MAGNETI € BUBBLE DETECTORS BACKGROUND OF THE | NVENTION: 1. Field of the
Im*entlon The invention relates to the field of nmagnetic bubble eq;Eﬁgig
2. Prior Art. In the fabrication of magnetic bubble (&i ‘6
maJI donaln) devi ces, particularly magnetic bubble menories, it is
ranJIant to limt the number of connectipns that nust be made bet
menory substrate and external _circuits. so, it is 10 advant agg
use as_few.as—-possi-bte éxt er nal MAGNETIO BopsLEdDETECKERSe, for exanpl e,
drltfhg circuit power two bubbl'@ generators. In copending U.S. appllcatlon
Serial No. 25,848, BACKOROUMD iOF THE IVERTIGNttitled "Ml tipl exed Single Wall
Domai n Generators", (assigned to the assignee of the present 15
application), a syst em ils. ddedd iafethe dnventiiompl exi ng bubbl e generators.
There have been attenpts in the past to multiplex bubble detector outputs.

In one schene, four che\TF‘Brﬁ-"’é{E’P"ei@FoF%laﬁ‘F% tootheefiield af meenetic bubhlear

orientations. For QR the 20 detectors are oriented each 90
degrees fromthe- otﬁge F?@E spokes of a wheel. Then, the detectors are -

coupled to a cgnmmon sensin t. One problemw th this schene is
described in anjunCtIO% mﬁtgbéﬁgﬁre 3a of the specification. The present

imvention relates to a. WRUMAdrdfCARGhBE nithetis b ubbié‘?sihél?%alaleli&&atiﬂzt put

from each of the nultiplexed bubble detecto e process djus

the signal |evel fr oenivesppacticul bbihbhegrdei e GuBbld hemttSes] Hedid rimﬁ&%ﬂﬁ“ ng
U S.

to limit the number of connections that must be made between
the memory substrate'and external circuits. .Also, it is
10 = advantageous to use as few as possible external circuits and
to have, for example, the same driving circuit power two
bubble- generators. In copending U S. application Serial No.
25 848, filed April 2,_1978, entitled "Multiplexed Single wall
Domain Generators“, (a551gned to the assignee of the present
15 application), a system is described for multiplexing bubble
generators.. _ | _ l_ _ i
jThere have been attenpts in the_pastﬂto nultiplex bubble
detector outputs. In one scheneiifour chevron.detectors are
formed at different angular orientations. For exanple, the
20 detectors are oriented each 90 degrees from the other, like
;_ spokes of a wheel.. Then, the detectors are. coupled to a common
- sensing circuit. One problem with this scheme is described in
conjunction with Figure 3a of the specification.
The present invention relates to a method for optimizing
f 25 the signal level output from each of the multiplexed bubble
detectors. One process for adjusting the sig?al level from a

magnetic bubble detector is described in.copending u.S.



- 2 - application Serial No. 163,574 filed June 27, 1980 entitled "Msthod

for Adjustlng Si gnal Level Qutput from Magnetic Bubble Detector", assigned ;J
5gi gnee of the present application. SUMVARY OF THE | NVENTION: 5

%o the present invention there is provided in the fahrication of

‘Ybubbl e detector which |nc%udes a magnet or esi stive detect.ion C)F

el eneRt) and a propagation elenent in uTated fromsaid detection elenent, &

- Controll1ng S0 ebpfbiaF e el OS5 S15 Bog 29, ABIC IO L2 1Y
el ement such t haiyegRdd! rafltnqgl#sana éﬁéx 'E%R:Gi hu?ﬂl@'fr&ﬁ’ xﬁﬁﬁﬂeé 7 ned

nunber wher eby the out put sard tection element is pt|n1ze BRI EF
DESCR PTI ON CF idteBRAM NGS1dfed to the afSighie b e Brédent aHpategtion, pr i of
art magnetic bubble detector Figure 2 is a cross-sectional elevation view
of a portion of SUNMARKCOECTHEr INMENFIGNSre 1 general I'y taken through section
line 2-2 of Figure 1. 20 Figures 3a- 3c illustrate various detector
el enents an8l t he outAmgozdingothe tthe puesamhtigverftignribeza is provided ds a chevron

detector and the output fromthis detector. Fiqure 3b- illustrates a bubble
det ect or whi ch ithel fRbrdcation of a magnetic bubble detector which includes 5

a magnetoresistive detection element and a propagation element
insulated from-said'detection~element,-a'method for~optimizing
" the output from said detection element comprising: controlling
10 the ratio of the width'and thickness of said detection element
" such that said-ratio“is appréximately equal to a predetermined
number; mhereby thefoutput_of said deteetion element is |
optimized. | |
* BRIEF_DESCRIPTION OF THE DRAWINGS

15:_ " Figure 1 is a plan view of a prior art magnetic bubble
- detector. - l o |
Figure 2 is a cross-sectional elevation view of a portion |
.of the detector of Figure 1 generally taken through section
‘line 2-2 of Figure 1.
20 ' ‘Figures 3a - 3c illustrate various detector elements and
the outputs from the elements. ' |
- Figure 3a illustrates a chevron detector and the output. S .
from this detector. - : _ _
Figure 3bfillustrates a bubble detector which includes a
25 separate detector element and the output from this element
when the element is disposed in the region of the leading ‘edge
of the propagation element. 'i;g
- Figure 36 illustrates a: bubble deteotor which includes ai



25 separate‘detector el ement, and the output fromthis el ement when the

eliepent: i*s di sposed in the region of t he | eadi ng edge .of the propagation-
el emept~ . Figure 3c illustrates a bubble detector whi ch includes a - 3
separate detector elenent, and the output fromthis elenent when the
el eggnt is disposed in t he regi on -of the Pralllng edge of the propagatle

el enment. Figure et ection,apparat

i's gﬁcross sectli)gng? aacle %t%?@# %lg'gv'\ﬂ% E&df?% |°H8"B:rg o gﬁ%e%?%
“def e the detect t |

DESCRI PTI ON: A mﬂﬁeﬁe@%%ﬁﬁ Fétg%dc)?f’o%negf oA, G eRe trablihe) ol ot the
provides mul tipl @tephdadldie3ehen®@ t WO separate detectors. Two i ndependent
streans of bubbles are detected with separate detector el enents and the
resul tant- signal fromigsse bepaseiematiedend &ietécﬁeﬁsébﬁaﬂitua.s' ngle pair of
lines. This reduces the nunber of pack- age pins .required, and noreover,

t he nunber of Bense &dpure Seis alérossesehtdonalr edevatton vdew Rdlestradihgiow t o

Figure 1, a prior art bubble detector is illustrated which includes an
expander sect i onPTecesging éﬁé@%@ﬁ% tol ésfidne the detieckor edprenteandataol urm of
chevrons, a bubble, ir.a fi ned, between chevron colums 13 and 14, and an
additional col umfP 8f he 15. A magneti c bubble, as it is

propagat ed pastt Berar ep pessrIPTION:

A magnetic bubble detection apbaratus is described which
10 provides multiplexed outputs from two-separéte détectofs. Two
independent stieams of bubbles are detected'with sepa;ate detector:'
" elements and the resultant signal trom these separate elements.is )
sensed on a'sihgle pair of lines. This reduceé the number of pack-
age pins required and moreover, the number oﬁ sense amplifiers
15' needed for detection. | o
Referring now to Figure 1, a prior art bubble detector is
illustrated which includes an expander section 10, a propagation
element 12 which'comprises a cdlumn of bhevrons, a bubble trap
defined between chevron columns 13 ahd 14, and an additional column
20 of chevrons 15. A magnétic bubble, as it is propagated past the '
E- . 'element_12, is detected by an_elongated detector element (strip of
: . - magnetoresistive material) disposédjbéloﬁ elemeht 12. As is
genérally thé case, magnetic'bUbblés are moved into the detector
‘of Figure 1 in the direction 20 under the influence of én in-plane
25 rotating @Egggtic_fieid. As'the bubbles are prbpagéted past the
—”?“column of chevroné 12,'the resistahce of the undérlying detector
element is changed,.and this change is sensed. Bubbles are then
.é . propégated onto_element.lj_and.become trapped between the elements

13 and 14.



" . approxi mtely 1548 £aY ﬂFt’B magnetic field on the e

elenent 12, is detected by an elongated detector elenent (strip of .

nagnetore3|st|ve materi al ) di sposed bel ow el'ement *12. As is general |y the
g~@|gnetic bubbles are noved into the detector of Figure 1 in the

n ‘20 under the influence of an in-plane 25 rotating magnetic

As the bubbl es are propagat ed past the columm of chevrons 12, the -

ahce of the underlying detector=élenent is changed, and this change *

is sensed. Bubbles are th ropagat ed onto el ement .13 and become trapped
bet ween t he el enent #7139 d&ﬁgf’ﬁﬁ gl“% fgc hayrogg it ?"EH%Q 1%0’I"&Fﬂ"|1‘%§‘lL thevr ons \o

 aummy det ect or ¥ éf%"f‘q'%a“’&f" SRt iy R bR Pl RO
di sposed_adj acenfhyd bp 1o EURRILIONINE! GIRRLS: 18 ANdiddocdg NO S

recei ve and sensé b ey are a ed b r ot ng magnetic’

field. The si g%ljaéern‘t”to it AlABENlevdd th%ugl'ﬁéﬂerﬁe%té 12hRd A7CE Pognal to
effectively cancel (reject) the effects of "the rotating nmagnetic field on

the el ement 516. reBefvegsnic sénsybibiilees etHeqyfres apfecled®yDthe @btatingr device
10 needed to view the detector of Figure 1 are shown. . The structure is
formed on a subsageetdc2fiieidi ciThessignpl dabihthe etemeet 1Substusadeas &n ion

i npl anted magnetic garnet (epitaxial |ayer 22) is enployed on the substrate:
for the magneti GFeferssce a;itgoa g:g ?%fﬁé’ﬁivewh@nsﬁhgﬂré.]m)l htoefifentsa9® noved

in this llayer as is wel] 15 fgme%ltol).(sl de. layer 23 which is

In Figure 2 only those layers of a memory or other device
10 needed to view the detector of Figure l are shown. The structure
is formed on a substrate 21 which is typically a garnet substrate.
An ion implanted magnetic garnet (epitaxial layer 22) is employed
~on the substrate for the magnetic bubble storage layer. The
| single wall domains are moved in this layer as is well-known,
15 A silicon dioxide layer 23 which is approximately 1500A thick
is formed over the epitaxial layer. Then the detector element
- 16 is_fabricated on the layer 23 using ordinary photolithographic

techniques from a magnetoresistive material.such as.permalloy.

20

An additional,oxide layer is formed.over-layer:23'tojinsulatea

-

[

W1

the detector 16 from the overlying permalloy members. This. -

oxide layer 24 is a.pp:oximately 15008 thick. Then the
permalloy propagation elements such as the colunn of chevrons
25’”"12 are formed over the oxide layer 24 in a well-known manner.
In Figure 3a, a prior art chevron detector 25 lS ‘illustrated
which comprises a plurality of interconnected chevrons. When a

bubblelis.movedathrough this chevron detectorgunder;thewinfluencef



ya
is fornmed ‘over’ the epitaxial | ayer. Then the detector elenment 16 is
fabricated on the layer 23 using ordlnary phot ol i t hographi ¢ techni g
a magnetoresistive material such as permalloy. 20 An additional ox
is_formed over layer 23 to insulate the detector 16 fromthe over
perqal | oy nmenbers. - This oxide |ayer 24.s approximately [err] thick.
Then the permal | oy propagation el enents such as the columm of chevrons 25
12 are forned over afha motiatiéng aggnetid field, wbelwdvatoum siiowmeto the fHightire 3a,
*for art chevron detector 25 is illustrated which conprises a plurality
-of i nt er connect ed c9fedetgptor %é&ﬁldtﬁuml eaghscyglecaf tthe oterghinghmagneliés r on

detector under the influence a otatlngtnagnetlc field, .the waveform

'shown to the right Geldet Astean EB quE%HitaEe% eiécﬁiﬁﬁiep%t &0 nyltiplaxadi ng

field. As |
e ber o out put o (TBHED G- GRARES V1B dekbatatsirian 5% detecholiod bledige®, |
resul t ant mavef§rm H@h%:rggﬂﬁzaﬁp wa@e%‘?mor simlar to the dgat ecft or shown
straf e e

in F|gure 1is i1l owever detector elenent 27 is disposed in

the region of the |eadi ﬂgrg 9, NGetRcePRGahi R £ ARE Hetdtor SRdiMl 119

bubbl es are noving in the frection of 10 arrow 29, they first reach a

first edge of the etigipatl 26 i1l1eseHaned caamevez) tHeh@eteatsr RIMMME2Edst O t he
opposite edge (trailing edge) of the el ement. For the relative |ocation of

the detector el enmerdispgsethdn thepeerion wf theteadingbedde &F dhe epﬁb_agation

element 26. Assuming bubbles are moving in the direction of

10.  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 relative location of
the detector element 27 and propagation element 26 of Figure 3b,
‘a bubble is sensed by the detector during the first part of each

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

- elements 26 and 27 (ignoring the effects of the rotating
magnetic fiel&.on-the detector element).
In Figure 3, another propagation element 30 is illustréted

with an underlying detection element 28. This time, however,

.20 the_detection element 28 is diéposed in the region'of the trail-
ing:edge-of_the_elementm30; In this position, a bubble is
sensed towards the end of each cycle of the rotating magnetic
field és-indicated by the graph shown to the right of elements
28 and 30. |

25 - . The appreciation that during a cycle of the rotating
magnetic field a bubble can be sensed at different portions of
this'cycle (compare Figure 3b énd Figure 3c) is put to use for
multiplexing purposes. '



a-bubblé is sensed by the detector during the first part of each' 15 .

cycl erofpt he rotating magnetic field as shown to the right of elenents 26
an 7. (xgnoring the effects of the rotating magnetic field on the detector
el enent ) ‘; Figure 3, another propagation elenent 30 is illustrated with
an undeN¥yng detection elenment 28. Ihgs tine, however, 20 the detection’

el ement 28 is disposed in the region of the trail- ing edge of the el enment™
30. In this positi cRefefringbidwe to Figersa] thaidettstbhraelenehtsi ofawb cycl e of
the rotating nmagnetic field as indicated by the graph shown to the right 5/
el ements 28 and déSeciaB's are coupleeirupprridpatdioeuithatDetectomylaotycl e of the
rotating magnetic field a bubble can be sensed at different portions of

this cycle (confdeureidgineludes sndemmagdes seehionsngdyiliustaated whidhul ti pl exi ng
pur poses. Referring now to Figure 4, the defector elenments of two
detectors are cdRXPRRRP PHb%geﬁ'r?ngr%apﬁﬁ E:F.'e SDER PoPPagationiedemertss? ne| udes

der_. tj t i1l ust d i ch ¢k bhl d t
mmptatpdgésm%#m reltBiisBhf Tt BHRSTSR B rhiih eroedifee BB oc arc
_ T3 IhledeB iy £ 1F LAS, N -
chevrgnspSg and %'Eg&cg‘r\%anﬁgs%sv eVofgﬁgﬁggéﬁ%'pn@%@f@ ggﬂlﬁﬁ%%gﬁéct I on E

el ement 33 is dihBOSAUMRS BFaEREVESSs B50P A0REdneBo s BBlVe detdeiddie egi on of
the | eadi ng edge of the elenment 32. An identical 10 el enent, dumy .

elenment 34, is Cﬁl&ﬁﬂﬁ'ﬁ'dﬂﬂs ﬂtspasq@ib@neiﬁj tihee propagation element 32 in the

region of the'leading'edge-of.the element 32, An identical
10 eIemént;~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, ‘and the dummy
element 34 is coupledtbetweenithe'contacts 46 and 49. Referring
briefly to Figure 2, for the-deﬁectcr.1.0fiFigure-4,-the
15 detector element 33 and dummy element 34 would be centered. about
the line 36 and again insulated from the_overlying-chevions.
| Détectorzz of Figuré!d-again-includes an expénder sectidn
not illustréted which' propagates bubblés into the propagation
element 40. Disposed beneath the;propagation element 40 is a
20 detector element 41 which again comprises a magnetbresistive.
| material, The:elementL4lgiS-cdqpledabefween the contacts 48 -
‘and 51.. The element 41 is in the-general region of the trailing
Edge-of*theﬁpropagatiOn-elemeht 0. A trap is disposed between
‘the propagation element 40 and the column-of chevrons 42. A
25 - dummy element 43 is disposed beneath the column of chevrons 42
in the region of-thé”trailing edge of chevrons 42. This dummy
element is‘connected:betweén-COntacts 50 and 52. Referring

briefly: to -F’i"gpre':ﬁ--z;:.' the-_frdete._ctorz:-elemeritf:-al-'- and element 43



| eadi ng edge of the columm of chevrons 35. Elenent 33 is electrically
¢oupl ed’ between contacts 45 and 47, and the dummy elenent 34 is coupled,
bet'ween the contacts 46 and 49. Referring briefly to Figure 2, for thq
-detector 1 of Figure 4, the 15 detector el ement 33 and dum‘ry el emen
waul d be centered about the line 36 angd sagain i nsul ated fromthe overl
chevrons. Detector 2 of Figure 4 again includes an expander section not
i tlustrated which Vpﬂhﬂ)@ga@memﬁ)bﬂds-nﬁrﬁ7ofom@ep¢@pag%1tqfoﬁg§ll‘5rmnt (Mate

'Di‘s/posed beneat h the R_‘Hopagatlon el enment 40 is detector el errent 41

_whi ch agai n conpr ithat the Rrgrite acstdepf t’r:]%udér?%"r elpmgnts éﬁ%rﬂ""m I

| ed bet t tact.s, 48 T t, 4
Fear on of the. tr aiFIEtEdEIeE Y etﬁ%*apolpeggaﬁ oE et e quﬁ %42
di db .
i sposed betveen LB daRRa0RiLRRceLE IBE ped Rl B BOLAIT, ©f chevr ons 42,
the region of dhe tralﬂwé%ysegqlﬁftémsvafoaﬁéand ménﬂilumy Bl &RAtd S

connect ed between contacts 50 and 52. Referring briefly to Figure 2, the

detector el enent 4fhe adatirgmatnedfe fiedW)ubfl dlemerest 32 @fAd B hidte casipafreﬂ
~detector 2 of Figure 4. (Note that the precise |ocation of the detector

el ements and dummtoedlememiiss 38 endt 34,e réspechivelgadisnidentdealatd prozide ng edge
of the propagation elenment is not particularly critical.) 5 The
| ayout (in terns @oroparzelesioicnli perfarmaneesel dbe \same ol kole dontglegentsgnet i ¢

field) of elenments 32 and 33 when conE)ar ed to el enents_ 35 and 34,
respectively, is {8ed and 43, respectively. (This, o

10 course, is true for the prior art detector of Figure.l).

The detector 1 and detector 2 of Figure 4 are coupled in a
bridge circuit. A potential is applied to the contacts 44 and
46. Contact 47 is coupled to contact 50, and contact 48 is -
coupled to centact 49, The contacts 51 and 52 are coupled to

15 ground. In this bridge circuit, the dummy elements null out the
effect of the rotating magnetic field on the detector elements
and allow the bubbles passing through the propagation elements
32 and 40 to be sensed. The output signal from the detectors is.
taken from contacts 47 and 49 which contacts are typically

| .20; coupled to package pins, and via'lines on a printed circuit.
board to-a sense amplifier. o

By knowing the portion of a cycle of the magnetic field
during which a bubble is detected (or not detected) the output
fron each of the detectors 1 and 2 is known.

25 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



pr oper el ectri cal performances. The sane is true for elenments 40 and 41, -

dand el grents 42 and 43, respectively. (This, of 10 course, is true for ©
t he pHs art detector of Figure 1). The detector 1 and detector 2.of

Fi gur@ Na coupled in a bridge circuit. A potential is applied to the

cont ac 44-and 46. Contact 47 is coupl gd.to contact 50, and contact- 48 is w

coupl ed to contact 49. The contacts 51 and 52 are coupled to 15 gr ound.

. I'n this bridge ci mouing, thrvechl elegent| ébreves tholgh dbe hubbles mevs  thioudmne _ \J
rotating magnetic field on the detector elements and allow the bubbl es

~ passing through t heessr oplagat¢foshevtonermts Ly sanel t4oe: o The gk deriodt’ out put

signal fromthe detectors .is taken from conta 49 h contacts
“are typically 20 “Q:éé@l‘%d repign AfafiayFen<c féﬁne \V'ggh’ﬂ gB% pSV\IP%FcHF'?'P\taed
circuit board to a,sensg anplifi r n of a cycle of
t he magnetic flela i' ‘zJ‘Su%ugeo%g’dg"ié'?gg%(%?g‘not detected) the
out put fromegch of t ggy@ ferring
again to Fi gu?e 3, thggo 95 %nsgﬁ"sngdﬁﬁﬁ %UE rid 6%£?P?cdlﬁt1§c% Fi gure 4
(and at the Senseeféﬂéhté's%ﬂ: d0BSteRtsr @mﬁer&rsaﬁﬁ affl 41l Bermicake 9upgR i Nposed

on the graph of Figure 3c. It is apparent that the signal caused by a
bubbl e novi ng t hr pegiptehizearty Bavirg thewieth! teahickest rytieotlithesened from

a bubbl e - 8- noving through el enent 40 even though the bubbl es nove- w
t hrough t hese col elemeots celqeal @osa giret¢h=rninee bumber. TiBy %apmoétempl@,d"
.with a prior art chevron detector (Figure 3a), output signals
.10 of epprOXimately-s mv are typical. -By'contiolling the w/t
- ratio of the detector elements, output signals of approximately
20 mv are obtained. (This assumes the length of chevron
detector is approximately edual-to_the length of the'element |
33 or 4l.) _ |
15 ~ Through empirical determination is has been found that the
ratic w/t for the detector element (see Figure 5) should be
approximately equal to 100 for maximum output where é typical
permalloy is used. (In the presently preferred embodiment,
the permalloy comprises 81% nickel and 19% iron). Due to
20 ° process variations the w/t ratic can vary as much as + 20%.
These. variations, particularly at the: extremes, substantially -
deteriorate the output from the detector elements.. .
During fabrication in the~pre$ently preferred=process, the
layer from which the detector element 61 of Figure 5 is etched,
‘25 ~ is first formed over the=oxide_1ayer'6b. (The detector element

61 corresponds to.the elements 33, 34, 41 or 43 of Figure 4.)



(no si'gnal) region of Figure 3c falls within the period when a signal_is
generated in Figure 3b, and vice versa. 5 It has been found
the ogtyput fromthe detector el enments such as detector elenents 33
of Figure 4 can be optinized by having the width to thickess ratio _
eliepents equal to a predeternined number. By way of exanple, with a-pfior
~art chevron detector (Figure 3a), output si gnals 10 of approxi mately+5
m/ re typical. By controlling the W?¥ Tatio of the detector el enent s,

put si gnal sApterapis @abrimhsion 20 the bayerphitai tieidkndsbhis cheaksdgs t he
-Iength of chevron detector is approximtely equal to the length of the

el enent 33 or #dr )exa@ple, by checRlipguiph sheetrresibtaieecrfithaitlayerd sOhces been
found that the ratlo wt for the detector elenent (see Fi gure 5) shoul d be

app(r]I oxi mat elhy ?1%191607-5; W“ng?%ﬁ?%&'?%dfmmésehd‘eﬂfﬁ efa‘l"“bé% loy is
(1 81%
i okel and 1000t 37F et PetbhSe sHPurmeEel 1Py gﬁﬁl?ﬁ%r%ﬁ B85, can
St ant afly e oH oraggfts‘ﬁgv%%ﬁ]fg R R S A

Fabr i cat i on | "mddidnp dteENd Maaas&%sgr m&%@%&metahﬁni&yﬁ ubb@®oWhi ch t he

detector el enent 61 of lgure 5 I's etched, 25 Is first forned over the

oxi de | ayer 60defifdthedadtReter 6&Lerrem&ezf5%h@®%moafki: 16ed e e¥eRMENtS 33,
34,- 41 or 43 of Figure 4.) After the fabrication of the layer, its

t hi ckness i s chisxlperijalloy layer is controlled to provide an undercutting 64
under the phntoresis‘t member 62. This controlled wdercutting

10 is allowed to continus mu the desived width v is achieved.
As ig well~known, this e‘hching can be quite precisely
conh:olled.

The thici:neés of the permalloy iawver is generally quite
uniform over the entire wafer. Thus, all the detector elements

15 (and dummy elements) on a given wafer will require the same
stching +ime and can be formed with one masking and stching
step. | |

_ The same result can be achieved by first formi.ng an extra.
thick pema.lloy layer from which 'bhe detectors ave to be etched.

20 Then, after the etching with a photoresist member such as member
62 of Figure 5, the width to thickness ratio is measured.

2



for exanple by checking the sheet resistance of the layer. Cnce t'he .
t hi ckness is known, the desired width is |ikewi se known since the wt ratio \J
, .I' ¢ -.pprOX|nater 100. A photoresist |ayer 5 is formed over the

per nalfl oFvh ayer and with an ordinary masking step, a masking nenber 62 is
formedy Whirgh is used to define the detgegtor 61. Then the etching step
used tx&Vch the permalloy layer is controlled to . provide an undercutting
64 under the phot @tgofstoursehawubd be Stpestedithablthedratidarituls ilegs lihans _
allowed to continue until the desired width wis achieved. As is o/
- wel | -known, this d6@Hiinge dhe pesmglioyeljyesciaseiytanshonallly serdeTHd.ckhi ckness
of the pernalloy | ayer i's generally quite uniformover the entire wafer.

Thluls all the get aoe #t@?ﬁeﬂ%‘eﬂtﬁ @EECF"'BG rﬁﬁ:hé‘l’ dfetRcrpash thely \'FEEC’W&F%r |

%ch.k g st EFItTﬁfﬁggﬁe%tP & dopfrec Fiicknees 28 i tned | tilsr Shehing 3, IEQ?L 2
T

L or Preot B o PRty Hahk ek d8n iESEhe i'%‘é’ﬁrtg’st&’tg 2 He8F pif 1 7es

the width to thic éh iH ed. 25 . - 10 - It, of course, would
be expected that %ﬁgﬁﬁtéﬁ%b .than 100 since the permalloy |ayer N

was intentionally rradQnt&uICEapeﬁhsngiemctpaterﬂﬂ QmﬁbatﬂfrﬁNéhelnmhﬂﬁbniO
decrease their thickness

which the present application has been divided there is

v

described and claimed a magnetic bubble detection apparatus
10 comprising. a first magnetic bubble detector including a first
propagation element which propagates bubbles from its leading
edge to its trailing edge under the influence of a rotating-
magnetic field, and a first detection element disposed in the
region of said leading edge of said first propagation element
15 and insulated from said elenent so as to sense the presence of.
a bubble as it is propagated through the region of said leading
edge of said first propagation element; and, a second magnetic
bubble detector including a second propagation element which
propagates bubbles from its leading que to its'trailing edge
20 under the.influence of said rotating magnetic fieid, and a
| :second detection-eiement disposed-in;the region-of-said"trailing#
edgehof said secdnd,propagation eienent.and,insulateo“from:said o P
.element so0 as to sense the presence of a bubble as it is propa~--
gated through the region of said trailing edge of said second
25 . propagation element; said first and second_detectors being
placed relative to one another such that the angles formed
hetween said detectors and said rotating magnetic field are

the-same;iwhereby,theaoutputsefromﬁsaid;first;detectionveiementﬂ



until the desired thickness is achieved. This etching is 5 pr ef er abl
dene wi‘th ion mlling with the entirte wafer being subjected to such Iy
m 'l g~ I n our copending U K, patent application No. 8133047 fro ?ggg%;gv
t he present appl.ication has been divided there is described and cl{ai :
nmagpeti ¢ bubbl e detection apparatus 10 _ ,gonprising: a first magnetic
bubbl e detector including a first propaga%lon el ement whi ch propagat €
buhbl es fromits | egi BecdtdideticBtdd S1bmeait! hd)IbedRAL RdREq he influence of a
Totating magnetic field, and a~first. detecti'on el enent di sposed in the -
region of saird | eading edge of said first propagation el enment 15 and
i.-nsul ated fromsaid el enent so as to sense the presence of a bubble as it

i s propagated through the région of said | eading edge of said first
propagati on el enent; and, a second magnetic bubble detector including a
second propagation el enent whi ch propagates bubbles fromits |eading edge
toits trailing edge 20 under the influence of said rotating nagnetic
field, and a second detection el enment disposed in the region of said
trailing edge of said second propagation elenment and insulated fromsaid
elenent so as to sense the presence of a bubble as it is propa- gated
through the region of said trailing edge of said second 25 pr opagati on
el enent; said first and second detectors being placed relative to one

anot her such that the angles forned between said detectors and said

rotating nmagnetic field are the sanme, whereby the outputs fromsaid first
detecti on el enent - : : - :




and second detector elenent may be nultipl exed. CLAI M5 1. I'n the
fabrigati on of a magnetic bubble detector which includes a nmagnetoresisti Ve
, el ement and a propagation el enent i nstated—frTom sal d det ection
eleney/ \ nethod for optimzing the output from said detection_ el enent

5 controlling theg ypaLli o of t kness of |
ct I on el enent such that gsal d lrzgt o 1S a ﬂl\mmlmn“‘wugﬂ to a w
predet ermi ned nunber; whereby the ouggammsof said. det &ctton’ elenent is .
optim zed. 2. The met hod defi ned by craim1l wherein said detection 10 s
el enent conprisqs peamTthe Febrivdticn df rantmagneticdmbale tdetegimrowhicht el y 100.
3. During the fabrication of a nmagnetic -bubble detector which includes a
magnet or esi st i vendhidast amagaetmresctsté.vcl detectdoneliement @ndra propagetiien ed from
sai d detection el enent, ' process for optim zing the outPut fromsaid -

detection el erreralemen‘h)im%llnged lféo%tsé}’é% @Fecﬁéﬂe?]ﬂ“ﬁ‘i"hgatmﬂl @ness of ‘the

| ayer from which said _detectian ment S £ fo for a maski ng
menber over sai ®PE ”gdzhﬁe‘l"ﬁﬂé'g Zon sAjd d?ft??g er@r‘gn%qrq’?ﬂ%%cghi'ng sai d

of Said det et Bﬁseféq%%” tkife ECka ML R %"O**‘lcﬂ"”e%%s" e

Ki'ng nenber obtarn a
predeterm ned W gDy element such that said ratio is approximately equal

to a predetermined number; .
_whefeby the output of said detection element is optimized.
2. The method defined by claim 1 wherein said detection
10 elenent comprises permalloy and said ratio is_equal to
approxlnately 100. |
3. Durlng the fabrication of a magnetic bubble detector
which includes a magnetoresistive detection element and a
propagatlon element insulated from said detection element
15 a process for optimizing the output from said detection
element comprising the steps of:
determining the thickness of the layer from which said
'detection element is to be formed; j
forming a masking member over said layer te define said

20 detection element;

.h‘_.

etching said detection element- from said leyer;'including“
controlling the undercutting of said detection element belew*
said masking member so as to obtain a predetermined width of
said detector element, said width being selected such that
. 25  the width to thickness ratio of said detection element is
approxinetely equal toc a predeternined number;

whereby the .output of said detection -element:is optinized.. ,



sai d detector elenment, said width belng selected‘such_rhar—25———the wi dt h
to\phlckness ratio of said detection element is approxi mately equal to a

predet erwi ned nunber; whereby the output of sai dlﬂm;ﬂﬂﬂ"m)ﬂllrm“r
optim zed. .13 - 4. The process def i ned by sai
det’gction elenent conprlses permal | oy and sai d prédeferhi ntd fhurber is
approxi mately 100. 5. A nethod for optidnizifng the output froma
magnet oresi stive 5 detection el enent substantially as hereinbefore
destTi bed. 4, The process cefined by claln 3, wherein said detection
element comprises permalloy and said predetermined number is
approximately 100.
5. A method for optimizing the-output'from a magnetoresistive

5 detection element substantially as hereinbefore described.




