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Abgract

We demongtrate high quadity HFSON gate didectrics fabricated by
aomiclayer-depodtion (ALD) technology. By usng a liquid
SH[N(CHJ)]5 precursor, the thickness and compostion of ALD
Hf-glicate films can be esslly contralled with an aomic layer levd by
the number of Hf/S deposition ratio. High carrier mohility (samelevd
of universa curvesfor n- and p-MOSFETs a 0.8MV/cm) and low gete
leskage current dengity ( 5 ordes of magnitude smdl than SO,) could be
obtained usng ALD-HfSON gaedidectrics

Introduction

Hightk didectric filmsare required for low power and low legkage
current gpplications Among many hightk materids Hf-dlicate and its
nitride are mogt promising for high carrier mobility and low leskage
current. Therefore, goutter and or MOCVD methods are currently used
for Hf-glicatefilm formation [1-3]. ALD method isdesirablefor precise
control of the composition as well s the film thickness [4]. However,
Hf-silicate has not been successfully deposited by ALD method because
of the lack of the applicable S precursor. This paper reports ALD
Hf-sllicate formation method and the improoed dectricd characteridics
by usng theliquid SH[N(CHj),] 3 and HI[N(CH3)(C,Hg)] 4 precursors

ALD Hf-Silicate Formation

Fig.1 showsthethicknessof ALD SO, and ALD Hf-dlicaefilms
onaS-subdrate asafunction of the number of the depastion cydes In
one cyde of the ALD film formation, O; was used as a source of
oxygen with the concentration of O;in O, being 100g/N®. InFig 1, the
number of Hf/S (=1/1, 1/2, and 1/4) indicatestheratio of HfO, and SO,
depostion times. In the abstissa, one cyde indicates the sum of HFO,
and SO, depodtion times. For example one cyde of Hf/S=1/4
congtitutes of onetime HFO, and 4 times SO, depositions.

As shown in Hg.1, the SO, film thickness increases linearly with
ALD cyde with the increment of 0.08nm/cyde The SH[N(CHy))3
precursor mekes it poassble to depodt the SO, layers not only on SG,
films but dso on HfO, films Furthermore, the thickness of Hf-slicate
films can be easly controlled with an aomic layer levd by the number
of the depogtion cydes The growth rates of Hf-dlicate filmsare 0.155,
0.222 and 0.373nm/cyde for HfIS=1/1 Hf/S=1/2, and Hf/S=1/4 rtio,
repectivdly. FHg2 shows highrexlution RBS spectra of ALD
Hf-glicatefilms indicating thet the Hf/(Hf+S) compostionsarelinearly
proportiond by the number of the Hf/S raio. Hf-slicate film
compositions can be engineered by changing the number of Hf/S ratio
during ALD cydes Accordingly, the Hf/(Hf+S) compositions can be
varied from 23 to 56% between Hf/S=1/1 and 1/4. It isnesdlessto say
that a high Hf composition (>60%) is a0 passble by usng high Hf/S
ratio (>1)

Device Fabrication

Hg3 dhows highk tranddor farication process flow. The
schemdtic of the hightk gate stack structures are shown in Fig4. Right
after diluted HF treatment, 0.5nm thick SO, layer was formed on
300mm S wadfers usng water vapor a 650°C and followed by
Hf-glicate film depostion. As shown in Hg. 4(a), 4(b), and 4(c), 1.5nm
thick ALD hightk gate films were deposted by usng Hf/S=2/1 (Hf
75%), HfIS=4/1 (Hf 85%), and Hf/S=1/0 (Hf 100%0), repectivdy. In
same samples, the hightk gate films were covered by 1.0nm thick
ALD-HfSOx (Hf 56%). As a reference, 25nm thick MOCVD

Hf-glicate film was dso depodted by usng HTB and S Hgprecursors
[5]. Those highrk gate didedtrics were nitrided using nitrogen radicels
[5], and those were anneded in Nx-diluted oxygen amosphere (O,
concantration of 0.004%) a high temperatures ranged from 850°C to
1000°C. For the dopant activation, RTA was performed a 1000°C for
3.
Electrical Properties

Fig5 indicates the C-V characterigtics of the hightk gate stack
MOSFETSs (L/AW=20/20um). PDA was performed at 1000°C for 10sec.
Hat band voltage (V) and the equivdent oxide thickness (EOT) was
cdculaed from C-V curves uing EPOQUE [6]. As shown in FHg5,
Vs vauesweredmog same for each high-k gate sack sructuresfor n-
and p-MOSFETs EOT were 1.46nm, 1.47nm, and 1.38nm for ALD
HfSION-1 (Hf 75%), ALD HfSON-2 (Hf 85%), and ALD HfSON-3
(Hf 100%) gate sructures respectivdy. High Hf compostion of the
high-k gate films (ALD HfSON-3: Hf 100%) was useful to febricate
thethinner EOT inthe same thickness of thehightk gate stack structures.
Fg. 6(8) and 6(h) show the effective mohility curves for rMOS and
pP-MOSFETS regpectivdy. Asshown in Hg.6, high carrier mobility was
obtained for each hightk stack gructures for - and p-MOSHETS, those
weresamelevd of universa curve a 0.8MV/em. These results suggest
thet the Hf-dlicate (Hf 56%0) layers of the top of the gate dructure are
important to obtain the high carier mobility. Hg.7 shows the
dependence of EOT and Vth vdues on PDA temperaure of the ALD
HfSION-3 (Hf 100%) sack structures. By using 850°C PDA treatment,
very thin EOT (1.23nm) was fabricated and Vth can be improved for
p-MOSFETs

Fg.8 shows the leskage current dendty a Vg=1.1V asafunction
of EOT for tMOSFET. The leskage current density for MOCVD
HfSION gate dack structures was reduced by more then three orders of
magnitude againg SO, films. Furthermore, thet for ALD HFSON gate
gructures was reduced by one order againg the MOCVD HfSON
films Fg. 9@ and Yb) show the SMS depth prdfiles in the hightk
films after PDA trestment of 1000°C for 10sec, for ALD HfSON/HfO,
and MOCVD HfSION dack dructures As shown in Hg.9, the high-k
films of carbon and hydrogen concentrations are reduced by ALD
method in comparison with MOCVD method. It seems that O
trestment is effective to reduce the impurities in one cyde of the ALD
filmformation, sothelegkage current of ALD high-k filmsisimproved.

Summary

High qudity HFSION gete didectrics formed by ALD Hf-dlicate
of the liquid SH[N(CHa),] precursor was investigated. The number of
Hf/S depostion raio makes it possble to contral the thickness and
compogtion of ALD Hf-glicatefilms. High carrier mobility (sameleved
of universd curve for n- and p-MOSFETs & 0.8MV/cm) and the gate
leskage current lower than five orders of magnitude againg reference
S0, films were obtained by the hightemperaure PDA judt after
plasma-nitridation for HFSON.

References
1) S Inumiyae d., Symp. VLS Tech,, p.17, 2003
2 K. Skinegtd., Tech. Dig,. IEDM, p.103, 2003
3) M. Koike &t d, Tech. Dig,. IEDM, p.107, 2003
4)G.D.Wilk,&.d., Symp. VLS Tech.,, p.832002
5 S Kamyarg, €. d., Intemdiond Workshop on Gatelnauldor, p42, 2003
6)S. Sato, e. d., IEEE EDL, 23(6), p.348, 2002

- 754 -



/é\ 15.0 ; ; ; ; 1.510° ; ; ; ;
® HfSi=1/1:0.155nm/cycle — Hf/Si=1/1 56%Hf LOCOS Isolation
& o HPSi=1/2:0.222nm - - HISi=1/2 44%(:Hf Hf Well & S/D formation
o Hf/Si=1/4:0.3730m | | = HE/Si=1/4 23%Hf :
75} & HfO.: 0.117nm ) S/D pad formation & ILD CVD
wn F m SO 04 1 S 1.010°F 5 times <€ 1 Gate trench etchi
5 1001 w Si0, : 0.080nm > L. imes . ate trench etching
§ 8 ! DHF treatment + SiO, (IL) formation
3} - . High-k gate stack formation (Fig.4)
E E . A Plasma nitridation (N, radicals)
[ 5.0 1 .= 5.010 i 1 PDA treatment
= bl i (850-1000°C 0.004%0,/N,)
_ i Poly-Si + I/I + Patternning
= 0 H ; _
= T=275°C H Activation annealing (1000°C 3sec)
P 0.0 ‘ ‘ ‘ ‘ 0.0 10° ‘ ; ~ H, annealin
0 10 20 30 40 50 360 390 420 450 2 g
CYCIGS Energy (keV) Fig.3 Process flow of high-k
Fig.1 Thickness of ALD-HfSiOx, HfO,, and Fig.2 HR-RBS data showing that HfSiOx film transistor fabrication.
SiO, films vs. number of deposition cycles. compositions can be engineering by ALD cycles.
2.0 ‘ ‘ 2.0
HISiOx HfSiOx HfSiOx ALD HfSiON3 (Hf 100%) ALD HfSiON3 (Hf 100%
(Hf/Si=1/1) (HF/Si=1/1) (HF/Si=1/1) —_— M ALD HfSiON2 (Hf 85%) —~ ALD HfSiON2 (Hf 85%) \ﬁﬁ“
pr—— pr—— pr—— NE 1.5¢ ALD HfSiON1 (Hf 75%) | NE 1.5 ALp nssion: (Hf75%)\‘§§
(Hf/Si=2/1) (Hf/Si=4/1) (Hf/Si=1/0) 3, %% , 3, -
Si - - ~ L Y T [ ’ ]
0, si0, sio, - 1.0 ] . 1.0 %
si si si -, d{ =, 1 H
N— ‘i { p— & £
(a) ALD (b) ALD (¢) ALD L 0.5) ; 10U 05 ﬁ 7 ]
HfSiON1 HfSiON2 HfSiON3 % MOS - MOS
(Hf 75%) (Hf85%) (Hf 100%) by J T i ﬂiﬁf p-
Fig.4 Schematic of the high-k gate stack structures. 0'(-)2,0 -1.0 0.0 1.0 2.0 0. (-)2 0 -1.0 00 1.0 20
The high-k gate structures are used to deposit
@ Vg(V) ® Vg (V)

ALD-HfSiOx (Hf/Si=1/1) on the ALD-HfSiOx
(Hf/Si=2/1, 4/1, and 1/0).

Fig.6 Effective mobilities of the MOSFETs. (a) n-MOSFET, (b) p-MOSFET.
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Fig.8 EOT vs Jgat Vg=1.1V (n-MOSFET).

Fig.5 C-V characteristics of the MOSFETs. (a) n-MOS, and (b) p-MOS.
PDA was performed at 1000°C for 10sec in 0.004% O,/N, atmosphere.

“Vith (V)

150 /é\ 1.6
universal & 1.4+ 4
100 -MOS 2 1t Q/O/Q ]
SION Lenm > P~ oL 7
l:. ___________ m 1 O _0.6
50 % NALD HfSION3 (Hf 100%) > 027 =<— n-MOS ]
ALD HfSiON2 (Hf 85%) ~ f 1-0.7
{ 6% NALD HfSiON1 (Hf 75%) 5 ol
{ o 1t ) ]
0 . _r ‘_Tl I . I . I L > p MOS — .
00 02 ;"F 0.6 /0‘8 1.0 800 850 900 950 1000 1050
Eeff (MV/em) Temperature (°C)

H, C concentration (cm)

(b)

5

3 10
Si04 i

E HfS;Ox

'Y

Depth(nm) Depth(nm)

(a) ALD HfSiON/HfO, (b) MOCVD HfSiON

Fig.9 SIMS depth profiles in the high-k films after PDA of 1000°C 10sec.
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Fig.7 EOT and Vth value vs. PDA temperature
of the ALD HfSiON3 (Hf 100%) stack structures.

Hf, Si intensity (counts/sec)
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