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ABSTRACT

I.TITLE

SiGe-Based Quantum Channel Nano-Device Technology

II. THE OBJECTIVES

It was shown that the present SiGe-based quantum-well channel nano-device
technology is very promising one to solve the problems of conventional Si CMOS devices,
such as operation speed, power consumption and noise limits. One of the most important parts
on SiGe technology is considered to be epitaxial growth, which can be divided into SiGe
relaxed buffer and quantum-well channel growths.

The objective of this study is to develop the fabrication technology and characterization
of a novel nano-device based on the physical characteristics and understanding of SiGe/Si
epitaxial quantum channel, including growth technology of gate oxide with high-quality and
ultra-thin film. Also, another objective of this study is to secure a source technology and

intellectual property rights through a process of a new nano-device development.

[II. THE CONTENTS AND SCOPE OF THE STUDY

®  SiGe/Si buffer and epitaxial Growth for a SiGe CMOS device with high concentration

®  Optimization for high mobility SiGe CMOS device

®  Growth of SiON (SiO,-based SiON) gate oxide with high purity and high quality on
Si wafer

®  Growth of gate oxide using high-k dielectric material on Si wafer

® A study on fabrication technology of a SiGe CMOS device with high mobility

X



® A study on process integration of a SiGe CMOS device with high mobility

IV. RESULTS

In this study, we optimized a carrier channel structure of dual-channel SiGe MOSFET
with high mobility on Si wafer and developed a process technology for fabrication of
dual-channel SiGe MOSFET compatible with Si CMOS process. The results of this study are

summarized in the followings.

®  Low temperature SiGe/Si buffer and epitaxial growth on Si for a SiGe CMOS device
with high concentration

®  High temperature SiGe/Si buffer and epitaxial growth on Si for a SiGe CMOS device
with high concentration

®m  Optimization of carrier channel structure for high mobility SiGe CMOS device
(enhancement of about 2 times mobility in simultaneous SiGe NMOSFET and
PMOSFET than conventional Si NMOSFET and PMOSFET)

®  Development of fabrication technology of a dual-channel SiGe CMOS compatible
with Si CMOS

®  Development of process integration of a SiGe CMOS device with high mobility

V.EXPECTED RESULT & PROPOSITION

Technologies developed in this study will be utilized to improve performance of
conventional Si CMOS device. That will lead to upgrade performance of IT-SoC components.
Also, we expect early transfer of a source technology and intellectual property rights for SiGe

semiconductor to industry.
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PESE PASE Puid P1262  P1264 | P1246 | P1268

1957 1599 2001 2003 2005 2007 2009

0.25pm | 0L1Bum | 0.13pm | 90 nm 65 nm | 45 nm 32 mim

200 200 300 300 300

200,/ 300

al Al Cu Cu

strained | Strained
si ]

Inler-connect

i i i

sate dielectric 5i0, Sio, S0, 5i0, S, High-k | High-k

Paly=-
silicon

FPaly-
silican

Paly=-
silicon

Paly=
silicon

Foly-
ate electrode HMetal Metal
giliean

Potential candidate for introduction
~ Source: Intel
<ad 12> ALY dEE

CMOS

Non-classical CMOS Y= AN 7|2 = SOI (Silicon

FinFET, Dual-Gate FET, SFET s°] =t = vA| siggd 7|=/Mds

CMOS 7} 45 nm ©]3} Fo& HolEwA WAstE oy FAls
A Hlgh ATt
Sleo Al o &3 e axjtd 2=

2011

_'Itrﬂll'lf !!trﬂII'IEd Strained

CMOS  (Si

FAANLE £AEH) A7

Atk e
(M= A

P12T0

22 nm

300

T

High-k

Metal

A 2 (Q1EAL 2004.10)

on Insulator),

F3le] 2010



ddlell 45 nm o]} AXE ALEstte HRE Fa ok 2y @A wEA
A G SRl = W 7P Ad 7be’t AR SFET (Strained-Si
Field Effect Transistor)® @] 1= gtk oo & A4 1 5t 2 A4
oA =zt FAe 2 HAeZ-AZvkE A durles Vvtew gApAd
o] Aaztet J2g veg 329 7|25 vidst
&l 49 GHz oA &2tsh= Z-A2vbg At &
el 3=t 10 GHz 289 1&=g3 2] AlgE o=t 7Ivte] 2 dH7]=
AEsHA 4 A= 7|gEh

Ay ZA=Zvhy BeAle a5 A% 54wl 2a&AdY vlelaw
T2 MM, ASIC, 183l GaAs Al SFFENEA L JHo =z FF5E RFIC (Radio
Frequency Integrated Circuit), MMIC (Monolithic Microwave Integrated Circuit) 7] 7}%]
8ot Aak SiEa vk AE ukel o] wmEje] mho] IR IZ® A Aol A
AEHHAMNS 98 v AaAe u&sA, AdY, ARS SAS P 44
2 3t} (P. Beckett, ACSAC2002, "Towards Nanocomputer Architecture"). Z 1< A 2] -
AZvbg FArazke] Azt gk AA7se A Al=2vky FAAE 94
&, AL A9 (LT-SEG), + 959 olxe =¢E =3, AAY/aL=A

SiGe-salicide 7]%, SiGeC/SOI 7], elevated S/D, solid phase diffusion 7]& % #]-2-Zj

Ud dde 7l ol 2. A v e oA Al 2a% 7t
T 8% 7leelH, A2 dud dA% V=L SiGe o 4 =9l o &2}

a8 Ea

E4 932 xS ¢ Jd= @A 7]Eo]t}h Solid phase diffusion 7]% S Ul AR
== 2~
=

o 7V T8 7l 59 <l shallow junction < T-#3F7] &) AtH 7]

i

t}. Channel confinement & T &3} SiGe(C)/Si 5 2. & subthreshold-slope 2 =] L,
SiGeC/SOI 7] % I/l s %9 & EAE AGAZ + AS o= 7|gerh
AN e deZAErks FAAEE ©8% 45 nm F 314d%e SFET
Ao Hagh 8471420 SiGe(C)Si FAANE o3 F47]%, A2 zurdt Y4
Aol E A A7 9 SFET 54 A3t 2 &2 AA7ss 3 Mdsta,
R ES] 5 AAAQL L GHe FHg0 HFdE4

5
ANdTx 4 FA7E HA 3}, SiGe SFET 471w 43t A7 45 FAh

uw
2
1)



A2 =l Tlet E%






Al 2 s T 4%

A1 A AA 78

SiGe HF=A9] 7]&7l¥-2 HBT (Hetero-junction Bipolar Transistor, ©]% 7% W}
olFdt EWAA ) 2AE BFE AZEATE 1987 =0 IBM ¢ Meyerson BFA}
7} 2% HBT 242 F&e AL, 1998 A5-H AEstE gl 4= HBT
o] 4%< 300 GHz oA B Fole= &S F8ta 9lon,

J =2 AAE Uk

H=rS CPU, DSP, 5413 53 & mF717kx] v wxe] APike] £33}
2001 | AIAEE=A] Al 525%5 Aetal o, < 2-1>3 o] TGt
A s VT soR TRAES Fstal gtk 4] MIRAL FH9
IMEC (Esprit), tH2Fe] ERSO ¢} #2-& IR A Eo|A SiGe WFHEA|9] 7]&7/)d T2
He 7HeA71a Atk I IBM S 91AI8He] iRke] TSMC, UMC 7HA] SiGe ®F

EA 7= Aol v ALsA oloAaL .

CMOS & 1
A& SFET ¢ RTD,PD 28 7|54 AxApe] 7]<«7)dt

<3 2-1> 77pP8 A AT ds) (NTRM2002, p.304)

Ll IR 4 o 7k
A= /71| SEMATECH ASUKA MIRAI IMEC ERSO
3L ] /AR 23 Al 32 A 2FA A
2y &7g/74] 100-70 nm | 70-50 nmSoC | AALTA | 5 "0
o NEAE T ANEMNL e 7% 7 E;ﬁﬂf
AR 713 1996- 2001-2006 2001-2008 1984- 1994-
At el Al | 140 ¥EE(00 ) | 760 <l | 38 A Ql(01 1) 130 W YFF (487 W HE

<#E 22> A E A F-AZvkg WA AEs Aol wEw AlA A
© 7 SiGeHBT & <7to. & 3 BiCMOS 7|4 AE37F A AP Se o 5



At} v IBM, =Y

GHz
SECEREEE

SRAM (IEDM Dec. 2002 o] A 3%)=

[HP 5 SiGe BiCMOS &4 7|<%
ool AAEALS

Mol Qee] AE|Q] 4 LA

S HAfska lEdl, 200
v H It IC AJAE7HA 71
SiGe SFET ¢| 52 MBits

43le] 60 GHz ¥ 77 GHz ¥

AHenst AEeS ¥t lEle 90 nm SFET

[e)
=
2 EAL ICE 7|7HE ogY, ¥ UEYA, FHAEA ICE TFsA4 2 Aolzt

aL g

<¥ 2-2> F8 7)1

A
=

bedle) %S 3

i
[‘IHJ
X
il
=
or
=
oX,
olr

T

A (=71 A 3% ™ (Remarks & Year)

ol el(u]) 52MBits SRAM FE] S TV A H ZZAA
IBM("] VCO,PA (GSM, 1998), 40Gbps SONET,

™D DSP (2002), 3 & A A1/FPGA (7]2+%)
, Tx/Rx(Cellular, 1998), Power Amp(GSM, 1999),

=
Atmel's TEMIC(=) DECT Chip Set(2000)
. LNA, Mixer(0.4-2.5 GHz, 2001), Power HBT(1998),
Maxim(") Dual band LNA

CommQuest(7])

Tri-band LNA, Power Amp, Phone-on-a Chip(2001)

Intersil(7])

WLNA Adaptor(Power Amp,IF/RF Converter,BB X % A]| 4],
2.4GHz, 1999)

Hitachi(%)

Optical Coupler(10 Gbps ~ 40 Gbps, 1999),
AGC Amp(10Gbps~40Gbps, 2000)

NEC(¥)

Limiting Amp, Mux, Demux (10 Gbps~40 Gbps, 2000)

Qualcomm("])

LNA, Mixer, Freq. Syn., VCO, IF Amp, CDMA 54l 3 2 A A

SThompson(*Z&°])

LNA Mixer, PLL, Attenuator (CDMA, BiCMOS, 2001)
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st F87IEs ZE IBM S FASE 10 A o 3aket AFtr]dte]
Consortium < A 3te] st A8A1%S A8kt
SRAM < 7H¥ (IEDM Dec. 2002 ol 4] 23)3lo] 3145 mpo]AR2 X2 Mg o7 3
£3}22} st} IBM 2 350 GHz 7HA] 71531, SoC & A Ao glojAl= ¢F 5= 7]
=o] & Zolgkar oS3

IMEC & &3] =4, g, ZT&20] R gAEE dhFo] SiGe 7]

S JarEtar glon, TSMC ¢ UMC = 7]

BM & Combo SFET/SOI

p—

==Y Agstar At #H IMEC &
o £

Stanford, Intel, ST 53} Consortium = 2

o,
ol
-

st B o7 Ge
23 145 (FET+RTD)?} (HBT+RTD) 3]
23 DARPA 9] X FoldZ 1A A HRL 7 H
AYotd st & TRD ¢] NDR & Si FET ¥}

Fo22 Agstel n&AAY ULSL o $83H: 7HsdS D7) A% AERA

(o,

il

43

K=

>

£

= b
ot
M
i)

o

=

ot X,
rO
-
ol
-
K
X0,
=)
>
P
)
£
=2
2
s

FET+RTD 3|= 9] 7|22l Al &E#olds sttt

el IBM = flAlske] SiGe BF=A] 7lmAd Aol wig- A DekA ool A
o]™, 90 nm 2} 65 nm 3+ SFET #} Classical CMOS 7} AF&5] 3L, 45 nm 7 ©] 3ol A]
SGOI (SiGe on insulator), SOI (Si on insulator)ol] 2 AAE A 2Hel= 7wE Yol S7Fe
Zo]™, 10 nm ©]3}ol| A+ Fin-FET, DG-FET, Ge-FET 53 7o] 1% 9] 7|<%o] &+
A E Aoty B AT A= 45nm~ 10nm Foll A 3| 2ol {89 7peAo] Fal,
Al 15 nm o]dke] SujA AR Zopell A me V]l tigk s Ads B
skl w7t At

A2d I3 7<%
ol Al SiGe HBT 9 SFET 2AFo] 7]&/|dbe 2 Ao A] faUsiA A
o] strh. A/ Y SR or A SiGe olvE AHESto] 77 ~ 84

GHz oA &2}38}= SiGe HBT 7|w©o] Hx=Z2 /= Aol o] 5 o]83F 10 bps F7
% A XZ2%7], 2.4 GHz WLL & VCO, 840 MHz/1.7 GHz Cellular/PCS 7] A =& A& =
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*7],1.5GHz 9] 5.8 GHz t 2] LNA, Mixer, VCO MMIC = 7Z3t= A7 49
223 HBT AAHE CMOS ¢ % 33k BiCMOS 714 % 1-10 GHz Cell Library 7l
o] ghEFALE. ¥ AFEo] AP R 1998 A o] F o ANE <¥ 2-3>0] gofs}
=3

x2

<E 23> 2 A7de A7aH 8ok (1998 o] )

i SRR )

ki

0SiGe HBT 422} 9@ FA4 7%
- B A7 A DT Z HBT 715 (f/fia 70 GHz/

HBT& 80 GHz)
BiCMOS | - SiGe HBT #A}7]4 4% 7]%: BiCMOS
Ears compatible)
e o HBT RFIC Library +% = 2}7]4:: SiGe RF W&
e | - BEEVE d49H (59) A 7]z A
7% - SiGe HBT % &A%} Library 75 (2002, 4] 2)

0 SiGe BICMOS &A% T4 7)<
- BiCMOS, SFET, /5% 44} Library 7%  |=x}7]<:: HBT 7] %0 A
(2000, 4 =)

0 1~10GHz SiGe HBT Core Cell Library 3 7|

- &% Cellular, PCS, IMT-2000, GPS, =274 T u-g
WLL/WLAN,ITS-DSRC SiGe °]E A7 oI
FEEL I F2Htl: 0.9 GHz,1.8 GHz, 2.4 GHz, 5.8 GHz |
o 0 SiGe BICMOS RF % IF &3 MMIC (2008, AJAEZYx)
Az | - BICMOSRFIC 8= A )
- 02.5GHz & #2418 1C AA 2 A= U= 414
- Pre Amp % Limitting Amp 27 2 A=t LA =T 349
- SiGe/Si MQW PD (f3dB=1.9GHz, 980 nm) 2= (SCI 33 #)
A Al AR 3571
. S5=d
0 iéﬂ_—i’—?]*iﬂ p-type SFET L& 247 €317] G 527, = 3270)
= B =552
- Kf FeEAlo] Y3l SiGe p-SFET A AH7] @ 1974, A 79
a7 =

o0 SiGe modulation-doped MOSFET 1% 7] &

o Very thin SiGe (Ge=20% max) relaxed buffer
A7

o AL 134 #ud st (RAO) A 71=

12



SiGe HBT 7|%2 AA7ZIA 2 3lo AAA =d] WH=A S| Akl 5= a1 Q)
dEstel zYsta gk FHtol FABAIGErIr #AEE Thgo] ALYGAE0
IMT-2000 ©] &3 HE<S IBM, ST, Qualcomm %O 2B 42¢138t 7t} Foundry A
H| 225 W 9lar, ofof whe} 9= 7|3 o] AFo R 43 V)& FEka 9l

S

FH 43 U9 SiGe

Atk 53], s A= 300 nm BiCMOS 9] /S efsta gtk o] st ]9
s 5 wj, & d Afo]e]
U] WEA AR AAA BAYS zFolopnt HElFE 7wk xad Ypa
o Ardidel] Eojd 4 Qlth
Tujtiste] - A& 9] SS-MBE £ ©] 843 SiGe YAE AT, AAT<]
SiGe thA7 Al°]E CMOS A7, A-&te GS-MBE & ©|-&3% SiGe w573l o
g A7 AFHI vk HZ o] Zlsiobdl tig Sl AFNE FAE B9,
AREANF-] F3 o] 1993 d o Z vd 3 oY) oS FAEte] Ve LS
F21% 4 ATk HF ETRI 9 7S A v FdA7F gizf 10 o ol s
Zfdte] EF3ska 9lth 18]3l DRAM ¢ tHAA SiGe Alo]E ZFo
_/[:

*
B A/ EATE solg st FHAA LYol

Jatar ok AA) A AR
9} dloly~ ®ul o}al, KEC 7} ETRI ¢ 7|EAX 9SS E3}9] SiGe BHEA| 7|49
=99e HES A ok WAJAR ASB 9 FCI = SiGe AHZTZH7] AFS E3}s}

Al Sl

A4 0 & SiGe HBT, SFET o Wit 7]=7hdte] ZAo] A H3A vk 9]
A7) Hke m]ekElth (NTRM2002, p.312). WH=A] Uie AAFe] 7]kl 24 21 A7)
T 2Eo] AFYF Y] EHlEhT Y 7T AR AP ES T4 22 SET, Nano-CMOS, Tbps
HA3 2 A75 Fdsta 9Jom, SET 3|2 (F5 ), Fin-FET (B Ed)e] 71&
o] o]Fojz|al gt} AFJAYU 9] Al~® 102010 oA = 2AY Y T4 VE=
50 nm # SoC ©] Al Ax7]<, HEHT]o]-§ 256 M FeRAM Fo| FX15 L glth (A
2~ [C2010 2 ©HA1 71 E)).
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e

485031 9

=

o NI A|=vkE uFv At (BAAEZY L, 7]EolH)
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A3 AT AYZ-AZ2ng/AEE d2A

2 o]FAY 4%

AxFG el S dol Hxo Wi EWX2EHe b2 AlZvpge] 9
3 TFAEAY. 1947 Fd ¥ A4 9] Bardeen, Brattain, Shockley &= AlZvlgE HFEA 2
&1 2B 529 (AFSHE A TAd FEE 1956
of wldS AT 1 % 1960 el AZvbEd A WEAR A& thol
R FAB/EFILS A XY Esaki SAME HE o] IAAALAES A
7142 1973 dol| S FAstTh ek, A E-A2nme] 7he A 1957 W
o Hx= AANHAAT. 2 o] 7HA] ofFwell oldko] 1981 o] HojAof 4
2l §8o] 7153 SiGe A=A 7do] Wy 7] AASF AL, 1987 Wl UHVCVD &
NS Meyerson 93t & 2tsk SiGe HBT 7F 32 5] itk
olgfgt HelZ-A=rks GAAT A oY 7HA s siAsior &
TAEo] EAg o] AV EW 4 AZvEe] Aol 5% o|lE TAste]of
shal, AWl Astoz 283 = 9l Ba(C) 2 At (0)9] o] Hofof b,
SRR s x£do] Jhsslof g Wk, A s HoR A 857 9

>

e w2 AHES aetd d A (600TH-Zoll A whuke] g o] gke]u)

(B)2] FakE 650T olstell Al AAsta F kA s 2

2 A4S WA 2y, A mwdite] TR R3l A4 A%
o WEaA HAY A Astete] insiu AFo] ofgu HAEREs
E59] n-type, p-type & in-situ £33 3}7] wiell F77ke] kA Al

offth ol A2 ZTAFES nFe] ta AAT 5 = AL

iyt

=
4] molecular flow 2 U EE Fo|I 7| AWHES Fola FHIS A 2sle] oA

e SASES v webd oo dedAl2vky e 13dE e
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< 27| (UHV-CVD) X+ Molecular Beam Epitaxy (MBE) AH| S ©]-83}o] 23] % o]
Stk Adlel AFE¥ RPCVD = A g AHolA A8 4o A=y 29 =+
AAeE A B WA nsi = Aol A Aseg BaHoR Ao
& = o™ susceptor W& B Adte] Al=whge] A F WY ddAES S
Hale A4 so=m 2 deIZAevky 42 Y FRE o7 vk
P

ATl AREE Hl= ASM ARS] “Epsilon One” “3SH/3HSH 3137174 &

¢

(AP/RPCVD) A]l&=®loZ RPCVD & A ¢3#o| viscous laminar flow <3<
10-50torr oA @24 dAstez g dolH o) e ol Aelsta @ 4ol
7Vbeste, AH] F27F 7hasith. AP/RPCVD Al 2~Hl2 quartz A 2] 919} ool A
Tungsten-Halogen ¥ & 7Fdsto] g5dA g9 75 Adn. &3, 4% w9
% SHolA 7t2TE FYEO 7 & Tt R SR pumping ¥ A5
A 2oL glo]HE 0-50pm S8 3| HA|A BFEREA Y] f I o] 1% ol HE =
o} SiC7F ZHE =<9 susceptor H2 AL&3Fo] EE7F2~9] out-gassing S WA ST}
SiH,, GeHs, PH3(1.5% in H,), B,Hg(1000 ppm in Hy) & ¥H$-7}23 99.990% o] 4He] it

TEolal, £E7FA]) Hy = In-line BA7]E ARS8kl &gk

A1d AL = dejE-Asntg/AdedE 4248 437s

B AN E 60T 2He] Aol AeT Ak $HAeS 2 A% 2

gel oleke FdES AT olTAES I Wil tste] et

<719 3-1>< AgZ- A2ty o] AA7tAE AFLEE SiH, 3 GeHy 9
Hl o W2 AZntge A4S Yellls AS=ZA, B A3 B{o A/
_"

(¢}

3}8}7)% F2dH] (AP/RPCVD system)E Ahgate] Hdl 57%9] AlZvkg 2A4S
e A2 AlEvkE HEA AANs gusglen, A=vkEe AR« A

of 7ol 33 Ays HolE

todeEevy wads 492 wAger THH oFAYe G4 T

.%
]
<
S
>
N,
o
)
o
i)
lo,
.%
tr
<
>
>
™
=
-
)
e
o
(A
o
=
w2
=
20
do
|
o
2
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N,
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471 650C A L] A2oA AeZ-AE2vkE SHAsS 3ol

F
g e B4 Aol U9 Aol A FWelA gy SYRNF %

)1 —-

T T T P4
s5[ © Predicted Data H
s0L ® Measured Data -’
L & 0.57
45 + SiH,=10sccm
a0l ° 045 GeH,=380sccm

* SiH,=10sccm -

0 33GeH4=3005ccm
SiH,=10sccm

GeH,=220sccm

Ge content(%)

650°C

Ge Content with GeH4/SiH4 ratio ]
%.0 0.1 0.2 0.3 04 0.5 0.6
GeH 4/SiH .

<2¥ 3-1>SiH, ¥ GeH, ] W&ol W& A=vpge] 24
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Cross-sectional TEM view
dual-channel on SiGe.b
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A
=

A1 Aol A 71E3 650T A 6] A2olA Ade|Z-AEvkE & st

ofj

4s FAsts e g4 AFE bpel 2ol T AlRbo] w9 Ao ALk
A SHeA Bty SESsEe] 2w AF7I7F AZO CMP  (Chemical
Mechanical Polishing) &80 = 2} Helejol st 9 FA7F Advh. whebA,
800C -9 al&olA AelZA=rky ¢Ad Fd= 9 7= A9 dEs o
wetr] 93 AFs APsiRom, <y 3-3>3 <aF 3-4>9 e ARE AU

712 <100> WEF] p-type, 5 1A A dlolHE o] &at3lth dlolH 9
A8 HS0.xH0,=4:1 & E3rel &l 100:1 HF &4& o] &3 SC1 Al o=
ex-situ cleaning ©] 8 EH Ao 1100TC 2] AoA FAE 23sim TYHA 90 =

7t in-situ cleaning & A A3l A 7|Fe] BEeE 2 AA AsteS Al A S
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o AyZ-Asvks @2A wre] F& 2= 750T~900T Alolol Azl w9lo
™

40

35 | —a— 750 oC : 4
[ —e—775°C / v o]
30l 800 °C . / <« ]
| —v—825°C 2 / >
25| 850 °C / / |
. —<«—875°C 5/‘» ]

Ny -:
Z |

Ge Content(%)
|
]
\‘\§

A _
O I 1 L 1 L 1 L 1 L 1
100 200 300 400 500
GeH4 Flow Rate(sccm)
100 T T T T T T T T T T T
90 +
E 80 -
= 70}
= [
£ 60}
D i —=— 750 °C
- 50 - o
© I —e— 775°C
X 4ot —4— 800 °C
c i —v— 825°C
S 30r —<— 850°C
9 20+ —»— 875°C
G ol —&— 900 °C
0 I 1 L 1 L 1 L 1 L 1 L 1
0 100 200 300 400 500

GeHas Flow Rate (sccm)

e

<a¥ 33> T2 25 1.5% GeHy 7129 el & AZnky 24

=Z=z AT
o4 H

watel
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60 +
55 [ —=— 800 °C_DCS 20sccm
50 [ —e— 800 °C_DCS 10sccm

45
40 |
35}
30 |
25
20 |
15 |
10 ]

Ge Content(%)

1 N 1 N 1 N 1 N 1
100 200 300 400 500
GeHs Flow Rate(sccm)

90 T T T T T T T T T T T

80

60 -

50

40 b

—=— 800°C_DCS 20sccm
30 | —e— 800°C_DCS 10sccm

Growth Rate(nm/min)

0 100 200 300 400 500
GeHas Flow Rate (sccm)

<1¥ 3-4>800TC2 =2 2% o)A 1.5% GeH, 7}~ 2 SiH,Cl, 7129 3] &

Azvhy wiete] 24 2 3 &5
<% 33> SiH,Cl, 7F2~E 20scem &2 A AJFAL GeH, 7M1= FHS
=~

2)
AS Za Folste] =23 agolt) 2¥S Faf &

100sccm ©l 4] 500sccm 7hA] W 8}ste] whe] FzF &£% 9 Al2vkg FE5 SIMS i
oA T2 &7t F7FE wEt AZvbEe] FRF AP



Z}

T SUFEHAIRE, A A2k

SHAl 5718k 750 CH-oll A= 2 W37 glth SiHLCl, 7F~E 20scem
= dfole A=kl Hd 571 31% AR AgZA=vky SY93sS
FAst7l = FEsSHAT I $EE frAske AyF/AgZ-AErkE olsAd
of A&strlele= F-FHetrh webA il R A AlEvkE s 27 s

SiH,Cl, 7}F25 10scem &2 1At AES st o AFE <19 3-4>9

HLn]—g] %iL é,\—L:_

rlr
ol\

rlo
L
A
ftlo
o
e
ld
N

ol

SR~}

EAEE T =2 = 800 CE A 3P o™ SiH,Cl, 7F2~7F 20scem 21 A -$-<9F
v sl olwf AlZubgo Ho FAL 1.5% GeH,; 7F2~E 500sccm % 3hal
SiH,Cl, 7}2~7F 10scem 32 ZA oA 60% A =o|th

2.20% GeHy 7125 o] &3 AYEZ-A=Zvtg d2A AZ

GeH, 7t Fadl 3149 Aol whe} 1.5% GeHy 7F2=9F 20% GeHy 7+~
2 FEe] Fae] AAHAT 1.5% GeH, 7t T2 W2 AZvky 249 A
Azt G2 AF A vAEA A=ZvkEe sRE £
ot itk ol Hlsl 20% GeHy 7haes T2 52 SF SR8 8
Tote sAolY =g AZvkw ¢AR S S8 ARgEH & AddAM e 20%
GeH, 7}
A AAE APspgleon o AdE <Oy 350 dehigit. SF ke
800T~900C Atolell M = lom &4 2 60torr ©Jvf. o]
o 24L& 20% GeH, 500scem, SiH,Cl, 40scem @] 7oA 54% A o|t}, Al 2ulF 9
Hdl 24°] 1.5% GeHy 7k ARESF 5o Hl&] 2 o] f= SiHClL 7F2=9]
s 40scem 0% Folal GeHy 7F2=9] 32 200scem 7FA] A S 7] wfZolvh. B
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F 15 12 60 63.0 118.0
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HBT: Hetero-junction Bipolar Transistor

MOSFET: Metal Oxide Semiconductor Field Effect Transistor
CMOS: Complementary Metal Oxide Semiconductor
RFIC: Radio Frequency Integrated Circuit

MMIC: Monolithic Microwave Integrated Circuit
VCO: Voltage-Controlled Oscillator

SFET: Strained Field Effect Transistor

AP/RPCVD : Atmosphere Pressure/Reduced Pressure Chemical Vapor
Deposition

TEM : Transmission Electron Microscope

EDS : Energy Dispersive Spectrometer

SIMS : Secondary Ion Mass Spectroscopy

AFM : Atomic Force Microscope

RTA : Rapid Thermal Annealing

SGOI : Silicon-Germanium On Insulator

SOI : Silicon On Insulator

RAON: Radical-assisted Oxy-Nitridation

SiON: Silicon Oxy-Nitridation

ALD: Atomic Layer Deposition

MIS: Metal Insulator Semiconductor

EOT: Equivalent Oxide Thickness

SIMS: Secondary [on Mass Spectrometry

HRTEM: High Resolution TEM

PDA: Post-deposition Annealing
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