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Abstract: Si-based Ge/SiGe heterostructure Schottky barrier source and drain metal oxide semicon—
ductor field effect transistors ( SB-MOSFETs) with hafnium dioxide high% gate were fabricated. The
effect of the n-type doped Sij ,,Ge, ¢ layer on the device performance was investigated and the mecha-
nism of the device offstate current reduction caused by the n type doping SiGe layer was analyzed. First—
ly Ge buffer was fabricated with low-emperature Ge buffer technique. Then a 32 nm Si, ;Ge, g, layer
and a 12 nm Ge layer were grown on the Ge buffer in the same UHVCVD system. For comparative study
the 32 nm Si, ,,Ge, ¢, layer was controlled undoped or n-type doped by P. For all samples 1 nm Si layer
was grown to passivate the Ge surface. Atomic force microscopy and X-ray diffraction were used to
characterize the surface morphology and crystal quality of the materials. NiGe/Ge Schottky junctions in
source and drain were formed by nickel layer deposition and anneal. The fabricated Ge/SiGe heterosturctual
MOSFET device without n-type doping shows 150% enhancement of the hole effective mobility over that
of the control Si device and about 80% enhancement over the universal Si device. And the device with
n-type doping shows a comparable hole effective mobility with the universal Si MOSFET device.

Key words: Ge/SiGe heterosturcture; Schottky barrier; off-state current; mobility; doping

EEACC: 2560R

: (61036003 61176092) ; (973 )
(2012CB933503 2013CB632103) ; (2010121056)

E-mail: lich@ xmu. edu. cn

108 39 2 2014 2



. Ge/SiGe MOSFET
FET
0 .
80% n SiGe
° 1
I-v Ge MOSFET
Ge Si ( UHVCVD)
Ge Si
Si 2 4 S; 440 nm Ge~ 32 nmSiGe. 12 nm Ge 1 nm Si
o : 4 (1 =
Si Ge 2.54 cm) n Si ( 100) ( 0.1~
1.2 O+ cm) RCA
N Ge . 200 C 1h o
(10~ *Pa) 900 °C
30 min
k MOSFET . 750 °C
Ge MOSFET 300 nm Si 330 C 90 nm Ge
i 600 °C 350 nm Ge
Ge . 2002  H.Shang ! 11 Ge/SiGe
GeON Ge MOSFET : 20 nm SiGe
Si 10 nm P SiGe (
Ge Si A P B) 2 nm SiGe
2 | GeO, 4 (NH,),S H,S © 600 °C . 12 nm Ge
Ce i Ce | 380 °C 1 nm Si i | P
Ge MOSFET . Ge SiGe > x 107 em ™
Ge Ge SB-MOSFET
MOSFET - 2010  R. Pillarisetty 7 °
Ce MOSFET 20 nm HfO, 20 nm ( TaN)
770 em® - (V' = s7)) . 2012 . HfO,/TaN  k/
P. Hashemi ~ ° Ge MOSFET o 10 nm Ni 400 °C 00
940 cm® - (V™' =57 ) NiGe/Ge Ni
k Ge °
200 240 pm 1 o
TaN % Si FEBl1Y
° HfO. ~h
. 2007 T. Yamamoto Si0,
NiGe/Ge Ge MOSFET
250 em®/(V « s) . 2012
B. Liu 10 Ge i-SiGe
MOSFET 10° Ge FH
740 uS/pm o Si M
k / Si
Ge/SiGe NiGe/Ge 1 Ge/SiGe SB-MOSFET
Fig. 1  Structure schematic of the SB-MOSFET with Ge/SiGe
p Ge MOS- heterostructure

February 2014

Semiconductor Technology Vol. 39 No.2 109



. Gel/SiGe MOSFET
Ge 0.84. B  SiGe Ge
2 0.87. Ge A
5 1 B Ge 0.19% 0.12% .
' _ B P
Si A ( secondary ion mass spectroscopy SIMS)
° 2 4 o 4 d x
o A
SiGe Si Ge N, SiGe
0.4 nm B 0.7 nmo
100 102
° Ge
80 «—— {10
32
=

E
=
d/nm
4 B P ( SIMS)
Fig. 4 Secondary ion mass spectroscopy ( SIMS) profiles of
0nm 148nm  0nm 4.41 nm phosphorus in sample B
(@) FfkA (b) #:5B 4 Ge Si P
2 o SiGe
Fig.2  AFM images of samples” morphology N, 5 %107 em "> P
3 X ( XRD) o Sic
Si . SiGe : e
Ge . Ge  SiGe P Ge
. p
. A Ge 630 " 30 nmSiGe - Ge P SiGe °
820 ", B Ge . SiGe SIMS SiGe XRD
750 " 1 000 " °
o XRD 2.2
XRD A B  SiGe A B
Ge Ge . A SiGe oV -3V -0.5V. 5
L Ge $i(100) A B ( InsVis) ( Ipg
SiGe Vs Vs
| ). A 0V
B -1V o
I Lt
A Ge
p NiGe p-Ge
il A plhekl¥ ,
-8000 -6000 —4000 -2000 °
Q-26/" B n A
3 A B Ge/SiGe XRD
Fig. 3 XRD curves of Ge/SiGe heterostructure materials of
sample A and sample B A o
110 39 2

2014 2



. Ge/SiGe MOSFET
6.0. V=-3.0~0V [ (L ) _ 1] 1
~ EKH 05V Jre| exp A (1)
: ¢
: Jopg = A Tzexp(_ B“) P A
E kT
& ok T
i ; d)Rn ! '] s—m ] m—s
=) -1 0
Fai ¥ o v
ThA
Lo B NiGe/Ge 0.63 eV.
Vis=3.0~0V B NiGe/Ge
~ HKHIOS5V
\E o
31
< LOF -1V Ge
2 0
;8 7 A B ( IsVes)
-2 -1 0
VIV -0.1V, A B A
B o B
(b) FEHB p
5 A B Tps Vs N o B
Fig.5 I3V characteristic curves of sample A and A
sample B A G
v - °
. p NiGe/Ge
NiGe/Ge JV B
6 - , )
NiGe/Ge
1 2
01 | o B n
10°T Ge/i-SiGe )
T 10°F SiGe
E 10 B .
5 107 10|
102 Ge/n-SiGe
10
103 : : ‘ 5; 107
-2 -1 0 1 2 =
ViV <
6 A B v o5 0%
Fig. 6 JV characteristic curves of the Schottky source/
drain junctions of sample A and B ,
10° : - - -
A IV NiGe -3 -2 -1 0 1
p-Ge VIV
. B 7 A B
SiGe Ce p Fig. 7 I,sVs characteristic curves of samples A and sample B
n-Ge NiGe/Ge
o 2 NiGe/Ge
° B 177 - 179
‘]" = ]SHIVI + J’Vl*’s =
Vis (50 ~100 mV)
[A* Tzexp(_%) [exp(ﬂ)— l] =
kT kT I

February 2014

Semiconductor Technology Vol. 39 No.2 111



© GelSiGe MOSFET

I = k(VGS - V; = 0.5V, ) (Vs = IsRg) (2)
T Ry, o Is =0 Vs = Vyp —
0.5V, =05 I =0

Vi =V —0.5V5 o

Ve IV s

o VT
IV s °
Iy Vs
gn = ys/0V s
Is =0

Vs = Visi

1 DS _VGS

-0.94 V. A

SOOO ==
aNXeo D =W
T

[1,g/(107A p.m™)
COOOOOOOO0 ._I‘-“-“-“
Cor~wprhhouxioo—iWw
g,/(107S - um)

—_

1
W

|
[

1
—_
=]
—_

Fig. 8 Schematic diagram of the method for measuring the
linear threshold voltage
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