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Electrical properties of rapid thermal oxides on Si 1—x—yGexC, films

L. K. Bera, W. K. Choi,® and W. Feng
Microelectronics Laboratory, Department of Electrical and Computer Engineering, National University
of Singapore, 4 Engineering Drive 3, Singapore 117576

C. Y. Yang and J. Mi
Microelectronics Laboratory, Santa Clara University, 500 El Camino Real, Santa Clara, California 95053

(Received 28 January 2000; accepted for publication 17 May)2000

The electrical characteristics of rapid thermal oxides on Si,Gg,C, layers are reported. X-ray
photoelectron spectroscopy results indicate segregation of Ge at théSsiQ,_,Gg,C, interface,

a thin GeQ layer at the oxide surface, and elemental Ge at the interface and in the oxide. The
interface state density of the samples ranges fromk 3@ to 3.6x10%eV tcm 2 All the

samples show electron trapping behavior and the trap generation rate decreases with increasing C
concentration. The charge-to-breakdown value and the oxide breakdown field are higher for
Sip.gs G 113 than for S{_, ,GgC, samples, and these values decrease with increasing C
concentration. ©2000 American Institute of Physids$S0003-695(00)01928-§

Heterojunction  bipolar trasistofs, field effect contrast, Fig. 1 shows a significantly higher elemental Ge
transistors, and photodetectot®ased on Six-,GeC, lay-  concentration at the bulk and surface of §iO
ers have been fabricated recently. In the realization of Si and Figure 2 shows the high frequen¢y MHz) capacitance
Si-based heterojunction field effect transistors, oxidation issersus voltage characteristics of all the RTO samples. The
one of the most crucial process steps. Research in thermélversion capacitance valuesCi{) are higher for the
oxide on Sj_,Ge showed that Ge segregation at the Sk, yG&C, than SjgsGey113 Samples. C; of the
SiO, /Si;_,Ge, interface leading to high negative fixed ox- Sh—x—yG&C, samples increases with increasing C concen-
ide charge Q) and interface state densityD().* Rapid tration. AsC; can be increased with an increase in donor
thermal process has been suggestdédo be suitable for concentration in the semiconductor of a MOS capacitor, the
Si;_,Ge, strained layer as it creates less misfit dislocationsincrease inC; of the Si_,_,GgC, samples may be due to

In this letter, we examine the effects of Ge segregation an@n increase of donor-like centers in these films. This is pos-

the role of C on the electrical properties of rapid thermaiSible as donor-like centers could be formed with the intro-

oxides(RTO) on Si,_,_,GeC, films. QUctlon of carbon into the _SlGe network .and 'the conpentra-
The Si_,_,Gg,C, samples were grown amtype (100 tion of §uc(k)1 c'enters increases with increasing C

Si substrates in a rapid thermal chemical vapor depositioﬁqncentratloﬁ. Qs is calculated from the flatband voltage of

(RTCVD) system. RTO was carried out at 1000°C in dry Fig- 2 t0_be: 19-53? 10%, —1.4x10%, —2.2X 10%,

oxygen ambient for 270 s for all the samples. The oxide?nd ~—9.5x10%cm™  for  samples  Sigs/Gev.1

thickness was found to be between 10 and 16 nm. Details o?/0.8315.1140.0059 Sbgraf5@ 11003 ~ and

the growth procedure and RTO process can be found in RefS.86865.118C0.0184  r€spectively. Qs thﬂefore Increases

7 and 8, respectively. The electrical properties of the oxided/ith C in Si—.—,G&C, films. Ahn et al:= suggested that

were obtained from the capacitance—voltage, conductance>—O—Si and Si—O—Gbonds can form during oxidation of

voltage, current—voltage, and constant current stressing Chaﬁgzvisrige;agfgj:;nglti%n—gobt;(:‘réd;fn\j\gﬁr:r ﬁlnsdugﬁndl; g|ri?];en

acteristics of an aluminum gate metal—oxide—semiconduct ond d t sub tv bond with ther Si at it
(MOS) capacitor structure. ond does not subsequently bond with another Si atom, i

Figure 1 shows an x-ray photoelectron spectroscopy
(XP9S) result of a RTO Sjgssdc€.11L0.0184 SaMple. The
peaks at the surface of the oxide correspond to the Peak
at 25.0 eV and the smaller and broaden G@®ak at 33.7
eV .? The thin GeQ layer at the oxide surface has been iden-
tified previously at 1221.43 e¥By focusing on the Ge &
peak(29.2 e\, one can see from Fig. 1 that elemental Ge is
present throughout the oxide layer. This is not observable
with the Ge D peak® The Ge 3l intensity peaks at the oxide
surface and reduces as oxide thickness increases. The stroni
Ge 3d peak at the Sie¥Si; _,_,GgC, interface(at profile
time 1250-1500 )sconfirmed the segregation of Ge at the 55~
interface. Riley and Hallreported a small amount of el- Binding energy (eV)
emental Ge in anodized oxide onggiGe, 16 alloy film. In

FIG. 1. XPS spectra of the rapid thermal oxide grown on
Sip 86863€.11C0.0184 film at 1000 °C for 270 s. Note that the Si®egion
¥Electronic mail: elechoi@nus.edu.sg covers from profile time 0 to 1250 s.
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FIG. 2. High frequency(l MH2) capacitance—voltage characteristics of 8 Do e e
Al-SiO,—~Si,_«_,GgC, and Al-SiQ-Si _,Gg, capacitors. >o
can trap an electron and becomes negatively charged. Ou — -~ 1
10 10 10

XPS results show that the Gal eak intensity is lower for
RTO SpgslGey113 than for Si_, ,GeC, samples. This Injected charge (C/cmz)
means that the elemental Ge content in the oxide and in the
SiO./substrate interface is lower in (3p/Gey 113 than the  FIG. 4. (a) Gate voltage shift vs stress time characteristics of RTO on
Si—x—yGe.C, samples. If the elemental Ge originates from Si-x-,G&C, and Si_,Gg films. The samples were under a constant cur-
Ge atom detached from the-SD—Gebond. then the elemen- rent _stress of 30 nA/c?_n (b) Ch_arge—to—breakdown_ c_h_aracterlstlcs of RTO
. ' . on Sii_,_,GgC, and Sj_,Gg films. Note that the initial voltage valu@t
tal Ge concentration should be related@p. This agrees {ime zerg is set by the oxide thickness.
with our Q; results presented in Fig. 2.

~ The Dy values of samples  ®igG&11s  Mvicm. The oxide breakdown field reduces as the C con-
Slo 881£5€0.110.0059 Shersf®11L00132 @1 centration in the Si,_,GeC, substrate increases. The
8'0-86%6690-11@0-02184 are calculagejcf f‘lj b(97:23.0< 10 1.1 Si0,/Siy_,_,Ge,C, barrier heights extracted from Fig. 3
Xlo_l » 1.6 10 and 3.6 10*%eV"*cm 2, respectively. were found to be 3.48, 3.07, 2.72, and 2.82 eV for samples
D.‘t Is_higher fqr Si‘X‘VG?XCV Sf"‘mp'es (?ompared 0 Sio.8875€.113 Sl.88155€.114C0.0050 Slo.87365€.1140.0132 and
Sio.es58.113@nd increases with an increase in C concentrag; . e . .C, ... respectively. Cross-sectional transmis-
tion in the films. As the increase in the Ge pileup at thegiqn electron microscope results of the RTQ Si ,GeC,
Si0,/Si; - ,GeLC, interface will increase the misfit dislo- samples show the rough Sic8i; . ,GeC, interface for
cation, Dy is therefore directly related to the peak Ge con-pigher C content sampléd.We believe this roughen inter-
centration at the SigYSi, - ,GgC, interface. _ . face results in higher electric field and thus a lower effective

Figure 3 shows the current versus field characteristics of 5 rier height4

the MOS capacitors measured under a positive gate bias con- \y/e monitored the change of gate voltageM) of the
di_tion. The br(_aakdown field strengt.h of oxide grown onp0s capacitors for a constant current 30 nAfanith posi-
Si;—x-yG8&C, films was found to be in the range of 10-14 e pias to the Al gate. The positivaV shift for all the
samples in Fig. @) shows electron trapping characteristics.
The electron trap generation is higher fop &iGe, 113 than

10° | si_Ge e the Si_.-,GgC, samples, and the trap generation rate de-
ot b Sy G Coe i creases with increasing C concentration in the films. Our
: ————————— Sy r2sC80:13Co0ren P secondary ion mass spectroscopy re8simwed that during
2 W0 f T Sio8655€0 11:Co01ea ! R_TO of Sh_,x,qu(Cy samples, some of the C is _con;umed
= 3 via formation of CQ or CO and the rest remains in the
§ 10° r oxide. Carbon atoms in the oxide have been repdtiedact
5 o F as positive charges. All these nonsubstitutional C contributes
O 10 F ;
] to hole traps, and hence, decreases electron trap genéefation.
107 J—— - Figure 4b) shows that the charge to breakdown value of
) SN - oyl e il vt e
0 2 4 6 8 10 12 14 PIes. x—yC8Cy pies, e 9
breakdown value decreases with an increase in the C concen-

Electric field (MV/cm) tration. During oxidation the outdiffusion of C atoms may
FIG. 3. Current vs electric field characteristics of Al-$iGi,_,_,GgC, Cause conducting path betwee_n the mFerfaces to be formed
and Al-SiO—-Si, ,Ge, capacitors. Note that the Al contact area is 3.14 Via randomly generated traps in the oxide. Such conducting
X 1074 cn?. path will reduce the charge to breakdown value of the film.



258 Appl. Phys. Lett., Vol. 77, No. 2, 10 July 2000 Bera et al.

Also the probability of forming conducting path increases “D. K. Nayak, K. Kamjoo, J. C. S. Woo, J. S. Park, and K. L. Wang, |IEEE
with increase in the C concentration in the film. Trans. Electron Device89, 56 (1992.

In conclusion, our XPS results revealed that eIementaISA-gg-aFiOW' J. C. Bean, R. Hull, and S. Nakahara, Phys. Re81B4063
.Ge exist in the oxide and 0X|d§/a||0y mte.rfa@f a.nd Dit. ®D. K. Nayak, K. Kamjoo, J. C. S. Woo, J. S. Park, and K. L. Wang, Appl.
increase, but the breakdown field, effective barrier height, ppys | ett57, 369 (1990.
and charge-to-breakdown values decrease, with increasing @. mi, P. Warren, M. Gailhanou, K. D. Ganjere, M. Dutoit, P. H. Joneau,
concentration in the $i,_,GgC, films. The oxides exhibit  and R. Houriet, J. Vac. Sci. Technol. Bl, 1650(1996.
electron trapping behavior and the trap generation rate deZW. K. Choi, J. H. Chen, L. K. Bera, W. Feng, K. L. Pey, J. Mi, C. Y.

creases with an increase in C concentration in the film. Yang, A. Ramam, S. J. Chua, J. S. Pan, A. T. S. Wee, and R. Liu, J. Appl.
Phys.87, 192 (2000.
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