2204753 THREELDINENSIONAL MAGNETI C BUBBLE DATA STORAGE AND OPTI CAL %
RETRI EVAL SYSTEM 5- BACKGROUND OF THE | NVENTI ON The exi st ence

of single wall magnetic domains in certain nmaterials under partlcular
conditions is des- cribed in many prierlart publications a %b and
10 these are usually referred to as magnetic bubbl e assenﬁfles

the magneti c bubble data storage systens of the prior art are

two-di nensional, that is, essentially planar. However, it is generally
understood that three-di nmensional data storage is nore econom cal 15 and
nore efficient and faster to access than the planar type. United States
Pat ent 3,983,547, for exanpl e, rHage~pyesns idiae- di nensi onal nmagnetic
bubbl e nenory whi ch may Si ala storage. The prior art nagnetic
bubbl e devi ces usua||y-§8—§2§a§ﬁ&i£4mmﬁﬁ%. magnetic field for
pur poses of magnetic bubbl eOpTdgallaRETRIEMAL rB¥BEENC field acting in a
thin patterned permalloy |ayer creates magnetic poles causing the magnetic
bubbl es to propagate in preferred directions as determned by the 25
pattern. 3The rotating nmaBAEKEROPND QF THEINVENBENnents is effective in
the thin layer in which the permalloy lies. Such nagnetic bubble devices
may be nade three- S|onal to |n ease .t he a denS|I i t hout

i ncreasi ng the eqU|pngﬁ SERASEEPTS & ﬁ@ﬁ%ﬁ%ﬁlﬂéﬁi oiRPR#RPS in
magneti c f|eIdcefhelprmﬂeeubpéetum@eafnﬂn&xnu&aﬂﬂqomﬁmtsqm$ensoaeshe
present inventépioba 1R REAY! deidrdald shanags ’Bj?é cdAd gqﬂe,%%éteah gand

the like, which includes a nagnetlc menor |ng I nary data
which is 10 these are usually referred to as magnetlc bub

= asseniblies. Most of the magnetic bubble data storage
systems of the prior art are two-dimenéionél, that is,
essertially planar. However, it is generally understood
that three-dimensional data storage is more economicaf

15 and more efficient and faster to access than the planar
type. United States Patent 3,983,547, for example,
describes a three-diménsional magnetic bubble memory
which may be used for data storage.

The prior art magnetic bubble devices usually

20 reguire an in-plane rotating magnetic field for
purposes of magnetic bubble propagation. The magnetic
field acting in a tﬁin-patterned permalloy layer creates
magnetic poles causing the'ﬁagnetic bubbles to

I

propagate in preferred directions as determined by the

25 pattern. The rotating magnetic field in such arrangements
is effective in the thin layer in which the permalloy
lies. Such magnetic bubble devices may be made three-
dimensional, to increase the data density without
increasing the equipment necessary for generating the

30 rotating magnetic field.

The prime objective of the assembly and system
of the present invention is to provide a data storage -
and'retrieval system, and the like, which includes a
magnetic bubble memory for storing binary data which is

35 preferably three~dimensional, and in which data
retrieval is achieved by directing one or more laser

beams through the memory onto corresponding photo-



35 preferably three-dinensional, and in which data retrieval is achieved
by directing one or nore | aser beans through the nenory onto c¢orrespondi ng
phot, 0, -2- voltaic generator/detectors so that rapid data retrieval may
be achi'eved. Another object of the invention is to provide 5 such an’
|nproyed data stoerage and retrieval systemwhich in addition to providing
data-retrieval on a rapid tine basis is relatively economcal and sinple to
construct, and which exhibits relatively small space requirenents as
conpared with prior art data storage 10 . and retrieval systens. BRI EF
DESCRI PTI ON OF THE | NVENTI ON The i nvention provi des a.three-di mensi onal 15
nagneti c bubbl e nenory apparatus conprisgAag: at least two arrays of

sheets, with t $ S : | paced an ar al
relatlonshlp, gﬁ% gﬁ?ﬁ ?%ées s %eg?ﬁgégm%ggggéysr%élé g%%ﬁ f%grg bai'e
per pendi-cul ar tmabhbeaﬁgmhevedand wi.t h each sheet being 20 formed of

| i ght - transparent rragnegﬁ@tw@f%bfécea@@b{ﬁeoin@éﬁgy&ﬁngsnag b¢i b bb'e
domai ns; bubble generator neans. pounted on a first edge of %

sheets of>each BICRaA HPPEGLEd iR taspEasive ?%QSE$E€%%Wa1n5h?t%Wgnals f or
produci ng ar r aysh béh nbgnedd ot bodhbtesptevi@bng dmeﬁeﬂilw@ngo@aaatéleid

channel s on the gﬁéreggogdlggr$f§€ tf%selecé ? Slt OQ%T%? e parallel
A td

conducti ng channel & representa Tt D i na ?n the
menory; a |ightcheskrsour c@n¢1)dshi¢1@n@mmlbﬂersl@l'eroél:ea@habl spacearr ays

for causing a |jghtiberents be compared with prior art data storage
10 and retrieval systems.

Y : : '

: BRIEF DESCRIPTION OF THE INVENTION

The invention provides'a three-dimensional
15 magnetic bubble memory apparatus comprising: at least
two arrays of sheets, with the sheets of each array
being mounted in spaced and parallel relationship, and
with the sheets of the two arrays being mounted _
perpendicular to one another, and with each sheet being
20 -formed of light-transparent magnetic;material capable of
producing magnetic bubble domains; bubble generator
means mounted on a first edge of each of the sheets of
each of said arrays and responsive to selected input
/ signals for producing arrays of magnetic bubbles for.
25 movement along parallel channels on the corresponding
sheet to selected'positions in the parallel conducting
channels representative of binary data to be stored in
the memory; a light beam source positioned on one side
of each of said arrays for causing a light beam to be
30 incident on the corresponding array; light polarizing
means mounted between the light source and the
corresponding array for polarizing the light beam
incident on the corresponding array; bubble annihilator
. means mounted on each of said sheets of each of said
35 arrays for erasing previous bubbles each time bubbles
representing new binary data are produced by said



*

30 - incident on the corresponding array; |ight polarizing means nounted
bet ween the |ight source and the corresponding array for polarizing the’
|ight beamincident on the corresponding darray; bubble annihilator neans
mount.ed on each of said sheets of each of said 35 . arrays for erasing .
previ ous bubbl es each-tinme bubbl es representing new binary data are 'hé
produced by said -3- generator neans; photo-voltaic generator nmeans
positioned on the other side of each of the arrays conprising a plurality .
of photocells respectively aligned with the 5 | ocations in the parall el
conducting channels on the sheets of the.corresponding array on which the
imagneti ¢ bubbl es are sel ectively posit3-ened; and further polarizing neans

positioned b ; sal 1C oltai . MBA0S: e
correspondi r%é%%%%/&%geﬁs‘t ﬂ%rg%%ﬁ?%t el%fﬁﬁ%%%%%g eaché%%éscgi d
phot ocel I s fammieotdrr esidmdrheadam betheg) aloray s erpmhisinge presence or
absence of mEONel] L PUDD| GifoBdcd 0L Vil c ONRS1 PTa BAI S d QFALH Ofife and said

photocel I's producing el ectrical signals having “an anplitude determ ned by
15  Yhe anAFAHARIDIIN iR B Sy FUPREEIRE HNFs L dthfhot ocel | s as

det er mi ned hyhddies o £ st ecarrr edis@ndingfarmgnesn avbidb| e inadrietiocat i ons
coresPOn i eEF e ST FHLAL G IE PRVHIR0 7 O 15 e
a schemat i ¢ pEFEsRINGtNeANHfpesit boned kétween seath 1o 3354 ephetfot he
present invepiQfid¥generator means and the corresponding array,
' 10 the amplitude of 1light reaching each of said photocells
from the corresponding beam being determined by the |
presence or absence of magnetic_bubbles at'individual
ones of said'locations, and said photocells producing
electrical signals having an amplitude determined by
15 the amplitude of light reaching fespective ones of said
photocells as determined by the presence or absence of

magnetic bubbles in the locations corresponding thereto.

BRIEF DESCRIPTION OF THE DRAWINGS.
20 i B _
"FIGURE 1 is a schematic representation of a
planar magnetic bubble assembly;
FIGURE 2 is a schematic representation of the L
basic elements of the system of the present invention by 7
25 which a laser beam is directed through a bubble memdry
onto a photovoltaic generator/detéctor panel;
FIGURE 3 is a front view of the photovoltaic
generator/detector panel .of FIGURE 2 taken essentially
along the lines 3-3 of FIGURE 2;
30 : : " FIGURE 4 is a curvé showing certain characteris-
tics of a laser unit which may be used in the system .of
the invention; and o ' ' .
. FIGURE 5 is a schematic representation of a
three~dimensional bubble mémory-system incorporating the
35 concepts of the present inventiqn.,



25 ~ Wwhich a laser beamis directed through a bubble nenory onto a

phot ovol tai c generator/detector panel; FIGJRE 3 is a front view of the
photiovol t ai.c generator/detector panel of FIGURE 2 taken essentially along
the 1jnes 3-3 of FIGURE 2; 30 : FIGURE 4 is a curve show ng
certa\w ~characteris- tics of a laser unit which may be used in the system
of the invention; and FIGURE 5 is a schematic representation of a

three-dinensional bubbl e nenory systemincorporating the 35 concepts of
the present invention. -4- DETAI LED DESCRI PTI ON OF THE | LLUSTRATED
EMBODI MENT 5 . The | BM Techni cal Disclosure Bulletin, published

“by International Business Mchines Cor por¥ati on, Vol ume 13,. No. 1 June 1970,
Page 147 contadins an article entltled " Bubbl e Domai n Electronlc to- Opti cal

| mage Transducer” ribe n arr nt of a
10 singl e bubbl e de¥s % Pt L er and
wherein the opti cal transparency of the bubble S controlled by signals to

t he bubbl & generators t ‘i‘#l]lfer#qhédlmblss%tdﬂref |ﬂuth gu%ﬁrgﬁgds

shown in GURES 1 and present speci |cat|on eneraﬂéy
simlar in sof rléﬁﬁé‘é'taéilto@atlh@uélé’@@rﬁ aghdne s ﬂquf@rlam\n%l Verljume

descri bfad } n tNee |lBMuBLé| l18t7 00, p&gtéﬂllmﬁt&;]ﬁttamnﬁa atf e tGld 1 ﬁmﬁrte.téd: o
mat eri a or an .or rite, .have the erty that ey
are subj ect ed %’%@fo Dr?éﬂat’t%%l CATF Siead "%g(f ér' eﬁor r’?é’
to the surfac®. Mvaldranggredt iad bthblmlhe&h}:mmx-zamarh apodaangersmtof a

' 10 single bubble domain in combination w1th a polarizer and

an analyzer and wherein the optlcal transnarency of the
bubble is controlled by signals to the bubble generators
to produce real-time spatial filters.

The elements shown in FIGURES 1 and 2 of the

15 present specificatioﬂ are generally similar in some
respects to the elements shown in the_IBM Bulletin. As
described in the IBM Bulletin, a thin sheet of a
particular magnetic material, for example, an orthoferrite,
have the property that, when they are subjecfed to a

20 particular biasing magnetic field directed normally to the
surface, small.magnetic bubble domains with polarization
oppositely directed to that of the rest of the material
are formed. Local magnetic fields applied to the sheet

_'\‘/ can be used to generate or annihilate the'magnetic

25 bubbles, or to move the bubbles in desired directions. For
example, conductive loops may be placed on the surface to
generate magnetic fields which drive the bubbles in
"particular directions. Also, ferrite strip combinations
may be used to guide the motion of the magnetic bubbles

30 while a rotating magnetic field parallel to the surface
provides the impetus for their movement.

A property of the orthoferrite magnetic bubble
domain materials is that the polarization of light passing
"through the bubbles is altered in a manner different from

35 that of the light passing through the remainder of the

material because of the occurrence of magneto-optic



oppositely directed to that of the rest of the material are forned. Loéal
-magnetic fields applied to the sheet can be used to generate or annihilate

~,the magnetic 25 bubbles, or to nmove the bubbles in desired directions. For

“exanpl e, conductive |oops . may be placed on the surface to generate magnetic
fields which drive the bubbles in particular directions. Also, ferrit®y
strip conbinations may be used to guide the notion of the nagnetic bubbl es
30 while a rotating magnetic field parallél to the surface provides the

i npetus for-their novenent. A property of the orthoferrite nmagnetic bubble
domain materials is that the pol'ari zati@n of |ight passing through the
bubbles is altered in a manner differenf from35 that of the |ight paSS|ng
t hrough t heretbianeandf chpnganiar vavebendatBe ohcchedéoolyreackaser
mMagnet o- Opth&am is usé@t %' eaeag%celaanee tRea¥GLRRIbA- té\ceeaélaakytna

| aser bean1%£ used I n Xsten&g he invention to read out the data
stored int %uﬁBPEeﬁeﬁBr§ esbubble MemMOryTpe pol ari zation effects on the
read- ous | aser bean1aTBeSpﬁihﬁi’hmlbheeﬂﬁéatEZdhiQheeEEQGPSuenE@HBfered in

a magnetic oL ar ¢grihed,in l |ngghe |LEEE_Trapsactions on
Magnet i cs, %Q%‘Iﬁ) %Igg» gimggg 3£Q8e"tee 'ﬂa@ 5%188 FAPTEM SPESRAFSenti t1 ed
"PolarlzaxlkﬂlQOﬂagnﬁtEmfh@l@9€§n|nswﬂgﬁetibeﬁbLOgﬁaphyulclEbmevbhe t he

Haskal systﬁﬁﬂS@saﬂsgeeibﬁsgeatma na.%leer)oesd t ;akhe, Wﬁgneél ¢ bubbl es of
the present_invention rticle r ean1Lerr]

in S
linearly pmﬁ%ﬁ?%%ﬂernl?Ag Ybﬁlﬁﬁem #orHéﬁﬁﬁglﬁntﬁ§1that8d°isz’“’
nmagnet i X0 hodoyraff ichehbp FarHdgypeticKdploghkipby”. However, the

Haskal system uses magnetic grating as opposed to the .

magnetic bubbles of the present invention. N
As descriied .in the article, a laser beam Sv,
linearly pol arized in the_Y plane, for example, is rotated

15 by a magnetic hologzam via the Faraday or Ker effect.

When such a-beam E_ is- passea through a macnet*c b“DL--,

v
the pclarization of the beam as it passes through the
bubble is rotated b; an angle Ft; where F is the specific

Faracday rotation in ceg*ees/centlmet=r and t is the
20 thickness of the magnetic film .forming the bubble.
| | ‘In additicn, the beam é#pefiences attenuation by
_a factor e~4t, where K is the. specific attenuation.
constant of the film.
It is conven*ent to decompose the beam emerging o
25 from the bubble into two components: ' ~

a) a llnearly y-polarxzed uniform plane wave of amplz—

tude E, = Ed e~ */2 cos FE,

30 b) a linearly x polarlzed plane wave’ of amplltude

E;=E,e -dﬁ/ﬁsln Ft, with a perlodlc phase reversal.
x" .



When stich a beam [err] is passed through a magnetic bubble, the

pol ari zation of the beamas it passes through the bubble is rotated by an
angl-e Ft; where F-is the specif ic Faraday rotation in degrees/centineter
and‘t .iS the 20 thickness of the magnetic filmformng the bubble. In
addi t ieff, the beam experiences attenuation by a factor [err], where
[err] is the specific attenuation constant _gf the film . It is convenient
t® deconpose the beamenerging 25 fromthe Dubble into two conponents: a)

a linearly y-polarized uniformplane wave of anpli- tude [err] = [err] cos
Ft, 30 b) a linearly x polarized plane wave of anplitude [err] sin
Ft, with a periodic phaseThevkransnissignefunghéans$pon erghctiingg Pea egdch

i ndependent 5 polarization may be defined as: [err] cos Ft

. . . . .5 _pejappzation mdy herdefined as:  gjp R o
. .(2) where p = sgn {[x-(nd+s/2)][x-([n+1]d- s/2)]} for nd [err] x [err]
(n+l)d, nis an integer. The transm ssion function for the y polarization
i s independent of x; therefore the-xt}s conpenent is not affected by th
bubbl e. The transmi ssion Fﬁgéf?oﬁ For'thecﬁsggﬁhrization can be'eXpandeﬁ‘fn
a Fourier series as follows: [err] 20- The zero order intensity for the x
pol arization is [err] 25 = ¥héchr%L order intensity, which is(z)
responsi bl e 40or mavefront'?ké%hs@ragtion i s °givén by R

wieze p = sgn {x-(nd+s/31 [x=((nlla- s/2))] for nd £ x &
(n+l)d, n is an.integer. The transmission function for
\_ the v pola:izgtibn is. independent of x; theérefore, the v
~

The transmission function for the x polarization’

can be ‘expanded in a Fourier series as follows:

. : u 2s~d 4 21 *ns 2rnz
rofz) = = :n[ a1 __] )
) = ¢ sin 7 +r.-¥x ,nsx T o8 3 .
20 -
o The zero order intensity for the x polarizaticn is
| 25 — d\* . ) :
f.--.( 3 J) e~!sin? FU : e e e e e s (4)
25 . The first order intensity, which is responsible
o for wavefront reconstruction .is given by
(N '
I —.q-ié"","sin’zsin’}"l- T el e e (5)
= e
30 ° * The maximum efficiency is obtained by differentiat-

ing (S) with respect £5 -t. .For 'small- rotations the optimum
“thickness is given by t. - 2/ . Thus

'l 2 \2 T o ] N . . .
sy = ™ 8] at ~— .. . - Y . - . . 6
’J. r":(:)-‘m’d-, : . ~(6)
3s, - , - |



[err] 30

(5) withr
by t. - [e
“applies on
‘i nci dence

‘angl e of i
because of
the effici
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of energy

is given b
detector -0
In the sys
a biasing

conposed o
| ocat ed al

The maxi num effici'ency is obtainedby differentiat- ing =
espect to t. For small rotations the optimumthickness is given

rr] . Thus-[err] 35. -7- The expression for efficitency (6)

ly to a readout beam nornmal to the renory plane; for nons nornal 2

the efficiency decreases as [err] , with [err] being 5 t he
nci dence. Furthernore, the attenuation increases sonewhat

the increased thickness the beamtraverses. At [err] incidence, .

ency is reduced by about a factor of three. If N bubbles are

d at one tinme and [err] is 10 the incident beam power, the anount

avai l abl e at the photo deteqgtor photovoltaic generator 30 per

bi t

¥ EqU|vaIeh§F efﬁg%éaék #ﬁeegf ?ﬁ%ﬂgylﬁ%?gggk% geg%?ylé-the

temeafloRtGUREM] noghedt to0 tbe m&gn€V|plb@BbléodonwmﬁnmEm@dlal
Eﬁgﬁgghﬁﬁokﬁgdeykﬁeﬁhh% E%c&%asgge%% 10s%60r ,exaTn ®, Wainde

ort errite nater . FI xe e geﬁerators 12 are
theg engleppér lagddepresheEurtherRereni &henadireruati®nubbl e

has

domai ns 18;3keeRtedUCBHeAa BeThudd $2J4RRCEnchelazedn thakhaesisr @ee! ectric

signals ap
data to be

10

lied to the genera- ese bu mai,.ns correspond to
g§?ﬂr§HaVﬁrFﬁ regﬁlﬁgnglﬁﬁd EOCE Egﬁlg ﬁ&FFC YTHé

reduced by about a factor of three.

If N bubbles are illuminated at one time and P, is
the incident beam power, the amount of energy available at
the photo detector photovoltalc generator 30 per bit is

"given by E = N PoA ti/¥ vhere A t; is the integration

15

20

time of the detector or equivalently the dwell time of the
1llum1nat1ng beamn. | o

In the system of FIGURE 1, sheet 10 of magnetic
bubble domain material has a biasing magnetic field M
applied to it. Sheet 10, for example, may be composed of
an_orthoferrite.material. Fixed bubble generators 12 are
located along the upper edge of sheet 10, by which magnetic
bubble domains 18 are produced in a desired sequence in
known manner from electric signals applied to the genera-
tors. These bubble domains correspond to data to be

- stored in the resulting magnetic bubble memory. The

25

30

35

magnetic bubble domains 18 travel along parallel channels 14
'into positions forming a desired pattern representing data
stored in the memory, and they remain in those positions as
long as desired. |

The magnetic: bubble memory on sheet 10 may be
erased by shifting the bubbles 18 into bubble annihilators
20. At the same time, new data can be shifted into the
memory from the bubble generators 12. Another method for
erasing the magneticebubbles_ls is to increase the overall
magnetlc field. |

FIGURE 2 shows a cocherent optical processing
system for retrieving data from the memory of FIGURE 1. A
hlgh frequency colllmated laser beam generated by a laser 22

S

\



magnet F ¢ bubbl e donains 18 travel along parallel channels 14 25 into
positions fornmng a desired pattern-representing data stored in the menory,
and; they remairi.in those positions as |long as desired. The nmagnetic bubble
menory on sheet 10 may be erased by shifting the bubbles 18 into bubble
anni. hdtors 30 20. At the sane tine, new data can be shifted into the
menory fromthe bubble generators 12. Another nethod for erasing the
magneti c bubbles 18 is to increase the overall nagnetic field. FlIGURE 2
shows a coherent optical processing 35 systemfor retrieving data fromthe
menory of FIGURE 1. A high frequency collinated | aser beam generated by a
| aser 22 -8- and expanded by a beam expander 24 is passed through a

pol ari zer 26, and the resulting polarized beamis used to_illum nate the
sheet 10 and t3¥ RRfRI9ed Rbst e e¥Randes 24 oks \Ba 39 et 3at a

stored in the ;bnw;eénerm,y andThﬂxd)Q}@s"dJZtﬁdud)E;&ma?ﬁBd’éJi Ngedri o8 tieedubbl e

menory 1S pas ro L al al ZS 28 photovolt _
gener at or/ det 2@1 % ovo %’.I ?‘ geneéra or MFEE t-tchf abé'gobles VH(TEF
schematicdl | ydm mmg@ra#mdbuﬁo sffoxedniin itdle dubble nembuy dudfhe
photocel I's 32 pang; A4 et ety Sor hﬁméﬁ%ﬁsmzerm%ﬁndl@rpésﬁ&f 28,

all of the ceIIs 32 corresp d|n t o areas  of q? which do, not
cont ai n magnetiiE WEhIads &R 148 efiotawp "cequLe%ﬁti‘bWé%Ftl%cW’f h
t he bubbl es ar¥.not |Ilun1nated. In this manner, and by appropriate

comput er and data pr oceSsiNG ST SRS A& NP 201 i
10 schematically in FIGURE 3, is made up of a multiplicity of
\_ - individual photocells 32, and, due to the agtion of the

' '~ polarizer 26 and analyzer 28, all of the cells 32
corresponding to areas of memory 10 which do not contain
magnetic bubbles 18 are illuminated, and the cells aligned

15 with the bubbles are not illuminated. In this manner, and
by appropriate . computer and data'processing systems
connected to the photovoltaic generator/detector 30, data
represented by the positions of the magnetic bubbles 18 in
the memory 10 can be retrieved. _

20 . The laser 22 is. preferably a slngle frequency
helium-neon laser and may, for example, be Model 200
marketed by the Laser Products Division of Coherent of
Palo Alto, California. It has been found that high
frequency lasers are subject to relatively large rota;ions

.25 and large variations in wavelength in passing through the
bubbles. The Model 200 is a high frequency laser, and it
is well suited for use in the system of the invention.

The Model 200 is a DC servo controlled helium-
neon gas laser, operating at ‘Ao = 632.8 nm. The fre-

30 quency composition of a laser output beam is determined by
the characteristics of'both the'emitﬁing medium and the
laser tube. In the red HeNe laser, the center of the
emission line is the 632.8 nm transition wavelength of
neon (frequency V = 473.6 THz) . The observed emission

35 line width is broadened due to thermal motion of the

| emitting atoms. The resulting "Doppler broadened gain



repfesented by the positions of the nngnefic bubbles 18 in the nenory 10

~can be ret
frequency
t he Laser

ri eved.” 20 ' The laser 22 is preferably a single

hel i um neon | aser and nmay, for exanple, be Mddel 200 narketed by

Products Division of Coherent of Palo Alto, California. It has.

beenp found that high frequency lasers are subject to relatively large -\é

rotations

25 and large variations in wavel ength in passing through the™

bubbl es. The Model 200 is a high frequency laser, and it is well suited for
use in the systemof the invention. The Nbdel 200 is a DC servo controlled

hel i um neon gas | aser,

“operating at [err] 632.8 nm The fre- 30 quency

conposi-tion of a |aser output beam i 32 deternlned by the characteristics of
both the epibfihg" nedmmaad dh@aknser chrbe. ihnribereed, Hehe Lageant he

S is the 632.8 nmtransition mavelength of neon
(frequency‘g?e?”s;fug £$§06M€f& The observed emission 35 line width is -
br oadened due to theTMaIlaain@nm@diumeientontmgnadoﬂs aTpeeciselyi ng
"Doppler b er . S hed, curve,.in Fl GURE
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FEFRiTRe 8 oh

within thedtéfetent iieserabnguhbelr naf haltswvarel sopetatechbyivedi xed

frequengy

15

\Jzﬂt.’?fﬁathe %%t)‘/\her'ﬂqgsé Sldlb&ltudlnal modes are separated

by a fixed frequency 1nterva1 C/2L, where C is the
velocity of light in the lasing medium. For the Model 200
this mode spacing is 685 MHz. | '
There are loss factors in the cav1ty, such as
transm1551on and absorption by the mlrrors, which must be
exceeded by the gain of the medlum 1n order to sustaln

continuous lasing. In the Model 200 this limits the

20

25

30

number of 1a51ng frequenc1es to either two or three
depending on the exact length of the cav1ty

If the cavity length is such that only two modes
are la51ng and their intensities are equal (A and B in
FIGURE 4), thelr frequenc1es are uniquely defined with
respect to the llne center (Vo). A small (fractional wave-
length) change in L has the effect of shifting these modes
in frequency without changing their separation. As the
cavity length changes {(usually in response to thermal
dlsturbances in the environment) the frequenc1es drift and
one mode increases in intensity while the other decreases
(A' and B' ). Adjacent modes are orthogonally polarized,
allowing them to be separated by a polarlzlng beamsplitter.

.The intensity difference between these two'modes can be

35

used as an error signal to control the length of the
cavity. The cavity length is controlled by heating and
ceoling the laser tube.. The operating temperature of the
laser tube is chosen so that heat may be added or
dissipated at apbroximately equai rates.

ongitydpah edeshe $aFH - TRRESEPRHEHRI cdnt ai ned 10
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veél ocity of light in the |asing nmedium For the Mddel 200 this nmpbde spacing
Is 685 MHz. There are loss factors i'n the cavity, such as 15 trransm ssion
.andiabsorption by the mirrors, which nmust be exceeded by t-he gain of the
medi um im order to sustain continuous lasing. Inthe Mbdel 200 this linits
t he .niwber of |asing frequencies to either two or three depending on the
exact length of the cavity. 20 . If the cavity length is such
that. only two nodes are lasing and their intensities are equal (A and B in
FIGURE 4), their frequencies are uniquely defined with respect to the |line
center [err]. A small (fractional wave- |ength) change in L has the
ef,fect of shifting these nodes 25 in freggency w thout changing their

separation. As the cavify |ength changes,(usually i.n _response.to thernal
di st urbances in the-env%ﬁSnﬁﬁ%?fpﬁﬁgtgfe&%eagﬁégxﬁgiFP 3%&“5”& nbgeY one
I ncreases in polerdehyiohi | detkiéngt hesidgiegaddaechlyapdlBr)izedd] acent
nodes are ort ] | akizze a Wals) am t auhe -ahed by a
pol ari zin begﬁggp?kbé?giTﬂé %nggngﬁfébg?ngrg%%e'be?ageﬁﬁgﬁggg two_nodes
can be uséd ashanactesissigrapft shisnbeam PNHer| angiNess tine dageryalThe
cavity lengthphy eangealbkedely iRedbikRd 8RdreaghicRgyt Beab33gkyt UDR. VIR, »
operating tenE rature oi,the,ﬁS | aser._t ube ¢§&ghosenhso t hat _heat .% be -
added or diss Sﬁ?@&lgﬁ pBFYX ﬁﬂtéﬁ&’%qﬁﬁl te8r c° 9fﬁpc?héeBE§HgB ?tter_
i s designed ta@ftwanspuldokhkeonenpekdyi 1asitantaheauisndoaksi wgl gpullidndgandy
polarized, |oggLilihpal;fRdeat 18°a0¥LRknDCRY 1108 .SPABLEILr? because
characteristics of this beamover a given tine interval
10 of fluctuations in the plasma, cavity length, etc., the
U - freguency of this line drifts slightly over any finite

time .interval. In most applications this shifting

frequency has the same effect as an increased "effective"

linewidth (/A V). The coherence length is defined as

15 that value of the optical path difference, between _

interfering beams from the same source, for which the fringe

motion due to a frequency shift of ,[5 V  ‘(corresponding to

a wavelength shift of 15;\) is equal to one fringe spacing:

e =2z
v BN

In most free-running HeNe lasers thermal drift
overxr periods of a few minutes or more makes the effective
25 .linewidth fill the entire doppler-broadened bandwidth
S (AV = 1500 MHz). Because of its active stabilization,
the laser will'maintain a coherence length of 15 meters
(A V= 20 MHz) over periods of 24 hours .or more. For
periods of a few seconds the coherence length is more than
30 150 meters. |
The following table gives the nominal output
_parameters for the Model 200. Due to the alternation of
modes there is an absolute maximum range for the frequency
' : . of the output mode. This is roughly equal to 2/3 of the
- 35 1ongitudinal mode spacing. '
The behavior can best be understood by



may be described in terns of frequency stability ([err]), effective

i newi dt h(

[err] or [err]) or coherence length (S). If we could take a
,nearly i nst ant aneous | ook, we would find that the linewidth is'a few KHz or

~

| ess. However, because 10 of fluctuations in-the plasm, cavity |ength,
etc., the frequency of this line drifts slightly over any finite tine \4
In nost applications this shifting frequency has the sane effect
as an increased "effective" linewdth [err] . “The coherence length is .

interval.

defined as

interfering beanms fromthe sanme source,

15 that value of the optical path difference, between

for which the fringe notion due to

a frequency shift of [err] V (correqugding to a wavel ength shift of [err]

is equal to one fri aci.n err] Jln _nmost free- runnln HeNe_ | asers
t hermal dri9%" So\f;eq'nd& %‘Ees “Jf ity thite EAHEE f%ctive 25

| i newi dt h fsﬂdbltehelcmg |ﬁa'ndmp:d1fsft:bno.ade1nmhml@nch/b1@|tlfaie£:erwduld: ﬂéOO MHz) .

Because of
I engtf1 of

1 ers ‘(Tert peri‘ods of ours ofr- nor'e.

tjéxt*% an',€ \ﬁ[tﬁj éﬂeég;[ t&erlle%sterfl Jd %41 al i & eve fence

For

peri ods of f®n aylsagorenPudie fc@ﬁér@caeul@ngﬁhﬁ il gan digathnt@oreaddo et ers.
The fol | owigiGiabl HneBS dfif B Al PUP Ul PHRMBIGH e O the dYpdel

Due to the

al ternation of node the e |s dﬁ}absolute maxi mum range for the-

f requency SPNGHE ISR fie

§ BHFEA" d@/té’%fhﬁarfee%S

| ongi t udi nadlnmdersioaﬂimgnla'ﬁnm bhflmharge:)amé)@tadlﬂwm&dw H}gy the
lllo@e{ ey t%%wédxly’qug\ fn@ten@ﬂon%ensé f q{n SU% abla 4N, t erm

consi derin
oper ati on.
10
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he |aser Wou
of env1ronmental temperature fluctuations, thls results in

a stable cavity length, but not necessarily one which
provides a single mode output. ' _ '

' If the servo system is activated at this point
the errorx eighel described earlier causes a very slight
change in heater current, sufficient to alter the cavity
length (by a fraction of a P'm)}such that a single mode

.output is produced. If the thermal environment remains

20

constant, the equilibrium is stable at the mid-level
heater current. Subsequent temperature changes'in the
environment cause changes in the heat loss rate which are’
accommodated by the servo, so as to maintain the-output
mode to which it is locked. The optical frequency of this
mode will thus move from its nominal value by an amount

"determined by the amount of temperature change experienced

25

30

35

since the initial servo lock.

The laser uses a bipo1ar stabilization'techniQue
which always chooses the lock point to be at a stable '
equilibrium point. This technique has two advantages.

‘Firstly, the ambient temperature operating range is

increased (0-40°C). Secondly, if laser were to lose lock,
the unit will always relock at its equilibrium point. Thus
the unit will always stay within its operating parameters
and never overheat. ' .
In order to accelerate the warm-up time, the unit
starts up in a fast-heat mode until_the laser reaches its
equilibrium point. At this time the servo is activated

200.

SR



turned on, with the heater current fixed at its mid level, 5  for a long
enough time to allow the | aser head to reach a stable thermal equilibrium
with its environment. In this condition the heat flow due to the current in
~the heater .wire (and the plasna-di scharge) .is exactly bal anced by the heat

| 0ss J.0 the surrounding environnment. In the absence 10 of environnental

. tenperature fluctuations, this results in a stable cavity |ength, but not
necessarily one which provides a single node output. |If the servo systemis
activated at this point the error signal described earlier causes a very
slight- 15 change in heater current, sufficient to alter the cavity length
(by a fraction of a m such that a st¥2pH e node output is produced. If the

thermal envig t S t he
" md-1|evel hea@%ﬁ%%ﬁ J]%u(gsequent te%er at uJIF e%%%%%%ﬁa%es% '
envi ronment el ieyeand m (Haleatou gt rig aadnteningd adthmmkt ed by
the servo, Sgﬁ:ﬁisfi&%ﬁ&ldy 3hin 1 hei OfE P Ut rSP e ¢ Onotk rdlL I\Faltﬁe lesckate The

opti cal uenc thig node will thus nove naI val ue, by an
amount det or At i Ry T b S o o R
since the i mHiat ﬁesrvsyétmk wﬁmaﬂasmllmadwinqml ar stabilization

t echni que which al vvaysI. % %&)OA%‘?&SO#)% r%aﬁ]t £ equili brium

point. This techni que an ages t enper at ur e
operating raERIYENI0 1a$€h"c-r eéféhﬁi beamt |is %‘@M%ﬂ WlftthSe-roh\éisz t@f | ose

“lock, the unidsWddtad eysqded@EK( 601 tEHL WY & D | SUBAA NEnt s f he uni t
or der 1 & hodBH e 4% CHE SEEH D 17 it L (D J1e LASHT STk G-
fast-heat node until tThee |abeantapehed the wokls bsrtabﬂhmamtlomt this tine
t _ servo isté%&ﬂ &ﬁéﬂks that it provides a reliable, DC coupled output
' that is free from dither used in FM stabilization
£echniques. Besides excellent short term stability, the
15 unit provides inherent long term stability. NQminal long

term performance is given on the following page.



-12--and operates as described. Thermal equilibriumis soon established~and -
a stable output is naintained.. The out- put frequency wll differ fromits
honi nal value to the’'5 extent that the operating environnment differs from
that 'in which the systemwas initially adjusted. The laser described above

i;s a true single frequency |aser. The beamis contained within .01 GHEWQL

its center frequency (.001 GHz over 1 second interval). 10 Only-one

wavel ength is emtted fromthe |aser at any tinme. The advantage of the :
unit's stabilization technique is that it provides a reliable, DC coupled
output that is free fromdither used in FM stabilization techniques.

Besi des excellent short termstabilityyghe 15 unit provides inherent |ong
termstability. Nominal |ong term performance is given on the follow ng

page. - 13- SignifiCant Val'ues Tor Wmbdel 200-HeNe-Laser Reference Val ues
Speed of Light in-Vacuum C = 299.7928 x [err] nisec [err] HeNe Laser

Center Frequency: [err]signfh3afrl38rves| &l hoddd I8 hindENaLaser Center

V\avel ength: [err] = GSZ_ETlmmmmser Cavity Length: .
L =0.219 m Frequency Spacing of [err] Mde: C2L = 685 x [err] Hz Qutput
VaI ues Noninal - Frequency: V = [ efrdfereddedtalned?3. 6126 x [err] Hz Absol ute

Max Range: [err] :[err]C/6'L. = [err].228 x [err| Hz
Speed of Light in Yacuum: C = 299.7928 x 106 m/sec

1 HeNe Laser Center Frequency: Vo = 473.6128 x 1012 Hz
I HeNe Laser Center Wavelength: Ao = 632.9914 x 10-9 M (vac)
Model 200 Laser Cavity Length: L = 0.219 m

. . , &/

Frequency Spacing of TEMgo Mode: C/2L = 685 x 106 Hz :
Outpqt Values
Nominal Frequency: Y = Vo - C/4L = 473.6126 x 1012 Hz
‘Absolute Max Range: sV =2C/6L = 3228 x 106 Hz
Nommal Wavelength A= C/V 632.9916 x 10-9 m (vac)
_ Absolute Max Range BA= 2305 x 10'15 m (vac)
Stability Figures:
: o o (s) :

. (av) (8% Coherence (Parts Per Million)- .
Duration Freg. Range Range Length Stability Ratio w
5 minutes . 2MHz  2.67x 106 nm_ 150m .00 PPM
1 Coamb.chg. 5 6.6 x 10-6 60m .01
24 hours (+5C0) « 50 66.8 x 10-6 . 6ém .10

Absolute Max 380 - 508 x10-6 0.75m .80



NOninaf-Vﬂvelength [err] = OV = 632.9916 x 10-9 rn (vac) Absolute Max

Range: "[err] 305 x [err] m(vac) Stability Figures: [err]

[err] Cbherence (Parts Per MI{ion) Duration - Freq. Range
Range ™ -Length Stability Ratio 5 m nutes 2 MHz 2.67 x
[err] af . 150 m . .004 PPM 1 [err] anb. chg. 5 6. 68 X
[err] : 60 rn . .01 24 hours ([err]) 50 66.8 x [err]
6*m .10 Absol ute Max 380 508 x [err] 0.75 m
. 80 -14- The photovoltaic detector/generator 30 of FIGURE 3 is nmade up

of a nultiplicity of independent photocel]s 32. These cells are
respectively aligned with 5 position po}ﬂfs on the bubble nenory 10 of

FIGURE 1, and each cell m@dpu@@soﬁmeéfctdeﬁecwfﬁ@énmhaﬁbrhas efrel a-

tively | I h it b bubbl e d

el at vely h ghieiRheSror Baan Boort: itnor Bbi S ER Pt SarREBNe el ¢
generators ar erlkpioorel bst 2. arThedé cehhsaanesnespecbnyehprebigme@ Witk ound
in ChaptersS %oéﬁf&g 7%?‘1}1{ e@n"@:éeﬁ&%ﬁérﬂé’m VEd SéP“FIG§ﬁ§ f—d'éﬁ@“

Stanley W Angrlst | 1 shed con, -Inc. BoSt on.
t hr ee- di mensi oPafh epdbH lﬁ%‘h@u%‘?st% télqscumizywwclmwlr%aghom

in Fl GURE 5, lﬂlwlyhléwpdrw@élfaroéa@hap@éleymlec@wmaesy §uﬁ£g@ét5aom

e EeCoRE 2, GRS, LaB8°] LE\REORER, BRLah | FLa L BLL ODEIY Pral P0G O
form a cube, sosuummpﬁﬁd.lnPﬁwtmeJEalcT@enehaEQrdlmeaskmumm babthe art,
menories mpy alse bealOLPBgk ASn 2ek¥ LS hay Ae 21 6HRE: iR CREYLOE N8 o a
text entitled "Direct Energy Conversion", 3rd Edltlon, _
Stanley W. Angrlst (1976) publlshed by Allyn & Bacon, Inc.

of Boston.

&“/

A three~dimensional embodiment of the bubble
15 memory of FIGURE 1 is shown in FIGURE 5, in which a
plurality of planar bubble memories, such as shown in
FIGURE 2, are positioned in spaced parallel relationship
along each of three planes to intersect one another
mutually at right angles, so as to form a cube, as shown
20 in FIGURE 5. The three-dimensional bubble memories may
‘also be formed as a cylinder, as a cube, or any other
desired configuration. Three distinct lasers 22 are
directed at the respective bubble memories in the three
N ' . mutually perpendicular planes, through the elements-.
| 25 describea in conjunction with FIGURE 2. Also, three
distinct photovoltaic defector/generators 30 are provided
(two being shown), one for each plane.
The bubble memory of FIGURE 5 provides a 51mple
and efficient three-dimensional data storage, with the
30 pianar‘bubble memories in each plane operating in the
_ same manner as described in conjunction with FIGURES 1 and
‘ 2. By computing the intensities. and rotation angle, and
change of wavelength, of the laser beams reaching each of
the three photovoltaic generators 30 with respect to the
35 individual phbtocells thereof, the three-dimensional
location of each bubble in the three-dimensional memory

may be computed.



desired configuration. Three distinct |lasers 22 are directed at the k 3
respective bubble nenories in the three nutually perpendi cul ar pl anes,

¢ hrough 't he el enents” 25 described in conjunction with FIGJRE 2. Al so, three
di stinct photovoltaic detector/generators 30 are provided (two being

'shown), one for each plane. The bubble menmory -of FIGURE 5 provides a shypl.e.
and efficient three-dinensional data storage, with the 30 planar bubble
menories in each plane operating in the sane manner as described in 3
conjunction with FIGURES 1 and 2. By conputing the intensities and rotation
‘angl e, and change of wavel ength, of the |aser beans reaching each of the

t hree photovoltaic generators 30 w tfl$espect to the 35 individual
photocel | s t hereof,. L el i ' | o j eac in the

t hr ee- di mensi onal néﬁ%§y£€%§§%géCSQ%%?Q%%S' Egﬁégﬁgﬁ%'iﬁvg%g#gﬁ$%$%vides,

t her ef or e, SHP k¢ a3nd el yexpeps tvanoubhba peenere sysker bymshickyst em by

whi ch al MgimbHet BNt EReOsScBESE €88ct Os Ud 3aSt T §orEAt e FREDhYmMSry | S
hot ovo] t ai ¢, r.ead-o be appreci at ed

achieved by using a |aser/ u Jt wil

Fhat vl s iget ered RELORIRE Sl ase AT roent tale 1Rt TREh Bhown and

described, nodificatIomneihhybdeappureciated sthat ewhitlle ipatticglarms to cover

al | modi fi gablentedbl be COIE YhibhPidR hhVe U SERBE Ohnghe T nvention.
described, modifications méy be made. It is intended in

the claims to cover all modifications which come within
10 the true scope of the invention. :



CEAIMST 1. A 'three-dinmensional magnetic bubble menory apparatus .
conprising:. at least two arrays of sheets, with the sheets of each array
-being mounted in spaced and parallel’ relationship, and wi'th the sheets of -
the two arrays bei ng nounted perpendi cular to one another, and with each
sheet\peing formed of |ight-transparent magnetic material capabl e of
produci ng magneti c bubbl e domai ns; bubbl e generat or neans nounted on a
frrst edge of each of the sheets of each of said arrays and responsive to
sel ected i nput signals for producing arrays of nmagnetic bubbles for
novenent al ong parallel channels on the correspondi ng sheet to selected
positions in the parallel conducting chahéel s representative of binary-data
to be stored ¢inrMBe nenory; a |ight beam source positioned on one side of
each of said arrays for_ causing a |ight beamto be incident on the -
correspondi ng array; |ibht »otkreerdynepahenabunrgie bie ieebbl ¢ aneénory
source and th@pﬁ&f&@@@%‘&hﬁﬁi@iﬁfy fOf DOASE! ZhBlatPeysi GPt shears | nei gignt
on the corres€ond|ng arrgg; bubbl e annj hj | at or nmeaps, nount ed_on each of
sai d sheets ofl@athe®Fs sof °aFH FErFVrotngi RGuPrei HusSPRERH 0%ach tine
bubbl es repr esenil hgl mesl ot Heus yh g} aand ew ptlodiice dstiye 84 6if gEn@r &ve@r neans;
phot o-voltaic ner at or osi 1] 0 h S] of .e of the
arrays conpriasgﬁagy%a%?hrr@ﬁ?%ng g %%g%gej?}é;lirggpgét?@%-é'?@t%%¥gﬁ%gdvvi th the
| ocat i ons i n Whih paacih | sheebndetny nfoorednef slightheramepeaxent magnetic

correspondi Ngn@fé AYa Pcapisle LHE PRADSEL Kg BHDDLEE1 @M BuISIE] £CAbNLL Ns ;

positioned; and further polarizing nmeans $§S|t|on d between each of said

phot 0- vol t ai CYE? FSReFRENE BRRTE HROLRFPL POl hr Sk res9e tfe eaptiPtde of
i ght reachi ntheasthe®ts saf degpdivtof esd 53 faonay hHeandr responsivg beam bei ng

deTer mi ned by, 4 fig. PLESEIGE: OL; ADSPOCE- LT p PBENSIAS DHPR) §50 At nd Jigl ¥] dual

bubbles for movement along parallel channels on the

.corresponding sheet to selected positions in the parallel
conducting channels representative of binary data to be
stored in the memory; a light beam source positioned on
one side of each of said arrays for causing a light beam
to be incident.on the corresponding array; light polarizing
‘means mounted bétWeen the light source and the corresponding
array for polarizing the light beam incident on the
corresponding array; bubble énnihilator means mounted on
each of said sheets of each of said arrays for erasing
. previcus bubbles each time bubbles representing new binary
\e/ : .data are produced by said generator means; photo-voltaic
generator means positioned on the other side of each of
the arrays comprising a plurality of photocells respective-
ly aligned with the locations in the parallel conducting
channels on the sheets of the corresponding array on which
the magnetic bubbles are selectively positioned; and
further polarizing means positioned between each of said
photo-voltaic generator méans and the corresponding array,
" the amplitude of light reaching each of said photocells
from the corresponding beam being determined by the
- presence or absence of magnetic bubbles at individual
- ones of said locations, and said photocells producing
electrical signals having an amplitude determined by thg

L




ones  of said |locations, and said photocells producing electrical signal8
havi ng an anplitUde determ ned by the -17- anplitude of Iight reachi-ng
irespective ones of said photocells as detérmned by the presence or absence
of magnetic bubbles in the |ocations corresponding thereto. 2. The- .

t:hr ee- di mensi onal nagnetic bubbl e nmenory apparatus as clained in Clalnh;(
i'n which each of said | i ght beam sources includes a |aser. 3. The

t hr ee- di nensi onal magneti c bubbl e nenory apparatus as clainmed in daim 2,
in which said |aser is of the high frequency type 4. The three-dinensional
magneti ¢ bubble nmenory apparatus as clainmed in Claim3, in which said | aser
is a single frequency laser. 5. The-1hree-di nensional magnetic bubble
menory apparatus as clained in any one of the preceding clainms, in which
each of said sheets is forned of an orthoferrite material. 6. The

t hr ee- di mef&R bHet deegfhet 10 burpR e HRFOFSSROPRE B 1RNeS @f a5%&d in any one of

the precedbigtstel IS, as Ndetéehi hde H:ygtﬁe bpﬁ@séﬁ@én@ﬁcibé)énéé]%fl ght beam
sources is 'qgtgggt OE?%hg sheq%s aﬁﬁ sgld arr er pendi cul ar
el at  onsERet bR LE SRS footfiohe: ittt e e b BEar al s
conprising: at | east 2t woTle i Hyseofd Bhems 5onal thag et S deulsb bé m&m@rmrray
bei ng mounygd, | é@%@%?@ﬂn@@rfﬁ'@ia{rﬁ'ft'%%Pch%ﬂ“é@é sheets of

the two arrays being nounted perpendicular to one an mnth -each
sheet bei ngi 91k MRRADI STt 106 ranta$REnet i c

3. The three—dimensional magnetic bubble memory
apparatus as claimed in Claim 2, in which said laser is of
the. high frequency type. | ' - Q_J

4. The three-dimensional magnetlc bubble memory
apparatus as claimed in Claim 3, in which said laser is a
single frequency laser. _

_ 5. The three-dimensional magnétic bubble memory
apparatus as claimed in any one of the preceding claims, in
which each of said sheets is formed of an orthoferrite
material. '

| 6. .The three-dimensional magnetic bubble memory
apparatus as claimed in any one of the preceding claims,
in which the light beam from each of the light beam
sources is incident on the sheets of each of said arrays in
a perpendlcular relationship.

7. A three-dlmen51onal magnetlc bubble memory -/
apparatus comprising: at least two arrays of sheets,
with the sheets of each array being mounted in spaced and
-para¢lel relationship, and with the sheets of the two
arrays being mounted perpendicular to one another, and w1th
each sheet being formed of a light-transparent magnetic
material capable of-producing magnetic bubble domains;
bubble generator means mounted on a first edge of each of
said sheets of each of said arrays and responsive to
selected iﬁput signals for producing a multiplicity of
mégnetic bubbles for movement along parallel conducting
channels of the corresponding sheet to selected positions
representative of binary data to be stored in the memory;

A
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mat eri‘al capabl e of produci ng magnetic bubbl e donai ns; bubbl e generat or
means mounted on a first edge of each of said sheets of each of said arrays
and: responsi ve 'to selected input signals for producing a rultiplicity of
.magnettc bubbles for novenent along parallel conducting channels of the
corré&p@ndlng sheet to selected positions representative of binary data to
be stored in the nenory; -18- a laser light source positioned on one
st de of each of said arrays for causing a | aser beamto be incident on one
s de of the corresponding array; bubble annihilator nmeans nmounted on each
of said sheets of each of said arrays for erasing previous bubbles each
ti me bubbl es representing. new bi nary datal®-e produced by said gener at or
means; and neans positioned on the other side of each of said arrays
conprising a plurality of detectors respectively aligned with |ocations in
sai d parall el acdrdiext ilnghthameice @esitdoiesktan eing [idsoafeseeidiafy array
to which Mgneldie buhles @ HldiGg ld st Edn WPthe SAAMBLELP! S

respectively producing’electric signals having an anmplitude deternlned by
the anplitude B 1Siglt dedd FPHESRAINVY GreaYsf bl & &nadddr
determ ned by rdih PRI Bn RENGE HaibPRIdts bRLm 0 téaﬁd ocations

Correspondlng tr“ﬁ;%(%or erasing previous bubbles each tlme bubbles
| representing new binary data are produced by said
generator means; and means positioned on the other 51de
of each'of said arrays comprising a plurality of
\_ detectors respectively aligned with location? in said
parallel conducting channels on the sheets of the _
corresponding array to which magnetic bubbles are selec-
tively positioned, said detectors respectively producing
electric signals having an amplitude determined by the
amplitude of light reaching respective ones of said
' detectors as determined by the presence or absence of

magnetic bubbles in the locations corresponding thereto.
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