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l. Introduction
A reduction of device dimensions of metal-oxide-semiconductor

field-effect tarsiston (MOSFETs) requires ultra-thin gafe oxide filtns.

However, when the oxide thickness decreases to less tlmn 2 nnl tre
leakage cr.rrent density becomes large because of a direct hmneling

effect Therefore we have to replace commonly usd SiO2 films by

higfudielectric+onshnt (high-k) maf€rials because they can avoid the

dircct firnneling of carriers. From a vieupoint of thermal stability

betrveen trc higlrk materials and Si, gate oxides such as IIfr2,ffi2
and t&q have been afiracted much attention [-3]. Hff2 has many

desirable properties such as a high dielectric constant (-30) high

heat of formation (271 kcaVmol) , and relatively large band gap.

klthis wodq we have grown I{fC2tftin filtns by apulsed-laser-

deposition (PLD) metlrod and show the relationship between the

elecnical characteristics andtp crystallographic sftrchnes ofHflCz .

2. ' Experimental

IIfC, films were deposited by PLD with a Hffl2 hrget on pSi
(100) subsfiates fteated by diluted FIF. The l{fl, film thickness was

15-19 nm. The oxygen gas pressure during tlrc deposition was 10 Pa

or 20 Pa and tre deposition temperatns was 300C, 400C and

530 C. X-ray ditraction QG,D) and tansmission eleclron

miooscopy CtEIv| were used to study ttre strucfi.nal properties. For

the elecfrical characteristics, MOS capacitors with an Al/I{fllr/Si/Al
sfucture we,re frbricate{ and capacitance-voltage (C-V) and current-

volhge (I-V) characteristics were measuned using the MOS

capaciton. The frequency in ttrc C-V measureme,nt was I MIIZ.

3. ResultsandDiscussion

Figure I shows )(RD pafiems of l{f}e films formed on Si (100)

snbs;baies at oxygen presswes. The deposition temperatre was

300C, 400C and 530C. The )(RD paftems of these samples

indicde that I{fC, films has a polycrystalline monoclinic sfitrctne.

The I{fCz film formed at 300C is found to have a random-oriented

sfruchre ftom tre )(RD prrofile. With increasing flre deposition

temperanne, the intensity of the(T t t) peak becomes smonger. This

frct means that the crySalline I{f} is preferentially oriented to
(Tt t). The ditraction peak intensity depends also on the oxygen

pressure. The peak intensrty fu 20 Pa is weaker ftan that for l0 Pa"

The,refore, the O atoms in tre HfC, film have an effect of*ppnessing

the crysallization oftre film.

Cross-sectional TEM images ofHfffz films depositdatoxygen
pres$res of l0 Pa and 20 Pa are shown in Figs. 2(a) and 2 O),
respectivety. The deposition t€mpenature was 400C.It is found from

Fig.2 ttrat an amorphous layer ofabout 2 nm thick was formed at ttre

interface between Hflfz andthe Si substrate. However; we confirmed

ttratno interfrcial layerwas observed *l*[Iro2 was depositedaan

o)rygen pressue as low as l.3xlfi" Pa These resulb strongly

suggest that the interfacial layer consists of SiO'. .

Figrne 3 (a) and 3 (b) show C-V characteristics of HfCz fihns at

oxygen pressures of 10 Pa and 20PUreqpectively. At each pres$re,

deposition temperanre was performed at 300 C and 530 C .

Comparing ttrese C-V characteristics with )(RD pattems shovvn in

Flgs. 1, the (T I 1) -oriented samples have a large hysteresis in the C-

V characteristics. The hysteresis indicates the exisbnce of canier-

injection taps. On the other han{ tlrc HfCz films wittt random-

orientation do not show any hysteresis. From these resutb, the gnin
boundary shlctures ofpolycrystalline Hff,z is consideredto influe,nce

dre traps of the canier injection. The tlpical conduction mechanism

of the I{fO, films was found to be mainly dominafed by Poole-

Frenkel cunent (not shown). The Poole-Frenkel cunent was trought

to be also influarcedbyfte gnin boudary stnrctures.

4. Conclusions

We have investigafed the s;ouctural and electical chracteristics

of FIfl)2 films deposited by a PLD method It is forund tlnt ttrc

orientation and morpholory of I{f32 grains are strongly dependent of
the deposition temperahre. Mormver, the elecnical characteristics

depend sftongly on the gnin boundary sfiuchres of polycrystalline

I{f3, films.
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Figure I : XRD patterns of HfO2 films formed on Si (100) substrates at O pressures of (a) l0 Pa and (b) 20Pa.
The deposition temperature was 300t, 400'C and 530"C.

Figr[e 2 : Cross-sectional TEM images of II0, fiIms fomred on Si (100) suhates ar O prcssures of (a) 10 Pa and @) 20 Pa-

The deposition temperaane was ,t00t.

(a) Poz=10 Pa (b) Poz=20 Pa
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Figure 3 : Capacitance-voltage characteristics of HfO/p-Si (100) samples shown in Fig. l.
The mesurement frequency was I MHz.
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