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l. Infooduction

Due to a redrction of device dimensions of mef,alaxide
semioondrrtor field+,ffect fiarsiston (MosFETs), several problems

araise in fte siQrbased gde dielectic films. one of critical issues

inlhin siq flms is the irrcreased leakage crrent density due to the
dfuect tnneling effect Orp sohilion for tris prcblem is to rcplace
SiQ by hig[dielectioonsrrt (hrgh-k) mderials. Laee gde
ceacitmce can be €xpect€deveninfteftickfilms so ftdfte dfuect

tmeling of caniers is e,ffectively $ryercssed. Requircd properties

forthe high-k gde insuldor ae a low leakage crnrrf propertJr, high
dielectic constant hightrernodlanarnic shbility, md a lowinterfrce
tap density tll. kr particulr, ftom tlre viewpoint of the leal€ge
prcperly, mrcrphors or single cq/stafline strrcfires would be desircd
sirce grain boudaries act as an active leal€gp sit€ [2-3].

In this work, we dwelop a grorvth prrooess of I{02-TiO2
conpositB films by using a prlsed-laserdeposition (pLD) meftrod-
The gou,& curditions for the formaion of amryhous strrrchres,
hrye been explmd ard polycrystalline truchres aonsisting of lun-
scale grains cm be obtained by the solid phase growftr us"rg
smequem rapidthennal a:nealing (RrA). c-onelationbetrveenthe
strnctual and electicalproperties ofthe films is also examined"

L Eryerimental
I{CIrTiq ooryosite films were deeositd by using pLD with

IIfD and TiOz ag*s on Si 000) srbsfimes ftd€d by dilrtred FIE

kt this pmcess, we employed shfting of ftin II02 md TiO2 layers.

Figure 1 *iornn two typical growth sequenc€s dudng PLD. h the
sanple,\ as strown Fig. 1(a),I{0, ad TiOz luy.rq each of uilridr
was 0.6 nm in thiclsm1 were altemdively d€positd ffd nin€tun
layers were totally stackeil In the sarple B, five layers consi$ing
of 2.4nn-lhick FIf}2 ad TiO2 altemaive layers werc stackd as

*rouar in Fie; 1(b). The oxygen gas p6$re fuing tbe deposition
was 20 Paardthe subsudeterrpermne ums 400t. Some sanples
werc annealed b'' RIA d 700"C for 30 sec in a niuogen atrrosphere.

X-ray diffaction (JCD) md tarsmission elechul micloscopy
(IEIvf) wEre trsed ta walyzn the structural prroperties condrcting
domic forc miuoscopy (C-AFtvf) was used to obssve the local
leal€ge cunent disfribution inthe films.

3. Resultsandlliscussion
Figurcs 4a) dz(b) Sow crcss"sectional higfr-resohilion (IR)

Extended Abstracts of the 2002 International Conference on Solid State Devices and Materials, Nagoya, 2002, pp. 476-477

Structural and Electrical Properties of IIfO2-fiO2 Composite Films
Formed by Pulsed Laser Deposition

Kazutaka Honda, satonr Goto, Mitsuo sakashit4 Hiroya lked4
Akira Sakai, Shigeaki himar and Yukio Yasuda

Deeaftnent of Cryrytalline lvlaterials Science, C-rra&rane School of Engiaeering; Nagoya University,

Frrccho, Chftusa-trf Nagoya 46,4-8603, Jqan
tcenterfor 

Cooperative Research inAdvarced Science andTeclrnologr,NagoyaUniversity,

TEL +81-52:789-3819, EAX' +81-52-789-27ffi Bmail: sakai@lice.xtalnagoya-uacjp

TEM images of tre smple A ad B, respec.tively. Note ftd a

tronrogeneous daker image is oheryed in fte l{fl}2 md TiO2

d€posit€d regions in the smrple A wtrile dalrcr ad highfier shipeq

corcsponding to tre I{02 and 1iO2 layers rcryectively, are clea{y
sst in the sample B. Closerp irrages in the insets in both Fig 2(a)

atd 20) rweal thd an mrorphous sfrrrtrre was formed in the sarple
A while a polycrystallhe sfiuchrc in the srnple B. Ttrcse rcsulb
irdicde ftdtre mixing oftwo mderials as well as the morflridion
o@tm during tre PLD prc€ss md thicJmess coffiol of each layer is

Gitical to gmwtre anorphous films.

Figrc 3 shouns aXRD profiIe ofthe sanple A after Rf,d uilrich
indicAe trd onfirodrombic polycrystalline HffiO4 was grown nd the

grains ww pre,ferentially oriented to the [011] direction A phr-
view TEM irnage of flre sme srnple is *rown in Fig.4. It is
obsenred ftd each grain has m elopgded shrye with a large sire,

tJetcally of 200-400 mn in width md rnore ftm I pm in l€ngdl
Futbermorc, bendontoug dillrcr lines in the imags, is clearly
obsenred, u/hich reflects tre film sfuchre oonsising of sfiained

gains.

kalsage curcnt distibrfrion ofthe RlA-tueated sanple A was

also analyred by C-AFM. Figrres 5(a) md 5(b) show a

topogrryhic AFM image md a corresponAing ctnr€Nfi inrage of tre
sanple A after RTA rcqpectively. h th crrcnt image, tdgtmer
rcgions erftibit tb sit€s wih higlm lealiage cunent It is forrd thd
the lealcage crrr€ft digrihfion is idepurdem of tb srnfrce
moryholory but dak lines ae fi€quetrly obseryed, as irdicded by
amo\ E inFig. 5(b). FromoomparisonbetqieenFig. 4r,f,Fig. 5(b),

we deduce ftat the l€al€gp c'lrr€nt disfiibrfion is infuencd by tte
elongated grain smrctres ofpolycrystalline HfnO4.

4. Condusfuns

We have explorcd gpuft pmcesses of l{f}z-TiOzoomposite
fihrs, which allow us to ohin eiibr al mordmus or a
potyuStstalline trlrcturc wiftr lqp Sains rsing PLD md srhequat
RlA. The rcsutffi fihn stnrtre criticatly deeends on flre
deposition seqlrence and morphizaion of mixed l{fl}r-Tiq phases

was srccessful$ demonsfiaed. Due to the solid $ase growth of
tbis mrorpbous plmse by RTA a polycrystalline IIfnO4 film having

lqer Sains wifi gm-scale sire uas growr C-AFM aralyses

smongly sggestthdtre locat lealcage cuntd disfihliond€pends on
ttre grain sfiuctrcs ofpolycrystalline tlffiO+.
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Fig I The shcked stucfire of(a) the sanple A ard (b) saryle B.
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Fig 3 )(RD profile offte mmple A afterRf,A.

Fig 2 TEM images of(a)the srnple A ard (b) ttre smple B deposit€d at400t.
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