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CMOS Applications

2y, M7e

=

(Young-Joo Song’, Sang-Hoon Kim', Nae-Eung Lee”, Jin-Young Kang’', and Kyu-Hwan Shim’)

Abstract

We have developed a low-temperature, and low-pressure radical induced oxidation (RIO) technology,
so that high-quality ultrathin silicon dioxide layers have been effectively produced with a high
reproducibility, and successfully employed to realize high performace SiGe heterostructure
complementary MOSFETs (HCMOS) for the first time. The obtained oxide layer showed comparable
leakage and breakdown properties to conventional furnace gate oxides, and no hysteresis was observed
during high-frequency capacitance-voltage characterization. Strained SiGe HCMOS transistors with a
2.5 nm-thick gate oxide layer grown by this method exhibited excellent device properties. These
suggest that the present technique is particularly suitable for HCMOS devices requiring a fast and
high-precision gate oxidation process with a low thermal budget.
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Fig. 4. Leakage current vs. voltage of the 2.46
nm-thick RIO oxide (NMOS).

“.J
2.04
5
3 154
a
§
e 104 3
a §
@ &
(&) § -
05 —&— positive-sweep
~-0— negative-sweep
0.0

T T T T T T T T T T
-08 06 -04 -02 00 02 04 06 08 10 12
Voltage [V]

a8 5. 246 nm F7 RIO 3ty n5a (1
MHz) 7HsiAlE 2-29F B4 (PMOS).
sl adE Al HEg s (v " ()
W o g sweep 3

Fig. 5. High frequency (1 MHz) capacitance
-voltage measurements of the 2.46 nm
-thick RIO oxide (PMOS) for bhoth
positive and negative voltage sweeps.

a% 6& 25 nm w9 RIO Atguhg of&&fo
A zHek HCMOS® AA54E HoErh WA 1
F 6 (@dAE AoE At wWatd oz =yl
AF/EWAZEE A A4S vehdia hzd,
NMOS¢} PMOS E5% w% 538 absy
(on-off AER > 10%)e] #AFATY} (HCMOS A
A BEAYG AolE 9% o T ¥HS AT
#). 53] AolE 4w A AlRvtge] HA
< HCMOS® FH4dRE F7FA7|29), &
oA AztE HCMOSE Azshir 4ol 7o
Aoz FALE ¢ AT 2 ERAY
Gusel A% NMOSE Hi 23 :
PMOS+E 130 mS/mm7FA] %7‘35]01 el Aol
Hol (05 mm)dlv] vy ¥
v, JAE $58 AolE ’“_O o EAds g oy
gt} Subthreshold swing®] 74-%% NMOS*:
mV/dec, PMOST 724 mV/dec &2 94| >
548 2t 19 6 (he] EdA2E £H54

"“ﬂ"iE 58 AAEH] #HEHAt 99

w
-3
=
i

o

o

& A% RIOS| 98 AolE abshuto] *
- AR 3l HCMOS Azl |8 A4
A AHEE 7 Uee Ho & FHoleta

o},

o m‘

I

OHNRJH

e
3

OI'
-

Bl

*0
po



2
1074
10°4
"
1044
5
10°9
10°4
7
1074
2
10%4

Ed
10"i

o g
10 -! L
——NMOS |} WiL=10um/0.5um. IV v

11
107y
Yy T T

Drain current [A]
3
Transconductance [mS/mm]

10 T T
4 3 2 4 0o 1 2 3 a4

Gate voltage [V]

(a)

3.5x10°
WIL=10um/0.5um IV, V,J=1.6V
3.0x10° J
2.5x10° 4 NMOS. b
s 12v
zomo"j o .
IV, V, =18V PMOS

Drain current {A]

1.5x10° 4 g
1.0x10° E
5.0x10™ R
0.0 4 e e N ey
-4 .3 -2 -1 [} 1 2 3 4
Drain voltage [V]

38 6. 25 nm 9 RIO Asteg
Azvtg HCMOSY (a)
AAAYE A o AE
EWAA2E E2HEA.
(a) Transfer and (b) output characteristic
of the SiGe HCMOS transistors with a
2.5 nm-thick RIO gate oxide.

Age del@-
=49 HH/E

A 54, ©

Fig. 6.

4. 48 B

SiGe HCMOS I3AH3 2 7|7
Exqog AAHeZ RIOE n¢tsgen,
At 2FdM ZEAL 25 nme AIYZ Atsw
& 4 $43 549 SiGe HCMOS A2 &
HAz2 ALsAc). 7E9 e AVR FAg
o ®lal 100 °C ol W& XA e 4
Fex, RIO 4gtete A7d B4 A4 F9
AN mE didnd 5 E4E BYTh
$-3o] QA7tE SiGe/Si l F-Z-0fl A A=
vlzle]l 14 ATEAS Az2 JdAHA )
A olgjdt 2o Aster & o] 9 Fa i)

Hed

A&~

e
_llm
0 o O ¢

o r& 2 ox
~

3

o

769

AN AA QRT3 =T A, Vol. 16, No. 9, September 2003.

oz RIOS TEA AL Aoz A=y =
A3 EA9 SiGe HCMOS AAle 4 GHz o4
o m%oz e uA% E44 Iz 7d
o NYg 71ds & Ao narh

D 289

[1] N. Sugii, K. Nakagawa, S. Yamaguchi, and
M. Miyao, “Role of Sij-xGex buffer layer on
mobility enhancement in a strained-si
n-channel metal-oxide-semiconductor field~
effect transistor”, Appl. Phys. Lett., Vol. 75,
p. 2948, 1999.

[21 Y. C. Yeo, Q. Ly, T. ]J. King, C. Hu, T.
Kawashima, M. Oishi, S. Mashiro, and ]J.
Sakai, "Enhanced performance in sub-100
nm CMOSFETs using
silicon-germanium”, IEDM Tech. Digest, p.
753. 2000.

[381 Y-J. Song, ]J-W. Lim, J-Y. Kang, and
K-H. Shim, “High
modulation-doped  SiGe

strained epitaxial

Transconductance
pMOSFETs by

RPCVD”, Electronics Letters, Vol. 38, p.
1497, 2002.
[4] Y-]. Song, J-W. Lim, B. Mheen, S-H. Kim,

H-C. Bae, J-Y. Kang, J-H. Kim, J-I. Song,

K-W. Park, and K-H. Shim, “1/f Noise in

SipsGepz pMOSFETSs under  Fowler-

Nordheim Stress”, IEEE Trans. Electron

Devices, in press.

s d, AEE a2y, “AoE Ao s

25 AA NO X—J*Pi}” < A}4% PMOSFET9

7159 BA A, AV AETE =&

#], 1238, 93, p. 757, 1999.

“High-k Gate Dielectrics: ZH 3 &

FAH A Y7, AV ARAREES

144, 123%, p. 30, 2001.

[71 S. Choi, S. Jeon, H. Hwang, Y-J. Song,
J-W. Lim, K-H. Shim, and K-W. Park,

of ZrQ»
dielectric ultrathin
capping SiGe
-semiconductor device applications”, Japan.
J. of Appl. Phys., Vol. 41, p. 5129, 2002,

[8] Y. Shi, X. Wang, and T. P. Ma, “Electrical

[5]

(6] ol &<,

AlE

EEA,

“Electrical characteristics gate
silicon

metal-oxide

deposited on

layer for



J. of KIEEME(in Korean), Vol. 16, No. 9, September 2003.

K]

[10]

[11]

[12]

[13]

(14]

properties of high—quality ultrathin nitride/
oxide stack dielectrics”, IEEE Trans.
Electron Devices, Vol. 46, p. 362, 1999.

Y-J]. Song, J-W. Lim, S-H. Kim, H-C. Bae,
J-Y. Kang, K-W. Park, and K-H. Shim,
“Effects of Si-cap layer thinning and Ge
segregation on the characteristics of
Si/SiGe/Si heterostructure  pMOSFETS”,
Solid-State Electronics, Vol. 46, p. 1983,
2002,

A. Kazor and L. W. Boyd, “Ozone-induced
rapid low temperature oxidation of silicon”,
Appl. Phys. Lett.,, Vol. 63, p. 2517, 1993.

Z. Cui, J. M. Madsen, and C. G. Takoudis,
“Rapid thermal oxidation of silicon in
ozone”, J. Appl. Phys., Vol. 87, p. &8I,
2000.

K. Nakamura, A. Kurokawa, and S.
Ichimura, “Hydrofluoric acid etching of
ultra-thin silicon oxide film fabricated by
high purity ozone”, Thin Solid Films, Vol
343-344, p. 361, 1999.

HEZ, ATE, o5&, AL, #HAA, “Z
e abe] oluhAl AFen HEE v#w
Aol F2E in-situ ¢ =Y oEA dEE
ko] wlAl R 2A7, W7 AR EE =
A, 138, 23, p. 95, 2000.

D. J. Frank, R. H. Dennard, E. N. Nowak,
P. M. Solomon, Y. T. Taur, and H. S. P.
Wong, “Device scaling limits of Si
MOSFETs and their application depen—
dencies”, Proceeding of the IEEE, Vol. 89,
p. 259, 2001.

770



