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Abstract

To find out whether isotropic magnetic bubble propagation can be achived by changing
magnetostriction coefficients, bias margins and bubble collapse fields of 2.5 um period “diamond”
bubble propagation tracks were measured which were fabricated on three magnetic garnet thin
films with nearly isotropic magnetostriction coefficients (A 111 = X100). The results showed
substantially isotropic bubble propagation in ‘‘super®, ‘‘good’ and ‘‘bad” tracks for all three garnet
films. From the bubble collapse fields, the bubble potential well depths vs. the direction of the in-
plane rotating magnetic fields were plotted. The results showed that substantial differances in the
potential well shapes exist for the three “good,” “bad” and “‘super” tracks when A(=(A111-A100)/
A100) was 0.5 (film AK92). However, the differences were minimal when A were 0.3 (film AKa8)
or 0.1 (film AKbl). In other words, the bubble potential wells were nearly isotropic. The above
two measurements indicate that nearly isotropic bubble propagation can be achieved when B is
between 0.1 and 0.3.
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Fig 1. Perspective view of an ion-implanted
magnetic bubble devices
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Table 1. Garnet film characteristics

Composition . {BiDySmLuY}4[FeGa], O,

o] e F34 A7) Mg A5} sl zolA 27 W

~Meccuey t
Arc Lamp

AK92 AKa8 AKb1l
Thickness (t) 0.64,m 0.81um 0.704m
Material length (1) 0.0%64m | 0.069zm 0.074 um
Magnetization {4 2 M) 990G 970G 830G
Bubble diameter (d) 0.50¢m (0.62um 0.67um
Magnetostr.  A111 {—3.1%10°| —3.5%10°°| —3.8%10°¢
iction coef. A100 | —15%10°%| —2.5%10°*) —3.4%10°°

m. &8 Zx| Y gy
1. Ad 2H

&7 B4 HA AL 2349 2ok @l Le-

1tz Orthoplan)-& 100Watt & o}z % (mercury arc

lamp) 7 MF A7t Fas]le] glon Wi FF+=
szidlel (faraday) #71 Z3 &35 o] &3] F

4=} (polarizer P} analyzer A)oll 28] HEAFZ2]
52 vy o™ TV 742t (MTI 66 TV camera) &
B3t TV ez & 4 Sleh olaf AREEE of
2 Aze e 42 B4 £4%or £ AF
= wl& 5091 Leitz@l=elek TV siellzbs HolZ 9
ol ¢ 35em Holel TElH Yol AH3tngy TV

"ot o 35009 W2 vhebd % 9034 0.5um
A4 w2 4 BAY + Uk sholol s A3

(1707)

22 5 WAL 4

 Oscillo-scope:
Rotating

Field

Monitor

Leitz*
Microscope |

Drive Field Cenerator
and Controller

Bias Field

Supply

a8 4. HaE A
Fig 4. Testing set-up.

2 1.5KO0e7tA] A4HE 4 glom, wlolojA 3-&
AU(TCR 30 T 100: Electronic Measurements A}
A E)L 100A 25VAAA F 4 ok wd A
A A& #1200 Oe77hA] *§4§ 4 glom xddH o
ZZ7] (crown DC-300) o 28] 25 =l ulolo]

Ao a271E dajy AgAz =AHZ A
29 3R s a7 eAlesrzzg 24
s

"b‘ -~ l>’ o

L AR

ﬂ}°l°i/‘ 3 &4 3A AL 1Hz2 3
A7) 4 30 Oeoll 4] 80 Oe7tAl 100e kA 22 3]
A& QA FRAAA T ovloloa A4S A
3 F7HA17A o} A7 (stripe domain) 2 -8 B o]
A4 we] wpololx (AE E4 71E3E oA A
A8 F7HA1A sEol £HH o ulolo]a 2zt
%4 71&3ld Y& wlololx Ao a7, X%

34 2o 271z stod aszz vield Aojch

r?i r}.L

o

L2

o ml

ulojoj A mlAl L 4 ME A5 FRoi =3
72y oz FA9 ste wgol YL 27
o) arloln, Ade wlgol 4w e 27
olvf Agte WEg FEated dagd Hx A
Aol m7]olth vlE 44 AA 2HL A FA

o

ol 2718 AASA FAAANL A AHE AA %
goz 3 A7HA 100 =x 200 Az AHA
A7l & ulolo] A A AL AA s FHAFA vlEe] &
dea o] upoloja AL 271% 07l M 360" 71
5, BE, 95 32elA 4, 7|1=8Ac



19904 118 BFIRBERGE B 21 E % 11 %

V. &Y ot o %

A7) 48 ouAd S A Aol b w2 Asle

ojupAl W55 alolw 7l Slated A7l $E o|wtA
AEE YehdlE Aol 0.5¢0 AK92 %3f,  0.39

AKag b 0,191 AKbl ubube| cholopZr= gl
Ao} 3)2 8 A48 4 32 (super track), X
% 32 (good taack), dE 3|2 (bad track) 2 w}
olo} & =& A3 2% 5,6, 7ol vher HE
o},

9y} A upojola wiAle 28] 39 AFAql wpol
olx w3} wjmstd ¢4 32, 2% 3T, dF
8} 2 9] wloloja upalo] Addl wigE & F o
t}. E3 AKagol AKble] ujpolojA whdg 314 =t
A 600e ol Aol e A wikdte 4 4 gl
ol YA wE A a2t Fol 57U A7)
upabg Al ggiche AS sedstd olsfd &+ e
= & AHEd A7) dete vy Agds] FUE 5

Normalized Bias Field

Ho/42xM
0.626
nee] T y
0.586 .
0.566
e ‘\ \
0.525 T
0.505{ X Super ——
-1 m Good
®BAD

70 80
In-Plane Field{0.)

a3 5. =2 AK92(A=0.5) 9 wlolefx oAl
Fig 5. Bias margins of wafer AK92,

Normalized Bias Field

Ho/4xM

0.536
0.515 £ ===
0.4%
0.474 AN
0.454
04331 Super

8 Good

® BAD

30 40 50 60 70 80

In-Plane Field (0o)

a8 6. et AKa8(A =0.3) & wholol& vl
Fig 6. Bias margins of wafer AKaS8.

(1708)

73

Normalized Bias Field

Ha/1nM
0. 506
o SN S ———]
.482
0.458
0.433
0.410 ——
xX Super
0.385 ! B Good
®BAD

30 40 60 70 80

50
: in-Plane Field(Og)

a3 7. 2 AKLI{(A=0.1) 2] viejols upAl
Fig 7. Bias margins of wafer AKbl.

sikol Al uholoj

€ oujgd. A=z AF
A

b FAL aolrk & AL wpolola AAH =AY
Aol 2% 2g Wel A4z olde Avt sz o
8 AARNA g Aol AojAA H2 Ashsz

e AA e uk A ske 27| $H oA &
F7t A8 vhebda) 25H7) m)Eolrhte

w2 s} olubde 27| B 49 A vhEl
W vlolojx vhAFA Auke) xtolellM FE o) ot
elutel, afebd Sk Aato] Ad AFF FA 8
oo n iy 429 AL FAshl =Hed ol
HAS 2 o] FaaA olslsy] Asled wE el
4 4% (bubble potential well) & vhepiich =&
Az} sl2ol] EAste vl £% 23 He)2 4
(1) = 2ol ZHAG

<)

A

=
5]

Hc=Hf+Hcw+Hed+Hsc (1)
of 7)ol] A4,

Hf A% =g 29 A3

Hew: A =i o] 2eld &5

Hed: sjel ZAAM Az xel 98 Zad +¥
Hsc: A&l 7A"d 2 25 (Magnetic pole den-

sity, Magnetic charge)oll 2j& Z&l4 $%&
ojpd, A8 w2& syl AAH Fatslz] ¢ A

clo A Wojal gl »igg Wb
W2 Ty 8 HwE 4(2)2 78 4 Atk
Hw=Hf—Hc (2)

298, 9, 102 AK92, AKa8, AKbl =tutad 3]
A Aol 2715 600ex 3t FAHH rhololE:
Al slzod HE Zeld $Folet

AEgute}l Fol WY 2y $EL
Aoz Hel FalAlv 28l $Fol

wE AR

Ae AL



o FUA A7l #g A HolH | wEe] Sy Az

74
Bubble Potential Welt
Ho/4xM
-0.04
~0.06
-0.08
-0.10
-0.12
X Super
01 & Gon
e BAD
-0. 16 ey - ;
0 40 80 120 160 200 240 280 320 360

a8l 8. AKR2(A=0.5)0l419] W& ze14 S5

Angle of In-Plane Field(")

Fig 8. Potential wells in AK92 film,

Bubble Potential Well

Hu/4xM
~0.02
-0.04
-0.06
-0.08
-0.10

X Super

. M Gowd

0121 BAD

0 40 80 120 180 200 240 280 320 360

33 9. AKa8(A=0.3)elA o] W& Zay &

Angle of In-Plane Field(")

Fig 9. Potential wells in AKa8 film.

Bubble Potential Well

He/42M
-0.04
-0.06
-0. 08
-0.10
-0.12
X Super
~0.141 W Good
e BAD
-0.16 -
40 80 120 160 200 240 280 320 360

Angle of In-Plane Field()

gRE s

sl 4 Aol & A4 vebdch W2 FEAF
o) A4 A Wgo] ALz FGe Pz YL
o 180" 2 A3le] AAPoz 100 =& 200 A
2z A AA wE 44 A3E 29 HE
of ALZoll EA U] T4 $Fo] A& ot
AAE ASEst 2w gAdAge] AAZ(180° ¥
:ag g sigk 2] ¥n)EF gsloz 23} (magnet-
ization) 7} 24 Wdfe g A *Fo Ed A
Fo] EAde =4 Gy AW o] EAA wiol

e 2} s Eo] Aozl e 59 A 4

A Aol EAsle e oplrh Y1 2
o 3 AR el 14009 2200 HEolAe S
A Aol EAsA et wtepA, o] FZelAe
e 2y EL A "ok 53 4% gz A
& AEA debdoh, 2 A 2l $EelA
F ¥ =(140° 9 220° ¥-)7F depdef, 2 2
% 3z $4 29 A 2dA ANy A=
7 4% sz A4 v g4 G sazt viel
vz gech 2 ol & Ak 211y 9
Z Aot Ay oL 1200 Aoz Aol A3

/B

Super Track

Good Track 8 \‘Hxv
OO gy =™
e ~
Hy Hay

(s)
He
()
—— A A
—_— oo A
------- S A =2

. 73 &3t w3t

3810, AKbL(A=0.1)olA 2] 2 Zeiyd ¢

Fig. 10. Potential wells in AKb] film.

O8N, AL&zZolA SoiAd A s g
A7) o2
(a) X332 (b) 95329 438
Fig 11. Bubbles encountering repulsive charged

(1709)

Walls in cusp in.
(a) a good track,(b) a bad and super track,



19904 117 BMTFIBMRCEE M 27 % H 11N 7%

23 wakg yehz o] 53 180" HAE bl W
go] A3 &o] WEE Jehdled 8 Lol W4
o2 3ARFo] Fad fA Ao FErt G
A8 22 Yoz s Bert e Ao
a1l (b) okl 2He A5 H2olN v A
A7 (Hxy) & whako] xbsh 2 @3pog 3ta gl
of A Aol FEx FaA sHo HE ERLF
22 7t oA ek =@ 4 oM 2 3
A A7 (Hxy) o) Wgfo] 28} fo| wpipoz g3l
slo] dAAR Y Zxe osiAl =i vE Ll &
22 o] Ak, 28 89,105 ®jasied 2 AKI2
9] 74$4 AKa8# AKbl¥: 2] 95 sz Z=l
A $Eo] AxTolA ¢ HE ¢ 4 YUk
AKa8 3% AKb1-& A3 ZHoix & ¥ 4+ Ut
upetd Ao St wate AS b e Wi
Zei4d 29 3ol 1% 329 A5 slEdA A
o vsdAlS & + AUk, AHd Sustd A
A%, 1%, $4 sz o2 ey $E] 2F
A5 g+ AL 90|dth AKas AKblo] o
S3zolAde & A g Fxrl ostsle] v
¥elgd $2 5 Aa¢hd e vE xeld
e ALz AF 95829 Yoz A9 ¥
wah} olFoial AL & 4 Yk

V. d &

e A7) Y olAe e A7 7k
a5 g ALgsie o] F94 A7 WE AHs 3
o] olu}4 wl¥ AsLE T8 A2 F de Y
AYPH oz Faed F4E 52, A7 ¥ 49
A (e 2l $E)F ulolojx wpd g FA, 0]
2kt wholojA wlhal £33 AKa8(A=0.3),
AKb1{A=0.1), AK92(A=0.5) 25 tieolo}Z: 3
Holl e WE Asle U7t A ojFo] A A
< o 4 gladct ¥ Tayd 58 AHnd A
7] £% o|upx e} a2 dF 32 wBiLd A
o] Z7}slo] AKa83 AKb1-2 7 9] Sxta7} o] Fof
AL o £ galort AKR2: 9% =z T4
980 AATANA A Rgkch, wk AA olw}
AR A7) 28 oA Fo 7] §H oA g
AN 7] el 9A a4 Asjol e wlHA &
#& o 4 Uk weA, A Ade FEE A
Aajedel: AA A7) ol4gdE FAY 4 gldol
D=}, 53], upolo|l& el azvle) A A
2ol 77t B2 A A Aol AodA A7 F
2 ojupy el ofgke] AR Rdte] x7] §H o|wiA

(1710)

e s Jehlle A#Y Fautez A7 HE A
o SlAg Susl oY viE Azt A U
o] ¢ & 4 At AEAo=2 AV 0.1~0.3%
A o] b Apg et wlg 7o 4 Adl B
e =8¢ Fojg A4

2 ¥ XK

[1] K. Yamagish et al., “Design and Characteriz-
ation for A 4 um Period Permalloy Bubble
Devices,” IEEE Trani. Magn., MAG-19, p.
1853,1983.

[2] Y.S. Lin, G.S. Almasi and G.E. Keefe,
“Contiguous-Disk Bubble Devices,” IEEE
Trans. Magn., MAG-13, pp. 1744-1764,
1974.

[3]1 Y.S. Lin, G.S. Almasi, D.B. Dove, G. E.
Keefe and C.C, Shir, ‘Orientation
dependence of propagation margin of 1 #m
bubble contiguous-disk devices-clues and
cures,” J. Appl. Phys., 50, p. 2258, 1979.

[4] R. Wolfe, T.J. Nelson, ‘“Crystal symmetry
effects in ion-implanted propagation
patterns for mangetic bubbles: ‘Roof-Top’
Design,” IEEE Trans. Magn., MAG-15, no.
5,p.1323,1979.

[5) C.C. Shir, “Triangular Propagation Patterns
for contiguous-disk magnetic bubble
devices,” J. Appl Phys., 52, pp. 2388-2390,
1981.

[6] Soonchul Jo, Ph. D. Thesis, ‘“Propagation
in Submicron Ion-Implanted Magnetic
Bubble Computer Memory Devices,”
Carnegi Mellon Univ. U.S.A. 1987.

[7]1 Y. Sugita et al., “Jon-implanted and perma-
lloy hybrid mangetic bubble memory
devices,” IEEE Trans. Magn., MAG-22, pp.
239,1986.

[8] A. Hubert, “Domain Wall Phenomenon in
Bubble Propagation Layers,” J of
managetism and Magnetic Materials, pp. 249-
1983.

[9] M.H. Kryder, D. Saunders, ‘The effects of
stress relaxation and anisotropic magneto-
striction on charged walls in ion-implanted
garnets,” IEEE Trans. Magn., MAG-19, pp.
1817, 1983.

[10] Y. Hidaka and H. Matsutera, ‘““Charged wall
formation mechanism in ion-implanted con-
tiguous disk bubble devices,” Appl Phy.
Let.,39,pp. 116, 1982.



76

[11] Soonchul Jo and M.H. Kryder, ‘Nearly
isotropic propagation of 0.5 micrometer
bubbles in contiguous disk devices,” IEEE
Trans. Magn., MAG-22,pp. 1278, 1986.

C.C. Shir, 1.L. Sanders and Y.S. Lin, “The
role of charged walls in contiguous-disk
bubble devices-a review,” IEEE Trans,
Magn., MAG-18, pp. 217, 1981.

[12]

B B B(IEER)

19474 2 A 19A4. 1969%F A
gojeta gelstah £ (o] 8D
19724 Agoizta st A=t
Fotsh B (FHA). 10745
u]Z Rhode Island tH3ta &t
9 A71FE} B FEAAD.
19875? “]i‘ Carnegie Mellon =i8tit A7 A A7 F
ah3h kel S (B, 1OT4F~ 10778 8]
Purdue i3t -7, 1987F~d A sAdete A
Ages Zus FRAYoR AFE A7Y A4
71 1A, FA7) FEA 42 9 zAAR L3
,4‘ o]

.

..7_
[

=
o

o} FU4 A7) W A3} 52l

(13]

(14]

A7) W) R4 A3 HRE 7

D.C. Fowlis, and J.A. Copelend, Amer.
Inst. Phys. Conf. Proc. 5, p. 240, 1972.
X. Wang, C.S. Krafft, M.H. Kryder,
‘“Measurement of Magnetocrystalline Aniso-
tropy Field and Magneto striction Coeffic-
ient in Garnet Films,” IEEE Trans. Magn.
MAG-18, pp. 1295, 1982.

# % T(res)
19654 4 A 12H4. 198748 4
Foista Axges o (FE

A1). 19905 AN n HAHg-3t
7 At 4 (FEAAD. T3
Afoke AFEH A7 4 A7)

L

(1712)



