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Magnetic bubble devices are made by growing a magnetic 
garnet film on a nonmagnetic garnet substrate . With no ex
ternal magnetic field, a maze-like pattern of magnetic do
mains appears in the film such that the entire sample is mag
netically neutral (Fig 1 ). In the presence of a perpendicular 
external magnetic field (bias field), the regions of polarity 
opposite to that of the applied field shrink. A proper bias 
field, usually created by small permanent magnets which are 
part of the package, forms small cylindrical regions called 
bubbles. 

The bubbles move in the film under the influence of 
small magnetic field parallel to the plane of the film. In pre
sent devices, a Permalloy pattern deposited on the garnet 
film controls this movement (bubble propagation). The bub
bles move in accord with the changing magnetic poles pro
duced in the Permalloy pattern by a rotating in-plane mag
netic field (drive field). Fig 2 shows a common pattern of 
alternating T's and bars and the corresponding bubble move
ment as the field rotates . Two orthogonal magnetic coils 
wound around the device produce the rotating field. The 
switching of bubbles between alternate propagation paths, 
the generation of bubbles and the replication of bubbles for 
a non-destructive read are accomplished by producing local
ized magnetic fields on the device with current carrying con
ductor loops. The presence of bubbles is detected by the 
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Fig 1 Domains in a garnet epitaxial film are visible when 
viewed in a polarizing microscope. They appear as alternating 
dark and light stripes. In the presence of a perpendicular bias 
field, the regions of magnetic polarity opposite to the field 
assume a stable cylindrical configuration known as a bubble. 

magneto-resistive effect of the bubble passing under a con
ductor carrying a small amount of current. The data in bub
ble memory devices is represented by the presence or ab
sence of a bubble in each of the propagation positions. The 
presence of a bubble indicates a binary 1 and the absence of 
a bubble indicates a binary 0. Access to the device is by a se
rial data stream. 

One common device organization called the major-minor 
loop device (Fig 3), consists of a "major" propagation loop 
which proyjdes access to a number of minor loops. The minor 
loops contain a large number of propagation elements and 
form actual data storage region of the bubble device. The 
major loop contains the bubble generation and detection 
functions. Data is accessed in a block or page which consists 
of one bit position from each of the minor loops. Various 
functions are needed to control a bubble device. Transfer 
gates are used to transfer bubbles between the major and 
minor loops. The generator creates bubbles to form the data 
pattern. The replicator element can either make a copy of 
the bubble for detection purposes or simply transfer the bub
ble to the detector area to remove it from the device before 
new data are generated. 

Many methods are currently used to package bubble mem
ory devices. To obtain the greatest bit density designers pack
age several bubble devices within one magnet structure. How-

Paper presented at ATE Seminar/Exhibit, March 21-23, 1977, Cambridge, MA. Full Seminar Proceedings available for $45. 
Send check to: ATE Proceedings, Benwill Publishing Corp., 167 Corey Road, Brookline, MA 02146. 

JUNE 1977 digital design 69 



Field 
Direction 
(Rotating 

--u~[-u-~w;~, 

-yJy~- -_Jt, 

--u-lL~u---~ 
Fig 2 T-Bar Propagation Circuit. The rotating magnetic field 
in the plane of the garnet film induces magnetic poles in the 
Permalloy film . The changing magnetic poles cause the bub
ble to move. 
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Fig 3 Major loop contains bubble generation and detection 
functions; Minor loops are the storage area of the device. 
Transfer gates cause the bubbles to switch between the major 
and minor loops. Sequencing for a bubble read function is as 
follows: The 'd rive field is started and the bubbles are moved 
until the proper block is at the transfer gate. The block is 
transferred to the major loop and propagated to the replicator 
where a copy is made of each bubble for detection purposes. 
The block continues around the major loop until it reaches 
the transfer gate again where it is transferred back into the 
minor loops. The number of steps in the major loop is ar
ranged so that the bubbles return to the same position in the 
m inor loops that they came from. The write operation is 
similar except that the replicator transfers the bubbles out 
of the major loop and the generator produces a new bubble 
data pattern. 
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eve r, to minimize cost, a single device can be mounted with
in a small magnetshield arrangement to form a 14-pin dual 
inline package. The characteristics of such a module are given 
in Table I. For testing purposes the magnetic bias field can 
be altered by wrapping a smal l coil around the magnetic 
shield. Drive field coils are operated with a triangular 
current wavefo rm. Current in the two coils is 90 degrees 
out of phase to produce the rotating field (Fig 4) . The bub
ble motion can be started and stopped by controlling the 
drive field as shown in Fig 4. Bubble memories are non-vol
atile and data can be stored indefinitely since the module 
contains protection from stray magnetic fie lds. Fig 5 sum
marizes the physical and electrical features of magnetic bub
ble memory operation. 

Table 1 
Module Characteristics 

Useful capacity 92304 Bits 

Useful block size 144 Bits 
Minor loop size 641 Bits 
Percent redundant storage 8. 3 % 
Drive field frequency 100 KHz 
Data rate 50 Kb/s 
Average access time (first bit) 4 ms 

Size 1.0 x 1.1 x 0.4 
Pin count 14 Pins 
Weight 20 gm 
Max . external magnetic field 40 Oe 
Operating temperature 0 to 70 oc 
Nonvolatile storage temp . 40 to 85 oc 

Two factors reflect device performance. The first is the 
amount of allowable variation in the magnetic bias field . 
This magnetic bias margin and its size indicates how well the 
device will work over a range of electrical, mechanical and 
environmental variations. The second performance criteria 
is the number of bad minor loops . With current device tech
nology , perfect devices are difficult to produce . To make a 
cost effective memory system , 13 of the 157 minor loops on 
a 100 kilobit device are allowed to be inoperative . 

the test system hardware and software 

Tl's computer-based test system consists of a Texas Instru
ments 990 minicomputer , a microprogrammed bubble mem
ory controller , and various standard computer peripherals 
(Fig 6). In addition , a programmable bias field power supply 
and a programmable funct ion amplitude unit are interfaced 
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Fig 4 Drive field may be stopped and started as indicated to 
provide non-volatile storage. The device is mounted at a slight 
angle within the bias magnet structure to provide a small 
holding field on the propagation elements. 
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Fig 5 Various components needed for bubble memory operation. 
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Fig 6 Block diagram of the bubble memory test system 
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Fig 7 Bubble memory functions must occur during the 
proper drive cycles (A) . The bubble controller contains 
counters to keep track of which block is at the transfer gate 
and to count the intervals between functions. During the 
drive field cycles when a function is enabled, the function 
current must be precisely controlled (B) . This is done digit
ally in the test system controller. Amplitude, duration and 
position with in the field cycle are all controllable by the test 
program . 
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CHARACTERIZATION TEST 100£C7• 1015513~ 
MODULE l••I•• TP125 TEMP :!!_. 

FUNCTION TIMING lOOEC7• 1015513• MODULE B••I•• TPl25 AT •Ol DEG C 
I l 3 • 5 • 

LE OUR fUNC 0123•5•1e•o12105•1e•o121•5•71•0121•5•7••0121•5•7&•012J•5•71•0123 
JZ, ti AOV ••••••••••••••••••••••••••••••••***•**************•••••••••••••• 
48, ti IDV **••••••••••••••••••••••••••••••••••••••••••••••**************** 
O, 11 CDV ******************•••••••••••••••••••••••••••••••••••••••••••••• I•, 18 DDV ••••••••••••••••******************•••••••••••••••••••••••••••••• 
21 Z G!N ••**•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ZJ1 30 ANH •••••••••••••••••••••••******************************••••••••••• 
O, 1 STR *•,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
lJ, 6 R£P ••••••••••••••••••••••••••••••••••*****••••••••••••••••••••••••• 
3t, 17 XIN •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
t , • CLP •••••••••*********•••••••••••••••••••••••••••••••••••••••••••••• 
14, l ST8 ••••••••••••••*••••••••••••••••••••••••••••••••••••••••••••••••• 
o, •• OET **************************************************************** 
8, 11 XOT ••••••••***********••••••••••••••••••••••••••••••••••••••••••••• 
42, 5 AWC ••••••••••••••••••••••••••••••••••••••••••*****••••••••••••••••• 
FJELD PHASE 0 IJO 190 270 0 

FUNCTION AMPLITUDES AT TEMP •02 
GEN• 337 ANH• •O REP• 146 XIN• JO XOT• Gl 

Fig 8a Excerpt of output from the characterization test. This printer listing is the actual test 
result of a 100 Kbit bubble device at -40°C. The test was done with a 200KHz drive field . All 
bias setting and margins listed are in the units of Oersteds *10 (thus 25 means 2.5 Oerstedsl . 
Function position (LEI and duration IDURI are given in 64ths of the drive field cycle. Bias 
values represent the deviation from the permanent magnet setting and can be either positive 
or negative. Function amplitudes are given in miliamperes. Readout gives timings of the 
funct ions within the drive field cycle. Asterisks represent the portion of the cycle where the 
function is on. Function amplitudes, compensated for temperature, are also listed. 

MAJOR LOOP ERROR TEST TEMP •42 10DEC7• 1015510 
NUMBER OF READS a 20 

BUS MISSING EXTRA TOTAL 
BUIBLES BURBLES ERRORS 

••O 400 0 400 
•50 400 0 400 
•40 JU 1 J811 
•JO J50 0 J50 
•lO 0 0 0 
•10 0 0 0 
0 0 0 0 
10 0 0 0 
lO 0 0 0 
JO 0 0 0 
QO 0 0 0 
50 0 0 0 
•o 0 0 0 
10 0 0 0 
80 0 0 0 
IJO 0 0 0 
100 0 0 0 
110 0 0 0 
120 0 0 0 
130 117 0 177 
140 1100 0 400 

Fig 8b Bias margin test of the major loop. In this test the bubbles are kept in the major loop 
to eliminate transfer and minor loop errors from the test. The margin can be seen to be 
16 Oersteds. 

MASK BIAS LOW •28 HIGH JIO MARGIN lJB 
SELF GENERATION TEST TEMP •110 IODEC7• I015•117BIA8• 40 
MASK 0000 0000 0800 0000 0000 0000 0000 OOO• 0000 0007 N8JT 2 

Fig 8c The minor loop mask is determined. This device has 2 bad minor loops over a 13.8 
Oersted bias range. The bits in the last word of the mask are not from the device since a 
block contains 157 bits. 
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to the test system. The bubble mem-
ory controller performs all of the bub
ble memory timing operations. Test pro
grams, written in a high-level test langu
age, usually include some degree of data 
reduction and often include procedures 
to produce graphical output on the 
hard-copy terminal or line printer. The 
CRT terminal is used for high speed 
data display and operator control. A 
card reader is used for the system load 
and the input of test programs. 

The operation of bubble memories 
can be broken into two levels of control. 
To sequence the bubbles properly , the 
control functions must be enabled dur
ing prescribed cycles of the rotating 
drive field. One level of control counts 
cycles of the rotating field to access the 
required page of data correctly (Fig 7a). 
The bubble memory controller contains 
a programmable sequencer which per
forms this operation. The program can 
accept commands from the host com
puter, start the drive field , count the re
quired intervals for the device architec
ture and the required page and stop 
the drive field when the bubbles have 
returned to the minor loops. This pro
gram can be loaded or modified by the 
host computer so that different bubble 
device architectures may be tested . An 
assembler for the controller was imple
mented by using the macro capabilities 
of the IBM 370 assembler to define the 
various controller instructions. An out
put formatter was written to make the 
resul tant listing and load deck easier to 
use. The microcode for a typical device 
architecture consists of about 125 in
structions. Eas~ of programmability 
using an assembly language has simpli
fied the system changes required to test 
new device architectures. 

Each of the function currents must 
be accurately timed within the drive 
fie ld cycle (Fig 7b ) . A function timing 
RAM divides the drive field cycle into 
64 discrete intervals. The function RAM 
operates as a recycling shift register with 
one track or channel for each of the 
bubble functions. Each of the channels 
contains a set of logical ones in that 
period of the bubble cycle where the 
function is to be turned on. The pro
grammable portion of the controller 
enables the output of the appropriate 
channel during the proper field cycle. 
The contents of the function timing 
RAM may be changed by the test pro
gram so that timing tolerances may be 



GEN NOMINAL LE ii! OUR ii! AMP l37 
LE LOW HIGH MARGIN 
0 •52 179 2ll 
1 •51 tet 212 
2 •53 1e1 236 
3 •49 t79 22e 
4 ·•3 1eo 223 
5 ·4e 1e1 229 
6 •44 l 79 223 
1 •41 1e2 223 
e •le 1e2 220 
9 •ll let 212 
to •ll t79 211 

•bO 40 140 
I I I 

5.4.1.2.1.o.9.e,1,e..5,4.J,2,1.0.1,2.3,4.5.6,7,e.9.o,1.2.1.4.s. 
0 L H 
1 L H 
ii! L H 
3 L H 
4 L H 
5 L H 
6 L H 
7 L M 
8 L H 
9 L H 
10 L H 

5.4.1.2.1.o,9,e.7,6.5,4,3,2.1.0.1.2.1.•.s.6,7.e,9,o.1.2.1.4,5, 
MODULE 86•e•9 TPB25 TEMP •41 t0D£C76 101561]0 

GEN NOMINAL LE 2 OUR ii! AMP ]37 
OUR LOW HIGH MARGIN 
1 •50 teo 230 
ii! ·•7 180 227 
3 •]9 180 ii!l9 
a •34 1eo 2141 
5 •15 180 195 

•bO 40 1410 
I I I 

S,o,J.2,l.0,9.e.7.6,5,a.l.ii!.l.O,t.l.l.a.S.6.7,e.9,0.t,ii!,l,4.S. 
l L H 
ii! L H 
l L H 
II L H 
5 L H 

5.•.1.2.1.o.9.e,1.6.s.•.1.2.1.o.1.2.1.•,5.e..1.e,9,0.1.2.1,4.5. 
MODULE 86•e•9 TP8ii!5 TEMP •43 10DEC76 10156142 

GEN NOMIIUL LE ii! OUR ii! AMP H7 
AMP LOW HIGH MARGIN 

277 •50 8ii! 132 
287 •41e 1 et 229 
297 •47 180 227 
]07 •52 181 233 
317 •52 181 233 
327 •'51 181 ii!lii! 
337 •416 181 227 
3111 •]9 171 216 
357 •47 179 ii!ii!b 
3&7 •415 179 ii!ii!G 
377 •115 let ii!2b 

•60 40 140 
I I I 

5.4.J,2.1.o.9.e.7,6.5.o,1.z.1.0.1.2.1.0,5.6.7,e.9.o.1.2.1.4.S. 
277 L H 
287 L H 
297 L H 
307 L H 
317 L H 
327 L H 
337 L M 
347 L H 
357 L H 
lb7 L H 
177 L H 

s.11.1.2.1.0.9,8.7.6.5.a.3.2,1,o.1,2.1.a.s.6.1.a.9.o.1.2.1.•.s. 
MODULE 86•8•9 TP8ii!5 TEMP •42 100£C76 t015fl157 

Fig 8d The bias margin of the generate function is shown as the position, duration and 
amplitude change. Results are listed in both tabular and graphical form. 

CIRCLE 44 ... 

DOUBLE DENSITY 
FLOPPY OS 
for HP21 IX, RTE·ll 
... also OS/8, RT-11, ROOS, DOS, OS 16MT2, CP/M, 
RSX 11M, IRIS and many more. AED 's new 6200 
Series double-density diskette systems allow random 
access storage at a fraction of the cost of big disks. 
And in addition to DEC, DG and Interdata operating 
systems, the AED 6200 now operates as LU#2 or 
LU#3 under HP RTE-II, with a driver from AED that 
will run all RTE·ll functions. This versatile MFM sub· 
system maintains the RTE-II on a single drive, allow· 
ing the other drives to be used for auxiliary storage 
or peripheral disks. AEO's 3100 Series subsystems 
with IBM-compatible media are also available for use 
with RTE-II. All systems can be provided with choice 
of standard or low-profile cabinets. See below for our 
low prices. 

Compare these features 
Double Density IBM Compatible 

AED 6200 AED 3100 

Number of Tracks 77 77 
T ra osier Rate 500K bps 250K bps 
Storage on Both Sides ves ves 
Programmable Formatter ves yes 

Typical Record Sizes per side) 
• 128 bytes/ sector 542,080 bytes 256,256 bytes 
• 256 bytes/ sector 670,208 bytes 315,392 bytes 
• 512 bytes/sector 670,208 bytes 315,392 bytes 
IPL. Drive Select, Write Protect yes ves 
LED Status & Error Indication yes ves 
Vertical Rack Space 
• 2 drives 5.26" 5.25" 
• 4 drives 10.6" 10.5" 

Price: Quantity 26 (OMA I/Fl $2.080 ... sua ... 

Most iaterf1C81 anilHle 
AED offers the widest selection of lnterfacll In tilt 
entire industry. Call today for UIJ"tO-date lilt 



XJN NOMINAL LE Jl DUI 17 AMP JO 
LE LOW HJ;H NAt;JN 
21 40 40 0 
23 40 40 0 
25 40 40 0 
27 •2S 104 lZ• 
2• •SS 14• 201 
Jl •54 148 202 
33 •5J 147 zoo 
35 •5• 147 20J 
J7 •51 1•7 1•e 
l• •17 148 185 
41 •i!O 147 1•7 
4] •10 147 157 

••O 40 140 

21 
23 
ZS 
Z7 
z• 
lt 
:n 
JS 
l7 
3' 
•t 
•l 

XJN 
DUA 
11 
l i! 
1l 
111 
15 
1• 
17 
18 
1' 
i!O 
21 

l 1 
ti! 
13 
14 
tS 
1• 
17 
18 
1• 
zo 
21 

I t I 
5.11.1.2.1.0.•.~.1.•.5.•.1.2.1.o.1.2.1.•.5.•.1.8.•.o.1.2.J.11.5. 

NOMINAL 
LOii 

GO 
110 

• •52 
•Si! 
•511 
•511 
·55 
·5• 
•57 
•S• 

LE 11 
HIGH 

40 
110 
1011 
Ill 
th 
1 Cl7 
147 
10 
111• 
tllS 
145 

L 
L 

L 
L 

L 
L 

L 

OUR 17 
MAAIHN 

0 
0 
1n 
us 
198 
201 
201 
201 
20S 
202 
201 

H 
H 
H 
H 
H 
H 

L H 

L H 

AMP JO 

••O 40 140 
I I t 

5,11,J.2.1.o.•.8.1,•.s.1.J.2,1,0.1,2.1,1,5.•.7.8,•,o.1.2.1.•,s. 

L H 
L H 
L H 
L H 
L H 

L H 
L H 
L H 
L H 

s,11,J,2.1,o,•,8,1.•,s.•,1.2.1.0.1.2.1.4,5,•.7,8,•.o.1,z.J,•.s. 
MODULE 8••8•• TP825 TEMP •4J 10DEC7• t01S•110 

XIN NOMINAL LE JI DUA 17 Al4P JO 
AMP LOW HIGH MAltGIN 

18 •ZI 10 IU 
i!O •IZ 145 187 
i!2 •52 1117 1•• 
24 ·5• taa zoo 
Z& •S3 148 201 
28 •SS 147 202 
JO •55 148 ZOJ 
lZ •57 147 204 
J4 •5• 10 zoz 
3' •5• IU 202 
38 •SJ 107 200 

·•O 40 140 
I I I 

5,4,J.2,1.o,•,8,1,•.s.4,J.z.1.0.1.2,J,a,5,,,1,e,•.o.1,2.1.•,5, 
18 L H 
i!O 
22 
24 
i!b 
28 
JO 
32 
Jll 
3' 
38 
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studied. Bubble memory function 
current amplitudes can be controlled 
by the 990 minicomputer with a one 
millampere resolution, allowing the de
sign of test programs which can easily 
determine the sensitivity of bubble op
eration to current amplitude changes. 

As mentioned earlier, small coils are 
wound around the magnetic shield so 
that the bias field may be changed for 
testing purposes. These coils are attach
ed to a computer-controlled power sup
ply to provide high-speed control of 
the bias field to a 0.1 Oersted resolu
tion. In addition, this power supply can 
be programmed to provide narrow cur
rent pulses to test the bias sensitivity of 
individual propagation elements on the 
device. These pulses can have a duration 
as small as 20 microseconds which cor
responds to two drive field cycles at 
100 KHz drive frequency. 

The bubble test language (BTL) was 
designed to be similar to BASIC, provid
ing a language simple to use but com
prehensive enough to support changing 
test methods. Simplicity is needed to 
reduce the test programming effort; 
however, more powerful language feat
ures are occasionally required. BTL is a 
table driven interpretive test language 
which allows quick additions to the set 
of valid statements as well as fast chang
es to any existing statement type. BTL 
has proven capable of the adaptation 
needed as our test techniques have im
proved. 

Each BTL statement consists of a 
verb and a number of parameters. The 
language contains no keywords outside 
of the verb field. There is no limit to 
the number of characters in a variable 
name, allowing the use of meaningful 
names. Alphanumeric labels are used 
rather than line numbers so that pro
grams can be made more readable . Ex
tensions to the normal set of arithmetic 
operators is made possible by the use 
of the '#' character as an operator pre
fix. Thus the relational operators used 
in 'IF' statements are of the form #EQ 
or #GT. Output print formatting spec
ifications are included in the list of var
iables to be printed and default speci
fications allow the formatting to be 
optional. 

For instance the statement: PRINT 
A will print the variable A in a decimal 

.""-Fig 8e Similar to (8d) for the transfer in 
~function. 



MAJOR LOOP PROPAGATION 
DELAY LOW HIGH MARGIN 

100 ·5• 171 225 
100 ·5• 171 227 
100 ·55 170 225 
100 •56 170 226 
100 ·55 t6• 22• 

MINOR LOOP PROPAGATION • HASM BITS• 2 
DELAY LON HIGH MARGIN 

100 ·5• 1111 200 
100 •60 139 1•• 
100 •bl ll• 200 
100 ·62 138 200 
100 •61 137 198 

COMPOSITE MAJOR LOOP 
LOW HIGH MARGIN 

·50 115 U15 
•58 115 ln 
•57 116 tn 
·55 115 170 
•56 115 171 

COMPOSITE MINOA LOOP • MASK BITS • 2 
LON HIGH MARGIN 

•bl 117 178 
•55 t 16 17 1 
•bl 117 178 
•57 l ll lb8 
•58 11• 172 

Fig 8f Propagation and composite margins. Each test is repeated 5 times. Minor loop com· 
posite includes propagation and all device funct ions. 
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Fig St A summary of the test results giving margin bar graphs for 3 values of each variable 
parameter. 

from ovencalre 

CtystalConttolled DIP ... 
Oscilatots designed especially 
for digital clock applications 
Low-cost Models DTl-121 & DTl -221 feature ... 
Frequency Range: 20KHz to 25 MHz 
Overall Stability: ± 0 .010%-Model DTl-121 

±0.005%-Model DT1·221 
Temperature Range: 0°C to + 7CY'C 
Output waveform: Squarewave 50/50 ± 20% to drive 

10TIL loads. 0.4V max. ""O" and 2.4V min. 
·Tlevel. 

Input Power: Voltage +5V± 5%. Current 30 to 120MA 
depending on frequency. 

Package: 14 pin DIP, glass-filled nylon. Fits into 
standard 14 pin socket. 

Size: (WLHJ Approx. 0.50" X0 .80" X0.37" 

Other Ovenaire Highlights ... 
State of the Art High Stability Crystal Oscillators 
Ovenized Crystal Oscillators • TCXO • VCXO 
Crystal and Component Ovens • Thick Fi lm Hybrid 
Circuit Custom Services 

for additional information contact... ........ ,. 
Division of Walter Kidde & Company, Inc. 

706 Forrest St.-P.O. Box 1528, Charlottesville. 
Virginia 22902 • 804-97Hl050-TWX 510·587-5461 
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Watch for the 
July and August 

Issues 
Patent activity data - who is 
patenting what and with 
what intensity - provides you 
with an important vector that 
helps you determine directions 
of technological developments. 

In May, we reported the patent 
status of magnetic bubble mem
ories ; in July, we wi ll report on 
the patent status of floppy 
disks; and in August, we'll have 
a patent report on 14 types of 
memory systems other than 
magnetic bubble. 
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Fig 10 Bias field margin as a function of log number of prop
agation steps can also be interpreted as MTTF at a bias field 
setting. (A) A good device has a small longevity slope giving a 
large MTTF for much of the bias margin. (B) A poor device 
has a steeper longevity slope giving a larger region of poor 
MTTF despite a similar bias margin for a short test. 

form at. If a hexadecimal format is desired , the operator 
# HEX may be used ; PRINT #HEX ,A. 

lfa data pattern needs to be printed from an array, the 
number of elements will follow the operator; PRINT 
# HEX 5, B. The language was thus designed to allow more 
complicated statements when added power is needed . 

A 'DEVICE' statement in the language allows the program 
to acquire the device architecture specifications at execution 
time so that programs can be written independent of a part
icular device design. This allows us to test various develop
mental devices without a full-time test programming effort . 
The language contains special statements to perform bubble 
I/O. To test the sensitivity of the device to various data pat
terns, the language contains pattern I/O statements with 
automatic data comparison during reading . A method is pro
vided to test an individual device in a memory subsystem 
where the data from many devices is multiplexed together. 

Test language programs have been written to provide a 
variety of tests; 5 typical programs are; 

•Diddle Program is used for module set-up and semi-module 
or system checkout. Data is written to and read from the de
vice and displayed on- the CRT screen . Many test parameters 
may be controlled to get a 'feel' for device performance. 
• Characterization Test produces "Schmoo" plots of bias 
margin as a function of the amplitude , position and duration 
of each device function. Overall device and propagation mar
gins are also tested (Fig 9). 
• Long Term Error Test determines a device mask by doing a 
large number of reads of a once-written device. A mask may 
be entered and the accuracy of the mask may be checked 
over long periods of time. 
•General Longevity performs 8 different functional se
quences , each of which can be repeated IQN times for N be
tween 1 and 8. The maximum bias margin for data storage 
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without error is a function of N for any of the test sequences. 
• Radar Longevity determines the bias margin of small sec
tions of the propagation path for 10M steps where M is be
tween 1 and 4. The bias field pulse width is 80 microseconds. 
The major loop , minor loop or detect path may be tes ted . 

bubble device testing 

Because of its importance, much of the current testing pro
cedure inspects the change in bias margin as some other test
ing variable changes . If the magnetic bias field is too large, 
bubbles will tend to collapse and disappear. If the field is too 
small , the bubbles will become too large for one storage lo
cation and will 'strip out' during propagation . For current 
devices with a nominal bias field of about 120 Oersteds, the 
margin may vary from 8 to 20 Oersteds . To ensure the most 
reliable operation of the device , this margin should be as 
large as possible . In general , each Permalloy elemen t and each 
bubble function has its own operating margin. These margins 
do not fully overlap (Fig 9). The overall operating margin is 
the intersection of the margins of all of the functions. Ad
vanced testing techniques such as the Radar Longevi ty Pro
gram allow us to test the operating margin of each device 
element. Thus we can correct the device design and detect 
mask defects as well as identify individual device defects. 

The final production test of a bubble memory must deter
mine which minor loops are defective . The system using the 
bubble device will not place bubbles into these minor loops 
and data read from the loops is not used . These bad loops 
comprise the bubble device redundancy mask. The bubble 
system processes all data through a mask operation when 
either writing or reading. It is important to determine an 
accurate mask so that no additional bad loops will appear 
during use . Most of the bad minor loops are easy to detect 
by simply writing data into every minor loop and reading 
it back . These types of failures have two symptoms: ei ther 
data will disappear when written or data will be read when 
none is written. Errors associated with pattern sensitivity 
and the leaking of bubbles from one minor loop to another 
are types of errors that are harder to detect. These types of 
problems increase the difficulty of testing and , more import
antly , the time required to accurately test a device . 

Another factor in bubble operation which can affect the 
mask determination is the longevity effect. It has been shown 
that during propagation a bubble has a finite probability of 
self-collapse (disappearing) . This probability is near zero at 
the midpoint of the bias range and increases as the upper or 
lower bias limits are reached (Fig 10). Due to device defects, 
this error probability may be increased in a minor loop al
though that loop is not found to be bad during a short test. 
Two actions may need to be taken to minimize any problems 
by this effect: First , the operating bias setting must be chosen 
at a point which promises the best longevity results, and sec
ond, a longevity test may have to be performed as a part of 
the final test to find loops with a bad longevity curve. The 
effects of the longevity curve on long term device operation 
and the impact to testing are still being studied (Fig 11 ) . 

Although bubble device bias margin is the range of per
pendicular magnetic field over which the device will operate, 
a statement of bias margin must also include data on the 
length and nature of the test . A less demanding test will dis
cover that a device has a wider margin than a longer, more 

CIRCLE 47 II> 



complicated test because of a combination of factors includ
ing longevity effects and bubble-bubble interaction . 

Our first testing showed that each minor loop appeared 
to have its own bias margin . Most of the loops on the device 
will appear quite similar but occasionally some are encoun
tered with very narrow margins . Thus one problem in assign
ing a redundancy mask is the interaction of device margin 
and the number of loops masked. As we improved processing 
and reduced device and mask defects, we were able to ident
ify several of the bubble functions as being limiting factors 
the bias margin . Since the functions use peculiar propagation 
elements and entail the alignment of a conductor mask to 
carry the function current , this came as little surprise. A con
centrated effort was begun to characterize the bubble func
tions (references 5 ,7) . We found that device design changes 
and process improvements could increase the function bias 
margin and increase the timing and amplitude tolerances . We 
also found that several functions would need amplitude com
pensation to operate reliably over a 0 - 70°C temperature 
range. 

Bias margin and mask are affected by the data pattern 
used in testing. This pattern sensitivity or loading factor is 
due to bubble-bubble interaction . In general, about 3 Oer
steds must be subtraced from a "simply determined" mar
gin to account for loading effects . 

Due to the changes in magnetic properties of the garnet 
film the optimal bias field value will change with tempera
ture (Fig l 2), introducing the concept of magnet tracking. 
To achieve device operation or even simple data retention 
over a range of temperatures , the temperature characteristics 

of the bias magnet must match that of the film. For some 
garnet material compositions a matching magnet material is 
difficult to find . Device/magnet tracking mismatch also adds 
to the mask determination problem and places more empha
sis on maximizing the device bias margin . 

The test system approach that we have developed has 
proven comprehensive enough for our current laboratory 
and production efforts. The information learned from our 
characterization effort is being applied to device improve
ments and refinement of production test techniques . Our 
current results show that the time required for production 
testing needs to be reduced. 
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