR COUNTER
0074 0001 LoC3 BLOCK 1 sUSED AS TEMPORARY COUNTER

FO00 BOS ORG OF000H

FOOO 8E0020 BEGIN 1LDS #TPSTK sINIT. STACK POINTER

FOO3 BDFOEA JSR  ACIAIT ;INIT. ACIA

FO06 BDFOFS JSR  BUBINT ;INIT. BUBBLE MEMORY CONT.
FO09 CEFEO4 LDX  #0FEO4H ;INIT. PIA PORT A FOR 1 INPUT AND REST AS OUTPUTS
FOOC FF0100 STX  PIADATAA ;STORE AT PIA CONT. REG. A
FOOF CEFF04 LDX #OFFO4H ;INIT. PIA PORT B FOR OUTPUTS
FOl2 FF0102 STX  PIADATAB ;STORE AT PIA CONT. REG. B
FO15 OE CLI ;CLEAR INTERRUPT MASK

FOl6 CEFB29 LDX  #PRMPT1 ;DISPLAY INIT. PROMPT

FO19 BDFI1BE JSR  MESSA

FOIC CEFB3B START LDX  #PROMPT ;DISPLAY SECOND PROMPT
FOLF BDFIBE JSR  MESSA

F022 8642 LDA A #"B" ;SET UP FOR HEX INPUT ONLY
FO24 9759 STA A @LOC

F026 CE0000 LDX #0

F029 FF0073 STX  LOC2 ;CLEAR TEMPORARY REGISTERS
F02C FF0067 STX  TEMP6

FO2F FF0069 STX  TEMP7

F032 FFOO06B STX  TEMP8

F035 BDF101 JSR  BUB :RESET CONTROLLER

F038 BDFlIC REPT JSR  INPUT

FO3B 8145 CMP A #"E" ;CHECK FOR E

FO3D 2758 BEQ  COMl

FO3F 8143 CMP A #"C" ;CHECK FOR C

FO41 2757 BEQ  COM2

FO43 8144 CMP A #'"D" ;CHECK FOR D

FO45 2756 BEQ COM3

FO47 8147 CMP A #"G" ;CHECK FOR G

FO49 2755 BEQ  COM4

FO4B 8152 CMP A #"R" ;CHECK FOR R

FO4D 2754 BEQ COM5

FO4F 8148 CMP A #"H" :CHECK FOR H

FOS1 2753 BEQ  COM6

FO53 8146 CMP A #"F" ;CHECK FOR F

FO55 2752 BEQ  COM7

FO57 814C CMP A #"L" ;CHECK FOR L

F059 2751 BEQ COM8

FOS5B 8154 CMP A #"T" ;CHECK FOR T

FO5D 2750 BEQ  COM9

FOSF 8149 CMP A #"I" sCHECK FOR I

FO61 274F BEQ  COMIO

F063 8153 CMP A #"S" ;CHECK FOR S

F065 274E BEQ  COMl1l

FO67 8156 CMP A #"V" ;CHECK FOR V

F069 275F BEQ  COM12

FO6B 8131 CMP A #"1" ;CHECK FOR 1
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FO6D
FO6F
FO71
F073
FO75
FO77
FO79
FO7B
FO7D
FO7F
F081
F083
F085

F087
F089
FO8C
FO8E
F091
F093
F096

F097
F09A
FO9D
FOAOQ
FOA3
FOA6
‘FOAS9
FOAC
FOAF
FOB2
FOB5
FOBS8
FOBB
FOBE
FOC1
FOC4
FOC7
FOcA
FOCD

FODO
FOD3
FOD6
FOD9

2749
8132
2748
8133
2747
8134
2746
8135
2745
8136
2744
8D02
20B1

8608
BDF145
8620
BDF145
8608
BDF145
39

JEF293
7EF3A7
7EF20A
7EF283
TEF466
7EF10D
7EF560
7EF58F
7EF5B6
7EF6CB
7EF6D7
JEF72F
7EF73F
7EF801
7EF914
7EF924
7JEFA23
BDF43F
7EFO1C

CEFB40
BDF1BE
BDF11C
8141

BEQ
CMP A
BEQ
CMP A
BEQ
CMP A
BEQ
CMP A
BEQ
CMP A
BEQ
BSR
BRA

COoM13
greon
COM14
frrgn
CoM15
FUVAL
COML16
grsn
COM17
#rgn
COM18
REJECT
REPT

:CHECK FOR 2
;CHECK FOR 3
:CHECK FOR 4
; CHECK FOR 5
;CHECK FOR 6

s COMMAND REJECT
;CYCLE THRU COMMAND LIST

$sTHIS ROUTINE IS CALLED IF AN INVALID COM.
s IS ENCOUNTERED

REJECT LDA A

JSR
LDA A
JSR
LDA A
JSR
RTS

#08H
TRANS
#20H
TRANS
#08H
TRANS

;s COMMAND SELECTION

COM1
CoM2
COoM3
COM4
COM5
COM6
CoM7
CcoM8
COMS
COM10
CoM11
CoM13
COM14
COM15
COM16
COoM17
COM18
COM12

sDETERMINE IF

AB

El

LDX
JSR
JSR
CMP A

EXAM
CNTNUE
DUMP
GO
READ
HELP
FILL
LISTIL
TRSFER
INTLZE
START1
TEST1
TEST2
TEST3
TEST4
TEST4A
TESTS
VERFY
START .

;sCLEAR CHAR. TRANSMITTED
s IF CHAR NOT VALID
;TRANSMITT SPACE

sTRANSMITT BACK-SPACE

sGENERATOR AND DETECTOR TESTING

sMAJOR LOOP FAILURE MODE TESTING

sMAJOR LOOP NEAREST NEIGHBOR TESTING
sMINOR LOOP FAILURE MODE TESTING

;MINOR LOOP NEAREST NEIGHBOR TESTING
sTEST EACH MINOR LOOP WITH TEST PATTERN

ASCII OR HEX IS TO BE USED

#MESAGE ;OUTPUT PROMPT

MESSA
INPUT
#ran

sCHECK FOR A
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FODB 270A BEQ E9 ;SET UP FOR ASCII INPUTS

FODD 8148 CMP A #"H" ;CHECK FOR H

FODF 2704 BEQ E2 3SET UP FOR HEX INPUTS
FOE1l 8DA4 BSR REJECT sREJECT COMMAND

FOE3 20F1 BRA El sREPEAT

FOES5 8642 E2 LDA A #"BY ;SET HEX INPUT FLAG
FOE7 9759 E9 STA A @LOC 3sSTORE FLAG

FOE9 39 RTS

sINITIALIZE ACIA

FOEA 8603  ACIAIT LDA A #03H ;ACIA MASTER RESET

FOEC B70200 STA A ACIACT

FOEF 8649 LDA A {#49H ;INIT. ACIA FOR RTS=HIGH

FOF1 B70200 STA A ACIACT ; 7BITS+E PARITY+l STP BIT,/16 MODE
FOF4 39 RTS

sINITIALIZE BUBBLE MEMORY CONT.

FOF5 8602 BUBINT LDA A. #02H ;INIT. MINOR LOOP SIZE
FOF7 9788 STA A MINLP ;TO 0281 HEX -MS. BYTE
FOF9 8681 LDA A #81H
FOFB 9789 STA A MINLP+l ;LS. BYTE
FOFD 8612 LDA A #12H ;INIT. PAGE SIZE TO 18 BYTES
FOFF 978D STA A PGSIZE
F101 8640 BUB  LDA A {4OH ;MASTER RESET
F103 9783 STA A CONT
F105 8601 LDA A #01H ;ISSUE INIT. COMMAND
F107 9783 STA A CONT
F109 BDF30F JSR  STAT
F10C 39 RTS
sHELP COMMAND
F10D CEFCBB HELP LDX  {#M26 ;OUTPUT PROMPT
F110 BDF1C4 JSR  MESS
F113 CEFDSE F19  LDX  #M28 ;OUTPUT HELP TABLE
F116 BDFIBE JSR  MESSA
F119 7EFOIC JMP  START ;RESTART

;TERMINAL INPUT RETURNED IN ACC A

F11C B60200 INPUT LDA A ACTACT sLOAD CONT REG.

F11F 8530 BIT A #30H sCHECK FOR ERROR

F121 2702 BEQ  NOERR

F123 8D16 BSR  ERROR  ;BRANCH ON ERROR CONDITION

F125 47 NOERR ASR A sCHECK FOR FULL BUFFER IF NOERR
F126 24F4 BCC  INPUT  ;RE-CHECK IF NO INPUT

F128 B60201 LDA A ACIATR  ;INPUT CHAR.

F12B 811B CMP A #1BH ;CHECK FOR RESTART,ESC

F12D 2603 BNE Al

F12F 7EFO1C JMP  START  ;RESTART ON ESC CHAR.

F132 810A4 Al CMP A #0AH :CHECK FOR LINE FEED
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F134
F136
F137
F13A
F13B
F13E
F141
Fla4

F145
Fl46
Fl47
F149
Fl4C
F14D
Fl4E
F150
F152
F154
Fi56
F158
F15B
F15C
F15E
F160
Fl162
F165
F166
Fl67

F168
F169
F16C
F1l6E
F170
F171

F172
Fl74
F176
F178
Fl7A

F178
F17D

2601
4F
BDF145
39
CEFBl1
BDFIC4
B60200
39

37

36
8D1F
B70201
0l

01
810D
2613
Cc607
8600
8D10
B70201
SA
26F8
860A
8D06
B70201
32

33

39

37
F60200
€502
2779
33

39

8540
2702
8B09
840F
39

8B90
19

A2

ERROR

BNE
CLR
JSR
RTS
LDX
JSR
LDA
RTS

A

A

;OUTPUT CHAR

TRANS PSH

Ab

A3

PSH
BSR
STA
NOP
NOP
CMP
BNE
LDA
LDA
BSR
STA
DEC

- BNE

LDA
BSR
STA
PUL
PUL
RTS

B
A

A

o I

w >

A2
TRANS

M1
MESS
ACIACT

VIA ACC

TRANS1
ACIATR

#0DH
A3
#07H
#00H
TRANS1
ACIATR

A4
#0AH
TRANS1
ACIATR

;STRIP OFF LINE FEEDS
s ECHO CHAR.

sOUTPUT ERROR MESSAGE

;sCLEAR ERROR FLAG

s SAVE REGISTERS

;CHECK FOR EMPTY TRANS BUFFER
;yOUTPUT CHAR
sTHE NOP IS USED AS A SPACE FILLER

$CHECK FOR CR

;AVOID THE FOLLOWING IF POSSIBLE
;LOAD NULL COUNT

; INSERT NULLS AFTER CR
sCHECK IF CLEAR TO TRANSMITT
s TRANSMITT NULLS

sDECREMENT NULL COUNT

sCHECK IF ALL TRANSFERRED
sOUTPUT LINE FEED

;CHECK IF CLEAR TO TRANSMITT
3sTRANS. LINE-FEED

sRESTORE REGISTERS

sTHIS CHECKS IF IT IS CLEAR TO TRANSMITT

TRANS1 PSH B
TRANS2 LDA B

s CONVERTS ASCIT TO HEX

BIT
BEQ
PUL
RIS

B

B

CNVERH BIT A

DOWN

s CONVERTS HEX TO ASCII

BEQ
ADD
AND
RTS

A
A

ACIACT
#02H
TRANS2

#40H
DOWN
#09H
#0FH

CNVERA ADD A #90H

DAA

s SAVE REGISTER
sCHECK IF TRANSMIT

s BUFFER IS EMPTY
;sREPEAT IF NOT CLEAR
;RESTORE REGISTER

sCHECK IF A-F

s CONVERT TO ASCII

s CONVERT TO HEX
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F17E 8940 ADC A {#40H
F180 19 DAA
F181 39 RTS
sBYTE RETURNED IN ACC A - USED TO FORM BYTE OF DATA

F182 BDF11C PACK JSR INPUT s CONVERT 2 ACSII CHARS

F185 37 PACK1 PSH B sINTO A BYTE

F186 8DIA  PACK4 BSR CHECK sCHECK FOR VALID BIN.

F188 2513 BCS PACK3 sREREAD IF NOT VALID BINARY
F18A 8DE6 BSR CNVERH sCONVERT ASCII TO HEX

F18C 16 TAB

F18D BDF11C PACK2 JSR INPUT sINPUT SECOND ASCII CHAR.
F190 8p10 BSR CHECK sCHECK IF VALID BIN.

F192 25F9 BCS PACK2 sREREAD IF NOT VALID BINARY
F194 8DDC BSR CNVERH ;CONVERT ASCII TO HEX

F196 58 ASL B s PACK INTO BYTE

F197 58 ASL B

F198 58 ASL B

F199 58 ASL B

F1GA 1B ABA 3sBYTE OF DATA IN ACC - A
F19B 33 PUL B

F19C 39 RTS

sTHIS SECTION REREADS INPUT
F19D BDF11C PACK3 JSR INPUT

F1A0 20E4 BRA  PACK4
;THIS SECTION CHECKS FOR VALID INPUTS
F1A2 36 CHECK PSH A ;CHECK FOR VALID BIN.
F1A3 8146 CMP A #"F" ;CHECK IF VALUE BETWEEN A-F
F1A5 2211 BEI DI
F1A7 812F CMP A {2FH
F1A9 230D BLS DI
F1AB 8140 CMP A {#40H ;CHECK IF VALUE BETWEEN 0-9
F1AD 2709 BEQ DI
F1AF 840F AND A #OFH
F1B1 8109 CMP A #09H
F1B3 2203 BHI DI
F1B5 32 PUL A
F1B6 0C CLC
FIB7 39 RTS
F1B8 BDF087 DI JSR  REJECT ;REJECT IF INVALID HEX.
F1BB 32 PUL A
F1BC OD SEC

F1BD 39 RTS

sOUTPUT A MESSAGE

F1BE 36 MESSA PSH A s SAVE REGISTER

F1BF 860D LDA A #0DH

FiCl 8Dp82 BSR TRANS ;sOUTPUT CR

FIC3 32 PUL A ;sMAINTAIN STACK POINTER
F1C4 36 MESS PSH A

F1C5 A600 ABOVE 1DA A 0,X s POINT TO MESSAGE
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Fl1C7
F1C9
F1CB
FICE
FICF
F1D1
F1D3
F1iD6
F1D7

FID8
F1D9
F1DA
F1DC
F1DE
F1DF
F1EO
FlEl
FlE2
FlE4
FlE7
F1lES8
F1EA
F1ED
FlEE

FlEF
FlF1
F1F3
F1F5
F1F7
F1F9

FIFA
F1FC
F1FF
F201
F203
F205
F207
F209

F20A
F20D

;CHECK FOR END OF MESSAGE
sEXIT IF MESSAGE TRANSMITTED

;s POINT TO NEXT CHAR.

;sOUTPUT A SPACE
sRESTORE REGISTER

3sMASK OF MS. NIBBLE
sMASK OF LS. NIBBLE
3SHIFT BYTE INTO POSITION

;CONVERT MS. NIBBLE TO ASCII
;OUTPUT MS. NIBBLE

;CONVERT LS. NIBBLE TO ASCII
;OUTPUT LS. NIBBLE

; PACK TWO CHAR. INTO ONE BYTE
;s PACK TWO CHAR. INTO ONE BYTE

;LOAD TWO BYTE VALUE

;SAVE DATA TO BE TRANSMITTED
;LOAD WITH MS. BYTE

sTRANS. MS. BYTE

;LOAD WITH LS. BYTE

;TRANS. LS. BYTE

;OUTPUT REST OF PROMPT

8140 cMP A #"@"
2706 BEQ UNDER
BDF145 JSR TRANS ;TRANS CHAR.
08 INX
20F4 BRA ABOVE ;REPEAT
8620 UNDER LDA A {#20H
BDF145 JSR TRANS
32 PUL A
39 RTS
;OUTPUT ONE BYTE OF DATA BY COVERTING
;ONE BYTE INTO TWO ASCII CHARS.
37 BREAK PSH B
16 TAB
84F0 AND A {#0FOH
C40OF AND B #0FH
b4 LSR A
44 LSR A
A LSR A
b4 LSR A
8D97 BSR CNVERA
BDF145 JSR TRANS
17 TBA
8D91 BSR CNVERA
BDF145 JSR TRANS
33 PUL B
39 RTS
;GET 2 BYTE INPUT FROM TERMINAL
8D91 ADDR  BSR PACK
975A STA A @TEMP1  ;SAVE BYTE
8D8D BSR PACK
9758 STA A @TEMPI+1 ;SAVE BYTE
DESA LDX @TEMP1
39 RTS
;OUTPUT TWO BYTES
860D BREAKI LDA A {#ODH ;OUTPUT CR
BDF145 JSR TRANS
DF5C BREAK2 STX @TEMP2
965C LDA A @TEMP2
8DD3 BSR BREAK
965D LDA A @TEMP2+1
8DCF BSR BREAK
39 RTS
;DUMP CONTENTS OF RAM
CEFB25 DUMP LDX #M3
BDF1C4 JSR MESS
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F210
F212
F215
F218
F21B
F21D
F220
F222
F224
F227
F22A
F22D
F22F
F232
F234
F236
F238
F23B
F23C
F23D
F23F
F242
F244
F247
F248
F24A
F24C
F24E
F250
F253
F254
F256
F258
F25A
F25C
F25E
F260
F262
F264
F266
F269
F26B
F26D
F26E
F270
F272
F274
F276
F278
F279
F278
F27E
F280

8620
BDF145
BDF145
BDF182
975A
BDF182
9758

8620
BDF145
BDF145
BDF182
975E
BDF182
975F

DE5A

C610  AlO
BDF1FA DUMP1
09

08 A9
8620
BDF145
A600
BDF1D8

5A

26F2

DF5C

€605

8620 All
BDF145

5A

26¥F8

DE5SA

A600 Al2
2B08

811F

2304

817E

2302

862E A20
BDF145 Al3
9C5E

2713

08

9C5E

270E

9C5C

26E2

DESC

08

DF5A
BDF3EE
20B6
JEFOIC A8

LDA

- JSR

JSR
JSR
STA
JSR
STA
LDA
JSR
JSR
JSR
STA
JSR
STA
LDX
LDA
JSR
DEX
INX
LDA
JSR
LDA
JSR
DEC
BNE
STX
LDA
LDA
JSR
DEC
BNE
LDX
LDA
BMI
CMP
BLS
CMP
BLS
LDA
JSR
CPX
BEQ
INX
CPX
BEQ
CPX
BNE
LDX
INX
STX
JSR
BRA
JMP

{" 1

TRANS
TRANS
PACK
@TEMP1
PACK
@TEMP1+1
#20H
TRANS
TRANS
PACK
@TEMP3
PACK
@TEMP3+1
@TEMP1
#16
BREAK1

#20H
TRANS
0,X
BREAK

A9
@TEMP2
#05SH
guon
TRANS

All
@TEMP1
0,X
A20
#1FH
A20
#7EH
Al3
#". "
TRANS
@TEMP3
A8

@TEMP3
A8
@TEMP2
Al2
@QTEMP2

@TEMP1
I0
AlQ
START

sOUTPUT SPACE

sOUTPUT ANOTHER SPACE

sREAD MS. BYTE OF START ADDRESS

3sGET MS. BYTE OF START ADDR.

3sREAD LS. BYTE OF START ADDR.
sGET LS. BYTE OF START ADDR.

;s OUTPUT SPACE

;OUTPUT ANOTHER SPACE

sREAD MS. BYET OF END ADDR.
;yGET MS. BYTE OF END ADDR.
sREAD LS. BYTE OF END ADDR.
3sGET LS. BYTE OF END ADDR.
sLOAD REG. WITH START ADDR.
3sSET UP BYTE COUNTER
sOUTPUT ADDRESS

sOUTPUT SPACE

sGET DATA

sTRANSMITT DATA
sDECREMENT DATA COUNTER
316 BYTES OUTPUTED?
3sSAVE ADDR. POINTER
sLOAD WITH NO. OF SPACES
;OUTPUT 5 SPACES

;DEC. SPACE COUNTER
;CONTINUE IF NOT FINISHED
;GET START ADDR. AGAIN
;GET DATA

sCHECK TO SEE IF VALID ASCII

;OUTPUT ASCII IF VALID
;OR DOT IF INVALID ASCII

;EXIT IF END REACHED

; INCREMENT ADDR. COUNTER

;HAS END BEEN REACHED?

;EXIT IF END REACHED

;HAS ALL ASCII BEEN TRANSMITTED?
;CONTINUE IF NOT

;RESTORE ADDRESS COUNTER

; FOR NEXT LINE OF OUTPUT

;SAVE ADDR. COUNTER

;GET KEYBOARD ENTRY IF ANY
;OUTPUT STARTING OF NEXT LINE
sRESTART
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F283
F286
F289
F28C
F28D
F290
F291
F292

F293
F296
F299
F29B
F29E
F2Al1
F2A2
F2A5
F2A6
F2A7
F2A8
F2AA
F2AB
F2AC
F2AE
F2B1
F2B4
F2B6
F2B9
F2BB
F2BE
F2C0
F2C3
F2C6
F2cs8
F2CcA
F2cC
F2CE
F2D0
F2D2
F2D4
F2D6

F2D9
F2DA
F2DC
F2DF

CEFCBF
BDF1C4
BDF182
16
BDF182
36
37
39

CEFB21
BDF1C4
8620
BDF145
BDF182
16
BDF182
36

37

30
EEOO
31

31
860D
BDF145
BDFIFF
8620
BDF145
A600
BDF1D8
8620
BDF145
BDF1l1C
8143
271A
810D
2713
8142
2707
8120
26ED
7EFO1C

09
860D
BDF145
20D0

; EXECUTE PROGRAM

GO

LDX
JSR
JSR
TAB
JSR
PSH A
PSH B
RTS

#M27
MESS
PACK

PACK

sOUTPUT PROMPT

sGET MS. BYTE OF ADDRESS

3GET LS. BYTE OF ADDRESS

; START EXECUTION

; EXAMINE MEMORY LOCATION

EXAM

A7

Ab

s BACK COMMAND

BACK

LDX
JSR
LDA A
JSR
JSR
TAB
JSR
PSH
PSH
TSX
LDX
INS
INS
LDA A
JSR
JSR
LDA A
JSR
LDA A
JSR
LDA A
JSR
JSR
CMP A
BEQ
CMP A
BEQ
CMP A
BEQ
CMP A
BNE
JMP

ool

DEX
LDA A
JSR
BRA

#M2
MESS
#20H
TRANS
PACK

PACK

0,X

#0DH
TRANS
BREAK?2
#20H
TRANS
0,X
BREAK
#" 1"
TRANS
INPUT
#ch
CHANGE
#0DH
NEXT
#"B"
BACK
#" "
A6
START

#0DH
TRANS
A7

sOUTPUT PROMPT

3sOUTPUT SPACE
3sGET MS. BYTE OF ADDRESS

;GET LS. BYTE OF ADDRESS
; PUT ADDRESS ON STACK

;LOAD REG. WITH EXAM ADDRESS
sRESTORE STACK POINTER

sOUTPUT CARRIAGE RETURN
;OUTPUT ADDRESS
sOUTPUT SPACE

sLOAD WITH DATA
sOUTPUT DATA

;OUTPUT SPACE
s INPUT CHAR.

;s CHANGE COMMAND?
;NEXT COMMAND?
3sB- FOR BACK CMD
3 BACK COMMAND?

sRETURN TO MAIN PROG

;OUTPUT DATA CORRESPONDING TO
s PREVIOUS ADDRESS

- 130 -



;NEXT COMMAND

F2E1 08 NEXT INX ;OUTPUT DATA CORRESPONDING TO
F2E2 20CD BRA AT ;NEXT ADDRESS

; CHANGE COMMAND

F2E4 BDF182 CHANGE JSR PACK sREPLACE OLD DATA WITH
F2E7 A700 STA A 0,X sNEW DATA
F2E9 20D8 BRA Ab

MACRO NUMBER

STX @TEMP ;s STORE BEGIN. ADDR.
LDA A QTEMP sLOAD PAGE SEL REG.
STA A PGSEL sWITH PAGE NUMBER
LDA A @TEMP+1 ;TO BE ACCESSED

STA A PGSEL+]

ENDM

s SINGLE PAGE READ
;s INDEX REG. CONTAINS STARTING PAGE NO.

F2EB 36 SREAD PSH A s SAVE REGISTERS
F2EC 37 PSH B

NUMBER
F2ED DF62 STX @TEMP s STORE BEGIN. ADDR.
F2EF 9662 LDA A (@TEMP sLOAD PAGE SEL REG.
F2F1 9780 STA A PGSEL sWLTH PAGE NUMBER
F2F3 9663 LDA A Q@TEMP+1 ;TO BE ACCESSED
F2F5 9781 STA A PGSEL+1
F2F7 8682 LDA A #RDCMD ;s ISSUE READ COMMAND
F2F9 9783 STA A CONT
F2FB 8D12 BSR STAT ;CHECK IF CONT. BUSY
F2FD C612 LDA B #12H 3SET UP BYTE COUNTER
F2FF CE0021 LDX #BUF
F302 9682 Al4 LDA A RE sREAD FIFO
F304 A700 STA A 0,X 3sSTORE DATA INTO BUFFER
F306 08 INX
F307 5A DEC B
F308 26F8 BNE Al4 ; PAGE TRANSFERED?
F30A DE62 LDX @TEMP sRESTORE REGISTERS
F30C 33 PUL B
F30Dp 32 PUL A
F30E 39 RIS

sCHECK FOR CONT. BUSY

F30F 9684 STAT LDA A STAS :LOAD STATUS REG.
F311 8520 BIT A #20H sCHECK IF CONT. NOT BUSY
F313 27FA BEQ STAT
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F315
F317
F319
F31B

F31C

F31D
F31F
F321
F323
F325
F327
F328
F32A
F32D
F32F
F331
F332
F333
F335
F337
F339
F33B
F33D
F33E
F33F

F340
F341
F344
F347
F34A
F34D
F34F
F351
F353
F355
F357
F359
F35B
F35E
F361
F363
F366
F369
F36C

sCHECK IF CONT. BUSY

; INDEX REG. CONTAINS STARTING PAGE NO.

sSTORE BEGIN. ADDR.
;LOAD PAGE SEL REG.
sWITH PAGE NUMBER
;TO BE ACCESSED

3sSET UP BYTE COUNTER

sPOINT TO BEG. OF PAGE BUF.
3GET DATA FROM BUFFER

s SAVE DATA INTO FIFO

;DECREMENT BYTE COUNTER
318 BYTES TRANSFERED?
;ISSUE WRITE COMMAND

; CHECK CONTROLLER STATUS
;sRESTORE REGISTERS

$GET START AND END ADDRESSES FOR BUBBLE MEMORY

9684  Alé6 LDA A STAS
8520 BIT A {#20H
26FA BNE Al6
39 RTS

; SINGLE PAGE WRITE
36 SWRITE PSH A

NUMBER

DF62 STX @TEMP
9662 LDA A Q@TEMP
9780 STA A PGSEL
9663 1LDA A @TEMP+1
9781 STA A PGSEL+l
37 PSH B
C612 LDA B #12H
CE0021 LDX #BUF
A600  Al8 LDA A 0,X
9785 STA A WR
08 INX
5A DEC B
26F8 BNE AlS8
8684 LDA A #WRCMD
9783 STA A CONT
8DD4 BSR STAT
DE62 LDX @TEMP
33 PUL B
32 PUL A
39 RTS

s TRANSACTIONS.
01 INPUT2 NOP
BDFODO Bl JSR AB
CEFC63 B29 LDX #M20
BDF1BE JSR MESSA
BDF1EF JSR ADDR
DF60 STX @QTEMP4
965A LDA A @TEMPL
8102 CMP A #02H
2206 BHI B30
965B LDA A @TEMPI+1
8180 CMP A #80H
2308 BLS B28
CEFBBA B30 LDX #M10
BDF1BE JSR MESSA
20E1 BRA B29
CEFC6F B28 LDX fM21
BDF1BE JSR MESSA
BDF1EF JSR ADDR
965A LDA A @TEMPI

;CHECK IF ASCII OR BIN.
;OUTPUT MESSAGE

sGET START ADDR.

3sSTORE START ADDR.

sCHECK IF ILLEGAL ADDR.,THAT IS,
;IS THE ADDRESS BETWEEN 0000

;AND 0280 HEX. ‘

;END OF CHECK

sOUTPUT MESSAGE - ILLEGAL ADDRESS
;OUTPUT NEXT MESSAGE

;GET END ADDR.
;CHECK IF ILLEGAL ADDR.
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F36E 8101 CMP A #01H s THIS PORTION AGAIN CHECKS

F370 2312 BLS B31 ;TO SEE IF THE END ADDRESS

F372 8102 CMP A {021 sIS VALID

F374 2206 BHI B32

F376 965B LDA A @TEMPI+1

F378 8180 CMP A #80H

F37A 2308 BLS B31

F37C CEFBBA B32 LDbX #M10

F37F BDF1BE JSR MESSA ;OUTPUT MESSAGE - ILLEGAL ADDRESS
F382 20DF BRA B28

sTHIS ROUTINE INPUTS DATA FROM THE TERMINAL

sIN EITHER ASCITI OR HEX DEPENDING ON

sINITTAL SET UP CONDITONS.

:THEN THE ROUTINE FILLS A BUFFER WITH THAT DATA.

F385 CEFBYD INPUT3 LDX #M7

F388 BDF1BE JSR MESSA ;OUTPUT MESSAGE - DATA PATTERHN
F38B D659 LDA B @LOC

F38D Cl42 cMP B #"BY sCHECK IF HEX OR BINARY NEEDED
F38F 2605 BNE B3

F396 BDF11C B3 JSR INPUT sGET ASCII DATA

¥399 9764 OVER STA A (@LOC1 ;STORE IN @TEMPREG

F39B CE0021 OVER1 LDX #BUF sFILL PAGE BUFFER WITH DATA
F39E A700 B4 STA A 0,X

F3A0 08 INX

F3A1 8C0033 CPX #ENDBUF

F3A4 26F8 BNE B4 ;IS BUFFER FULL?

F34A6 39 RTS

; CONTINUOUS READ/WRITES TO BUBBLE MODULE
F3A7 CEFB6D CNTNUE LDX M4

F3AA BDF1C4 JSR MESS ;OUTPUT REST OF PROMPT
F3AD 8D91 BSR INPUT2  ;GET START AND END ADDRESS
F3AF 8DD4 BSR INPUT3  ;FILL BUFFER WITH DATA

F3B1 DE5A LDX @TEMP1  ;GET START ADDRESS

F3B3 08 INX

F3B4 DFS5A STX @TEMPl  ;STORE NEXT ADDRESS

F3B6 CE0000 LDX #0 ;INIT. ERROR CNTR TO ZERO
F3B9 DF67 STX @TEMPS6

F3BB DF69 STX @TEMP7  ;INIT. R/W OPER. CNTR

F3BF BDF436 JSR B10B ;OUTPUT MESSAGE -~ **WORKING**
F3C2 DE6B  B7 LDX @TEMP8  ;INCREMENT OPERATION COUNTER
F3C4 08 INX ;LEAST SIGNIFICANT TWO BYTES
F3C5 DF6B STX @TEMP8  ;SAVE COUNTER

F3C7 2609 BNE DOWN1

F3C9 DE69Y LDX @TEMP7  ;INCREMENT OPERATION COUNTER
F3CB 08 INX $MOST SIGNIFICANT TWO BYTES
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F3cCcC
F3CE
F3DO
F3D2
F3D4
F3D7
F3D9
F3DA
F3DC
F3DE
F3EOQ
F3E3
F3E5
F3E7
F3ES8
F3EA
F3EC

F3EE
F3EF
F3F0
F3F2
F3F5
F3F6
F3F8
F3FB
F3FD
F3FF
F401
F403
F405
F408
F40A
F40B
F40C

F40D
F40E
F4OF

F412
F4l4
F417
F419
F41B
F41D
F41E
F421
F423

DF69
9664
8DC9Y
DE60O
BDF31C
8D15
08
9C5A
26F6
DE60
BDF2EB
8D09
8D2B
08
9C5A
26F4
20D4

36

37
DF65
B60200
47
2410
360201
811B
270E
8156
2605
8D3A
BDF436
DE65
33

32

39

31
31
7EFO1C

DF5C
CE0021
9664
Al00
2609
08
8C0033
26F6
DES5C

DOWN1
B6

B5
B8

STX
LDA
BSR
LDX
JSR
BSR
INX
CPX
BNE
LDX
JSR
BSR
BSR
INX
CPX
BNE
BRA

s CHECK FOR

I0

V1

B9

PSH
PSH
STX
LDA
ASR
BCC
LDA
CMP
BEQ
CMP
BNE
BSR
JSR
LDX
PUL
PUL
RTS

INS
INS
JMP

@TEMP7

A @LoCl
OVER1
@TEMP4
SWRITE
10

@TEMP1
B6
@TEMP4
SREAD
I0
VER

@TEMP1
B8
B7

; SAVE COUNTER

sRETRIEVE DATA PATTERN

sFILL BUFFER WITH DATA PATTERN
:WRITE N PAGES OF DATA
;CHECKING TO INSURE END

;HAS NOT BEEN REACHED

;1S END REACHED?

;IF NOT,WRITE OUT PATTERN

sREAD N PAGES OF DATA
;CHECKING TO INSURE END

;HAS NOT BEEN REACHED

; PRINT OUT NUMBER OF CYCLES RUN

3sIS END REACHED?
sIF NOT CONTINUE READING
sREPEAT PROCEDURE

RESTART OR VERIFICATION KEY CLOSURE

@TEMP5S
A ACIACT

Vi

A ACIATR

A #1BH
B9

A #llv"
V1
VERFY
B10B
@TEMPS

START

; SAVE REGISTERS

sCHECK FOR DATA IN ACIA

;EXIT IF NO DATA

sLOAD CHARACTER FROM ACIA
;CHECK FOR ESC CHAR.
sBRANCH 1IF AN ESC CHAR
;CHECK FOR A V ENTRY

; BRANCH IF NOT FOUND
sPRINT OUT ERROR COUNT

; PRINT **WORKING**
;sRESTORE REGISTERS

sRESTORE STACK POINTER

sRESTART MONITOR

s VERIFY BUFFER WITH CHARACTER

VER

Bl1

STX
LDX
LDA
CMP
BNE
INX
CPX
BNE
LDX

@TEMP2

#BUF
A @LOCI
A 0,X

B10

{# ENDBU
B11
@TEMP2

;STORE CURRENT PAGE POSN.
;POINT TO BEG. OF PAGE BUFFER
;LOAD ACTUAL DATA
s COMPARE CHAR. WITH BUF.
:BRANCH IF ERROR
;POIUNT TO NEXT CHAR. IN BUFFER

F  ;HAS END BEEN REACHED?
:CONTINUE CHECKING IF NOT COMPLETE
;RESTORE PAGE POSN.
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F425 39 RIS

;OUTPUT FOLLOWING MESSAGE - **WORKING#**

F426 CEFBAB B10 LDX #M8 s POINT TO MESSAGE

F429 BDFIBE JSR MESSA ;OUTPUT MESSAGE - READ ERROR
F42C DESC LDX @TEMP2 ;GET CURRENT PAGE POSN.

F42E BDF525 JSR OUTPUT ;OUTPUT PAGE OF DATA

F431 DE67 B10A  LDX @TEMP6 sINC. ERROR CNTR
F433 08 INX

F434 DF67 STX @TEMP6 ;SAVE ERROR COUNTER

F436 CEFCDB B1OB  LDX #M29 ;sOUTPUT MESSAGE - **WORKING**
F439 BDF1BE JSR MESSA

F43C DESC LDX @TEMP2 ;RESTORE PAGE POSN INDICATOR
F43E 39 RIS

sOUTPUT NUMBER OF CYCLES RUN & NO. OF ERRORS EMCOUNTERED

F43F CEFD42 VERFY LDX #M39 ;sMESSAGE - NO. OF HARD ERRRORS
F442 BDF1BE JSR MESSA sOUTPUT MESSAGE

F445 9673 LDA A @LOC2 sLOAD ERROR COUNT

F447 BDF1DS JSR BREAK ;s PRINT ERROR COUNT

F44A CEFCC7 LDX #M30 sMESAGE - NO. OF SOFT ERRORS
F44D BDF1BE JSR MESSA sOUTPUT MESSAGE

F450 DE67 LDX @TEMP6 ;LOAD ERROR COUNT

F452 BDFIFF JSR BREAK2 sPRINT ERROR COUNT

F455 CEFCE9 LDX #M31 sMESSAGE - NO. OF R/W OPERATIONS
F458 BDFIBE JSR MESSA ;OUTPUT MESSAGE

F45B DE69 LDX @TEMP7 sLOAD COUNTER

F45D BDFIFF JSR BREAK2 sOUTPUT COUNTER

F460 DE6B LDX @TEMP8 sLOAD COUNTER LS. BYTES

F462 BDFIFF JSR BREAK2 ;OUTPUT COUNT

F465 39 RTS

sREAD PAGE FROM BUBBLE MODULE

F466 CEFBB6 READ LDX #M9 ;OUTPUT REST OF PROMPT
F469 BDF1C4 JSR MESS

F46C BDFODO B26 JSR AB sCHECK IF ASCII OF BIN.
F46F CEFC63 B13 LDX #M20 sMESSAGE - START PAGE:

F472 BDF1BE JSR MESSA

F475 BDFLEF JSR ADDR ;GET START ADDRESS

F478 965A LDA A @TEMPIL ;CHECK IF ILLEGAL ADDR.
F47A 8101 CMP A {01H

F47C 2312 BLS AROUND

F47E 8102 cMP A {#02H

F480 2206 BHI B33

F482 965B LDA A @TEMPl+1

F484 8180 CMP A {#80H

F486 2308 BLS AROUND sEND OF CHECK

¥488 CEFBBA B33 LDX #M10 sMESSAGE -~ ILLEGAL PAGE
F48B BDFLBE JSR MESSA sOUTPUT MESSAGE

F48E 20DF BRA B13 3sGET NEW PAGE ADDRESS
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F490 BDF2EB AROUND JSR SREAD ;READ PAGE

F493 DF5C STX @TEMP2 ;SAVE PAGE CURRENT PAGE POSN.
F495 BDF525 JSR OUTPUT ;OUTPUT PAGE ADDRESS

F498 CEFBCA B18 LDX M1l sCHANGE OUTPUT PROMPT - ==>
F49B BDF1BE JSR MESSA sOUTPUT PROMPT

F49E BDF11C Bl> JSR INPUT sGET TERMINAL ENTRY

F4Al 814E CMP A #'N" sCHECK IF NEXT PG. REQ.

F4A3 2711 BEQ NEXT1 sBRANCH IF NEXT APGE REQUIRED
F4AS 8142 cMP A #"BM sCHECK IF PREV. PG. REQ.

F4AT7 271C BEQ BACK1 sBRACH IF PREV. PAGE REQUIRED
F4A9 8143 CMP A #"C" sCHECK IF CHANGE REQUESTED
F4AB 2604 BNE N5 ;GO TO COMMAND REJECT

F4AD 8D24 BSR CHNGE1 3GO TO CHANGE ROUTINE

F4AF 20DF BRA AROUND sREPEAT PROCEDURE

F4Bl BDF087 N5 JSR REJECT s COMMAND REJECT

F4B4 20ES8 BRA B15 sGET NEW INPUT & REPEAT

F4B6 DE5SC  NEXT!1 1LDX @TEMP2 ;OUTPUT NEXT PAGE

F4B8 08 INX sUNLESS PAGE 0281H IS

F4B9 8C0281 CPX #ENDMEM ;REACHED,THEN OUPUT PAGE O
F4BC 26D2 BNE AROUND sOUTPUT DESIRED PAGE

F4BE CE0000 LDX #0 ;sPOINT TO PAGE ZERO

F4Cl DF5C STX @TEMP2 3SAVE PAGE POSN. ADDR.

F4C3 20CB BRA AROUND ;OUTPUT PAGE

F4C5 DESC BACK1l LDX @TEMP2 ;OUTPUT PREV. PAGE

F4C7 2703 BEQ B25

F4C9 09 DEX sIF PAGE O IS REACHED

F4CA 20C4 BRA AROUND ;OUTPUT PAGE 0280H

F4CC CE0280 B25 LDX #ENDMEM-1 ;GET LAST PAGE ADDR.

F4CF DF5C STX @TEMP2 ;SAVE PAGE ADDR.

F4D1 20BD BRA AROUND ;sOUTPUT PAGE & REPEAT

;s CHANGE CONTENTS OF PAGE

F4D3 8D6E  CHNGE!l BSR SAMEL ;OUTPUT CURRENT PAGE OF DATA &

F4D5 271E BEQ B21 3CHECK FO ASCII OR HEX OUTPUT
3ASCII SECTION

F4D7 BDF11C B23 JSR INPUT sGET TERMINAL INPUT

F4DA 815E CMP A #5EH ; CHECK FOR UP ARROW

F4DC 270A BEQ B22 ;IF FOUND, MAINTAIN DATA

F4DE A700 STA A 0,X sOTHERWISE STORE DATA INTO BUFFER
F4E0 08 INX s POINT TO NEXT CHAR. IN BUFFER
F4E1 8C0033 CPX #ENDBUF ;1S END REACHED?

F4E4 26F1 BNE B23 ;sCONTINUE OUTPUT

F4E6 2028 BRA B27 sWRITE CHANGED BUFFER

F4E8 8608 B22 LDA A {#08H ;LOAD WITH BACK-SPACE CHAR
F4EA BDF145 JSR TRANS ;sOUTPUT BS CHAR.

F4ED A600 LDA A 0,X ;LOAD PRESENT DATA

F4EF 8D2C BSR SAME3 sOUTPUT DATA

F4F1 26E4 BNE B23 sCHECK IF NEW INPUT

F4F3 201B BRA B27 sWRITE CHANGED BUFFER

sHEX SECTION
F4F5 BDF11C B21 JSR INPUT sGET TERMINAL INPUT
F4F8 815E CMP A {#5EH ;sCHECK FOR UP ARROW
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F4FA 270B BEQ B24 ;MAINTAiN DATA

F4FC BDF185 JSR PACK1 sGET BYTE OF DATA
F4FF A700 STA A 0,X sSTORE DATA INTO BUF
F501 8D18 BSR SAME4 sOUTPUT SPACE & CHECK FOR BUF. END
F503 26F0 BNE B21 ;REPEAT IF NO THE END OF BUFFER
F505 2009 BRA B27 ;sWRITE CHANGED BUFFER
F507 8608 B24 LDA A {#08H sLOAD WITH BACK-SPACE CHAR.
F509 BDF1l45 JSR TRANS 3sTRANS BS CHAR.
F50C 8p08 BSR SAME sOUTPUT BUFFER DATA
F50E 26E5 BNE B21 3GET NEW INPUT
F510 DE5C B27 LDX @TEMP2 3sSAVE PAGE POSN INDICATOR
F512 BDF31C JSR SWRITE ;WRITE OUT CHANGED PAGE
F515 39 RTS
sOUTPUT PAGE
F516 A600 SAME LDA A 0,X sREAD DATA FROM BUF.
F518 BDF1D8 SAME2 JSR BREAK sOUTPUT CHAR IF BIN.
F51B 8620 SAME4 LDA A #" " ;OUTPUT SPACE
F51D BDF145 SAME3 JSR TRANS
F520 08 INX
F521 8C0033 CPX #fENDBUF ;IS END OF BUFFER REACHED
F524 39 RTS

sOUTPUT PAGE BUFFER,X CONTAINS PAGE ADDR.

F525 DF5C OUTPUT STX @TEMP2 $SAVE PAGE POSN. INDICATOR

F527 36 PSH A ;SAVE REGISTERS
F528 37 PSH B
F529 8D18 BSR SAME] :OUTPUT CURRENT PAGE POSN DATA & CHECK
F52B 270D BEQ B19 ;FOR ASCII OR HEX INPUT
;ASCIT SECTION
F52D A600 B20  LDA A 0,X ;GET DATA
F52F BDF145 JSR  TRANS sOUTPUT DATA
F532 08 INX ;POINT TO NEXT CHAR.
F533 8C0033 CPX #ENDBUF ;IS END OF BUF. REACHED
F536 26F5 BNE  B20 ;CONTINUE IF NOT FINISHED
F538 2004 BRA B35 $EXIT
sHEX SECTION
F53A 8DDA  B19 BSR  SAME ;OUTPUT HEX DATA
F53C 26FC BNE  B19 ; CONTINUE UNTIL FINISHED

F53E DESC B35 LDX @TEMP2 sRESTORE PAGE POSN AND REGISTERS
F540 33 PUL B

F541 32 PUL A

F542 39 RTS

;OUTPUT CURRENT PAGE OF DATA & CHECK IF ASCII OR
sHEX FORMAT DESIRED

F543 CEFBCE SAME1 1LDX #M12 sOUTPUT APPROPRIATE MESSAGE
F546 BDF1BE JSR MESSA

F549 965C LDA A @TEMP2 3;GET CURRENT PAGE POSN

F54B BDF1D8 JSR BREAK sOUTPUT PAGE ADDRESS - MS BYTE
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F54E 965D LDA A (@TEMP2+1 ;GET CURRENT PAGE POSN.

r550 BDFIDS JSR BREAK 3sOUTPUT LS BYTE

F553 8620 DA A #" " ;sOUTPUT SPACE

#555 BDF145 JSR TRANS

F558 CEO0021 LDX #BUF ;LOAD X WITH BEG. OF BUFFER
F55B 9659 LDA A @LOC sLLOAD ASCII OR HEX INDICATOR
F55D 8142 CMP A #"B" s CHECK IF ASCII OR HEX

F55F 39 RTS

sFILL BLOCK OF MEMORY WITH CERTAIN DATA PATTERN

+560 CEFBD4 FILL LDX #M13 ;OUTPUT PROMPT

F563 BDF1C4 JSR MESS

F566 BDF340 JSR INPUT2 ;GET START & END ADDRESSES
F569 BDF385 JSR INPUT3 ;GET NECESSARY DATA

F56C DE5SA LDX @TEMP1 ;GET CURRENT PAGE POSN.
F56E 08 INX s INCREMENT PAGE POSN

F56F DF5A STX @TEMP1 ;SAVE PAGE POSN

F571 CEFCDB LDX #M29 sMESSAGE - **WORKING**
r574 BDF1BE JSR MESSA ;OUTPUT MESSAGE

F577 DE60O LDX @TEMP4 ;GET START PAGE ADDRESS
r579 BDF31C E6 JSR SWRITE ;WRITE OUT PAGE OF DATA
F57C 08 INX s INCREMENT PAGE POSN.

#¥57D 8C0281 CPX #ENDMEM ;CHECK IF END IS REACHED
F580 2704 BEQ E5 sEXIT

F582 9C5A CPX @TEMP1 ;CHECK IF BLOCK END IS REACHED
F584 26F3 BNE E6 sCONTINUE IF NOT FINISHED
F586 CEFBD8 E5 LDX #M14 3sMESSAGE - FILLED

F589 BDF1BE JSR MESSA ;sOUTPUT MESSAGE

F58C 7EFO1C JMP START sRESTART

sLIST BLOCK OF MEMORY TO TERMINAL

F58F CEFBE6 LIST!I LDX #M15 sOUTPUT PROMPT

©#592 BDF1C4 JSR MESS

F595 BDF340 JSR INPUT2 ;GET I/0 INFO

F598 DESA LDX @TEMP1 ;GET PAGE CURRENT PAGE POSN.
F59A 08 INX s INCREMENT PAGE POSN

F59B DF5A STX @TEMP1 ;SAVE PAGE POSN

F59D DE6O LDX @TEMP4 ;GET CURRENT PAGE POSN

F59F BDF2EB E8 JSR SREAD sREAD PAGE OF DATA

r5A2 DF5C STX @TEMP2 ;STORE PAGE POSN.

F5A4 BDF525 JSR OUTPUT ;OUTPUT PAGE OF DATA

F5A7 DESC LDX @TEMP2 ;GET PAGE POSKN

F5A9 08 INX s INCREMENT PAGE POSN

F5AA 8C0281 CPX #ENDMEM ;IS END REACHED?

F5AD 2704 BEQ E7 sEXIT IF YES

F5AF 9C5A CPX @TEMP1 ;CHECK IF BLOCK END REACHED
F5B1 26EC BNE E8 sCONTINUE IF NO FINISHED
F5B3 7EF0I1C E7 JMP START

s TRANSFER CONTENTS OF BUBBLE TO RAM
sOR RAM TO BUBBLE
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r5B6
F5B9
F5BC
F5BF
F5C2
F5C5
¥5C7
F5C9
F5CB
F5CD
F5D0
F5D3

F5D5
F5D8
r5DB
F5DE
F5EQ
¥5E3
r5E6
FS5E9
F5EB
F5EE
F5F1
F5F4
F5F6
F5F9
F5FB
F5FC
F5FF
F600
F602
F604
F605
F606
F608
F60A
¥60C
F60D
r610
¥612
F614
F616
r618
F61B
r61C
F61E
F621
F623
F625
F627
F629

CEFBEA
BDF1C4
CEFBF2
BDF1BE
BDF11C
8142
270C
8152
2603
7EF63B
BDF087
20ED

CEFBS1
BDF1IBE
BDF1EF
DF60
CEFB90
BDF1BE
BDF1EF
DF5E
CEFC3F
BDF1BE
BDF1EF
9F65
BDF436
9E60
34
CE0021
32
A700
DF60
30

09
9C5E
2708
DE60
08
8C0033
26ED
9F60
9E65
DE5A
BDF31C
08
DF5A
8C0281
270F
DE60
9C5E
26D0
CEFC51

TRSFER LDX

Fi

F5

F24

JSR
LDX
JSR
JSR
CMP
BEQ
CMP
BNE
JMP
JSR
BRA

#M16 sOUTPUT REST OF PROMPT
MESS

#M17 ;sOUTPUT APPROPRIATE MESSAGE
MESSA
INPUT ;CHECK FOR R OR B

#rB" sTRANSFER FROM RAM TO BUBBLE
F3

#"R" ;s TRANSFER FROM BUBBLE TO RAM
F24 ;REJECT COMMAND
Fé4

REJECT ;COMMAND REJECT

F5 ;GET NEW INPUT

;RAM TO BUBBLE TRANSFER

F3

F7

F6

F21

LDX
JSR
JSR
STX
LDX
JSR
JSR
STX
LDX
JSR
JSR
STS
JSR
LDS
DES
LDX
PUL
STA
STX
TSX
DEX
CPX
BEQ
LDX
INX
CPX
BNE
STS
LDS
LDX
JSR
INX
STX
CPX
BEQ
LDX
CPX
BNE
LDX

#M5 ;RAM TO BUBBLE TRANSFER
MESSA  ;OUTPUT MESSAGE

ADDR sGET STARTING ADDR
@TEMP4 ;STORE ADDRESS

#M6 sMESSAGE ~ END ADDRESS:
MESSA

ADDR sGET END ADDR.

@TEMP3 ;SAVE END ADDRESS

#M18 sMESSAGE - TRANSFER PAGE
MESSA

ADDR ;GET TRANSFER PAGE ADDR.
@TEMP5 ;STORE STACK POINTER
B10B sMESSAGE - **JORKING**
@TEMP4 ;POINT TO FIRST DATA BYTE

#BUF ;POINT TO BEG. OF BUFFER
;GET DATA BYTE

0,X ;FILL PAGE BUFFER

@TEMP4 ;SAVE STACK POINTER
;GET CURRENT DATA ADDR.
;DEC DATA POINTER

@TEMP3 ;IS END REACHED?

F21 ;WRITE OUT BUFFER IF YES

@TEMP4 ;RESTORE PAGE POSN. INDICATOR
;POINT TO NEXT PAGE

#ENDBUF ;BUFFER FULL?

F6 ;FILL IF NO

@TEMP4 ;SAVE DATA POINTER

@TEMP5 ;RESTORE STACK POINTER

@TEMPl ;POINT TO CURRENT PAGE POSN

SWRITE ;ISSUE SINGLE PAGE WRITE

@TEMP1 ;SET UP FOR NEXT PAGE
#ENDMEM ;CHECK IF END OF MEM.

F9 sEXIT IF FINISHED

@TEMP4 ;GET CURRENT RAM ADDR.
@TEMP3 3CHECK IF LAST RAM ADDR.
F7 sREPEAT IF NOT FINISHED
#M19 3sMESS. = TRANSFER COMPLETE
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F62C
F62F
F632
F635
¥638
F63B
¥63E
Fo641
F644
F646
1648
FO4A
F64C
F64E
F650
r652
F654
F657
F65A
F65C
F65E
F661
F664
¥667
F669
F66B
F66D
F66F
F671
¥673
F675
F677
F67A
F67D
F67F
F681
1684
F687
F68A
F68C
F68E
F690
£693
F696
F698
F69B
F69E
F6A0
F6A3

S6A5
F6A7

BDFI1BE
7EFO1C
CEFBDS8
BDF1BE
7EFQ1C
CEFC63
BDF1BE
BDF1EF
965A
8101
2312
8102
2206
9658
8180
2308
CEFBBA
BDF1BE
20DF
DF60
CEFC6F
BDF1BE
BDF1EF
965A
8101
2312
8102
2206
9658
8180
2308
CEFBBA
BDF1BE
20DF
DF5E
CEFC79
BDFIBE
BDFLEF
965A
8103
2208
CEFBBA
BDF1BE
20E9
CEFCDB
BDF1BE
DE60
BDF2EB
9F65

9ESA
CE0021

JSR
JMP
F9 LDX
JSR
JMP
F4 LDX
JSR
JSR
LDA
cMP
BLS
cMP
BHI
LDA
CMP
BLS
cl LDX
JSR
BRA
c2 STX
c3 LDX
JSR
JSR
LDA
cMP
BLS
CcMP
BHI
LDA
CMP
BLS
C4 LDX
JSR
BRA
c5 STX
c7 LDX
JSR
JSR
LDA
cMP
BHI
LDX
JSR
BRA
cé LDX
JSR
LDX
F11  JSR
STS

MESSA ;OUTPUT MESSAGE

START $RESTART

#M14 sMESSAGE - MEMORY FILLED
MESSA sOUTPUT MESSAGE

START sRETURN TO MAIN PROG.
#M20 ;BUBBLE TO RAM TRANSFER
MESSA sOUTPUT MESSAGE

ADDR sGET STARTING PAGE
@TEMP1 ;CHECK FOR VALID PAGE
#01H

Cc2

#02 ;A VALID PAGE IS BETWEEN
Cl ;0000 AND 0280 HEX
@TEMP1+1

#80H

c2 sEND OF CHECK

#M10 sMESSAGE = ILLEGAL ADDRESS
MESSA  ;OUTPUT MESSAGE

F4 ;GET NEW ADDRESS IF NOT VALID
@TEMP4 ;SAVE PAGE POSN.

#M21 ;MESSAGE - END PAGE:

MESSA  ;OUTPUT MESSAGE

ADDR $GET ENDING PAGE

@TEMP1 ;CHECK FOR VALID PAGE

#01H

C5

#02 ;A VALID PAGE IS BETWEEN
C4 ;0000 AND 0280 HEX
@TEMP1+1

#80H

C5 sEND OF CHECK

#M10 sMESSAGE - ILLEGAL ADDRESS
MESSA sOUTPUT MESSAGE

C3 sGET NEW INPUT IF NOT VALID
@TEMP3 ;SAVE PAGE POSN.

#M22 sMESS. - TRANSFER RAM ADDRESS
MESSA sOUTPUT MESSAGE

ADDR sGET TRANSFER RAM ADDRESS
@TEMP1 ;CHECK IF MEMORY IS NOT

#03 sSYSTEM STACK AREA

Cé sEXIT IF NOT

#M10 3sMESSAGE - ILLEGAL ADDRESS
MESSA sOUTPUT MESSAGE

c7 3sGET NEW ADDRESS

#M29 sMESSAGE - **JORKING**
MESSA sOUTPUT MESSAGE

@TEMP4 ;LOAD START PAGE

SREAD sGET PAGE OF DATA

@TEMP5 ;SAVE STACK POINTER

;THIS SECTION TRANSFERS THE CONTENTS OF
sTHE PAGE BUFFER TO THE RAM

LDS
LDX

@TEMP1 ;LOAD WITH TRANSFER ADDRESS
{#BUF s POINT TO BEG. OF BUFFER
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rBOAA
F6AC
¥F6AD
F6AE
F6AF
F6B0O
F6B3
F6BS
F6B7
F6B9
r6BA
F6BC
F6BE
F6CO
Fé6c2
F6CS5
F6C8

F6CB
¥F6CE
r6D1
r6D4

r6D7
r6DA
F6DD
¥6EQ
FO6E2
F6ES
F6E7
F6E9
r6EC
¥6EE
F6F0
F6F3
F6F6
F6F8
F6FA
F6FD
F6FF
F700
F702
r704
F707
F709
F70B
F70E
¥70F
F711

A600
36

31

31

08
8C0033
26F5
9F5A
DE60
08
DF60
9E65
9C5E
26DE
CEFC51
BDF1BE
7EFO1C

CEFC8F
BDF1C4
BDFOF5
7EFOIC

CEFC9A
BDF1C4
CE0000
DF5A
B60200
8501
27F9
B60201
8157
2672
CE0021
B60200
8501
27F9
B60201
A700
08
812F
2714
8C0033
26EA
DE5A
BDF31C
08
DF5A
8C0281

F10

s ALLOW
INTLZE

Fl7

;LOAD DATA
s TRANSFER DATA
; FIX UP TRANSFER ADDRESS

;POINT OT NEXT DATA

; TRANSFER COMPLETE?

; CONTINUE IF NOT

;SAVE CURRENT TRANSFER ADDR.
;LOAD CURRENT PAGE POSN
sNEXT PAGE

;SAVE PAGE POSN

;RESTORE STACK POINTER
;FINAL PAGE?

;CONTINUE IF NOT

;MESS. - TRANSFER COMPLETE
;OUTPUT MESSAGE

;RESTART

sPOINT TO PROMPT
sOUTPUT REST OF PROMPT
s INITIALTZE CONTROLLER

LDA A 0,X
PSH A

INS

INS

INX

CPX #ENDBUF
BNE F10
STS @TEMP1
LDX @TEMP4
INX

STX @TEMP4
LDS @TEMPS5
CPX @TEMP3
BNE Fl11
LDX #M19
JSR MESSA
JMP START
FOR CONTROLLER INIT.
LDX #M23
JSR  MESS
JSR BUBINT
JMP START

;RESTART

sDATA INPUT FROM COMPUTER (HALF DUPLEX)

STARTI

F12

F15
F13

Fl4

LDX
JSR
LDX
STX
LDA
BIT
BEQ
LDA
CcMP
BNE
LDX
LDA
BIT
BEQ
LDA
STA
INX
CMP
BEQ
GPX
BNE
LDX
JSR
INX
STX
CPX

#M24
MESS
#0
@TEMP1
A ACIACT

A {#01H

Fl2

A ACIATR

A FW"
F12
#BUF

A ACTIACT
A {01H

F13

A ACIATR
A 0,X

A #"/"

F22
#ENDBUF
F13
@TEMP1
SWRITE

@TEMP1
{#ENDMEM

;MESS. - DATA INPUT MODE
sOUTPUT MESSAGE

;INIT PAGE POSN COUNTER
$SAVE PAGE POSN

sCHECK FOR START CHAR.

;REPEAT IF NO DATA YET
;LOAD DATA

;IS ITA W

;REPEAT IF NOT

;FILL PAGE BUFFER WITH DATA
;CHECK FOR DATA

sREPEAT IF NO DATA

:GET DATA

:STORE DATA IN PAGE BUFFER
sPOIN T TO NEXT POSN.
;CHECK FOR END OF DATA
:CONTINUE IF NOT THE END
;IS BUFFER FULL

;CONTINUE IF NOT

:GET CURRENT PAGE POSN.
sWRITE CONTENTS OF BUFFER
;INC. PAGE POSN

: SAVE PAGE POSN.

;IS BUBBLE MEMORY FULL?
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F714
¥716
F718
F71A
F71D
F720
F723
r726
F729
F72C

F72F
¥732
¥r735
F738
r73B
F73D

F73F
F742
1745
1748
F74B
F74D

F74F
F751
F753
r756
F759
F75C
r75F
F761
F763
F766

F767
r769
F76A
F76C
F76E
F771
F774
r776
F778

2710

20D8

DESA

BDF31C
CEFCAB
BDF1BE
7EF01C
CEFBDS8
BDF1BE
JEFO1C

CEFDO1
BDF1BE
BDF436
CEFBO2
8D12
20F9

CEFDO8
BDF1BE
BDF436
CEFBO7
8D02
20F9

DF6D
8D4E
CE0000
BDF31C
BDF2EB
BDF7E4
8D1D
2504
BDF3EE
39

C606
5A
270E
8p71
CE0000
BDF2EB
8D08
25F1
20E9

BEQ  F16 ;EXIT IF YES
BRA  F15 ;ELSE CONTINUE
F22  LDX  @TEMPI ;GET PAGE POSN
JSR  SWRITE ;WRITE OUT FINAL BUFFER
LDX  #M25 ;MESS - DATA TRANSFERRED
JSR  MESSA ;OUTPUT MESSAGE
JMP  START s RESTART
F16  LDX  #Ml4 ;MESSAGE - MEMORY FILLED
JSR  MESSA ;OUTPUT MESSAGE
JMP  START ; RESTART
;TEST 1 ~GENERATOR AND DETECTOR TEST PATTERN
; -PATTERN USED -F1150EEA00
TEST1 LDX  {#M32 ;MESSAGE - TEST1
JSR  MESSA ;OUTPUT MESSAGE
JSR  BIOB ;OUTPUT - **WORKING**
J3 LDX  #PATI ;POINT TO BEGINNING OF DATA PATTERN
BSR  TEST ; PERFORM TEST
BRA J3 sREPEAT
;TEST 2 ~MAJOR LOOP FAILURE MODE TESTING
: ~PATTERN USED - FF08800F77
TEST2 LDX  #M33 ;MESSAGE TEST2
JSR  MESSA ;OUTPUT MESSAGE
JSR  BIOB ;OUTPUT - **WORKING#**
J4 LDX  #PAT2 ;POINT TO BEGINNING OF DATA PATTERN
BSR  TEST ; PERFORM TEST
BRA J4 ;REPEAT

;THIS ROUTINE PERFORMS THE ACTUAL TESTING

TEST STX @TEMP9 3sSAVE INDEX REGISTER TO BE USED LATER
8SR  TRANSFER ;FILL PAGE BUFFER WITH PATTERN
LDX #0 sPOINT TO PAGE ZERO

JSR SWRITE sWRITE PAGE

JSR SREAD sREAD PAGE

JSR  COUNT sCOUNT NO. OF OPERATIONS
BSR COMPARE ;COMPARE RESULTS

BCS BELOW $BRANCH ON ERROR CONDITION

ABOVE4 JSR IO ;CHECK FOR ANY KEYBOARD I0
RTS

;THIS SECTION CALLED UPON ERROR CONDITION

BELOW LDA B #06 3sLOAD MAX. ERORR COUNT

U2 DEC B sDEC. COUNTER
BEQ U3 s JUMP TO HARD ERROR SECTION
BSR SOFTERR ;UPDATE SOFT-ERROR COUNT
LDX {0 sLOAD WITH PAGE POSN.

JSR SREAD sREREAD PAGE

BSR  COMPARE ;COMPARE (CHECK FOR ERRORS)
BCS U2 sREPEAT IF ERRORS

BRA  ABOVE4 sRETURN IF NO ERROR
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F77A
F77C

F77E
F77F
F780
F782
F785
F787
F788
¥78A
r78B
F78D
¥78F
r790
F792
F793
F794

r795
F796
F799
F79A
F79C
F79D
F79F

r7A1
r7A2
F7A4
F7A7
F7AS
r7AA
F7AC
F7AD
F7AF
F7B0
F7B3
F7B5
F7B6
F7B8
F7BA
F7BC
¥ 7BD

F7BE
F7Cl
r7C4
F7C7
F7CA
r7CD

8D42
20E5

37
36
9F65
CE0021
9E6D
34
C605
32
Al100
2706
0D
9E65
32
33
39

08
8C0033
0c
27F4
5A
26EB
20E4

37
9F65
CE0021
9E6D
34
€605
32
A700
08
8C0033
2705
5A
26F4
20ED
9E65
33

39

7C0073
CEFDOF
BDF1BE
CE0000
BDF525
8bD2

;sTHIS SECTION EXECUTED IF FIVE
sSOFT ERRORS ARE ENCOUNTERED

sTHIS SECTION COMPARES READ DATA WITH ACTUAL DATA

U3 BSR HARDERR
BRA ABOVE4
COMPARE PSH B
PSH A
STS @TEMPS
LDX #BUF
J6 LDS Q@TEMP9
DES
LDA B #05
J10 PUL A
uMP A 0,X
BEQ J7
SEC
J8 LDS @TEMPS
PUL A
PUL B
RTS
sCONTINUE OPERATION IF CORRECT
J7 INX
CPX #ENDBUF
JLC
BEQ J8
DEC B
BNE J10
BRA  J6

3 SAVE REGISTERS

;SAVE STACK POINTER
;POINT TO BEGINNING OF BUFFER
;LOAD WITH DATA PATTERN ADDRESS
;POINT TO BEG. OF DATA PATTERN
;COUNT BYTES IN PATTERN

sGET BYTE OF PATTERN

s COMPARE DATA

:CONTINUE IF CORRECT

;SET FLAG UPON ERROR CONDITION
:RESTORE STACK POINTER

sRESTORE REGISTERS

3 INC BUFFER POINTER

sCHECK IF ENTIRE BUFFER CHECKED
3sCLEAR FLAG IF NO ERROR

sEXIT IF THE END

;CHECK IF LAST PATTERN

;CONTINUE IF ALL CHECKS NOT DONE
sREPEAT PROCEDURE

sFILL PAGE BUFFER WITH DATA PATTERN

3SAVE REGISTER

3 SAVE STACK POINTER

s POINT TO BEGINNING OF BUFFER
;sGET POINTER OF DATA PATTERN
;s POINT TO BEG. OF DATA PATTERN
sCOUNT BYTES IN PATTERN

sGET BYTE OF PATTERN

;s STORE INTO BUFFER

sINC. BUFFER POINTER

3sCHECK IF BUFFER FILLED

sEXIT IF FILED

;CHECK IF END OF PATTERN
;CONTINUE IF NOT ALL

sREPEAT DATA PATTERN

sRESTORE STACK POINTER
$RESTORE REGISTER

UPON HARD ERROR CONDITION

TRANSFER PSH B
STS  @TEMP5
LDX  {#BUF
J2 LDS  @TEMP9
DES
LDA B #05
J1 PUL A
STA A 0,X
INX
CPX  {ENDBUF
BEQ J5
DEC B
BNE J1
BRA J2
J5 LDS  @TEMPS
PUL B
RTS
;THIS SECTION CALLED
HARDERR INC LOC2
Ul LDX  #M34
JSR  MESSA
LDX  {#0
JSR  OUTPUT

BSR TRANSFER
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;s INCREMENT HARD ERROR COUNTER
sDISPLAY MESSAGE '"DATA READ"
sOUTPUT MESSAGE

3SET UP PAGE POSN

;OUTPUT BUFFER CONTENTS

sREFILL BUFFER WITH DATA PATTERN



F7CF
F7D2
F7D5
F7D8
F7DB
s 7DE

F7DF
r7E2

F7E4
. F7E6
F7E7
F7E9
F7EB
+7ED
r7EE
+7F0

F7F1
F7F3
F7F5
F7F6
F7F8
F7FA
F7FC
F7FE
F800

r801
F804
F807
F80A
F80OD
F80F
F811
F813
F816
F818
FBIA
F81C
¥81E
F8I1F
F820
r821
F824
F826
F828
F82A

CEFD19
BDF1BE
BDF525
BDF43F
BDF436
39

BDF431
20DD

DE6B
08
DF6B
2605
DE69
08
DF69
39

8610
9783
4F

9780
9781
9786
c602
D787
39

CEFD2D
BDF1BE
BDF436
CEFBOC
DFéD
8D90
8DDE
CE0O021
A600
9785
8614
9783
OE

3E

08
8C0033
270F
A600
9785
Cl101

LDX #M35 ;DISPALY MESSAGE "ACTUAL DATA PATTERN"
JSR  MESSA sOUTPUT MESSAGE

JSR  OUTPUT sDISPLAY READ DATA

JSR  VERFY sOUTPUT RUNNING RESULTS

JSR B10B ;OUTPUT - **WORKING**
RTS

;THIS SECTION CALLED UPON SOFT ERROR CONDITION

SOFTERR JSR  BlOA s INCREMENT SOFT ERROR COUNTER
BRA Ul

;THIS SECTION UPDATES CYCLE COUNTER

COUNT LDX @TEMPS sLOAD COUNT VALUE
INX s INC. COUNT VALUE
STX @TEMPS ;s SAVE COUNT VALUE
BNE J9
LDX @TEMP7 sLOAD MS. BYTES OF COUNT
INX sINC. COUNT VALUE
STX @TEMP7 sSAVE COUNT VALUE

J9 RTS

sTHIS ROUTINE PERFORMS A MULTI-PAGE INITIALIZATION

MULTIPGE LDA A #MULTI
STA A CONT sINITTALIZE MULTI PAGE READ
CLR A
STA A PGSEL 3sINIT. BEGINNING PAGE FOR TRANSFER
STA A PGSEL+1
STA A PGCNT 3SET UP NO. OF PAGES TO TRANSFER
LDA B #02 3LS. BYTE OF PAGE COUNTS
STA B PGCNT+1
RTS
3sTEST 3 -MAJOR LOOP NEAREST NEIGHBOR PATTERN TESTING
H - PATTERN USED - BAA8255700
TEST3 LDX #M36 sMESSAGE -~ TEST3
JSR  MESSA sOUTPUT MESSAGE
JSR  BIOB sOUTPUT - **WORKING*#*
u7 LDX #PAT3 s POINT TO BEGINNING OF PATTERN

STX @TEMPY 3sSAVE POINTER
BSR  TRANSFER ;FILL PAGE BUFFER WITH PATTERN
SR  MULTIPGE ;INIT. FOR MULTI-PAGE

LDX  #BUF :POINT TO BEGINNING OF BUFFER
LDA A 0,X ;GET DATA BYTE
STA A WR ;PLACE DATA BYTE INTO WRITE FIFO
LDA A {#MPWRCMD ;LOAD WITH COMMAND
STA A CONT ;ISSUE MULTI PAGE WRITE CMD.

N1 CLI
WAI sWAIT FOR OPERATION
INX sPOINT TO NEXT BYTE IN BUFFER
UPX #ENDBUF ;CHECK IF END OF BUFFER REACHED
BEQ N6 ;EXIT IF DONE
LDA A 0,X ;LOAD DATA
STA A WR ;STORE DATA
CMP B #01H ;ARE WE AT THE LAST PAGE
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F82C 2605 BNE N7 sIF NOT CONTINUE
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F82E
F831
F833
r835
F838
F839
F83B
F83E
F840
F842
F844
r846
F848
F84A
¥84D

F84F
F851
F852
F854
F855
F857
F85A
F85C
F85E
F85F
F861

F863
F865
F867
F869
F86B
r86D
F870
F871
r872
1874
F876
r877
r87A
F87C
F87F
F88l1
F883

F884
F885
F887
F88A
F88D
F88E

8C0032
2708
20E9
CE0020
SA
26E3
BDF315
8680
9783
8D23
8D9E
8D3C
2505
BDF3EE
20F3

C606
SA
270F
37
8D4E
BDF7Al
8DOB
8D26
33
25F0
20E7

8D45
20A3
8D88
8612
9783
CE0034
OE

3E
9682
A700
08
8C0058
26F4
BDF315
8680
9783
39

37
9F65
CE0034
8E0020
32
Al0O

#ENDBUF-1;ARE WE AT THE END OF THE MULTI-PAGE

sBUFFER, EXIT IF YES

s CONTINUE IF NOT
sREINITIALIZE BUFFER POINTER
sCHECK IF ENTIRE BUFFER

3sIS TRANSFERED

sCHECK IF CONTROLLER BUSY

:RESET INTERRUPT

; PERFORM MULTI PAGE READ
;COUNT NO OF OPERATIONS
sCOMPARE RESULTS

;BRANCH ON ERROR CONDITION
;CHECK FOR ANY KEYBOARD IO
;READ DATA

3 SOFT ERROR COUNTER

sDEC COUNTER

;CHECK IF MAX. NO. OF ERRORS REACHED
3 SAVE COUNTER

s INCREMENT COUNTER

;sFILL BUFFER WITH DATA
sREAD PAGE

;COMPARE DATA

sRESTORE COUNTER

sREREAD IF ANOTHER ERROR
;EXIT IF NO ERROR

sUPDATE COUNTER
sRESTART TEST ON HARD ERROR
sINITLIALIZE MULTI PAGE PARAMETERS

;ISSUE MULTI PAGE READ CMD.
sPOINT TO BEGINNING OF PAGE BUFFER

;WAIT FOR OPERATION

sGET DATA BYTE

s STORE DATA BYTE

3sINC. BUFFER POINTER
sFINAL BYTE TRANSFERED?
sREAD IF NOT COMPLETE
;CHECK FOR CONTROLLER BUSY

sRESET INTERRUPT

$SAVE REGISTER

;SAVE STACK POINTER

sPOINT TO BEG. OF BUFFER

sPOINT TO BEG. OF SECOND BUFFER
sRECALL DATA

CPX
BEQ N8
N7 BRA NI
N6 LDX #BUF-1
DEC B
BNE NI
N8 JSR  Al6
LDA A #RESETINT
STA A CONT
U4 BSR  READI
BSR COUNT
BSR COMPARE1
BCS BELOW1
ABOVE1 JSR I0
BRA U4
3SOFT ERROR SECTION
BELOW1 LDA B #06
U6 DEC B
BEQ U5
PSH B
BSR SOFTERR1
JSR  TRANSFER
BSR  READI
BSR COMPAREL
PUL B
BCS U6
BRA  ABOVEL
3sTHIS CALLED UPON HARD ERROR CONDITION
U5 BSR HARDERR1
BRA U7
READ1 BSR  MULTIPGE
LDA A #MPRDCMD
STA A CONT
LDX #BUF1
J12 CLI
WAL
LDA A RE
STA A 0,X
INX
uPX #ENDBUF1
BNE J12
JSR  Al6
LDA A #RESETINT
STA A CONT
RTS
sTHIS ROUTINE COMPARES READ DATA WITH ACTUAL DATA
COMPARE1 PSH B
STS @TEMPS
LDX #BUF1
J15 LDS #BUF-1
J17 PUL A
CMP A 0,X

s COMPARE DATA



¥890 2705 BEQ J14 sCONTINUE IF OK
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r892
F893
F895
r896
¥897
F898
F89B
r89D
r8A0
F8Al
F8A3

FB8AS
FB8AS8

F8AA
F8AD
r8B0
F8B3
F8B6
¥8B8
r8BB
F8BD
r8C0
F8C3
¥8C5
F8C8
¥8CB
F8CC
F8CE
F8CF
F8D2
F8D4
F8D6
F8D8
r8DB
#8DC
F8DE
F8El
F8E3
F8E6
F8ES8
F8EA
F8ED
¥ 8F0

r8F1
F8F2
F8F4
F8F7
F8F8

0D
9E65
33

39

08
8C0046
27ED
8C0058
0c
27F0
20E8

BDF431
2003

7C0073
CEFD19
BDF1BE
CE0000
DF5C
BDF525
602
CEFDOF
BDF1BE
9F65
8E0033
CE0021
32
A700
08
8C0033
26F7
9E65
DESC
BDF525
5A
270A
7C005D
9F65
8E0045
20EQ
9E65
BDF43F
BDF436
39

36
DF5E
CE0021
58
2406

J16

J14

SEC
LDS
PUL B
RTS
INX
uPX
BEQ
CPX
LLC
BEQ
BRA

3SOFT ERROR SECTION

SOFTERR1

JSR
BRA

;sHARD ERROR SECTION

HARDERR1
J18

J21
J19

J20

INC
LDX
JSR
LDX
STX
JSR
LDA B
LDX
JSR
STS
LDS
LDX
PUL A
STA A
INX
uPX
BNE
LDS
LDX
JSR
DEC B
BEQ
IKRC
STS
LDS
BRA
LDS
JSR
JSR
RTS

@TEMPS

#BUF1+18
J15
#ENDBUF1

J16
J17

B10A
J18

LoC?2
#M35
MESSA
#0
@TEMP2
OUTPUT
#02H
#iM34
MESSA
@TEMP5
#BUF1-1
#BUF

0,X

#ENDBUF
J19
@TEMPS5
@TEMP2
OUTPUT

J20
TEMP2+1
@TEMP5

s SET FLAG ON ERROR
sRESTORE STACK POINTER
sRESTORE REGISTER

; POINT TO NEXT DATA BYTE

sIS THE END OF THE BUFFER REACHED
sPOINT TO BEG. IF YES

;END OF PAGE TWO?

;sRESET ERROR FLAG

;EXIT IF FINISHED

; CONTINUE IF NOT

; INCREMENT SOFT ERROR COUNTER

;s INCREMENT HARD ERROR COUNTER
;DISPLAY MESSAGE "ACTUAL DATA PATTERN"
;OUTPUT MESSAGE

sPOINT TO PAGE ZERO

3sSAVE PAGE POSN

;OUTPUT PAGE DATA

;OUTPUT ACTUAL NO. OF PAGES
sDISPLAY MESSAGE 'DATA READ"
sOUTPUT MESSAGE

;THE FOLLOWIND SECTION
;TRANSFERS THE PAGES READ
;INTO A BUFFER SUCH

sTHAT THE DATA MAY

s BE OUTPUTED

;INC. BUFFER POINTER

sEND OF BUFFER?

sFILL BUFFER IF NOT

sRESTORE STACK POINTER
sRECALL PAGE POSN

;OUTPUT PAGE

sDEC PAGE COUNT

sEXIT IF DONE

; INCREMENT TO DISPLAY THE SECOND PAGE
$SAVE STACK POINTER

#BUF1+18-1;POINT TO BEG. OF BUFFER

J21
@TEMP5
VERFY
B10OB

sREPEAT ABOVE PROCEDURE FOR PAGE TWO
;RETORE STACK POINTER

sOUTPUT RUNNING RESULTS

$OUTPUT -~ **WORKING**

;CHECK TO SEE IF PAGE BUFFER SHOULD BE CLEARED OR SET

CHECK1

PSH A
STX
LDX
ASL B
BCC

@TEMP3
#BUF

K1
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3 SAVE REGISTER

3SAVE INDEX REGISTER

sPOINT TO BEG. OF BUFFER
3SHIFT DATA TO CHECK BIT VALUE
sBRANCH IF LOW



F8FA
F8FC
F8FE
F8FF
#900
F902
F903
F905

F906
F907
F909
F90A
F90D
F90F

F910
F912

r914
F917
F91A
F91D
FO1F
F922
F924
F927
F92A
F92D
F92F
F932
F934
F936
1937
r938
F939
F93A
F93B
F93D
F940
r942
F944
F946
F948

8D1l4
DESE
32
39
8D04
32
DESE
39

4F
A700
08
8C0033
26F8
39

86FF
20F3

CEFD34
BDF1BE
CE0000
DF60
CEFBO7
200E
CEFD56
BDF1BE
CE0000
DF60
CEFBOC
DF6D
DF6F
08

08

08

08

08
DF71
BDF436
DE6D
E600
8608
8DA9
DE60

K1l

BSR
LDX
PUL A
RTS
BSR
PUL A
LDX
RTS

SETBUF
@TEMP3

CLEARBUF

@TEMP3

sFILL BUFFER WITH 00 HEX

CLEARBUF
K2

CLR A
STA A
INX
UPX
BNE
RTS

0,X

#ENDBUF
K2

sFILL BUFFER WITH FF HEX

SETBUF

;TEST 4
sTEST 4A

we ws

TEST4

TEST4A

K3

Ké6

K4

LDA A #0FFH

BRA

K2

;FILL BUFFER WITH ONES
;RESTORE REGISTERS

sFILL BUFFER WITH ZEROS
sRETORE REGISTERS

;sCLEAR REGISTER
;STORE IN PAGE BUFFER
sPOINT TO NEXT POSITON
;IS END REACHED?
sCONTINUE IF NOT

3SET REGISTER TO ONE
sFILL BUFFER WITH ONES

-MINOR LOOP FAILURE MODE TESTING
~MINOR LOOP NEAREST NEIGHBOR TESTING
~PATTERN USED - FF08800F77

LDX  #M37
JSR  MESSA
LDX  #0

STX  @TEMP4
LDX  #PAT2
BRA K3

LDX  #M40
JSR  MESSA
LDX  #0

STX  @TEMP4
LDX  #PAT3
STX  @TEMPY
STX  @TEMPIO0
INX

INX

INX

INX

INX _
STX  @TEMPI1
JSR  BI1OB
LDX  @TEMPY
LDA B 0,X
LDA A #08H
BSR  CHECK1
LDX  @TEMP4
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~ BAA8255700

;MESSAGE - TEST4A

;OUTPUT MESSAGE

;SET TO PAGE ZERO

;INITIALIZE STARTING PAGE
;POINT TO BEGINNING OF PATTERN
;BRACH AROUND

;MESSAGE - TEST 4B

;OUTPUT MESSAGE

;SET TO PAGE ZERO

;INITIALIZE STARTING PAGE
;POINT TO BEGINNING OF PATTERN
;SAVE PATTERN POINTER

;SAVE IN ANOTHER TEMP. REG.

; INCREMENT POINTER TO END OF
sDATA PATTERN

3sREG. CONTAINS END ADDRESS
sSAVE POINTER FOR PATTERN END
;OUTPUT -~ **WORKING**

3sGET PATTERN POINTER

;GET DATA PATTERN

sSET UP BIT COUNTER

sSET OR CLEAR BUFFER

sSET UP WRITE PAGE




F94A BDF31C JSR SWRITE sWRITE PAGE BUFFER

F94D 08 INX 3INC. PAGE POSN INDICATOR
¥ 94E DF60 STX @TEMP4 ;SAVE NEW PAGE COUNTER
r950 8C0281 ¢PX  #ENDMEM ;CHECK IF FILLED
F953 2712 BEQ K7 3sEXIT IF DONE, NOW COMPARE
F955 4A DEC A sROTATED ALL BITS
r956 26EE BNE K4 sCONTINUE IF NOT FINISHED
F958 DE6D LDX @TEMP9I ;sFETCH DATA POINTER
F95A 08 INX s POINT TO NEW DATA
F95B DF6D STX  @TEMPYS ;SAVE NEW DATA POINTER
F95D 9C71 CPX @TEMP11 ;ARE WE AT THE END?
F95F 26El sNE K5 sCONTINUE IF NOT
F961 DE6F LDX @TEMP10 ;GET BEGINNING DATA POINTER
F963 DF6D STX @TEMP9 sSAVE BEGINNING DATA POINTER
r965 20D9 BRA K6 sREPEAT FROM BEGINNING
r967 CEQ000 K7 LDX #0 sPOINT TO PAGE ZERO
r96A DF60 STX  Q@TEMP4 3 SAVE PAGE POINTER
¥96C DE6F LDX @TEMP10 ;GET BEGINNING DATA POINTER
F96E DF6D STX @TEMP9 sREINITIALIZE DATA POINTER
F970 E600 K10 LDA B 0,X sGET DATA
F972 8608 LDA A #08H 3SET UP BIT COUNTER
F974 DE60 K9 LDX @TEMP4 sGET PAGE COUNTER
F976 BDF2EB JSR  SREAD sREAD PAGE
F979 08 INX sUPDATE PAGE POINTER
r97A DF60 STX  @TEMP4 ;SAVE NEW PAGE COUNTER
F97C 8C0281 CPX  {#ENDMEM ;ENTIRE MEMORY READ?
F97F 27E6 BEQ K7 sREPEAT OPERATION
F981 DE6D LDX  @TEMPY 3sGET DATA POINTER
F983 BDF7E4 JSR  COUNT s INCREMENT CYCLE COUNTER
r986 8D42 BSR  COMPARE2 ;COMPARE READ DATA WITH ACTUAL DATA
¥988 2515 BCS BELOW2 ; BRACH ON ERROR CONDITION
r98A BDF3EE ABOVE2 JSR IO s CHECK FOR TERMINAL ENTRY
F98D 4A DEC A sALL BITS ROTATED
F98E 26E4 BNE K9 sCONTINUE IF NOT FINISHED
r990 DE6D LDX @TEMP9 sUPDATE DATA PATTERN POINTER
F992 08 INX
F993 DF6D STX  @TEMPY sSAVE PATTERN POINTER
F995 9C71 CPX @TEMP11 ;END OF PATTERN REACHED?
F997 26D7 BNE K10 3sIF END OF PATTERN POINTER
F999 DE6F LDX @TEMP10 ;REACHED THEN RESET POINTER
F99B DF6D STX  @TEMP9Y 3SAVE POINTER
¥99D 20D1 BRA K10 sREPEAT

3 SOFT ERROR SECTION
F99F 36 BELOW2 PSH A s SAVE REGISTERS
FY9A0 37 PSH B
F9Al C606 LDA B #06H s SOFT ERROR COUNTER
F9A3 5A K12 © DEC B '
F9A4 2714 BEQ K11 ;CHECK IF MAX. ERRORS ENCOUNTERED
r9A6 37 PSH B s SAVE COUNT VALUE
F9A7 8D4E 8SR  SOFTERR2 ;OUTPUT READ AND COMPARED DATA
F9A9 DE6O LDX @TEMP4 sGET PAGE POSN
F9AB 09 DEX ;POINT TO CORRECT PAGE
F9AC BDF2EB JSR  SREAD ;sREREAD PAGE
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r9AF
r9B1
r983
FI9B4
FIB6
FI9B7
F9B8
r9BA
r9BC
r9BD
FI9BE
F9CO
F9C2
F9C5
r9C7

FaCA
FI9CB
F9CD
F9CF
#9D0
F9D3
F9D5
F9D7
FID9
F9DB
FI9DC
F9DF
+9E1
F9E2
FOE3
FI9ES5

F9E6
r9E8
F9EA
FI9EC
F9ED
FI9F0
r9F2
FI9F4
FIF5
F9F7
F9FA
FI9FC
FOFF
rA02
rAQ0S5
rAQ7
rA08
FAOB
FAQD

D674
8D17
33
25ED
33

32
20D0
8D40
33

32
DE6F
DF6D
CE0000
DF60
7EF940

36
D774
DF5E
58
CE0021
2411
A600
81FF
2619
08
8C0033
26F4
0c

32
DESE
39

A600
8100
2608
08
8C0033
26F4
20ED
0D
20EB
BDF431
2003
7C0073
CEFDOF
BDF1BE
DE60O
09
BDF525
D674
BDF8F1

K1l

LDA
BSR
PUL
BCS
PUL
PUL
BRA
BSR
PUL
PUL
LDX
STX
LDX
STX
JMP

; COMPARE READ DATA

COMPARE2

K8

N2
N4

PSH
STA
STX
ASL
LDX
BCC
LDA
CMP
BNE
INX
CPX
BNE
CLC
PUL
LDX
RTS

B @LOC3
COMPARE2

K12

ABOVE2
HARDERR2

@TEMP10
@TEMPY
#0
@TEMP4
K6

sREREAD OLD BIT TEST VALUE
;sCOMPARE DATA

3sGET COUNT VALUE

sREPEAT ON ERROR

;sRESTORE REGISTERS

;sRETURN IF FINE

;OUTPUT DATA

sRESTORE STACK POINTER

sREINITIALIZE POINTERS

sREINITIALIZE PAGE POSN

sRESTART TEST

WITH ACTUAL DATA

A

B @LOC3
@TEMP3

B
{#BUF
K21

A 0,X

A {#OFFH

ERROR3

HENDBUF
K8

A
@TEMP3

3 SAVE ACCUMULATORS

; STORE DATA PATTERN
;SAVE INDEX REGISTER
sROTATE ACC. B, CHECK TO
sSEE IF BUFFER SHOULD BE
sFF HEX OR 00 HEX

sLOAD BUFFER DATA
sCOMPARE WITH FF HEX

s BRANCH ON ERROR

sPOINT TO NEXT DATA BYTE
;HAS END OF BUFFER BEEN REACHED?
sCONTINUE IF NOT

;CLEAR ERROR FLAG
;sRESTORE REGISTERS

sTHIS ROUTINE COMPARES DATA WITH 00 HEX

R21

ERROR3

SOFTERR2

HARDERR2
K13

LDA
CMP
BNE
INX
CPX
BNE
BRA
SEC
BRA
JSR
BRA
INC
LDX
JSR
LDX
DEX
JSR
LDA
JSR

A 0,X
A #0H
ERROR3

#ENDBUF
K21
N2

N4
B10A
K13
L0C2
#M34
MESSA
@TEMP4

OUTPUT

B @LOC3
CHECK1
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;LOAD DATA

s COMPARE WITH 00 HEX

;BRANCH ON ERROR CONDITON
;POINT TO NEXT DATA BYTE

;HAS END OF BUFFER BEEN REACHED
; CONTINUE IF NOT

sEXIT IF DONE

;SET ERROR FLAG

s RETURN

; INCREMENT SOFT ERROR COUNTER
:OUTPUT RELEVANT DATA

; INCREMENT HARD ERROR COUNTER
;DISPLAY MESSAGE "DATA READ"
;OUTPUT MESSAGE

:GET PAGE POSN

;POINT TO CORRECT PAGE
;OUTPUTED PAGE DATA

;LOAD WITH ACTUAL DATA PATTERN
;CHECK IF ONES OR ZEROS



FA1Q CEFD19 LDX M35 sDISPLAY MESS. "ACTUAL DATA PATTERN"
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FA13
FAl6
FA18
FAlS9
FALC
FALF
FA22

FA23
FA26
rA29
FA2C
FA2F
FA31
rA34
rA37

FA38
rA3B
FA3D
FA4LO

FA42
FAL4L
FALT
FA4A
FA4B
rA4D
YA4E
rAS51
FAS53
FAS55
FA58
FA5B
FASE
FA61
FA63
FA65
rA68
FA6B
FA6C
FA6F
rA71

FA73
FA75
FA76
FA78
FA79
rA7C
FAF

BDF1BE
DE60
09
BDF525
BDF43F
BDF436
39

CEFD3B
BDF1BE
BDF436
CE0000
DF5C
BDF4D3
BDF436
08

8C0281
2705
BDF31C
20F5

9F65
8E0020
CE0034
32
A700
08
8C0046
26F7
9E65
CE0000
FF0071
BDF2EB
BDF7E4
8D2C
250E
BDF3EE
FE0O071
08
8c0281
26E7
20E2

C606
54
270E
37
BDFACS
BDF2EB
8DOE

$sTEST 5

TESTS

K23

JSR
LDX
DEX
JSR
JSR
JSR
RTS

-TEST

LDX
JSR
JSR
LDX
STX
JSR
JSR
INX

3sTHIS SECTION WRITES

UPX
BEQ
JSR
BRA

MESSA ;OUTPUT MESSAGE
@TEMP4 sGET PAGE POSN

sPOINT TO CORRECT PAGE
OUTPUT ;OUTPUT PAGE OF DATA
VERFY sOUTPUT RUNNING RESULTS
B10B ;OUTPUT - **JORKING**

EACH MINOR LOOP WITH EITHER ALL ls OR Os
#M38 ;sMESSAGE - TESTS

MESSA ;OUTPUT MESSAGE

B10B sOUTPUT ~ **WORKING*#*

#0 ; INITIALIZE PAGE POSN

@TEMP2 sSAVE PAGE POSN.
CHNGE1 sFILL PAGE BUFFER WITH DATA PATTERN
B10B ;OUTPUT - **WORKING**

3sINC. PAGE COUNTER
THE SAME PATTERN INTOC THE ENTIRE MEMORY
#ENDMEM ;IS END OF THE MEMORY REACHED?

N3 ;EXIT IF YES
SWRITE ;WRITE OUT PAGE
K23 s CONTINUE

sTHIS SECTION RESTORES THE WRITE BUFFER CONTENTS

N3

K22

K24
R25

ABOVE3

s SOFT ERROR SECTION

BELOW3
K15

STS @TEMP5  ;SAVE STACK POINTER

LDS #BUF-1  3POINT TO BEG. OF BUFFER
LDX  #BUF1 ;POINT TO OTHER BUFFER
PUL A ;GET DATA

STA A 0,X : STORE DATA

INX ; INCREMENT POINTER

CPX  #BUF1+18 ;IS END REACHED?

BNE K22 ;CONTINUE IF NOT

LDS @TEMP5 ;RESTORE STACK POINTER
LDX #0 sSTORE STARTING PAGE NUMBER
STX  TEMP1l

JSR  SREAD ;READ PAGE

JSR  COUNT ; INCREMENT THE NO. OF OPERATIONS
B8SR  COMPARE3 ;COMPARE RESULTS

8CS BELOW3  ;ACCOUNT FOR ERROR

JSR IO ;CHECK FOR KEYBOARD IO
LDX TEMPLl  ;RECALL PAGE NUMBER

INX sUPDATE PAGE POSN

UPX {ENDMEM ;HAS END BEEN REACHED YET?
BNE K25 s CONTINUE IF NOT FINISHED
BRA K24 sREPEAT ENTIRE PROCEDURE
LDA B #06H ;SOFT ERROR COUNTER

DEC B ;DEC COUNTER

BEQ Kl4 sEXIT IF MAX. NO EXCEED
PSH B :SAVE COUNTER

JSR  SOFTERR3 ;UPDATE COUNTER

JSR  SREAD :REREAD PAGE

BSR COMPARE3 ;COMPARE READ DATA
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FA81
FA82
rA84

FA86
rA88
FA8SA
FA8D

FAS8T
FA91
FA93
FA96
rA99
FA9A
FA9C
rA9E
FASF
FAA2
FAA4
FAAS
FAA7
FAA9

FAAA
FAAB

FAAD
FAAF
FAB1
FABR4
rAB7
FABS
FABA
FABB
rABE
rACO
FAC2
FAC4

FACS
FACS

FACA
FACD
FADO
rAD3
FADS
FADS8
FADA
rADD
FAEQ

33
25F1
20DF

8D42
8D23
CEFFFY
2048

DF5E
9F65
8E0033
CEO021
32
Al100
260C
08
8C0033
26F5
0C
DESE
9E65
39

0D
20F8

DFSE
9F65
8E0033
CE0021
32
A700
08
8C0033
26F7
DESE
9E65
39

BDF431
2003

7C0073
CEFDOF
BDF1IBE
DE71
BDF525
8DD3
CEFD19
BDF1BE
DE71

;HARD ERROR SECTION

K14

; COMPARE ACTUAL DATA

COMPARE3

K17

K18

sTHIS SECTION SETS

K16

sRECALL COUNTER
sREPEAT ON ERROR COND.
; CONTINUE TEST

; INCREMENT COUNTERS
sREINITIALIZE BUFFER
3SET UP FOR PAGE POSN
sREPEAT TEST

WITH READ DATA

sSAVE INDEX REGISTER
s SAVE STACK POINTER

sPOINT TO BEGINNING OF ORIGINAL PATTERN

sPOINT TO READ PATTERN
sGET DATA

; COMPARE RESULTS

3SET FLAG ON ERROR COND.
sPOINT TOTI NEXT DATA

sHAS BUFFER BEEN CHECKED?
sCONTINUE IF NOT

;CLEAR FLAG IF ALL IS OK!
;RESTORE REGISTERS

sSET FLAG IF ERROR DETECTED

PUL B
BCS K15
BRA  ABOVE3
BSR  HARDERR3
BSR  TRANSFRI
LDX  #OFFFFH
BRA K23
STX @TEMP3
STS @TEMP5
LDS #BUF1-1
LDX #BUF
PUL A
UMP A 0,X
BNE K16
INX
CPX #ENDBUF
BNE K17
vLC
LDX @TEMP3
LDS @TEMP5
RTS

THE ERROR FLAG
SEC
BRA K18

sRETURN

;FILL PAGE BUFFER WITH DATA STORED AT ALTERNATIVE PAGE BUFFER

TRANSFR1 STX @TEMP3
STS @TEMPS
LDS #BUF1-1
LDX #BUF
K19 PUL A
STA A 0,X
INX
uPX #ENDBUF
BNE K19
LDX @TEMP3
LDS @TEMPS
RTS
s INCREMENT SOFTERROR COUNTER
SOFTERR3 JSR B10A
BRA K20
sHARD ERROR SECTION
HARDERR3 INC L0OC2
K20 LDX #M34
JSR MESSA
LDX @TEMP11
JSR OUTPUT
BSR TRANSFR1
LDX #M35
JSK MESSA
LDX @TEMPIL1
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$SAVE REGISTERS

;POINT TO BEG. OF BUFFER
sPOINT OT FIRST BUFFER
sGET DATA

s STORE DATA

s INCREMENT BUFFER POINTER
3+IS END REACHED?
sCONTINUE IF NOT

sRESTORE REGISTERS

; INCREMENT SOFT ERROR COUNTER
; CONTINUE

;s INCREMENT HARD ERROR COUNTER
;DISPLAY MESS. "DATA READ"
sOUTPUT MESSAGE

3GET PAGE POSN.

;OUTPUT BUFFER CONTENTS

sFILL BUFFER WITH OTHER PATTERN

;DISPLAY MESS. "ACTUAL DATA PATTERN"

;OUTPUT MESSAGE
3sGET PAGE POSN



FAE2 BDF525 JSR  OUTPUT ;OUTPUT READ & ACTUAL DATA
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FAES
FAES
FAEB

FAEC
FAED
rAEF
FAFO

FAF1
FAF2
rAFS5
FAF6
rAF8
FAFB
FAFD
FROO
¥rBO1

FBO2
rBO6
FBO7
FBOB
FBOC
FB10

rBll
+B15
FB19
FBID
FB21
FB25
FB29
rB2D
FB31
FB35
FB39
FB3B
FB3F
FB4O
FB44
FB48
FB4C
FB50

BDF43F JSR  VERFY ;OUTPUT RUNNING RESULTS

BDF436 JSR  BIOB ;OUTPUT - **WORKING**
39 RTS
;THIS IS THE INTERRUPT ROUTINE USED FOR
sMULTI PAGE READ/WRITE OPERATION
32 INTERR PUL A ;GET COND. CODES
8A10 ORA A #10H ;SET INTERRUPT MASK
36 PSH A ;RESTORE COND. CODES
3B RTI ;RETURN '
; POWER FAIL ROUTINE
OF INTERR1 SEI
CE2000 LDX  {#DELAY ;LOAD FOR BROWN OUT DELAY
09 AS DEX
26FD BNE AS
760100 ROR  PIADATAA ;CHECK IF REAL POWER FAILURE
2504 BCS  BELOW4
B601F0 LDA A DISABLE ;DISABLE BUBBLE MODULE FOR POWER FAIL
3E WAI ;WAIT FOR POWER TO GO DOWN
3B BELOW4 RTI ;RETURN IF NO POWER FAIL
;DATA PATTERNS FOR TESTS
F1150EEPAT! BYTE OFlH,15H,0EH,0EAH,00H
00
FF08800PAT2 BYTE OFFH,08H,80H,0FH,77H
77
BAA8255PAT3 BYTE OBAH,0AS8H,25H,57H,00H
00
sMESSAGE TABLE
5245434M1 ASCIT "RECEPTION ERRORGE"
5054494
4E20455
524F524
58414D4M2 ASCII ‘'"xaMe@"
554D504M3 ASCII ‘“uMmp@"
424F532PRMPT]1 ASCII 'BOS - VERSION 2.l1@"
2D20564
5253494
4E20322
3140
434F4D3PROMPT ASCII '"COM:@"
40
4255424MESAGE ASCIT '"BUBBLE I/0 IN ASCII OR HEX?"
4C45204
2F4F204
4E20415
4349492
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FB54
FB58
FB5B
FB5C
FB6O
rB64
FB68
FB6C
FB6D
FB71
FB75
¥B79
¥B7D
FB81
rB85
FB89
FB8D
FB9O
FB94
FB98
FBIC
FBYOD
FBAL
¥FBAS
FBAS
FBAB
FBAF
rBB3
FBB6
+BBA
FBBE
#BC2
FBC6
FBCA
FBCE
FBD2
rBD4
FBD8
FBDC
FBEO
FBE4
rBE6
FBEA
FBEE
FBF2
FBF6
FBFA
FBFE
FCO2
FCO6
FCOA
FCOE
FCI11

4F52204
45583F

0D

454E544
52203C4
3E204F5
203C483

40
4F4E544M4
4E4F555
2042554
424C452
492F4F4
5354415M5
5420414
4452455
533A40
454E442M6
4144445
4553533

40
4441544M7
2050415
5445524
3A40
5245414M8
2045525
4F5240
4541444M9
494C4C4M10
47414C2
4144445
4553534
3D3D3E4MIL
5041474M12
3A40
494C4C4M13
4D454D4M14
5259204
494C4C4
4440
4953544M15
52414E5M16
4645524
46524F4M17
2052414
20544F2
4255424
4C452D4
4E54455
203C423
204F52

0D

BYTE ODH

ASCII

"ENTER <A> OR <H>@"

ASCII "ONTINOUS BUBBLE I/0@"
ASCII “START ADDRESS:@"
ASCII “"END ADDRESS:@"

ASCIT '“DATA PATTERN:G@"
ASCII '"READ ERRORG@"

ASCII "EAD@"

ASCIT “ILLEGAL ADDRESS@"
ASCIT '==>@"

ASCITI "PAGE:@"

ASCII "ILL@"

ASCII 'MEMORY FILLED@"
ASCII "1sr@e“

ASCII 'RANSFERG@E"

ASCII "FROM RAM TO BUBBLE-ENTER <B>
BYTE ODH
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Op"



FC12 454E544 ASCII T"ENTER <R> IF TRANSFER FROM BUBBLE TO RAM ==>@"
FCl6 52203C5

FC1A 3E20494

FCLE 2054524

FC22 4ES53464

FC26 5220465

¥C2A 4F4D204

FC2E 5542424

FC32 4520544

FC36 2052414

FC3A 203D3D3

FC3E 40

FC3F 5452414M18 ASCII "TRANSFER PAGE NO:@"
FC43 5346455

FC47 2050414

FC4B 45204E4

FC4F 3A40

FC51 5452414M19 ASCII "TRANSFER COMPLETE@"
FC55 5346455

FC59 20434F4

FC5D 504C455

FC61 4540

FC63 5354415M20 ASCII "START PAGE:@"
FC67 5420504

FC6B 4745344

FC6F 454E442M21 ASCIT "END PAGE:@"

FC73 5041474

FC77 3A40

FC79 5452414M22 ASCII T"TRANSFER RAM ADDRESS:@"
FC7D 5346455

FC81 2052414

FC85 2041444

FC89 5245535

rC8D 3A40

FC8F 4E49542M23 ASCIT "NIT. CONT.@"

FC93 20434F4

FC97 542E40

¥C9A 08 M24 BYTE O8H

FCO9B 4441544 ASCII T"DATA INPUT MODE@"
rC9F 20494E5

FCA3 5554204

FCA7 4F44454

FCAB 4441544M25 ASCII '"DATA TRANSFERED@"
rCAF 2054524

FCB3 4E53464

¥CB7 5245444

rCBB 454C504M26 ASCIT "ELP@"

FCBF 4F20465M27 ASCII "0 FROM:@"

FCC3 4F4D3A4

FCC7 4E4F2E2M30 ASCII "NO. OF SOFT ERRORS=@"
FCCB 4F46205

FCCF 4F46542

FCD3 4552524
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FCD7
FCDB
FCDF
FCE3
+CE7
FCE9
rCED
FCF1
FCF5
¥CF9
FCFD
¥DO1
¥D0O5
FDO8
FDOC
FDOF
FD13
£D17
FD19
rD1D
¥D21
FD25
rD29
¥D2D
rD31
FD34
FD38
¥D3B
¢D3F
FD42
FD46
FD4A
FD4E
FD52
FD56
FD5SA
FDSE
FD62
¥D66
FD6A
FD6E
FD72
rD76
tD7A
FD7E
tD7F
FD80
FD84
rD88
+D8C
rD90
FD94
rD98

52533D4
2A2A205M29
4F524B4
4E47202
2440
4E4F2E2M31
4F46205
2F57204
5045524
54494F4
53203D4
5445535M32
203140
5445535M33
203240
4441544M34
2052454
4440
4143545M35
414C204
4154412
5041545
45524E4
5445535M36
203340
5445535M37
203440
5445535M38
203540
4E4F2E2M39
4F46204
4152442
4552524
52533D4
5445535M40
20354414
5448452M28
464F4C4
4F57494
4720434
44532E2
4152452
4156414
4C41424

45

0D

43202D4
4F4E542
2042554
424C452
522F572
4F50455

2E

ASCITI "** WORKING **@"

ASCII 'NO. OF R/W OPERATIONS =@"

ASCITI "TEST 1@"
ASCII "TEST 2@"

ASCII "DATA READ@"

ASCIT T"ACTUAL DATA PATTERNE@"

ASCII "TEST 3@"
ASCII "TEST 4@"
ASCIT "MTEST 5@"

ASCIT "NO. OF HARD ERRORS=@"

ASCII "TEST 4A@Q"

ASCII "THE FOLLOWING CMDS. ARE AVAILABLE"

BYTE ODH
ASCITI "C -CONT. BUBBLE R/W OPER."
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FD99
FDYA
FDIE
rDA2
FDAS
¥DAG
FDAA
FDAE
¥DB2
FDB6
FDB7
+DBB
rDBF
FDC3
FDC7
rDCB
FDCF
+DD3
FDD7
FDDB
FDDC
rDEQ
+DE4
rDES8
FDEC
+DFO
FDF4
¥DF8
FDFC
FEQO
FEO4
FEQ7
rEQO8
FEOC
FE10
FEl4
FE17
rE18
FE1C
FE20
rE24
rE28
FE29
FE2D
FE31
FE35
¥E37
rE38
FE3C
FE40
FE44
rE48
FE4C

0D
4420204
454D204
554D50
0D
4520204
58414D2
4D454D2
4C4F432
oD
20202D5
4954482
432D434
414E474
2C203C4
3E2D4 24
434B2C2
43522E2
4E45585
0D
46202D4
494C4C2
4120424
4F434B2
4F46204
4F442E2
5749544
2041204
4154412
5041545
45524F
0D
47202D4
5845432
50524F4
52414D
0D
48202D4
454C502
4641434
4C49545
0D
49202D4
4849542
20434F4
542E

0D
4C202D4
4953542
424C4F4
4B204F4
2042554
424C452

BYTE ODH
ASCIT 'D

BYTE ODH
ASCIT "E

BYTE ODH
AsCcit "

BYTE ODH
ASCIT "F

BYTE ODH
ASCII "G

BYTE ODH
ASCII "H

BYTE ODH
ASCIT "I

BYTE ODH
ASCII "L

-MEM DUMP"

-EXAM MEM LOC."

-WITH C-CHANGE, <B>-BACK, CR.-NEXT"

-FILL A BLOCK OF MOD. WITH A DATA PATTERN"

-EXEC PROGRAM"

-HELP FACILITY"

-INIT. CONT."

-LIST BLOCK OF BUBBLE MEMORY TO TERM."
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FES50
FE54
FE58
rE5C
FESF
FE60
FE64
rE68
FE6C
FE70
rE74
rE78
FE7A
FE7B
FE7F
rE83
FE87
FE8B
rE8F
rE93
FE97
FE9B
FEOF
FEA2
FEA3
FEA7
FEAB
FEAF
FEB3
FEB7
+EBB
FEBF
+rEC3
FEC7
FECA
FECB
rECF
FED3
+ED7
FEDB
FEDF
FEE3
FEE7
FEEB
FEEF
FEF3
rEF6
+EF7
FETFB
rEFF
rFO3
rFO7
rFOB

4D454D4
5259205
4F20544
524D2E
0D
52202D5
4541442
4120504
4745204
524F4D2
4D4F4L45
4C45

0D
2020205
4954482
432D434
414E4T74
2€203C4
3E2D4 24
434B2C2
4E2D4E4
5854205
414745
0D
20202D5
4954482
4348414
47452C2
3C3E205
4554414
4E53205
5245534
4E54204
415441
0D
53202D4
4154412
494E505
5420494
544F204
4F44554
452C484
4C46204
55504C4
5820434
4D4D2E
0D
20202D4
4154412
424C4F4
4B204D5
5354204
4520505

BYTE ODH
ASCII "R -READ A PAGE FROM MODULE"

BYTE ODH
ASCII " -WITH C-CHANGE, <B>-BACK, N-NEXT PAGE"

BYTE ODH
ASCIT " <-WITH CHANGE, <~> RETAINS PRESENT DATA"

BYTE ODH
ASCIT "S -DATA INPUT INTO MODULE,HALF DUPLEX COMM."

BYTE ODH
ASCIT " -DATA BLOCK MUST BE PRECEDED WITH A <W>, AND ENDED WITH </>
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FFOF 4543454
FF13 4544205
FF17 4954482
FF1B 41203C5
rF1F 3E2C204
FF23 4E44204
FF27 4E44454
rF2B 2057495
FF2F 48203C2

rF33 3E
FF34 0D BYTE ODH
rF35 54202D5 ASCITI "T ~TRANSFER DATA FROM BUBBLE TO RAM OR FROM"

rF39 52414E5

FF3D 4645522

rF41 4441544

rF45 2046524

FF49 4D20425

FF4D 42424C4

rF51 20544F2

FF55 52414D2

rF59 4F52204

FF5D 524F4D

FF60 0D BYTE ODH
FF61 20202D5 ASCII " -RAM TO BUBBLE"
rF65 414D205

FF69 4F20425

rF6D 42424C4

rF71 0D BYTE ODH
FF72 56202D5 ASCII "V -VER. ERRORS DURING CONT. OPER."
rF76 45522E2

FF7A 4552524

FF7E 5253204

rF82 5552494

FF86 4720434

rF8A 4E542E2

FF8E 4F50455

FF92 2E

FF93 0D BYTE ODH

FF94 OD BYTE ODH '

vF95 4E4FS544 ASCII 'NOTE BUBBLE I/O MAY BE IN ASCII OR HEX@"

rF99 2042554
FFI9D 424C452
rFAL1 492F4F2
FFAS5 4D41592
FFA9 4245204
FFAD 4E20415
FFBl 4349492
FFB5 4F52204
FFB9 455840

FFF8 ORG OFFF8H
FFF8 FAEC WORD INTERR
rFFA FO1C WORD START
FFFC FAFl WORD INTERR!
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FFFE F00O WORD, BEGIN
F000 END BOS
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