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Abstract h亡his papcr，a magnetooptic cⅢp was prepared on Sj wa南r by c。njf Jj—

natorial Ga+implantation iIIto ion sputtcred C07A993矗lm．Th surfacc mo。phol{埘y

of ead¨1nit oe the chip wa8 detected bv AFM．wh‰their Kcrr em：ct was meaHl㈣‘l

by MoKE eqllip珊ent．It is observed that thc mazi珊lm】Kerr rotatjon fMKR)occllr。

whcn thc iIlcidcnt photon eneogy i8 ar011nd 3．8—3 9 ev．Summariz砒ion of MKR v．-卜

sus implan‘ed Ga十dose shows t}lat池e MKR cnhanceIIlent hy Ga+implaIltatioll(川l
he characterized柏incubation，enhanceInent and satIlratio工l rcEions．CoIlsidering 1．1lt-

Hmtual solubility柚d surface morpllology tran8ition after annealiⅡg，it is s”ggesml
that Ga+tend8 to form CoGa and／or CoGa3 intermcta儿ic compounds． Bctorc t¨

forInation of CoG83 compounds，no apparent MKR enhancelncnt could bc ohserv|．d

While wllen the surfacc is half occllpied by forcst—like CoGa3 comp叭lnds．MKR(、Il—

hanccmen0 wi】l be sa￡ur8￡ed By coHipari80n of 6}‘c m缸imum Kcrr rota“on wi^11 m·
cone areal densit弘n can be mduced心at not only thc bulk concentration and 8trl L(一

turc，bllt“so thc趴lrface IIlorphology p14ys an important rok in magnett)opti(’Kcrr

cthct．
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l INTRoDUCTIoN

GiaIlt ma目etic resistance(GMR)has been widely apphed in hard disk read叭tt

heads．Tb inVestjgate the鲥gin 0f room temperatwe GMR，C。。A91⋯js an jdea】

pr。to system since C。and Ag can be thoroughly separated under pToper preparatioll

condition【1一训Therefbre，massive studies on the structures and ma#丑etic pToperties of

CotAgl～z have been done i工l the last decade．14—9j On the other hand，it is seIdom noticed

that C。≈A91～z also exhjbits notable magnetooptic pr叩erties．Cdnsidering that the m粥．

netooptic mate“als材e wjdely used in iⅡbrmation storage and optical cornmunicatioIl，㈨]
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also that the present magnetooptic theory is mai工lly phenomenal，【儿J it is interestIIlg to

explore the origin of magneto叩tic eH毛ct on an atoⅡnc scale．

AF：M is a convenient and PoweTfm tool to investigate the surf矗ce morphology of thi rI

sohd mms．Some achievements have been reponed in maEneto Tesistance矗1ms studiet】

by AFM旧6 J Nevertheless，to the author’s knowledge，the coⅡelatlon between suTface

morphol。gy and magnet00ptic Kerr e艉ct(MOKE)has no‘yet been r印orted s。fa r_

hl this paper，we apply AFM to detect the sⅥface Inorphology of combinatorlal(；a+

implanted into CoAg矗lnl prepared by ion sputtering．

2 EXPERIMENTAL

The CoAg mm was deposited on『100]Si wafer with a composition of 7 at．％co an(1

a thjckness about 200nm The concentration of Co was measued by enerEy dissipative

x—ray spectroscopy(EDxs) Ga十was iⅡ1planted by an isotope separator into the厅lm

with an盯ea of 2 cm×2 cm and energy of 50 keV The dose ofimplallted Ga十was set to

O 5×1016，O．9×1016，1 3×1016，l 7×1016atm／cm2．The combjnatoriaI implantation w船

reaUzed by applying a biIlary mask scheme．【¨J Using this kind of mask scheme，we ca¨

accelerate the synthesis process by。btai血ng 2“sample uIIits through n steps An。ther

advanta岳e of thjs mask scheme is，the s眦ple uIlits thus obtained on the cⅡp collstnlc L

a compkte cornbination of n coTrlpositions or eleIrlents．h our experiments，we obtain a

magnetooptic chjp which has an array of 4×4 circlllar units with a d主anleter of 3 mm

This cllip was observed by AFM as sputtered and砒er aIllle“ng in sequence at

150。C and 300。C under hydrogen atmosphere fbr 30士11inutes respectiVely． The n189—

netooptic properties of the 16 unjts were detected by use of MOKE with an accuracy

of土O．010． The 3一D s11rface moTphology of e07A993矗1m Without Ga+mlplantation，

with 0．5×1016／cm2 Ga+implantation，and with 4．4×1016／cm2 Ga+implantation as iIn．

planted，after annealjng at 150。C and 300。C aTe shown in Fig．1 to Fig 3 respectiVely

The Kerr sDectrum of each unit was detected bv use of MOKE under a constmlt

ma期etic丘eld of l T．The maxjml】珂Ke丌rotation(MKR)0f every unjts“occurs aL

3．8—3．9 eV and is plotted m F堙．4．

3 RESUI用S AND DISCUSSIoN

AssuⅡ血g an FCC Ag mm surface，we can calclllate the areal density of Ag，whjch

is 1．79×10”／cm2 Since the Co concentration is not high，we can simply estinlate the

density of co treatiⅡg co as substitution atoms，whjcll舀ves 1×1014／cm2 using叶iln

programl we can obtajⅡthe incident rallge of 50keV Ga+into C07Ag。3，which is 167n】n

with a straggling of 94rlⅡ1．Thus the areal density of Ga十is about 1×1014／crn2

By c唧arison 0f F咭．1 to F培．3，the foUowing sllrface topo铲aphy can be obserVed

IPot low dose Ga十implantation(LDI)，the mm surface as iⅡlplanted is smoother than tlle
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RIm without ion implantation(NI)．while fbr hjgh dose Ga+inlplantatioII(HDI)，the

矗lm s11rface is咖ch rougher w王li cll is characterized by dense aIld sharp forest—hke fones

After annealing at 1500C，LDI矗h smfhce undeogoes a s越lar roughening traTlslt】。11

as NI R1111，w虹ch is characterized by sharp forest—hke cones．After anneahng at 300。(1，

LDI矗lm forms a less denser but larger sharP co血c forest，whereas the surface of Nl hl⋯

seems to be remelted which is chaTacterized bv nat and rounded islands However，tl【e

annealing e行ect on HDI fdJn appears to be quiteⅢ色rent H培h dose Ga’impIam atloII

induced inhomogeneous sharp cones wi砒an average height not l缸geT than 50 nm AItel

annealing at 150。C，all cones grow higher and tldcken，densely。ccupy tIle矗lnl sllrhcP

After anneanng at 3000C，hov陀ver，these cones become distjnct shaped，the aveI'ag。

height of the cones is lowered to 20 30帆，and the tips becoIne rounded

Fig．1 sLlrface morph0109y observed by AFM of CoAg mIIl with different doqc(】f G。L+

implanta‘ion wlthout anncallng

【a)As spllttered coAg Hlm，(b)Implantcd by 5×1015玑／cm2
4．4×1016 at／cm2 Ga+

F逗．2 surfacc mo。phology。bservcd by AFM of CoAg“Im wi乞h dim；rent(I(搞e of GrL+

implantation aftcr ann∞li“g at 150。C under hydrogeIl atmosphere for 3(】Irliil

(aj As sputtered coAg矗Imj(b)ImpIaIlted by 5×1015 at．／c工n。Ga+，(c)lInl)laInc(111y

4’4×1016 a乞．／cm2 Ga+
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Fig．3 sllrface morphology obscrved by AFM《CoAg nlm with di什0rent dosc of G L+

implantation after annealing at 300。C uⅡder llydrugeIl att儿08phH‘for 30 IIll¨

(a)As sputter甜coAg矗lm，(b)Implantcd by 5×l【115 at．／cIn2 Ga+，(c)IIIⅥ)lallt州l I’y

4．4×1016 at．／cm2 Ga+

Fig．4 SumInarization of the p olar maxi删m

KcⅡrotation(MKR)of each sample uⅡitl

which occurs at incident photon ene。gy

；Lr011nd 3．8—3．9 eV when detected by MOKE

1mder 1T m89netic矗eld．In七he矗gure MKR

“the chip both as implanted and that after

anncaling at 1500C for 30 min are 8hown

TlIe two curves oIlly serve to guide乞he e”8

By measuring

m89neto叩tic chjp

the Kerr efrect ofthc

it is noted that MOKE

of diff色rent samDle u血ts is almost the

same exceDt that the diH毛rence 1n maxl，

n1眦Kerr rotation．which occurs at 3 8

3 9 eV．Looking at the MKR transiti011

with Ga+iIruolanta“on dose and anneal．

ing tempemtIlre shown in Fi94，it is ckl r

that for LDI．MKR jncreases 1ittle below a

critic“implantation d。se(GL)．For HDI，

MKR mso increases little above an upper

critical implantation dose(Gu) AI)par_

ent enhancement ofMKR only appears for

Ga十iInplaIltation dose(西)higher than

eL but lower than Cu we termed t11ese

t11ree regions as incubation region((’1<

仇)，enhancement r89ion(ct < ∞ <’

Gu)，and saturation region(GI>eTJ)le

8pectively

eL and(?u vary with the anneahng temperature．(屯is around 1x1014Ga+／cnll，

which agrees with the Co areal density．Cu is about 2×1014Ga+／cm2，which is doublc

of the Co areal density． RefeⅡing to the binary phase di89r锄s，【12 J it is known thac

Co can not dissolve in Ag，Ga has a s01ubility from 12at％to 35at％in Ag(whcll(’

phase fbrms)，though Ga is ahnost iIrⅢ正scible iII co，they can fom coGa or c。Ga3

interrrletallic coIrlp吼mds．The ato血c radius of Co，Ag and Ga js l_25，1．44 aIld l 4l
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angstroms fespectjvely． It is de盯协at f∞LDI，5putterjng e船ct makes the s1】TIace

smoother If Ga十only substitutes Co position and dissolves m Ag，then LDI矗lm aTl cj

NI矗l工Il wiu fbuow siInjlar sllrface rou曲eni工lg process when arulealed山lder 300。C，siTl(=e

they shows q11ite siI血lar surface topography when anne缸ed under 150。(j In fact，t11e

conjc forest of LDI f．山n is stabihzed due to Ga+im口lantation rather than remelted 1)v

annealmg，the 1atter occurs iIl NI矗l工Il On the other hand，the conic fbrest inducc(1 hv

Ga+implantation for HDI mm is quite stable，no dramatic roughening shows up．F0r this

reason，it can be deduced that at least some Ga+tends to fbrm intermetallic comDou T1(】s

but not dissolve in Ag Considering that Ct roughly equals to the areal density()r

Co，while(乃doubles that，it 1Ilight be infeHed that bef。re Co atoms completely fornls

CoGa compounds，M．KR eⅡhancement is not obvious，on the other hand，when h“f of

the surf毫ce Co a“)ms fonn CoGa3 compounds，MKR enhancement wiU be satufatc(1

This conclusion here stiu remains an open question for further structural detection，aI州

the electronic mechanjsm fbr MKR er山ancement needs to be given．

It is interes“ng to observe that for LDI矗l工Ils，when t}le dose of Ga+impJ砒ltation

is lower th卸1．3×10M at．／cm2，MKR decreases at elevated aⅢlealing temperature Th-H

is contradictory to that reported for bina‘y CoAg system【”，14】Regardi“g this dose hes

nearby CL，it is possible that CoGa comp011Ilds has a weaker Kerr Tota“oII compared with

binaTy CoAg and CoG83 cornpounds． Concrete interpretation can be made主I detmle(1

MOKE of pure CoGa aIld CoG83 compounds is detected

Do驼。flm科anb白dGa+门叫o at，aT竹

Fig．5 C。1nparison of MKR with surface cone

areal density in pII厂2

Previous studies all ascribe MOKE

to the eff色ct of bulk rnicrostructure

traIlsicion m3一j5】In fact．MOKE is a suI。

face sensitive efrect，the SMOKE tech

nique has now become a powerfh】 t()ol

to detect the surface ma￡netization ll⋯111

Fig 5 the surface characteristics of lIIl—

plarned CoAg矗lms are given by the areal

den8itv of sllrface conic islands fbr cuIIl-

DaTison with the ma】【imum Kerr rotatioll

It can be seen nlat￡he cone area】dens；t’，

has an a}，eeable tendencv with the Inaxi—

nmm Kerr rotation． exceDt that after

aIl工leaHng and f矗拉gh dose Ga+implantation jIl which intermet赳lic compounds fonll，

the two haVe a large deViation．TherefoTe it can be concluded that the Kerr Totation ls Il。t

only deteH血ned by the s11rface concentration，structure，but also the sllrface morphology

矿E3参nrt
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4 CoNCLUSIoN

V【)113

In this paper，a biIl缸y mask scheme was印pUed to prepare a m89netooptlc ma—

terids chip with 4×4 units based upon sputtered coAg疗lm on(100)si The surIhce

morphology of Ga+implantation and theiT KeH e他ct疵er di他rent anIlealing weIe

studied by appIyinE AFM and MOKE n was observed that for low dose Ga+iHlplaI】_

tation，the fihn surface is smoother than that as sputtered． Whjle for 11igh d()se Ga-’

implantation，the fl山m sllrface is much rougher．After annealiIlg，both as·8puttered CoAg

fⅡm and that with 10w dose Ga+iⅡ1plantation undergo an apparent r。ugheILi“g proccs8

For as．s口uttered CoAg mm，conic islands form after 1500C annealing，肌d then become

natten aner 300。C越lnea肚n譬，but the矗lm with low dose Ga十irnpla【Ltation fonns Inucll

denser and sharper C。islaTlds Nevertheless，no apparent roughening behaVior can be

observed foT the丘lm with上ligh dose Ca+implantation

Maximum Kerr rotation of Ga十i【nplaIlted CoAg丘1工n always occurs at 3 8—3 9 eV，

with the increase ofthe dose ofimplanted Ga+，the maxi砌m KeTr rotation is enh雒1ce(1．

Bv comparison of the maxiⅡulIIl Ke玎rotation with the cone aTeal density，it call 1)e

induced that not 011lv the bulk concentration and structure，but also the suTfhce mor—

pllology plays an important r01e in magnetooptic Kerr e饪色ct
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