- 1 - .MJLTI PLEXED MAGNETI C BUBBLE DETECTORS 1. Field of the Inventlon The
mutlon relates to the field of nagnetic bubble detection. &d? moﬁﬂitf
5 ‘In-the fabrication of magnetic bubble (single wall donmin) devices,
particularly magnetic bubble nenories, it is inportant to limt the nuA
of . connections that nust be nade between the nenory substrate and ex
circui-ts. Also, it is advantageous to use as few as possible externa
ci‘Rcuits and to have, for 10exanple, the same driving circuit power .
bubbTe generators. In co endlno U S. aopllcatlon Serial No. 25, 848, flled
April 2, 1978, entitled ER)| MAGNE RBPLE DRIECTOMSmi n Generators”,
(aSS|gned to the assignee of the present application), a systemis
described for multiplexing bubble generators. As will be seen, 15the

present invention.teaghe aratus for mltiplexing t he outputs of
bubbl e detectors. 1The?é ﬂ%.é?egg§1éiiﬁgﬁﬁ95 in the past to .multiplex bubble

detector outputs. ghd Of}e, SFEEE: ]EEQH'i:th JOEhﬁetf%t&‘HS of! RagRet8S Hubbl
di fferent angul ar orientations. exanpl e etectors are oriented
each 90 degr elstelctdont he ot her, |i ke spokes of a wheel. Then, the detectors
ar € coupled to a commpn sensing circuit. One problemwth thls schene is
descrlbed in conj @act PohoRi AREFi gure 3a of the specification.

'_5 5 ~ In the fabrication of magnetic bubble (single wall domain)
devices, particularli magnetic bubble memories, it is important
to limit the number of conneciions that must be made between the
memory substrate and éxtérnal circuits. A}so, it is advantageous
to usé as few-as pdssible external ci;cuits and to have, for

1dexample,-the same driving éircuit'power two bubblé generators.
In copending U..é.applicatiom Serial No. 25,.848, filed Abril 2, 1978, '
" entitled 'Mu1t1plexed Single Wall Domain Generators", (éssigned
.£to the assignee of the present applxcation), a systém is
described for multiplexing bubble-genera?ons. As will be seen,

15 the present invention teaches an' apparatus for multiplexing the

outputs of bubble éetectors.

.There have been attehpts in the past to multiplex bubble

o detector ouﬁputs...ln one scheme, fout chevron detectors are
| formed at different angular orientations. For example, the

‘20 detectors are oriented each 90 degrees from the dther, like

:.;. . spokes of a wheel. Then, the detectors are coppled to a common
sensing circuit. Oné problem with this scheme is described in

~conjunction with Figure 3a of the specification.



YNOF THE | NVENTI ON According.to t he present i nvention there is - -

-SU .

pr¢ d\ a magnetic bubbl e detection apparatus conprising a first magnetig/
" buhl et ector including a first propagation el ement which propa- 5

gatgs bdbbles fromits |eading ge to its trailing edge under theé

i nflUehce of a rotating magnetic fteld, and a first detection el ement

di sposed in the region of said | eading edge of said first propagation

el enent 0 \15 t said el ement so as to sense the presence of {_.
bubble§ﬂ&jkL+EEQEb§i§ hrough the region of 10 said | eading edge of
said first aggt' I .ﬁﬂg1 -gagﬂﬁ-'- ubbl e det ect or

I ncl udi ng gggggon %?gﬂg atI%ﬁ:é ené%?ﬁaﬁ?c lpropa%g%%? bubbles fromits

| eadi ngnargerdt Buidls ddtabtidPasiastey dahprtiBtnd af FuaRCRgELARI d rotating
magnetic f1eld, and a second detection el enent disposed in the region of

sai d t riubbié @ees@drofnclbdingsai i rs€ @rogaditea@abhent shimeptopand i nsul at ed
fromsaid elenent so as to sense the presence of a bubble as it is

pr opagadateds thubblegh fium legileadisly sdgedtd riksl tradliupedgd usdexd second _
propagation elenment, said first and second detectors being placed relative
t o one theoimfdrence Af thaotatiing maghekics iakdd anst actirst dededuioact ors and sai d*
rotating 20 magnetic field are the same, whereby the outputs fromsaid
first Bent GhsRaserel thihdegi¥uAt el lersineragr i sl PEFShul tipl exed. 25,
Eslg Egt I%E%(B:RWI PTIgnO\I &&FO@:%R Egr_\' ingxlNa(f;Sed Fflr%lln”s%i ellsemgm{3 ls%nasv Ith\ée%fsea prior art

the presence.of a bubble as it is propagated through the region of

10 said leading edge of said first propagation element, and a second
 magnetic bubble detector including a seéond propagation element
whiéhlpropagates bubbles from its leadin§ edge to its trailing edge
under the influence of said rotating magnetic Field, and a second
detection element disposed in the region of said'trailing edge of
15 said second propagation element and insulated from said element
so as to sense the presence of a bubble as it is propagated through
the region of said trailing edge of said second propagation element,
said first and second detectors being blaced relative to one another
such that the angles formed between said detectors and said fotating
20 magnetic field are the same, whereby the outputs from said first

'detection element and second detector element may be'multiplexed._

25



Figure 2 is 'a cross-sectional elevation view of a portion of 5 t he “

detieet or 'of Figure 1 generally taken through section line 2-2 of FHoure 1
Figures 3a - 3c illustrate various detector elements and the outpdtsifrom. "~
the elenents. Figure 3a illustrates a chevron detector and the o from
10 this detector. Figure 3b illustrates a bubble detector whi ncl udes

a separate detector elenent, and the outp fromthis el enent when the

elspent is disposed in the region of the Ieading edge of the propagation
el.enent. 15 Figure 3c illustrates a bubble detector which includes

a separate deBRIEE’ DESECREPIIONNIFt PREODRAWLNGEOM t hi s el enent when the

el enment is disposed in the region of the trailing edge of the propagation

el ement Figure 4 igiwedelntisc Hf plllaa deiewt obgn aappaiskuarf mhgn2kic bubble
present invention, in its presently preferred enbodinent. Figure 5is a

cross-secti ondletelcéwat.i on view illustrating processing steps used to define
the detector element used in the present invention and to optimze its
out put . DETAI LEDiBRSERRPEBOR CKOSEESERbERTRANeAevafion ¥iewbiwfe a portion of

detection apparatus is described which provides nultiplexed outputs fraom

two separate &Beelesestoryefn Figrendcaesgragpyr kakent kHrong8pssgedon line 2-2
streans of bub%L%s are q?tected W th separate detector elenents and the

resyl tant sigffdl Figure L.

Figures 3a - ﬁc illustrate various detector elements and the
odtputs from the elements.

Figure 3a illustrates a chevron detector and the output from

10 this. detector. ‘

Figure 3b illustrates a bubble detector which inéludes a
separate detector elément, and the output from this element when
the elemenﬁ is disposed in thé region of the leading edge of the .
propagation element.

15 Figure 3¢ illustrates a bubble detector which includes a
separate detector element, and the output from this element
when the element is disposed in the region of the trailing edge
of the propagation element |

Figure 4 is a schematic of the detection apparatus of the

20 present inventioh, ih itS'présentiy preferred-ehbodiment.'

Fiéuré 5 is a cross—sectional elevation view illﬁstrating
processing steps used to defihe the detector element used in the

present invention and to optimize its output.
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omthese separate elenments is sensed on a single pair of -lines. This - .
duces the nunber of package pins required, and noreover, the nunber- of
§e anplifiers needed for detection, In the follow ng descr|pt|on-

rous specific details are set forth such as specific thicknesses, etc.
{n grder to provide a thorough under st andi ng of . the present invention. It

be obvious to one skilled in the art that the present -i nvention may be
practiced without these specific/fletails. In other instances, mell-knowQ"#
structures and processes are not set forth in detail, in.-order not to
obscure the present .invention in-unnmecessary detail. Referring nowto

F| hg i | lustrated which includes an
QHE@ ﬁ'ﬁ#%%ﬁ%gii%ﬁ Qg gﬂgtigg'ﬁﬁlggnt 12 whi ch conprises a colum of
chevronsA ﬁaaumifctsasbi%f Id@@le@ewﬁeapyaerwm cok Wos c+3 b Wii cAnd an

addi tional colum of chevrons 15. A magnetic bubble, as it is propagated

paspréveaés emantiplexed DutPd efkdly 8Roclsepariate i<l engath(strip
of magnetoresistive material) disposed bel ow elenent 12. As 'is generally

t hethesénvemiied i fppabhltas atweo nbnvédpendeatitn diredakecfobulfbfeguaeel in
the direction 20 under the influence of an in-plane rotating nagnetic *
fi efeteesed heibbbbeparate. gebpagat eell gmentshandothenresuthantoasgaadl the
resi stance of the underlying detector element is changed, ‘and this change |,
i s Eremnthgse B@EBF@?xeaﬁieiﬂﬁé‘ﬁsprl@pé@@tS@@ ot @ Siagdet Pﬁsraﬂcf Bda@se

tragged between the el ements 13 and 14.
is reduces the number. of package pins requ1red, and moreover,

the number of sense amplifiers needed for detection,

In the following description nhmerous specific details are
set forth such as specific thicknesses, etc. in order to provide
a thorough understandiné of the present inveﬁtéon. It will be
obvious to one skilled in the eftithat'the preéent invention may
be practiced without’these specific details. In other 1nstances,
well-known structures and processes are not set forth in detall,
in order not to obscure the present invention yn unnecessary

detail.

Referring now to Figure 1, a prior art bubble detector is
illustrated which includes an expander section 10, a propagaﬁion
element 12 which comprises a column of chevrons, a bubble trap a
defined between chevron columns 13 and 14, and an addioional
column of chevrons 15. A magnetic bubble, as it is ogopagetea
past the element 12, !ie de;ected by an.elongated detecto£
element (strip of magnetoresistivelmate;iai) disposed below-

element 12. As is generally the case, magﬁetic bubbles are moved



An :addi t-i onal col um of chevrons 15 which is identical to the col um/qf .
cheyrons:12, and an additional "dummy detector" elenent 17 which is i?} v
i denti-cal -to the detector 16 is disposed 10 adjacent to the trap. EwD

t hough el ements 15 and 17 do not receive and sense bubbles, they are
affected by the rotating nmagnetic field. The signal fromthe elenment 17 is

used as a reference signal to effectively cangel (reject) the effects of
thethtating magnetic field on the elenment 16« 15 In Figure 2 only

thos€ | ayers of a nenory or other device needed to view the detector of
Figure 1 are shown. The structure is formed on a substrate 21 which is
typically a gdmiex thisdebeetopnofoRigugleadt dav fdynedireghiort2@ epndaxi ghe
| ayer 22) is enmployed on_the substrate for, the magnetic, hubbl e stor 20

| ayer. The siAgitdufare bl ﬁ§'8$%n?nﬁR§fqlﬂgtHPgngﬁﬁ%rfkﬁ} rs QR 1eg
silicon dioxi | [ [ p ' I thi cky LS Y

t he epitaxial %§y§¥8£a&%%%§:é%%§ 38?e§§g§ﬁg?éﬁen éﬁﬁgkgsl?éb??%af%é?%ﬁ?ﬁﬁ%e%%
layer 23 usingHy dindairyyihet akkbBegraghemeh@Chyi h@Sgédprami this change is
magnet or esi stive material 25such as pernal | oy. An addi tional oxide |ayer
is YTormed ofersenggdr 2Bubblésisatattthamherdpageted d6td rairnent dderdngd pgcome
permal | oy nmenbers. This oxide |layer 24 is_ approxi mtely 1500A thick. Then,
t he_ per mal | oy 452Bpagaee e e denedenarhs a53 t4€ 34col urm of chevrons 12 are

formed over the OxhqeaEEYEEOgéligofumﬁlLfkg€¥@r5ﬁgwfgfwhich is identical to

the column of chevrons 12, and ‘an additional "dummy detector”
element 17 which is identical td the detector 16 is disposed
l10adjacent to the trap. Even though elements 15 and 17 do not
receive and sense bubbles, they are affected by the rotaﬁing
m&gnetic field. The signal from the element 17 is used as a
refefence signal to effectively cancel (reject) the effects of

the rotating magnetic field on the element 16.

15 In Figqure 2 only those layers of a mémory’o; other device
needed to view the detector of figure 1 are shown. The structure
is formed on a substrate 21 which is typically a-garnet
substrate. An ion implanted magnetic garnet (épitaxial layer iz)
is employed on the substrate for the magnetic bubble storage

20 layer. The single wall domains are moved in this layer as is

e - well—knowh. A silicon dioxide layer 23 which is approximately
15002 thick is formed over the epitaxial layer. Then the
detector element 16 is fabricated on the layer 23 using ordinary
phbtolithographic techniques from a magnetoiesistive ma;erial

25such as permalloy.



Thd, present invention may be best understood W th reference to the di agr ans -
{ Kigure 3. In Figure 3a, a prior art chevron detector 25 is illustated.
¢gh conprises a plurality of 10 interconnected chevrons. When a bubbl e
pved- t hrough this chevron detector under the influence of a rotating
magnetic field, the waveform shown to the right of detector 25 results for
each cycle of the rotating magnetic field. As can be appreciated, it
is difficult to multiplex a nunber of outputs 15 fromdetectors such as,_.#
detector 25 because of the resultant waveform In Figure 3b, a detector

simlar to the detector shown in@igure 1 is illustrated, however, the

det ect or elenent 27 is disposed in the region of the |eading edge of the
prop éh Assum ng bubbles are noving in the direction of
arrd&? % rs eac% z':?Ellﬁrst edge of the elenent 26 (I eading edge)

and phep ﬁéﬁeprwaeat efshvatbetappasicbe tod0a 6( terd |tk esi9S)1Pfnd he
el ement . For the relative |location of the detector el enment 27 and

proppganhnddogl semblerz6 ofhisguwibl8&layzr234bibbdEp rox teaselly ly5advwe det ect or
during.the first part of each cycle of the rOtaIIqﬁi magnetic field as shomm
to th 1F¥ghtT%#“' t%@eﬂ%ﬁ?§1QBYaHG°E?96F§H6H%%§% %ﬁ#%ﬁﬂs@%ﬁth%e rotatiny

n the_detector eIe I n,Fi 3, .anot r opagati on
el“e 8£¥8§ FFU ratgé gr?hfgrmﬁndé% §|ﬁaed§ gf 6ﬁY8Fe%§n{EZ% This
timey n =Y detection elenent 28 is disposed in the region of

e EWEHEW riah@es. .
the trailing _ . ‘

The pfesént invention may be best undérstood with reference
to the diagrams.of Figure 3, In Figure 3a, a prior art chevron
detector 25 is illustated which comprises a plurality of

10 interconnected chevrons. When a bubble is moved through”this
chevron detector under the influence of a rotating magnetic
field, the waveform shown to the right of detector 25 results for
each cycle of the rotating magnetic field. As can be
appreciated, it is difficult to multiplex a number of outputs

15 from detectors su;h as detegtor 25 because of the resultant

waveform.

In.Figure 3b, a detector similar to the detector shown in
Figure 1 is illustrated, however, the aetector element 27 is .
disposed in the region of the leading edge of the propagation
20 element 26. Assuming bubbles are moving in the direction of
arrow 29, they first reach a first edge of the element 26
(leading edge) and then are propagated to the opposite edge
(trailing edge) of the element. For the relativé location of the
detector element 27 and propagation element 26 of Figure 3b, a
25 bubb;e is sensed by the detector during the first part of each

cycle of the rotating magnetic field as shown to the right of



end\of each cycle of the rotating magnetic field as indicated by ghaph -
shown to the right of. elements 28 and 30. The appreciation thaf ¢ddifngd a ./
cycle of the rotating 10 magnetic field a bubble can be senge o
different portions of this cycle (conpare Figure 3b and Figure 3 I S/put

to use for nultiplexing purposes as taught the present inventiorm

Refgrring nowto Figure 4, in the presently preferred enbodi nent, the

detector elenments of two detectors are coupled in 15 a bridge circuit. .
Detector 1 of efegent st 26nanddey digavpdndethecefifent8obfi thestbaaednyhme@gnetic
expands bubbl es and propagate theminto propagation elenment 32 (a col um of
chevrons). Theldulonl dhearde tevdomredpementedd into a trap which is di sposed

bet ween the colum of chevrons 32 and the colums of chevrons 35. A 20
magnet or esi stive detection el enent 33 is disposed beneath the 8rgpagation

el ement 32 in the A8gifdIugie the RBABDRY STPPaTRbioR Slament 330 A 1illustrated

i dentical elenent, dumm, el enent 34, is disposed in the region of {he :
| eadi ng edge U Sh@nc Hnget lying, detection ehiemank 28 ighégett}t’-F‘ieaa}‘PVe"er r the

yupl bet | 45 7 ., 25,. h | 4 i
CouPl o8 betwelb el 868 be TRuML k. i€ GispfPY, innb0E FESLAT S i the Lpailing
f t he det ' , t | . 33 and_d :
e woul 4 be ke dF, Tn8UETeitedd 60 CRhOEnT SR o Ca IWIBEIY HE L ensed

overlying cheyQnsraDetRet Oha2offe KLHUEGcT 282 BhENELYLRS Y R PROESE field as

section _
indicated by the graph shown to the right of elements 28 and 30.

The appreciatioh that during a cycle of.the rotating

10 magnetic field a Bubble cén be sensed g% different portions of

.this cycle (compére Figure 3b and Figure 3¢) is put to use for
multiplexing purposes as taught by the present_invention.

Refgrring now to Figure 4, in the presently preferfed

embodiment, the detector elements of two detectors are coupled in

15 ~ a bridge circuit. Detector 1 of Figure 4 includes an expander

section not illustrated which expands bubbles and propagate them

into propagation element 32 (a column of chevrons). . The bubbles

are then propagated into a trap which is disposed between the

column of chevrons 32 and the columns of chevrons 35. A

20 magnetoreéistive detection elemeﬂt 33 is éisposed beneath the

propagation element 32 in the region of the leading edge of the.

element 32. An identical element, dummy element 34, is disposed

in the region of the leading edge of the column of chevrons 35.

Element 33.is electrically coupled between contacts 45 and 47,.

25 and the dummy element 34 is coupled between the contacts 46 and



i Ilustrated which propagates bubbles into the propagation el enent -40. .
osed beneath the propagation element 40 is a detector element 41 whicl,
n conprises a magnetoresistive material. The elenment 41 is coupl ed

3 een. the contacts 48 and 51. The elenent 41 is in the general region of
the trailing edge of the propagatign el ement 40. A trap is disposed between
t he propagation el enent 40 and the®col uim of chevrons 42. A dummy el enent

43 is disposed beneath the colum of chevrons 42 in the region of the \'#;
trad9i Refelgeial blrdwfins @.Fidhre Aunfyretheedeties oniecfed pt meen il
contacts 50 and 52. Referring briefly to Figure 2, the detector elenent 41
and el éhentdeBeatoird drenemter 3@ @nd i dunayy f @l edee et 3¢ 2 whulidgube 4.
(Note that _the precise |ocation of the detector elements and dummy el enents
r el ¢@RYRred abrut cbhe nkineigtb sdedtagainninsulated frempElpagwerbnindenent
Is not particularly critical.) The layout (in ternms of size and orientation
r el $8VEPR%: t he rotating magnetic field) of elenments 32 and 33 when
conpared to elenments 35 and 34, respectively, is identical to provide

i.cal . .. 1h | f I 0. .and , d

0l oot ©9505h6%43" S TS oty 5 aE e d 86 7 Bce pERERR, s €1 i o
t t | 1) I t f Fi 4

colb EatThix BB URich propta ERPTEP R e S ER AL TRreeBiadv AT, 00

46. 01 ERRNACL AT I5iE HBE@dbte%%é’E‘ aghed® 1r034%§9{‘53%1é§1é'r§t-c@6‘p1§datQ

contact 49. The contacts 51 and 52 are Coupled to -
detector element 41 which again comprises a magnetoresistive
materiél. The element 41 is coupled beﬁween the contacts'48.and
51. The element 41 is in the general region of the trailing edge
of the propagation element 40. A trap is disposed between the
propagation element 40 and the column.of chevrons-42. A dummy
element 43 is disposed-behgath the column of qhé§rons 42 in the
region of the trailing edge of chevrons 42. This dummy element
is connected between contacts 50 and 52. Referring briefly to
Figure 2, the detector element 4l.and element 43 would be
centered on line 37 for detector 2 of Figure 4. (Note that the
precise location of the detector elements and dummy.elements
relative-to the leading edge and trailing edge of the propagation
element is not particularly critical.)

The layout (in terms of size'and oriengation relative to the
rotating magnetic field) of elements 32 and 33 wﬁen compared to
-elements 35 and 34, respectively, is identical to provide proper
electrical performance. The same is true for elements 40 and 41,

and elements 42 and 43, respectively. (This, of course, is true-

for the prior art detector of Figure 1).



5 :grodnq.' In this bridge circuit, the dummy elements null out the
ef feet of the rotating magnetic field on the detector elenments and all ow
t he bubbf es passing through the propagation elenments 32 and 40 to be

sensed. The output signal fromthe detectors is taken from contactp
49 which contacts are typically 10 coupl ed to package pins, and
lines-on a printed circuit board to a sense afplifier. By knowing tR

poktjgn of a cycle of the magnetic field during which a bubble is detected

(or not detected) the output fromeach of the detectors 1 and 2 is known.

15 Ref err The dgdiector Fl gané QeteledcautZpwif Fdrpede f4 care¢ heobpleddgein a
circuit of Figure 4 (and at the sense anplifier) consists of a graph of

Fi gure 3b supbridgssed mtuihe ghaphtehtiiadurds Ippliedstapphecsontinetsheés and
si gnal caused by a bubble noving through el ement 32 of Figure 4 can readily
be discerned ffem £MbdFE AJ 1is ﬁﬁ%ﬁiFQhF6u§WRﬂ%ﬁén§°4oQﬂéﬁﬁ?ﬁ&&ﬁftﬁé is

bubbl es nove throygh, these columm of chevrons at the sane tipe. The "quiget
period" (nho sF&H&’ILiera P ofioBtagtyd% 3The Fenkactis %]hea'bérg‘édaxﬁﬁer‘? pled to

i | i i n, Fi 3b d_vice. .1t h b f d
her oufput fr SFORRG- deFBorbi S FEHFE cbtSE1El he doway STgRepREnanid byt the
and 41 of 1 OUeRebe ik RA LRI LRl RUGRAEN0 4101 M ShNch BBLEENSHS didlhnts
of Jhese el enenfs equal to a predetermned nunber. By way of exanple,

with a prior ghli aiewioRKdeiRG s Padeifig3dhr ovYiP ¥heS peBphgallion elements 32

approximately 5nv are typical. By controllling the wt ratio of the detector
and 40 to be sensed. The output signal from the detectors is
taken from contacts 47 aﬁd 49 which contacts are typically

io coupled to package pins, and via lines on a printed circuit poatd
to a sense amplifier.
By knowing the portion of a cycle of the maénetic field
during which a bubﬁlé is detected (or not detected) the output
_from each of the detectors 1 and 2 is known,

15 Referring again.to Figure 3, the output sensed from the
bridge circuit of Figure 4 (and at the sense amplifier) consists
of a graph of Figure 3b superimposed on the graph of Figure 3c.
It is apparent that the signal caused by a bubble moving through
element 32 of Figure 4 can readily be discerned from a bubble

20 moving through element 40-evén though the bubbles move through
these column of chevrons ét the same time. The "quiet periéd" (no
signal) region of Figure 3c falls within the period when a signal
is generated in Figqure 3b, 'and vice versa.

It has been found that the output from the detector elements

25 such as detector elements 33 and 41 6f Figure 4 can be optimized,

by having the width to thickness ratio of these elements equal to



Rents used in the present invention, output-signals.of 5 .
axi mately 20nmv are obtained. (This assunes the Iength of chevron,
ggtof is approximately equal to the length of the el enment 33-or 41.
ough-enpirical determnation it h been found that the ratio wt for
the detector elenent (see Figure 5) fshould be 10 approximately equal to
100 for nmaxi mum out put where a typical permalloy is used. (In the presently

preferred _enbodi pent he permalloy co i ses.81% ni ckel, and 19% i ron). o
Due to ﬁr%cc?gt%) eWﬁr&aP%tbﬁ?t%é it © aeﬁ?ﬁeanw’v’%‘r?f BRORAY as + 20% Thesé=#
vari ati gns.. | a 4-?@5 e . 1 : deteriorate

t he out put ?#?%%%%Edgl ct orBE'Z’I é’neéﬁtggg%?}?ﬁ%?%g% ca %&%%mﬁr the presently
preferrged RFPLRIS. BrhdontBYAlink MR WY ehtid8r dglkegdRbtsd ement 61 of Figure 5

is etched, I's first forned over the oxide |ayer 60. (The detector elenent
61 correbqments uked tiketirl oreehs hdentidn, Lutpht s3gtdlsFogure 4.) 20 After
the fabrication of the layer, its thickness is checked, for exanple, by
chegki ngprrhsinsttely 20esiage artdeingd.t HThie emsimedn dhe tleegtthiofkness i s known,
the desired width is |likew se known since the wt ratio should be

appr oxi ehavery degector Als) pEpnerima toly | enyat fYosthe depethoofrihehe pernuml |l oy | ayer #
and with 25  _an ordi nary masking step, a masking nenber 62 is formed which
i s used*}®BREHPn® the detector 61. Then the etching step used to etch the

e oY | GO ot 0% A B L Wb 0o (P
ratio w/ t for the detector element (see Figure 5) should be
10 a.pprox:imafely equal to 100 for maximum output where a typical
. permalloy is used. (In the presently preferred embodiment, the
permalloy comprises 81% nickel and 19% iron). . Due to process
variations the w/t ratio can vary as much as + 20%. These
variations, particularly at the extremes, substantially
15 deteriorate the output from the detector elements.
During fabrication in the presently preferred process, the
layer from which the detector element 61 of Figure 5 is etched, .
is first formed over the oxide layer 60. (The detector element 61
corresponds to the elements 33, 34, 41 or 43 of Figure 4.)

20 After the fabrication of the layer, its thickness is checked,

| 23

for example, by checking the sheet resistance of the layer. _

Once the thickness is known, the desired width is likewise @
known since the w/t ratio should be approximately 100. A

photoresist layer is formed over the pemailoy layer and with

25 an ordinary masking step, a masking member 62 is formed which



undércﬁtting is allowed to continue until the desired width w5 S

achieved.” As is well-known, this etching can be quite precisely
control led. The'thickness of the permalloy |ayer is generally quite
over the entire wafer. Thus, all the detector elenents (and dunmy

el ements) on a-given wafer will require the sanme 10 etching-tine an
be forired - wi th one nasking and etching step. ,The sane result can be

achigved by first formng an extra thick pe”alloy | ayer from which the
detectors are to be etched. Then, after the etching with a photoresi st

menber such as nenber 62 of Figure 5, the wi.dth to thickness ratio is 15
measured. It, of &BUied, tndetigepthedplacten Gnat TRAR th8t¢T6WE SFR | ess than

100 si th I I ' ' | de.thick. __The detect ol

ol emont s ar o t hon BTt RS Ph. TLPEET-Dharyos hP ERESELS0  BRTHS o dosi red
ement s are ¢ hen"ETCiEd Y0 HECFERse © BT e

wth the entito wrBroRsiel & B0 e oEERik kefReel! | Im @ edllent |

bubbl e "det ecti on gRRALAEHALNAS JPRARAIES BoALRH. WRLED BB dUsliSed NEatn w

mul ¢i pl exi ng of the outputs fromtwo detector elenents. |In our copending
U K patent appligatdchiedd. 5As iH wellpamowd,  ehid BecHihgsamt vappliteat i on
there is described and clainmed in the fabrication of a magnetic bubbl e
det ect or which precisely controlled. : '
The thickness of the permalloy layer is generally quite
uni_form over the entire wafer. Thus, all the detector elements
(and dummy elements) on a given wafer will require the same
10 etching time and can be formed with one masking and etching step.
The same result can be achieved by first forming en
extra thick permalloy layer from which the detectors are to be
étched.. Then, after the etch:ing with a photoresist member
such aé membexr 62 of Figure 5,. the width to thickness ratio is
15 measured. o -
| R It, of ccurse, .
wéuld be expected that the ratio w/t is less than 100
since the permalloy layer was intentionally made thick. The
s detector elements are then etched to decrease their thickness .
20 until.the désired thickness is achieved. This etching is
| preferably done with ion milling with the entire wafer being

subjected to such milling.



| udes a magnet oresi stive detection el enent and a propagation el enent-” ... -
ated fromsaid detection elenent, a nethod for optimzing the output\
msai d detection el enent conprising: 10 controlling the ratio of the

s and t hi ckness of said detection elenent such that said ratio’is
NgXimately equal to a predeter ﬁlﬂﬂed nunber; whereby the output of said
eteCtion elenent is optimzed. 15 * M S * CLAIMS 1.

C L
A ic bypble_d j ' . i SLNg: fi i c bubble
et octor | noltiing et SURBRCHE ST ARzt SO hed PesPopagat oo bubbl as
det ector i nol NS i i :
rotat| ng Featerd RFAE phfnitt i e Pl Bt BAE ok B s, Bt i Cposea in the

regi on otys defedieadinmesdge of said first propagation el enent and insul ated
fromsaid element so as to sense the presence of a hubble as it is

propagat ed t hposighcédendimgUK. phted dppldading Mslgesdiasal d fir st
propagati on el enent; and, 10 a second rmgneti c bubbl e detector

i ncl usli ndividedemrtdoPribp guresenn appHmahionvbhede ps ajeagribed dndobl es fromits
| eading edge to its trailing edge under the influence of said rotating '
magnet i ccidiged, inafite fabrinatitord of e Magretdr chubbie dleseekoadwhieht he regi on of *
said trailing edge of said second propagation el enent and insulated 15 .
from sai §GHUERS R mageierqsd sines detardion &dered 1d 3 pRPBEREiss it s 5

element insulated from said detection element, a method for

optimizing the output from said detection element comprising:
10 controlling the ratio of the width and thickness of said detection

element such that said ratio is approximately equal to a

predete.rmined number; whereby the output of said detection

element is optimized.

15 .



propagated through the regi-on of said trailing eUge of said sécond
prepagat ron el ement; said first and second detectors being placed rel ative
to one amot her *such that the angles formed betwee |Hmﬁulﬂ uﬂ Ilt]nd 2 .
said rotati'ng nagnetic field are the sane, whereb A\
first detection el enent and second detectorzFIenent nay Be ful f |p ex Egﬂf;
The apparatus defined by Caim1 where sai& I rst and second propagat .
el-enents are each a colum of chevrons. 25 3. The apparatus defin
Aarm2 wherein said first and second dgfggisi on el enent's are di sposed
beneath said first and second propagati Om etrenents, respectively- 14 4.
The apparatus defi,ned Jﬂaqr@tﬁd: %Bbwaé@cml&ﬁladpéi%wﬁdoﬁ@n%hﬁ@fntS conprise a
magnet oresi stive material. 5. The apparatus defined by C aim4 wherein the
wi dth to thickness ra Fixrstf megneticdlubhle deteetendnthudiqgad $imgippropgagat ny
100. 5 6. A magnetic bubble detection apparatus conprising: a first
magnet i ¢ bubbl e @demantoshichatnedagaresabubbies fesmpdtideieadeng iedge toritsxpandi ng
a magnetic bubble;, a first pro ation elenent for receiving an expanded
magneti ¢ bubbl e fFabhisg;asoeiy r&?ﬁa%fbfé#’e%c@cf’fc%m%aéilagmaé igt fddel enent
10*° for prop gati tic bubble fromihe | eadin t he
trailing edgesof aeﬁqadﬁ#sﬁa‘%ﬂﬁb%&??ﬂ@ﬁtewéﬁamé O P et it sede of a
rotail ng magneti ﬁegﬁfﬁ edge of said first propagation element and insulated from
said element so as to sense the presence of a bubble as it is
_propégated through the region of said leading edge of said first
propagation element; and, |
10 | a second magnetic bubble détector'inqluding a second
propagation element which propagates bubbles from its leading edge
to its trailing édge under the influence of said rotating magnetic
field, and a second detection element disposed in the region-of_
said-trailiﬁg edge:of said second propagation element and insulated
15 . from said element so as to sense the presénce of a bubble as it is
propagated-through the region of said trailing edge of said second

propagatioq element;

said first and secand detectors being placed relative to one

)

another such that the angles formed between said detectors and

20 said rotating magnetic field are the same, whereby the outputs from

™.

said first detection element and second detector element may be
multiplexed.
. 2. The apparatus defined by Claim 1 where said first and second
propagation elements are éach a column of chevrons.
25 3. The apparatus defined by Claim 2 wherein said first and second
detection elements are disposed beneath said first and second

propagation elements, respectively.



a first detection-elenent for detecting a magnetic bubble di sposed below .. -
=\nsul ated fromsaid first propagation ekeﬁﬁﬁf——&ﬁ———s€w1P+Trst .

agati on el enent; and, a second magnetic b l ﬂ l"' Iudlng a

#9d expander section for expangihg a nagneuﬂm ﬁ“ EI “Eluu

prx{pagati on el ement for receiving an expanded 20 © mhgn®ti% Bubble from
sai d second expander section, said propagation element for propagating sa
magnet i &.buthel spffaratost Uef‘:lneaobwglamige whereire saididetertiedge of said seconﬁ""
propagation el ement under the influence of said rotating magnetic field; a
second ddemsntsorompriseeatmagpetaresistivagnatentajneti ¢ bubbl e 25  'di sposed
bel ow and insul ated from said second propagation el ement, said second

det ect i &n e]‘"@nﬂ?ﬂarat@p%@d‘eﬁrpyt Réaime4iwherein $he vidERitg ng edge of said
d t t d
Second MLPBREEL S S derection efenents gbals SprepcigaBY: 1 e ang! es

sane? uler dooeRy %Pf%@%ctég e SR cct or s mmy e
mul tipl exed, f§rst Kta?newg HBREE @!E’c@ct@?fi[rﬁ‘igd .Caim6 wherein said first #

and second propagation el enents are col umms f chevrons. 8. The apparatus
defined by {lrars8 BxpdtRELisecsdrd £b lexpariidlg S@ﬁﬁ?ﬁbtﬁ@ﬂﬁfﬁbl@ﬁ el ements each
have a thickness to width ratio of apprOX|nate 100

a first propagation element for receiving an expanded magnetic

bubble from said first expander section, said propagation element
10 for propagating said magnetic bubble from the leading edge to the
trailing edge ﬁf said first propagation element under the influence
of a rotating magnetic field; '
a first detection element for detecting a magnetic bubble
disposed below and insulated from said first propagation element,
15 said first detection element disposed in the region of said |
leading edge of said first propagation element; and,
a second magnetic bubble detector including:
a second expander section for expanding a magnetic bubble;
a second propagation element for receiving an expanded
20 magnetic bubble from said second expander section, said propagation 3
element for propagating said maghétic bubble from the leading edge
to the trailing edge of said second propagation element under the
influence of said rotating magnetic field;
a second detection element for detecting a magnetic bubble
25 disposed below and insulated from said second propagation element,
said second detection element disposed in the region of said

trailing edge of said second propagation element;



10.” 9. - A magnetic bubbl e detection apparatus conprising: a first netic
bubfl e detector including: a first e section for expanding
magneti c-bubbl e; a first c mm of chevrons for receiving magnet i/
fromsaid first expander ﬂmuﬂ"maﬂma first detection el
detecting the presence of / id first detecti it s,
di sposed bel ow and i nsul at ed from sai d® fi'rst col um of chevrons | nt to
the first edge of said first colum of chevrons; a second col umm of
chevions; 20 a Samsflrmagamt msdsieteetcelsetumng pliaspd sediativkoto ane
|nsulated from said second colum of chevrons adjacent to the first edge of
sai d first magnet @neYies: syah Ehatnthe anglese fornedneaimeen sakdisistectges andosald

i ncludi ng: a second, expander sgectiaon for expandln ubbl e;, 25

a thiid colum of IO Sri'sagf"ﬁﬁ'lcr gb%ﬁ"v?’??g the eee; (‘f’gB’Eﬂ?MI ”P\k% r%lsﬂlgecond
d t ; d det t fo t t th f
P agnet i o bupURESt S FeEae FRERRpEe Fog P FATAESRE: posed bel ow and
i nsul ated fromsaid tﬂ] %arp% H:U@d&* ned gf'aslga u@m%?é!fn t8id Fﬁs%%ﬁ&%cﬁ@@e of
C n ge

said third col um of sal sec el ng opposite to sa

first edge of sai %r&ﬁég%hdi‘ﬁ%f&ﬂén@@ é%beéﬂiﬂhns 9f chevrors.fourth colum of
chevrons; a second naghetoresistive el enment di sposed bel ow and i nsul at ed

frqm sai d fourth @ol ume gipatiels GeRinedjmcendimt & Wheeeiesaidl Fféfiteand secand

detection elements each have a thickness to width ratio of
'apbroximately 100.
18 9. A magnetic'bubble détection apparatus comprising:
._ a first magnetic bubble detector including: -
a first expander section for expandiﬁg a magnetic bubble;
a first column of chevrons for receiving magnetic bdbbles
from said first expander section; .
15 a first detection:element for detecting the presence of a
~magnetic bubﬁle, said first detection element disposed below and
insulated from said first column.of chevrons adjacent to the
first edge of said first column of chevrons;
a second column of chevrons; |

20 a first magnetoresistive element disposed below and insulated

“

.from said second column of chevrons adjacent to the first edge of
said first magnetoresistive element;. |
a secohd magnetic bubble detector including:
a second expander section for expanding a magnetic-bubble;
25 a third column of chevrohs for receiving magnetic bubbles
frbm said second expander section;

a second detection element for detecting the presence of a



of said fourth colum of chevrons, said secand_ﬁdgﬂ_DELﬂﬂ_QEEPSite to sard

,flrst edge of said first nmagnetoresistive el enent; sais.first anq_#

N det ectors, being placed relative to o h that . the angl es
?‘ bet ween sai d detectors and said rot at} m’ m d are the

sa “b ereby said first and sec d magnetlc coupl ed in a-

bridge circuit with said circuit prOV|d|ng nultlplexed outputs 10.

The apparatus defined by Caim9 including a first magnetic bgbble trag .

di spose d ns and a second S

nagﬁeti?agﬁébﬁglegmtb‘rég% %%%c%tseg%ﬂﬂ %gga%%?%mcongoggfﬁ?gwan%ol ums of

chevr ondnsdlated from said third/cdIBERNSF chevebiy %dg{cfeﬁ‘c‘tﬂ PLpdpparatus 20

substantial ly as hereinbefore described with reference to and as
i || ust r aechd edde 9f.satdadrd dluiherageeres)ysam dednd glge 25

being opposite to said first edge of said first detection element;

5 ° a fourth column of chevrons;

a second magnetoresistive element disposed below and insulated

«a{.

from said fourth column of chevrons adjacent to the second edge
of said fourth column of chevrohs, said second edge being opbosite
to said first edge of said first magnetoresistive element;
10 said first and second detectors being placéd relative .to one
another Sgcﬁ that the ahgles formed between said detectors and
~said rotating magﬁetic field are the same, whereby said first and
second ‘magnetic detectors may'be coupled in a bridge circuit with
said c1rcu1t prov1d1ng mult;plexed outputs.
15 10. The apparatus defined by Claim 9 includlng a
first magnétic bubble trap disposed between said flrstaqd second _
- columns ot cheyrons'and a seﬁodd magnetic bubble trap disposed
between said second and third columns of chevrons.
11. " A magnetic bubble detection apparétus
20 substantially as hereinbefore'deécribed with reference'to and as - i'

illustrated in Figs. 4 and 5 of the accompanying drawings. _ . _ §

25



