< AF=%> Journal of The Korean Magnetics Society, Volume 8, Number 3, June 1998

Ag-Coglzulate] FMofl m2E olMTE BE 3 XN HS
ol - 2IMI%]

aeidsta N eF5TE

(1998 49 79 wrg, 1998 6¥ 109 FHFFAE W)

oft
>,
N

¢

|

B

o
)

3

tu N e

Mo

#}e)
B

SN

LA g

714 8HGMR) HAHE chaulerEat ohuet
BRI A 7)Aol wlAlgE A A7) EAbE YA
ubehL, 2l = g o2 1 ] H A 8
off gt A7l & ¢ Fck A GMRYAS
AxAdzte} AP A7Ee] AgejE&Akate] 7]QlE= A
2.2 wolzeiz| 2 glth3]). GMRH]] =71E ZAA3t
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24, AlH el 28] g [3,4] H BRI =A| 2] w) %) 7o)
#Z oes 7)Ae}. w3 EAZ|AY HFAFA 20}
Ao AxAzEe] F-AA ~nujdE s A 9
Ao} A o) @4leke] 713]7}F B85 GMRu|w= A3
ot & ZAZAWNY] AAE Fo| HETE JiAHR
H27} Hojz] w|AF}e] zhagicl. =3 PAAA o
28] A Xt 231 = V€70 FEFE
2BEARP e ARl webd ZA7] 2] 2] gl
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u| Al ] AgEa el FAI7F 100 nm o] 8L2 gke}
AR A71A wme AZIAE AFe] FAR WekE
A&t} o]’ Wishe A F 7HA] AN A H
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A5 A, AR Ag 2 Co YAte] 2717} s, B4 Co ¥ AgZte] A% w87} F7he =, A Codl
3 Ahn) o] Wsly} glE et ol2] g vl A Wshe A A YR A RalE, Ap7jolAd T2 A7)
WEE 7 oA =Hol 27| M3k kS 7AE Hew EAEc) wely 50 nm o] Fell A Az EHE]
= gdelxle 2Rz 23 JAF Bak ope} vl AT Wit FA| 7]edhe A2 Btk

Sto] gropx|m ubet grelxjel 2 - A% FEAE
ol &3t 434 % (spin flipping) AF2t & F}el] g HE
Azpe] A\ ne| o] o F 89leg AHEHI
olch. vl H7-24 FAoA] Mitchell[S}5-2 AgCo7lol
A FUZ Co Aol ghatete] FAA7L gkobAd
wuke] wlN|Fx, & CosjAte] =719 7ot #x9
Wtz 27|14, 2A7IAEG Age] WaEz 53] 50
nm o]3}ellA FAE W3E Mol ZloR Bl
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2} 7|23 o E3papr|Ae] Zaste o] Fe 9§
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o] zhart ddlelzt shede}. Mitchell Ao} A=A
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gins[7}5-& 741 (30~210 nmyel| w2} 2432 W3k ¢
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Wang5[8, 919 k== AgCoAloll A utat FA& Zha
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Fig. 1. The resistivity (p), resistivity change (4p), and
MR ratio (%) variations of as-deposited and annealed 40
at. % Co alloy film as a function of the thickness.
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AT 2 olalolx] BASA A g] Z71%7 Sleh.
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50 nmo|3leljA{ 2] Wzl SAHE Aleel U’ oA
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=R PR R B} H3 FHellA Fal Akt
(diffusive scattering) o]2}ar 7P slH v|#{8-& bulk
BA 3 (pp)tt EHAR ] 97 E9 wA 3 (p)] T
2 23} o] ¥ 4 qlr}{10].

Po= Py +Ps =Pp +3 Py Ay/81

714 Agi= bulkell Al AzAale] HARFAE, 1=
aiete] FAolct.

Fig. 2= 24 Abel 300 °CollA] 1087 A=
g Alge] miet FA (Ol HEted py ¢ F-& 2™ Aol
b AARAE A B2 JEE RAFH o= 20
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Fig. 2. Resistivity-thickness product (pf) vs. alloy thick-
ness plot for the as-deposited and annealed samples at 300
°C for 10 min.
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Fig. 3. Surface resistivity (p;) to total resistivity ratio as a
function of the thickness for the as-deposited and annealed
samples at 300 °C for 10 min.
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sloll 4] FA3] 2731 20 nmol A= <F 20 %2 37}
sl ar B3] GA2|d Ag-ell= 30 % olAE F7138)
ot Azl 29 viAde] 7|7t So & AL A
dgez W= vjAge] 7hasidr] wiielct. weba
Fig. 1ol4] & u}e} 7o] 50 nm o]3}ellA] w]A|ate]
7he 2 Zgiu|Agel o3t Frise Az AF
o] vl zhae W= v Fhie] 711t}

w|Ag}ke] wslel= Wi BIx Ay FAZL
skolAloll wle} zkasla B3] 50 nm o]3fellA FA%E
7425 Haltk wjAEAE 200nm FAANA 35
pQemz FHoigts vieblia glew whake] FA7L g
oA RE ZhAdte] 20 nmY Wl oF 2 pQem=E A
=3 olek. dAjedtel ule} AAH o2 Ape= At
I glen ol Fatd At A 53 2AolA = 3
Aol Age|EAkRbe] dofuhs 271-E WHEdta dA
2)gtel ulel Colxte] A4 o8 Aol 24
o]&Akghe] zhasly] wjolrt. MR vl2] Wsl= 9
wsle} A oo 2 wisthe.

A w2 Apo] ZHae] Al vlATFEA
A3} Foae] HAe) ~3H- E(spin flipping) T3
T 72 i vlArEAl daks A 3
upate] A7t ghobdell whet Co 3iAke] =717} A
3t & 22 AR 2 10 kOe)ollA] 3442 4= ¢l
B AR BAE 7 &Rl e A
o]r}. Mitchell 5% Co-Ag gFubhollA] =] FA7L
srollol| me}t Z3pajslgho] Haghs B sty 3
A FA AAE UURAT 2 LUE AGA o
2] zZ7) 7hA wjEelebar ARt vt slehS]. z2vt
Yu 5-2 Fe-Ag §34etell A upete] 547} Z7hahd
Fe 9J=}2] =7]& 2tolr] 1 W xr} Zr}sted 2}17]x 8
¥) 2 23271 4o] FRicka M3t vl glek6].
A7} S71eel wet iAke] =707t ashe ol
2 E] A7}o] HejA el we} in situ annealing &3}
2Jsted Fe gJ}e] AZe] F7slo] 2L =719 §lAt
o 1 gyl 2= cky ¥ wsly 9o} o] dubAql
738} Apiks] Ao}, dubd o g ubake] A7}
Z7ksb odzke]l =717F Z71gkc). Wang58, 91
AgCoAlellA] uiet FAlol me} Ap7} ZHashs 19lE
ubeh ol A9 - A% A3 o3 AT
Abgo] Z7)sle] Hale] ARG gong ~ye
ZAkgko] hashe Zo] 71 Usle|e} 3] aL v AT
z9] Wis}e} x}3)5ke) Wby} gicka A8}
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3.2 Co-Ag EIFHIE}Q| FTHON M2 O|MITE i3}

Fig. 4= ghate] $718 10004] 80 nm7}=] w3}
Al71e} =) FAlel whE wheke] gzt 2 A
BB A BolEoh WAool Bl ghgubet
o] FAZE gholA™ slate] @77t Aol g B
T oL A G- = FA 7L ghebl o] et
F 22 o] Foizl 3]Hghe] M} T 3v) A Al
3o g v AL Yxke] =77} Al Ay
& ZalErt. 20 nm FA| oslell e #AE uht §
AJo] o] FIR| 2] ¢kt T A2 void TR E o] F
2 9lch. o]2%}t PR Fig. 1904 20 nm o|3ellA] =
2%k v gke] 7)o & dgle] =} odut TEM A3l
225 Coot Agdl Z7|E Fetspr)ol= ofegna
e E TEMS o]83te] 7t 9lzke] =27] 59 wlA|
T22| Watel Al WshE A3l
Fig. 55 50 nm 57|, $2k5 Aefe] asjds H=py
vl 2] Alzlelct. Ag (111) A2, Moire fringe %
Ag/Cozte] Al B-& #3] 2 4 glck. 187 Ay
2ol Azpate] gl v1AA dd® B 4 9ok Ag
(111) Azt 7b8-2 02375 nm= £3F Ag d(111)

Fig. 4. TEM micrographs and SAD of as-deposited Ag-Co all
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Fig. 5. High resolution TEM micrograph for the 50 nm
as-deposited alloy film.
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0.2053 nm2 A5 g)c}. o]& fec Co (111)¢] AR}
42(0.20467 nm)2} & U x|3kc}. Table 12 g3}ete]
FA mEE Ag @ Cosizte] i AA, (111)9)
d-spacing @ Al41% 2 & 55 woiEo). gubate]
=417} 50, 40, 2 30 nme o Ag ¢Ix} HHF 2L
12.8, 9.8, @ 82nmo.E 36 % 7ta3be, Cool 7330
6.8, 4.6 2 38nmoE 44 % A8l o] 2} Zol
Ag7|Ae} AZF Cojl} 33 2 =717} vtete] A7t
skoldlol whel 7l AT Agl A=
2 937} glgl ot Cool 7ol 40 2 30 nmE
A7} 7ol wet AARkE7E 02065 2 0.2068 nm
2 Zbzt Zohsta Qick. ool i’k 11 BgElA] o
o1} 7129} MEApte] AREAA ol g 2B,
x= AW EE 27l o3t 18- FUF 52 4
Q& 33 ¥ 5 Qlrh ek Co AA}e) W3kE Cod
o Agel £3el ¥ AR sy 1 a4EE
Vegard ¥ 2ol wa} Aarsd FA7}F 7hagtel wet
TEEE 2 %A 6.8 %% F71E 2 Tt

F3Ae|e] Ag-CoAldlM= A3 ag=rt 719 ¢l
gt YA B AL oF 10°~10° Cfsec)qt Ag-Co &
29] XRDAT A 15 at.% Cor} Agell 245k
BuE ub gloH11] B 749 Ad d7-l4 200
nmm 572] Ag-40 at.%Co FZFtellHE <¢F 3at%
Co7} Agoll #E3} wsle 78 $M=cH12].
Uubg o2 evaporationo]t AW F2e| A4 f
s R oF 107 /secoll Etmi[13] o3 A 3
9 A2 A AE ndwe] FhL uAANE £
3k ot Ake] o] nlwA] folslct & AW
A Cox fecc Co2 #FAIET). H3A A feec Coe
970 °C o] Atoll A kA ’F Aol F3E Ag-Co g}
ol Al Co7} foc CoZ EAFTE. o]2AF 434l
fcc Cox= hep Co B} Age] w-8o] Z71sv). g4t
ahe} FA7L oS- gfolAd FAA|7te] gelAlel mie}
71gtel =3l 959 Fghito] AZhE A= o
FrAEYZAEEE oS ARA Gt geir] A,

5
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Fig. 6. Magnetization and saturation field changes of the
as-deposited film as a function of thickness.

% Coz Hxstdl Agsl 1 wle| A4, v AAAE
9] FAe] vl felatn sixlel | = zhastA =
t}. Table Io|A Bi= nie} 3to] FAlo w2 (111)
d-spacing®] #3}el|lx] Co2] 7397} Agell ]l o] =2
t}. Coo] z7|7} Agell w3l 2o w2 FF ubido)
=} weby 4Ee] FvpL AH s 5 v
o] & Co A7} of A= =]e} o] AF=ct. Wang[8, 9]
S el A Akl me} vlAT2 o)) 9
etz FAsht AT 2464 T390 A5 1t
% A we} vl TEL R B sferhe A
£ o)jsl] r}.

58 fec Cool 243H3 dAl=7]= 125 nmEA]
[14] A 2AF Cod] =7 )& BT 24 9A1=7]
o] wk o)sjolc}. mref 3 ghatete] 577} ARl ut
2} Cooll Ag®| a-go] F7i=ld xprle|uAd ellvizle
73l AR QA= 125 nm B} o] A"
o} b AR Y 10k0e2] AR SAH2ANME
CoslAHE Z31A1717171 tl% o1 9A 22 Ap, MR ¥
A8ghe 74| 5 3 3127 |A- ZolsHA] o)

Fig. 62 gt Fo) ul2= 10 kOe, Ad-2-<ll4]
o] 3133t 9 3l Ae] wshatAlelo). gkt
2o FAZE gkl ule} 2jsghe] Fhade AL

Table L. Observed average grain diameter, d-spacing of Ag and Co particles, and calculated solubility of Ag in Co as a

function of the alloy thickness.

ey Ag (d1;,=0.2359 nm) Co (d,,=0.20467 nm) Ag Solubility
(nm) d-spacing(nm) Size(nm) d-spacing(nm) Size(nm) in Co (at.%)
50 0.2375 12.79 0.2053 6.77 2.0
40 0.2360 979 0.2065 456 58
30 0.2375 821 0.2068 381 6.8
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Fig. 7. Saturation field changes for as-deposited and an-
nealed alloy films at 300°C for 10 min. Magnetic field
was applied either parallel or perpendicular to the film
plane.

2713k uiek 7ol AA Co At =717} 3H4ste] &
A Ager x3EA] FEkw, B Codf d%7)
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FAZE 7AWl 23Rl Flshe Ak %
Azt o] Wit o]o} Zho] A ¥ FAe] gt
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A52 ®eFEch 50 nm ostellA] FAI 4p9] Frae
Wang5[8,9Je] 2| A& FHelA o] HzAdze] 2~ A
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Fig. 7& 2205 Ae] 2 300 °CollA 1082 FA
g ggubatel] 27| 4-g whete] 93 A oE vlet
g we] AL T mEe WEE BejE
o} WA ZaE] AdefolA B 40 nm o] el A= A}
1AE whete] o whgre g AYE Wl E3Ab7|Ae]
ztgrort 40 nm ool A= Wi 2 £Ho2 AR
o] A& We] £3iabr)ge] HobA| 1 3iet. o= T
7 wste] we} AP AL o]ibdo] wiHA L 9lEE B
ojFr}. XRD At ojahH FA ol whet ZA vh gk
Hshe gleng AAApr] o|uhd o) Wt o3 AL
olm o] A A HAtelrtAl 2] Wbyt o1 fdsle
2 ¥elrh FvjwA F4E de o] R
ozt 2 el A 40 nm o] dell A= FA WEke g 3
el 2 upA = o2 Bt old oigk ddoz
ato] grolx|w FellA] AAshz Co Aol A
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The thickness dependence of the microstructure and the giant magnetoresistance behavior of co-evaporated Co-Ag
granular alloy films were investigated. The maximum magnetoresistance ratio of 24% was observed in the the
as-deposited state of the 40 at. % Co alloy having 200 nm thickness. The surface scattering contributed about 20% to
the total resistivity in the 20 nm thick films. The MR ratio dropped sharply when the film thickness was below 50
nm. The reduction in the Co particle size and the increase in solid solubility of Ag in fcc Co when the film thickness
decreased were observed using a high resolution TEM. The aspect ratio of the Co particles was also affected by the
film thickness. Those microstructural changes as well as the surface induced spin flipping play a significant role in

the Ap change.



