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SUMMARY

When the top silicon thickness in SOI(Silicon on Insulator) MOSFETSs structure
is reduced to the range of less than 20nm, the size effect of nano SOI which is
quantum phenomena occurs and the phonon-limited electron mobility is also
reduced resulted from the reduction of inversion layer. Therefore, the aim of this
project is to develope the structure of strained Si/SiGe/SiOs/Si by the inserting of
SiGe layer between top silicon and BOX(Buried Oxide) in order to solve the
problem of degradation of electron mobility. By the inserting of SiGe layer, we
can considerably minimize the effect of holes, generated by impact ionization
occurring at the drain edge region, on the source edge region of channel. This is
attributed to the holes’ confinement into SiGe layer. In addition, the trapped
holes flow easily to the source region because the source to body barrier in SiGe

layer is lower than Si
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Fig.2 SiGe-Inserted SOl MOSFET Structure and energy band diagram
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13 35.41 S4.22 10758 $4.98
T 35.54 84,38 1Wr.6 B4.82
4 -4 S48 14¥.62 54.96
$ 35.54 S4.48 1082 BLTG
18 3564 5444 10772 $4.86
11 8.3 54.34 10%.51 HE.03
12 3535 5433 Rl Ba.T8
13 389 54,15 AR B 4.8
14 35.55 44,68 07.83 95.4
1% 3543 54,18 10157 8. 8%
18 3587 54.20 10757 $4.82
47 .81 £4.21 107.58 $5.04
18 36.54 5418 10T.81 YT
19 353 2837 Wre $4.94
24 35.714 $4.81 107.86 85.01
31 VA6 AR T3.05 TH7 61
g i M T .5 RN AL SRR
MG 1 107,59
(G L TR
S8 2] T.52

SOPRA , iols Colombes. January 22, 2004
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(4) Dislocation ¥ &4 ( TEM Z} )

- High Resolution TEM®] &3t SiGe layer 2 Si AW & #23 A3 AW mismatch $1.
- SiGe #9] dislocation—free &¢1.

(5) Graded SiGeZ AZA(SIMS #7423 @ 12 wt%9 graded SiGe

Cs ULVAGC, Inc. Tsukuba ISM
1022 D3/06/24 SiGe-DIBTQSWE__ o
E S03062002 | 55,5k 1. 500 A, 400um. | 0% Nee :
1021 20
H
S 1020 ] 15 5
= S =
~ [
£ - E
= (12C | =
(%3 =¥ [ %)
g ) g
S 10" 1 8
e :
0] W
Vi
RWN
o :
1018 el
N
w017 e : ‘ o
20 30 10 50 60
Depth (nm)

- mole fraction 20%°1 4 graded SiGe 4% ¥ SIMSZ H7I3t A7} graded T2 YE BY
- graded SiGe profile : 129/ 150A = 0.08 wt%/A < profile

_16_



(6) Strain &3 A =4 4A

(7)

Rarnan spectrum 5j (001) wafer

10000 -
8000 -
15 exposure i
6000 f -
4000 + -
| :
2000 K z
0 = SO ‘-.M‘T_.'M'“r—r—l—\r‘rvr—'rn——r—:'
450 500 550 500

Rarman shift/ orri’

Strain f,‘xq% ot 7€ 71E€ L Ar laser power(A=514 nm)ZE A-E3}7] W&o SiGe
Z Yol 4" Y FAY strained silicon®] straing H71E = §2.
Ar laser power(A=514 nm)E ultra violet source(d=514 nm)E WAH3Y Yx F74¢

strain silicon® 9] straing A3 = 7= e,

NRL 2ol FA4 fo we} A2 ULVACAHS 502 AL Ui SiGed: A

1}7]% 7H =1

batch-type®] I F(UHV-CVD)el 23] A2 Yk SiGed: A 7l& /.

mole fraction 20 wt%l A $ie]® ¥ ™A roughness 0.3nm ©|3} 24.

Target Ge mole fraction®] W&t AH 2 A2 mole fraction T+ SIMS o3 &
g A7 ¢+8 84l matching.

Graded SiGe3 A2 18 wt%olA A4AF.

Graded SiGe profile : 0.08 wt%/A 22 < 0.2 wt% < spec BA

1143 % B%F nano-strained Si/ relaxed SiGe A% ¥4 7w V& #&x
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2. AL v A9 dg2 47 7€

AT BE
e A2 nano-epi silicon® 30nm A% &4 7l& /M

® nano-epi% F7 uniformity : <3%

W AT FH A=
¢ UHV-CVD AU & °] &% AL silicond 43
® Hydrogen baking €% /o] w2 dojsf T A s AA
¢ ULVACA}IS] 2 &

A

% A7 4%

() AL Y 93 84 8@ F7 34 BEE

Avg. : 414 (A) Avg. @ 424 (A) Avg. @ 428 (A)
o 4 (A) o 6 (A) o 6 (A)
Range: 16 (A) Range: 21 (A) Range: 20 (A)

- 40nm A9} Epix 432H FATLE F 15% +2& THANE.

O

(2) 97423
- A&l o3 Epi F74

I
- 40nmoll A Y FA TUE 15% & 2439 3.
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3. AR F4& o] F9) 7

7h AT =
o 7FEHS 1 < 30 keV

e Nano-cleavage¥ ¥ ¥ roughness : < 5nm

=5

—

U dt F

o ddistm F7FAAH Yx SOl FAHATFEL dE HF59 w=EA FH Hejrd
ULVACAF 2 4 S5 7% e

(single wafer) E}19] 8 & 129X A
A

o ZFul e QlojA =
821X o 12911 4ol
TFA A At

A

Zy ol g /Hd-& ULVACA A HArel gk
28 2 AZ dos Mde g I/ v S0I 24

o FYUIF HHsa AT “YieozQote] ol Az Py B 2o M Axd U=

gl =@ ko] So]H(53 FUWMI 1 2002-0047351)"¢ TRl %A Simulation(TRIM)e

gt Aol Azt Faol2Fd duA B E= wx T IS d3E <
= 2 Ax

SLIM Technology

Bteppe : Stencil mask

ton implantaton

Devetoper il o RRLLERRRLELLILL
— —i1i11

JRLE31128332 3 L

lon implanted region

=

Biripper &
gt 4 i
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A #9491 implantation ¥4 PR coating — Stepper — Developer — Implanter —
PR stripper — Wet cleaning #4822 Ho] glou} SLIME stencil maskE &3}
o] shot @91 & o] FUF=Z implantation 3 FAHLE FREH= F7]FQ A4

o] =F U,

SLIM®] & +4

Top View

Multi-charged

Hich current
I’s /

| Fle

Implantation v
¢ E 41, Decel/Acceel

~Fuhe

Analvzer
Magnet

= Q-lens
Collimator Magnet
Magnet

SLIMY] o] &F¢ /¥ %

Alignment precision <=50-80 nm

XY {2-axis) stage

coolant
Electrostatic chuck
for stencii mask
546 ure” Stencil mask
10100 son i - s

Electrostatic chuck
. forwafer

S X.Y,Z, 6 filt (5-axis) stage
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- Running costol] W3 Al &do] A A3}

Running Costs

Conventional Other 2%

Specialty
gases 6%

Chemicals 56% _ Bulk gases 4%
Ultra-pure water 5%

"micromagazine.com, MICRO, p.9, 6 June 200170 ¢}&}a <k 21%9] cost 27 &7 U2

- SMI-40H¢] 57
@ Compact@ system size(H x W x D : 25m x 2m x 3m), Ea < implanterel ¥] 3}
1/39] foot—print
©@ Wafer size ¥ 3(200mm & 300mm)ol Hsh A3k g 2 #Hx 200mm processZE
=3 & b33 transfer WA 93 300mm process A3 71s
@ High reliability : 71 E7/01d 2] 7]4-& SLIMel o8] A=A EZ ¢F 20%<9 cost &

gy

)

@ Short beam path @ & % Hzof o & W AF 4 A ¢

® Single wafer typecl 93t HE]E ¢4 74
1= S o

(1) Simulation tool(TRIM)<S o] &3 $2 o2 FU duUAld @E cleavageF surface

roughness o=

7h & F9 AdAel W& Rp, ARps+e] FEdA

74
&1 A (keV) 10 20 30 50 75 100 150 200
Rp(nm) 180.8 | 2994 | 3896 | 5424 713 900 1300 1780
ARp 55.9 73.1 815 915 99.3 1066 | 1203 | 1295
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(W) 4 ol F¢ oA (Vac)oll W& hydrogen concentration depth profile

Hydrogen conceniration profile

- — Z00KeW
¥ f““‘x e 100K &Y

§ 150KeV

‘2 f"( \ — 75KeV
3 A e 50 K W

~ s 31 K W

—— 20KeWV
4 — 10Ke¥

Doeel &(10' cm-2
e sEmpla Br

Hp concentration [ cm

T T
[ 1 » ]

Im plantation Depth[um]

(th) Vacét Rpstel Faa7]

0 =

1000 l///////r
500

R,(nm)

0 J J
0 20 100 = - ]
Vac(KeV)
(2}) Vace} ARpote] 3374
Vac LAY ﬁ Rp
150
g ——
\-/Q- 7
a4
< 50
0 | l ]
0 50 100 150 200 .
Vac(KeV)
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(b 723

- TRIM AAkel <¢}std,

2 F7hsh

- Cleavage¥ °]¥ 3 ¥ roughness&

Aol o
osho] Be

o 3}
.

(2) & o2 F9 AYgAd u&

(7} 4 o] &

T

o] &

AAIA 7 F7kstE Rp &

bnm

olsht H=EF
, ARpE F7 37] fAsiM e FEA Aol A]

h=i]

cleavage¥ $lo]¥ E9 roughness 7§41

T oA ARpste] Fa#A (SIMS £4)

Contaminations

Vac:26KeV

S

1°]-
10% g
10" b

1018

Contaminations

101'.‘

10™ o

1

Vac:42KeV

Contaminations

1 UH

Vac:45.2KeV

100}

1 D!G

101!

10"

10‘7

10" [

1E

0 1000 2000 3000 4000 5000 6000
Depth(4)

ARp: Tm

(th F2& ole F9 e we

o144 7}

roughness =

2T

47

2R

0 1000 2000 3000 4000 5000 6000
Depth (A)

AR : &Tnm
ARp7t 57+
5171 $ls] ARp7h Ze AoluA F2

0 . H : .
0 1000 2000 3000 4000 5000 6000

Depth(a)

ARP:887m

cleavaged ¢lol3 %9 roughness®}He]

Vo 26KeV 42Ke\ 45.2KeV
Cleavage®
Rms
(10emX10 £m)
By ARM
Rus: 3.16nm Ras:5.720m Rus:6.550m
- AFM &4 HZA<Ql 10um x 10umZ SAStHE S W 4 ©
g ol cleavage$< ¢°]¥ EW roughness’t E3}4.
— o= 2= ol F¢ dquA7 FomA ARpst AXA H,
cleavage @42 & dol¥ ®H roughness® A 3.

- w9l ol

A& FY ok
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(th) ARpst €lol® %W roughnesste] a7

.
6
E s e
B 3 el
&=
€ o
;
0 1 1 ] 1 L 1
76 78 £ 2 &l 86 88 D
ARp{nm)
- T4 ol Fo] FUIetH ARp7t S7tsta dlelH cleavage ¥EF dloldH ®
roughness& S 7HA Z.

3) Fa ol X AEHeldz} SIMS 22 vl

(7h 4 o] X A Edold Zagy

Vac:26KeV Vuc:42KeV Vac:43.2KeV
1.E+22 1.E+08 16422
T -
o E421 e — 1Es2 - & 1Ee TN
B 5 % -~ B el
RUBI*1] ‘, 1E+E0 v 8 1520 _—
™ V A & / I ™ —
E+1R 4 H 1E+0 |7 1EH 8 [
He 3] Ho Ho
0 Eae oj) 1E+tE 0 1Eme
< EHmT 2 1E+17 3 1.E+17
\u E+18 {F 1E+18 4t igre
1EH B L 2 1.E4+16 1.E416
G 1000 2000 3000 4000 G000 & 6¢0 0 1000 2000 4000 4000 600G 6000 0 1000 2000 4000 4000 5AOQ G000
Da pth(a) Depth {4 Die pth (A5
Ryt 343.8nm R,: 474.6nm R,: 494 8nm

AR : 79nm AR, . 87nm AR, : 90sm

(U4) 24 o] B¥ SIMS ==z

15
~ ¢ [Fid N
E 'E P ;\'E\ 1P s ey
of) Ho p Ho 19 }1 i,
=) @ U.|_J y H
=] o 1¥;
15?;# it Y 5 s [ Jadl ST RO
- ﬁﬁﬁ‘iﬁﬁ‘}ﬁw e H % ; 1o* P 3 H :
© ¢ 1&'{} 2900 3066 4900 5GOC £HDO ! g 1%3.‘.";'3." 2&0(} 3383] dﬂﬂf} E@ﬁﬁ BUG0 0 1000 2C00 3000 4000 5000 S0
Depth (4) Deprti A} Daprth L8
Rp © 30Inm Rp @ 435nm Rp : 455nm
ARp : 77nm ARp © 87nm ARp @ 86nm
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(th &2 ol

rlo
off
}rl

o] A gl SIMS ZEatd AaADA

AR at SIMS(nm)
SIIBRBRBBG

B & & & & B D @

AR, at Trim simulation(nm)

() 9523}
- AR Fh o2 FAA ABHNAY 42 T HA FHAGIMS X))o
G5 ABEE BY
- A ol F9 YRy} AW ARpZt A3l cleavaged $°l3 XY roughness’}
o
2L 1T .
- F4 o2 F9 AqUAEZ 2keVE HL3H cleavageF 9l°]¥ EW roughness’t

w

16nm&E4 spect! 5nm ©]dHE THES).

(4D ARG T4 ol FY7I(SMI-40H) M 2 FA &<l set-up 23

(7h) o] & Az A

D Extraction 4= 9 X ¢} Extraction AF<te] &4

Extraction Electrode Position
vs Extraction Current

Extraction
Current(mA)

0 10 20 30 40 50 60

distance (mm)

- Extraction A= ¢x1< slitde] Az 7F 5mme W Extraction # 57} peak
(10mA)E e,
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@ Extraction A= 9 X9} beam AF<He] #A

Extraction Electrode

Position vs Beam Current
300

Beam Current
LUA),
o (=) o o o
[=] [=] (=] [=] o [=]

0 20 40 60
distance (mm)

- Extraction 4= 9% ¢} slit?e] Ag7F 30mme ® ¥ AF7F peak(250uA)E 1+
By,
@ HEZ&(H, 0¥, B oM H7F A8t 6l8)
FaolLoE H, HY, H'9 Zo] 59 a7 2ol #Ash=d], Y= SOI 34
oAM= Hol 23 blister B4 L flakeoll 23 dlol¥ spiltE sjof S22 H'Y &
& 59 Fhol2Fdste ATE oot wdA dSH 22 FdEvEHE =24
3o Hages ¥4 gl 9%

< Cusp filed : On >

<Cusp field 217}ol 213 H &8 >

< Cusp field : Off >

Gas Flow Rate vs H1:H2:H3 Rate Gas Flow Rate vs H1:H2:H3 Rate
I+H1+ e H 24 e H 34 e H1+ o H2+ . H3+
100% : 100% — ——
80% 80%
60% 60%
40% 40%
20% 20%
0% =
0% 0 2 4 5 6 [ 1 z 3 4 s §
H2 gas Flow Rate (sccm) H2 gas Flow Rate (scem)

- Tron jig¥ on/offAlolx= H &&o] <30l

g0
o
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<H2 7}2 flow rate @ Arc AF HFH3lo] 23 HEE FH>

Rate of H1:H2:H3 vs Gas Flow Rate Rate of H1:H2:H3 vs Arc Current

——H1+ —wH2+ H3+ e H 1+ —m— H2+ H3+

0 5 10 15
H2 gas Flow Rate (sccm) Arc(A)

X

- H2 7}~ flow rateE oW H+&E&o] F7Fsta, 10scemollA H && 40
E YE.
- Arc A5F7)F F7tetd

H §&0°] Z7}st=d], Hy 7}~ flow rate® 7.4sccm 4 o
BAS A &8 20%E LS.

- Arc A5 6A% Hy 7}~ flow rate 10sccmeS Z@3td H &8 40%2 HH9 =
A8 dYL. o] BHE batch typed H T&o] 25730%< AL 7Hekstd w$-
=L 89 53] o] o] A o] BV WEd HE e

- o]& 22 JJEe ULVACAHLR), F5 (L), 3 37139 35 ¥
ol o AEHAE

- AY d AFE 4mARA 8UR del¥ 7FoZ 3mAR 6x10°ions/cm’E
26KeVZ Fdst=d oF 30%°] 28 F.

(Hh) 8 A dlolH ¢ SIMS &4 23

- s Kowwacis
ot e,

1E#LS

ez §

-, 2EFRL

i

Concedration Mamsed)
z

IK 330

AE+ES

1T
L] w0 E e (2] iy

Dregaiwiar)
Fig. 10 M profiles of Ares) -%
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(th) TRIMel| &gt A& old Axste] vl
Trim simulation - 30KeV ULVAC -30KeV
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§4-E-04 % e
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(oh) tEE F7h 24 A5

30

Delta particte > $0.20um : + 3 Delta particle > $0.20um : + 0

25

B Before

B Afte

Number of Particle(ea/8inch Wafer)
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57871 F7+H4.

- BE dubxel Hu] 9 HE]F speco] 2070/8¢ A dlolH o]l As mHT W #f¢
¥ 294,
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JIE 4 Scan Mode W2 4 Scan Mode
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() A4
- & ol ¥ AF 2 Extraction AFE extraction A= slite] A &4
et AFstRed, olE EYRE HU 4mAe ¥ ARE FHIFAS.
- Ado H &< &7 9381 cusp magnetic field @ He 7F2=9 flow rate$} Arc A
o] &) ety AFI AR o5 HAH 2PS HAToEN HY 40%9
&S G S

- ULVACAS} F5oa AA Hx=Z /fdst 4=
FA7N (™ SMI-40ID)+ 8A X & 12914
- 53 A= doly gHYaoE & ol wWy
16% 2 batch—typeRt} 433 AT S
o]y 7|&2 2 ¢ o]¥ transportationo] &g FEF F7le= 5787M/8UA 4
O]fﬂi v} - oétifi AE FHIAS.
g Al 20039 (FILGAERH daso] it FHE AFEHI .

oY, 4
S e
p—t
2 =

_33_



A2 A YUx dojs xWAg V&

1. Nano-Cleavage 7]<

7h AT Bx
¢550C cleavage A 7]& /M

=
e Nano-Cleavage ¥ %% roughness @ < 5nm

. AT F21 A=
o QoA Fi& o] F(26keV, 6X10'%cm’)F hydrophilic bonding¥ Furnace % clean
ovend ©]&3l4 cleavage % % A|7rS splitdte] 500C ©)3te] A2 cleavage FA M

o,

e Zt 2% mWe} cleavage® SOI dlolHE FHAAAW Z(TEM)S ©]838}4 cleavage”t
o] F o]z = blisterd] Z7|E BFHS S Z %o wE blister? morphologyE vl F4]
st AL cleavage TA /.
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i
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o Cleavage 25| & micro-voide] 9% 2 star-defect @& 5 vH)a 43}
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(1) E9 defect 29 Cleavage annealing <% 9 &4

[0 %9 defect = interface void induced surface pit
< Y SOI AJAE >

450C,1hr 550C,1hr 650C,1hr 750C,1h

- 450C ©]3F9] cleavage annealing < X=ol4 W defect—free &4 /¢ ¢=.
- A& A 28] E defect-freedl Y= SOI 9ol M &5,
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(2) cleavage &= w& blister Ao ¢33 wafer surface roughness

<X-section TEM>
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- Cleavage annealing time®] <7}3lH X-TEMA rms7F £7}.

- 450C 9 €A g cleavaged ¢lo]¥ #E9 roughnesst 3.15nm%.

(3) wafer surface roughness®] ™3t cleavage <% ¢ &3}
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(4) Cleavage annealing %o W& o] FH 44 gas out-diffusion
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700Ceo]d 2Xo|A cleavageE 984+ hydrogen dosed] F7FH7F 283 Hi=Z2
hydrogen dose’} £7}9¥d nano SOI waferd] #Aza77} 55%.

1

(5) Cleavage annealing %o W& ¢jo]s Az}

- 891 A cleavage recipe - 1221 %] cleavage recipe

500C/
400 :

25T : 25T
N2 (SLM) ﬁ * N2 (SLM) >
. : . . e e
Tmemin) i 20 T20mim i Timelmin) e Toom oo
+ % Cleavage & Epi €448 F
891 X
U SOI gy
1294
1} SOI 4 o] 5
Rms : 7.62nm Rms : 0.32nm
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(6) A+43
- 3129 cleavage Lol A& o] FUH hydrogen? out-diffusion®] 2Agt
- A2 M cleavageE 93] high dose o] HR3}H, cleavage® wafer surface?]
roughness’} & %3

- 2 dFA AT A2 cleavage FF(2507300C + 400TC) A€ Al FxEH ZF9
nano-SOI waferg& &4 3}

- Nano-Cleavage ¥ X% roughness 3.16nm% spect! < 5nmE B4 &.

- 8UA Y= SOI fols Bt} 1291x Y= SOI dol#H 9 cleavage <==(500C)7F 7]
2o cleavage & dlol® ZEW roughness®= 8¢1%(3.16nm) Bt o 20|AE &
7.62nm¢l. ©]= X-TEM| &j3ste] 5733 blisterd] size®t 49 FF9.

- 1291% Y= SOI giol#H¥= Cleavaged $°]9 roughness7} 81X Ht}d ¢f 28] =LA
9k 1135C 9] Epi reactor & 3= 82 dojHe} Y3 EH 0.32nme] roughness

2§48

=
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7ho ATt B3R

< A (1100T °]/) 34 71& M

e 1<% ramp up/down( > 55C/min) ¥ €37 A7 : < Smin.
< @A A slipe] #AEA &= FAH ME

(o)
e dol# ¥ roughness’t 0.4nm ©]8Fel T4 7

U dF =3 A
® Epi reactor?] 7} Z7A, 72 %, annealing &= 2 AlZbe] wE A doln AW
9] roughness®] #H7} @ migration A& =3+ 4
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(W) Epi 938 A% 9lolv e EW roughnessd 714 2 #d%

O 8YA Y= SOI dolH (A Faol&54)

< Epi reactor(1135TC, Hy, 20slm) 28] F9] d¢]¥ EH roughness >
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12994 1= SOI HojH (Aol o] 2F4)

< cleavage$ dl°o|¥ W roughness> < Epi reactor A2]% ¢ol3 ¥ roughness>

( 1135, Hs, 45slm, 5min )

(th
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4
B
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o)
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762nm¢. ¥ Epi HEE dol¥ ¥ roughness: 0.32nmE 8A A ¢l o]v <}

EO]z;}. /‘\ZO]
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(2) RTA €42 34 7« AL

(b RTA annealing &% % 7} 297]¢] 3% ¢lol EYH roughness &&A
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- slip-free¢! edge-ring 7N (Z YA} Ao A HE =)
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3. nano-topography CMP 7]&

b A 53X
e SOI dlol# CMPE Y= Algel s8jg] dvt 44 &4 71 Mg
e =g H7lE AWEANA T wWE nanotopography &4 7
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- ged 24 8 dejw e AWASY AE FI roughness H4 35 4 AL
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(x}) Oxide Removal Rate versus Surfactant Concentration
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0.00 0.20 0.40 0.60 0.80

surfactant concentration [wt%]

- duk 4R AV7F A AWEAAAY s=7F SUE wE s AA
57t ANkslA dol A,

- (A 2NV HolAFE AWEYA Fxrt FUHEC we sty AASE
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(t}) Nitride Removal Rate versus Surfactant Concentration
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(¥}) Abrasive Size and Viscos Resistance

* hg ¢ Effective thickness of passivation layer formed
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(2) STI CMPAIA Y= Aol <2 # 2 non-Prestonian 75l o)

Ad A9 s=9 4

(7)) €389 3t Perstonian %7 non-Prestonian 7] ¢ <
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Non-Prestonian behavior?
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(3) STI CMPAIA Y= Aol s2ie]e dArt Ak @7t AW &4 wxd g
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(t}) Experimental results on nanotopography impact 1
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(A Preston’s equation

RRIA/minl=n-p.v

RR : removal rate
1 : Preston’s constant

p : polishing pressure

v . relative velocity between wafer & pad

removal rate (RR)

if v =const.

Pressure (P)

*FW. Preston: J. Soc. Glass Tech. 11 (1927) 247.

- Removal rate2 polishing pressure(p)$} waferet sz Aloleo] & E(v)el H]#H sl

Z7F8F=d ©] A& Preston’s equation®]|2}al e},

- ek v7b €43, removal rated pressure(p)’} E7HE4E vlg sty F71E A
o| T},
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(Z}) Schema of Nanotopography Impact Simulation

« Surface shape computing at each time step
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(E}) Non-Prestonian Behavior and Nanotopography Impact
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(4) 4t A2 2 waferst 79 A8 E waferd] vl

(7} Particle counter @ AFM image
( 49t A E wafer )

( crystal 329 23 Q15 )

(crystal THEZF &4 )

=

Ir
=
re
i,
ot
9.

- AFMel 9l&] ¥¥ Z2gS &3 Azt gy A E golH
FEASAE, 77 A= dolHd =

(1)) DSOD defect image(Yx= SOIF A AF4 LA A A4 )
O 46t 48 & Wafer @ 7y A8 wafer

< Yx  SOI wafer Al &ZAE >

(Many defect) (defect free)
- ANEFd "gAE gt o wafer 9 A% A&7

B) AARARA=ZA (V/g) AA : FEMGA®] 93 FFEH EAV]&
(7hH dwr AEZ wafer : > 0.221mm2/min-k

(W) 79 AgE wafer : 0.21370.221mm2/min-k

- 63 -



(5) pure margin ¢S 93 FEMAG] 23 7

o,
-5 "n

A

2
.
LIRY

mmmm s

Long Cooling Jdcket Standard Adapter 60 Adapter 60 Adapter 60
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< cleaning W] @& star-defecte] 7N >
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Macro-void
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2.

18T U= 22 AFH BA Je

7o 53
* 100nm CMOSFET CMOS 24 £4 Simulation
I44% Y= SOl #3244 100nm CMOSFET &4 A& 7}
®* 30nm CMOSFET CMOS A2} 54 Simulation 2 4#}

v AT Fx "
*ETRI® mlefaxd7das 3% ¥ o2 ETRI FABS ol&dtod &4 A% 34 =4
At 2 544 7k A
e Shallow Source Drain Junction 54 Td-& $ste <9¥r¥ <l Implantation 37
Plasma Immersion Implantation &% %8 ¥ Laser Anneals A&3%t. 1A%
SOI (Strained Si/ Relaxed SiGe/ SiOy/ Si) MOSFET 39| Strainedol]
mobility 714 Effect2 A &3 @WA3}7] 938t Long Channel &2 A &S A3 3
e L= Scale®] Top Silicon FAZ <&l 7]&¢] Simulation TZIo] +& & 4 gl
Quantum Effect® 78 & 4 3+ Schrsdinger Equation® Solving3dl+ 1D T2 13
7N ek
* Si Bulkd] o= Z 9} Strained Si AR W= o] # T

H
® Monte Carlo ¥} & /\} ?15_ Simulator 7N
1 = R

(1) ¢3# process 8§ MOSFET &4 XA} Program 7§
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a) ¢¥F SOI MOSFET A&#F % XAl D) SiGeF 4% MOSFET &4

100nm CMOSFET 42 F#+%E& Simulation TE2a1# o2 FdstA A AA}E B
a)= d¥t SOI MOSFET 424 #& A RALoY b)E A% Yk SOI 7%
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SiGeF A% MOSFET 4#F #+% ¥

- 3R RA A A8" F8 3 21 4R
*Lg = 100nm
* Spacer Length = 65nm
* Poly Thickness = 250nm
* Vt adjust IP : Bf2 dose=7.0el2 energy=40 monte amorph
« LDD IIP : As dose=1el3 energy=10 tilt=7 monte amorph

As dose=2el3 energy=10 tilt=7 monte amorph

*n+ S/D IIP : As dose=5el3 energy=60 monte amorph

(2) source/drain® mobility$} electric field &4 = A}

REL e

JAGmIE &, ﬁ@:’f\%,*“,
. j -
1 i N N, - f
- ] BT -
A ;. &% N
E / e
s S 2
E w"w -
p el )
- b ¥ £y 3 £ 3 #

a) 9% SOI MOSFET : b) SiGes % MOSFET

- Source?l A channel® 7}2 2% Drain®l ©]Z:= Horizontal &2 2] mobility ¥ 3}
4% HdA £33 #HsE B9l
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(3) source/drain®] hole current density &4 EA}

$0D4 Si NMOS S01 8004 5iCe NMOS SOI

a) d¥kAQl SOI MOS (& 54) b) SiGeZ & Y MOS (F 53 oAD

Source?l 4] channel® 7}2 Z# Draind] ©] 2+ Horizontal W32 Hole current
density Z25d EAd tste] A&l AdAE Kol SiGe & HUT 2
SOI NMOSFET F#z7F 9ut&9l SOI +% 2t} Channel bodyd] =3Zo] @ FH+
Bel

21—

Sl o>‘
o o

(4) source/ drain® hole current vector 54 XA}

- SiGeZ A9 MOSFETY hole A5 vector’} SiGed & &3 source ¥
= @2 24} SiGeZ Y MOSFET® hole A% vector7l SiGedS AHshA &2 o
vt SOI +%¢] MOSFET®Rt Hole current’} source 2.2 ©] ®o] #x Silicon Body
o Hole®] Accumulation®# ¥+ A& Y
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(5) Id vs. Vd dF 54 #H7} program 7%
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(6) 22 A& Strained Si/ SiGe/ SiOy/ Si 7% Sample A2t
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° 38 \ Oo
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SR b TR T sy o e TS0 H 0D I bt

Depth(A) Depth(A) Depth(A) Depth(A) Depth(A)
g 38 £ - o~
- o ©e i - Ge
° T o ~o0 —o

SiGe mole vs Top Si dependency 4+

- A% U= SOL AE 34 714e A48 AR AL

- SiGeZE W9 Depthell W& Ge mole fraction T2 3Y-2& SIMS(Secondary Ion Mass
Spectroscopy) A o2 &9

1o
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(7) Device A2 943 process (MESA SOI) Recipe 71

= Long chapnel (Width/Length = 5/ 580} was fabricated to aveid the channel effect,

SOl
(a) o B :—/SiGe S/D Doping : 2KV by Plasma Immersion
. 3 BOX
v, L
Starting Material Si-sub () ;
(b) == :

MESA Isolation

Si02(5nm):Gate Oxide RTP 850°¢, 30sec

U]

Al Electrode

- MESA isolation ¥4 — 5nm Al°]E AA= A4 — Poly silicon Al°|EE T3 —
plasma doping implantation (P+) — RTA — Al Electrode Depo.
— Strained®] <93 mobility A ZTHEZ A& Hrrsr] 93] ¥lA short channel

effect® vl A A7) long channel A2} A ZHS =3 &3t
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(8) MOSFET £#+¢] TEM Image 4]

Poly gate

TEM Section +% £4 - MOSFET Cross section view

[
o

A R3Pol AR H chipoll sl TEM 4L 53 channel 73 #<!

(9) Shallow Junction Implantation &% 7§

Schematic Diagram of Plasma Doping System

As Doped at Different Substrate Bias Voltages

o s (PHEE, ;) of Plasma Doping
urce Gas 3/, Hy) o . . . |

RF. (13.56M¥z)

Plasma Daping
Sub. Bias Voltage

3.0 kV
2.0 kV
1.0 kV
05 kV 3
0.1 kV

k3

P Congentration { cm ~ )
“qrem

Depth (nm }

- AT AE 2 24 U
A dopant profile SIMS #4
]

source/ drain TEM #4]

» Plasma doping

==
+ Plasma doping &3
- plasma doping Implantation &7 7§

e Dopant ©]< : P+(phosphorus)

 Plasma substrate bias A< 74 712 : 2kV
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10) A= 22 4 7}

Ob L vs. Vqg A7 54 4

Drain Current(lds) vs. Drain voltage Vds (W/L=5/5 pm)

10 Si:SiGe=28:10nm Si:SiGe=58:7nm Si:SiGe=7.8:5mm
WIL =5/5 um 100 | WAL =5/5 uen 100 | WL =55pum
« v,=0DV . V=00V = V=00V
BE + V=05V s V=05V P * V=05V e
s V=10V oF - y=10v o OF V=10V o
wl 7 Vem1sV v V=15V o v V=15V P
= © V=20V . _owb ¢ Vem20V el ¢ Ves20V o
£ < V=25V et £ ©ov=2sY £ - V=28V
g wf o E d z
2 il Y O
2o} 2ok 20h
0 o 0
" . . . P . . . . . " L s 2 . S
oo 05 10 15 20 28 00 o5 10 15 20 25 00 0s 10 15 20 25
Vs Ves Ves O
Si:SiGe=98:3nm Si: SiGe=128:0nm
100} WIL =56 um Jo0 | WiL=55um
s V=00V = V=00V
. V=05V v V=05V
WF o v =10V ®F .V =10V
v V=15V v V=15V
V=20V
= s} 2 60 s -
é £ " ° V=25V g
A % ot
» of
°r o
— 1 : L ) )
00 os 19 15 290 25 o0 o5 10 15 25 25
Vs (1 Vos O

g Al Iy vs. Vg A
EAE AlE AL 05V, 1.0V, 15V, 20V, 25V 2o E EE Sample® =743}

(1}) SiGeZ A% Strained Si MOSFET®] A7 54 &4

40
34“_ © Si:SiGe=12.8:0nm
L ® Si:SiGe= 9.8 :3nm Vo=15V
30 | L o= 5m
25 -— —-——— Strained-SO1
—_ |
:E:. 20 |- oo 1.0V
sy -
g. 15 |- “-““(‘((@(1@1. 5V
o [ Conventional-SO I
- 1o .- TRz 1.0V
s | 0.5V
- T R R AR A iz 0. 5V
(13 0.0V
_5 [ ] L 1 1 4 1
0.0 0.5 1.0 1.5 2.0
\'% b (V)

- SiGeZ 49 Strained Si(10nm)/ relaxed/ SiGe(5nm)/ SiOy/ Si T+3% MOSFETS] 4%}
E4 #Hr7} 43, 99 SOI MOSFET A% 54 2t 60% A
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(Y} Iy vs. Ts Thickness dependency &4 &+

I,g vs. Strained Si Thickness

MoOH —m—Il, @ Vg=25VandV =25V
W/L = 5/5 pm
100 T =%8nm
r— Tuge=3nm
90 |- T_’s;:iéx}m -
= Faigo=Trm Ty Sox
§_ T e 50w
= 80
£
=2
»
L 70
60 —
Fo=23sm Ts=128am
50 | Tac.” 18am Tgge=0nm
L x 1 2 1 s 1 M 1 1
2 4 6 8 10 12 14

Si Thickness (nm)

- AolE A 25V, =l At 25V 7 24 A =EHd AF 5SS
Strained Si Thickness®} Zd@ ) AF/F 547 2A 3.

- SiGed A4 Strained Si (10nm)/ relaxed/ SiGe (5nm)/ SiOy/ Si 73 MOSFET®| &
A 524 B7F A3, d¥ SOI MOSFET #F 54 ®uh 60% 714

b 0w

5
ot

A

(2h) Top A e]&%F F7 9 Electron mobility Effect 4

Effective Mobility -p . (em?/V:sec)

400
WL=8/8 pm T;=98um
=18 sic S0
350 | VasrEY
)
@ 300
¢
“g 250
2
N’
=
= 200 -
=
150 Ty 2 Bnm
T~ l0um
100 *
2 4 6 8 10 12 14

Si Thickness (nm)

- Vg=18V, Vda=11V ZAA SiGeF A3 MOSFET® i<l SOI Fx9
MOSFETZ electron mobilityE 7 39S

- SiGe% 44 Strained Si (10nm)/ relaxed/ SiGe(5nm)/ SiOo/ Si 7% MOSFET®] &
A 54 F37F A3, vt SOI MOSFET A#{ 54 2u 60% 714 &
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120 4 —
110 N

',
g 100 x/l—m-
“n

Effective Mobility(cm*/Vm

50 3 —n_

§ —=—Tsi=12.8nm x = 0.0
3 —=—Tsi= 9.8nm x = 0.095

T
02

r r prrrrreesrreey
-
Brmviehi 05 08 o7

dubA ol Sj Ht} Strained Si/ relaxed/ SiGe/ SiOy Si 7Z&¢] Mobility7}F 22 Eeg©ll
A g =4 Jy2ts 282 99

- Z2a it W
» Schrsdinger equation A4t ZZ 1 (PWM)
* Sub band AAF TE 1
* Inversion charge gt A4t T2 13
* Form factor A4t 222
« Inter & infra valley scattering rate A4t T2 13
- Mobility A4 Z2 1%

* Schrsdinger equation A4t 3 2 713 (variational method)

ol

t

rir
[
fru
I
o)

» Screening effect® ¥ 3+ debye lengthZ donor$t acceptor 2% A4
* Bulk 2 2D scattering Al4F T2 13
* Bulk old =] W= A electron energy, drift velocity, mobility AlAF Z 2134

(12) 90nm MOSFET &% XA} Program

(7H) 90nm MOSFET 47 #+z% 39

ATHEMA
‘Duta from Bonmes st

ATHENA
Deta from S0nmos: st

D2
Micng

a) 9yt SOI MOSFET A# #x A XA} b) SiGeZz A MOSFET &A & FARA}
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- 90nm NMOSFET 42} 7%%Z Simulation T218 02 F3d3o A=
. a) 9% SOI MOSFET A% & FA@EALeH b)& AT Y= S
SiGeZ A MOSFET A% 3+& ZA XA}

C mi
4
BN
o,

- 34 w4 A48 Fa

ol

CIESIE
* Spacer Length = 64nm
* Poly Thickness = 250nm
* Vt adjust IIP : Bf2 dose=1.5el3 energy=15 monte amorph
* LDD IIP : As dose=1el3 energy=7 monte amorph

As dose=2el3 energy=7 monte amorph
n+ S/D IIP : As dose=2el4 energy=15 monte amorph

(t}) 90nm MOSFET A Aol A ¢] Impurity Net doping &3 Al&#H ol 43

U ATHENA
| Darafrom 80nmos.str

ATHENA
Data from Sonmos. st

g o 0.2 gL B3

B 1 02 03
Microns icrons:

a) 44k SOI MOSFET 4=} Net-doping b) SiGeZ Y MOSFET 4A# Net-doping

- 90nm NMOSFET 47 #+%%& Simulation 21302 Fd3}9] Net Doping w1 &
BQ), a)= 94k SOI MOSFET £3%+¢] Net Doping ¥ ZA3o]H b= 1A% U
SOI T+%¢] SiGeZ A9 MOSFET A #+¢] Net Doping ¥ 23}
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(13) 90nm MOSFET A ¢ I-V 54 A&Ed el +3

(Nano Strained SOI vs. Conventional)

0.00085
acouse ] Strained SOI Vg=05v
. ]~ Strained SOI Vg=0.7v v
0.00075 .4~ Strained SOI Vg=1.0V T
000070 v~ Strained SOI Vg=1.5V T
0.00065 -9~ Conventional SOI Vg=0.5V ,v’"’
0.00080 ] —<— Conventional SOl Vg=0.7V ¥
000601 Conventional SOI Vg=1.0v v/'/
000055 o Conventional SOI Vg=1.5v v
= 000050 g 000
€ 000045 O,Q’o/
£ 00040 ] /ﬁ/ O/O/O
3 000035 ¥ Peg o
O ] O JPOyer e
= 000030 ] ,f /j/ PO
£ ] ; e
T 000025 / 7 >
g A .D—'V
O 000020 -] /" yﬁ/ﬁ D,D»IVV’VD"D‘D—DF
0.00015 Y P
0.00010 S ad . o v = v
0.00005 } e :3:2—3—3-—3—3-5—3—5—8 ~
0.00000 ~ I R e e
-0.00005
l M T T T M 1 N T M 1
0.0 0.2 0.4 0.6 0.8 1.0
Drain Voltage (V)

~ Strained Si/ Relaxed SiGe/ SiOy Si 7+ 9 1A S W= SOI £ +%7F SiGeo| 4+
AH A & dubA 2l Strained 739 A2 Bt AF A AF 5EAo] oF 60% &

A=Y Simulation Z223L 72l 90nm CMOSFET EA& 73333
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- 1212 Y= SOI 9ol 71F 500C €4
- 4 o] ®2 9 nano-cleavage £%=9t9] AARA 9 A= U
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¥ 3} mechanism 314 e g e
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FEAgdE : <
1/0/cm®

e Infra ¥ 2% bonding &3 71& Mg
- Hydrophilic cleaning 34 27 44
- Hydrophilic bonding 34 323} 2%
- 8A FF FF B A 2 3 ALIGHES)
- 12904 AF 7 20 A g FEH HRLGHESR)
- 891A) & 1291A) 4% Euig 4 3R #HHst

» Nano-cleavage 33 71& /%
- A& annealing process 7JH200~300T, Nz &917))
- AL oven 34 7€ M X &, Az 7 F

o 73 AFE dolHE H4S Uk SO 7= 34 24 71& A

- FEMAG AE#c|8E o83 T 44 4% hot-zone AA7I€ ML

- Sumitomo-Mitsubishi Silicon Corp.(@#)7}e] EY &}l
e SOl 71388 oAz ol A

- Ingot¥] melt/solide] €% FujE FA3}sl7] Y& heat-cap,
insulator, cooling chamber, carbon parts 5¢] ©j&}<l
714 g8

- Ar flow rate 2 magnetic field ¢17}ef 2%k 2F4 T
HEAG Aol 7ey ¥R

- Hot zone 4A171¢2 AwE txQ1e FEMAGH <%
heat flux 59 FFH 2AVIE &1

o Ax}
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e A2 Ux epi AFESF 0mm 37 TF Jle MY

- Batch-typee] UHV-CVD| 28] 30nm o} F7<]
epi silicond 4371e A

- 40nm epi ZANN FIE 15% 52 24

- Hydrogen baking &% Z 23} 4A]

e 14% E%= nano-strained Sif relaxed SiGe A% A 7wt
& Mg
- Batch-type®] UHV-CVDel| 213 SiGeZ 4374 7le Mg
- Hydrogen baking €% 23} A4
- AALT AAATY Gel, 2 SiH,9) flow rate, furnace &
59 ¥4 24 A3 A4
- SiGe mole fractionol|l 2 IA = AL
- SOFRA Aulo] 93 7 7YX 0.08~0.475% 24
(8212 20points)
- Dislocation-free®] SiGes 4
- Strain &4 71 & =4 A
- graded SiGe % A7371& 7
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T

)

ME
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o AUA F£4 ol FY FANE MY

- ARp 23l <3 ¥ roughness HA3 &4 A%
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interface micro-void 2%
: < 0.270/cm?

¢ Hydrophilic 49 )& N
~ Hydrophilic Cleaning ¥ £
~ SC1 Cleaning 3% 27 44
- Cleaning 3 bonding7}A] 9] Q-time A%

=3 273 A

o Nano-Cleavage ¥4 71& A
- A& pre-amealing 378 &34
- A& oven?] ramp-up/down ¥ 71& 7

e interface micro-voide] £471& 2

* 43
~ SC1 Cleaning ¥ hydrophilic bondingel] $J3} interface
micro-void =& 0.019~0.025 Afct &4

100

e Strain enhanced mobility9] Monte Carlo program A% &
- 90nm A% Ui C-MOSFET 27} B4 Zea¥ /ldeds

¢ Long-Channel 3143% = C-MOSFET &%} 371 530
114% Y= SOl C-MOSFET Z=13 7% ¢8

e DSOD+FIB+TEM 7]&7)4r2 100nm Z8e] isolation 2
morphology 71€7/1E &8

100

BAL 71EEH
N program
process #HF

BAL AL 5
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A6 & IFHLAHM +&BH 2l

19

J=3E

Intel Ab= 20013 1199 SOI A2 F7417F 30nmel] Ale]E Zo) 15nm¢l Tera HertzH nano
SOI C-MOSFET /& A3E& 23359 5}9 3l IBMANE 20023 12€9] SOI A= FA7
4~8nmo|™, AlE Zol7t 4~8nm¢Q nano SOI C-MOSFET 7% A%< @xstgonl?

A3 AAE 20043 7€ bulk Si A& FE$0 SiGe/Si/SiGe/Si epitaxial Y T2 AA F
d& A&ste] Ald ACE Zeo]7} 50nm MOSFET XAG thE Ad EA]2EH La T3
71Eg A H2Z 512Mb DR Aol 443 sted ATSRee 2E AT

T Giga Hertzd #ola=z Z2ZAM%, CPU 9 SoC & AACd dad dx
C-MOSFETY] Ale]E Zol= 70nmeol™, old &4H+= SOI 4EF7E 20nmelth. U=
C-MOSFET A2} A], SOI &= A8 & F77F 20nm ©]13t7F =¥ transistor channelo] U+
MB) (AR, A-F)Eo] phonon-scattering D4 712 A3t carrier ¢l 5=7F 4sd AF

7V ZadeE 288 7HAA B89 o2 #ZEsEy] 98l 71¥ nano SOI C-MOSFET (nano
scale Si/SiO2/bulk Si FZ ¢l C-MOSFET 42 Az2hHe) 72l €9 mobilityE F7HA717]
#8l SiGeZx S AYste IA S Y= strained SGOI (SiGe on Insulator) C-MOSFET 4%}
(nano-scale strained Si/relaxed SiGe/SiO«/Si T#$9 C-MOSFET #|z2hH& A ztsl7] A
I4% nano SGOI 34 7€ 7fde] ¥rEA] F a3t}

Figure 5olA & 4 %o 1 2 FAHHE SOI 2%+ Fully Depletion nano SOI
CMOSFET"™ — Partially Depletion 4% SGOI C-MOSFET (strained Si %3} relaxed SiGe
Z FA9 o] AclE Zolwrt & 7-9)— Fully Depletion 34% SGOI C-MOSFET
(strained SiZ# relaxed SiGeZd F7A9 Feo] AE Zolnth #A2 B¢ wo2 AT € A
o7 Bady 9upd

Device Evolution Beyond Bulk LDD CMOS
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Fig.5 SOI C-MOSFET road map
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ol¢} 2L 7l&H<d trendd we} A7 folx A Shinetsu(dE)et SUMCO(L &)=
SOI 4&F77F 50nme] 8212 = 12912 nano SOI A 7&S FH3I e otz SOI A&
FA 7} 20nm ©]3t<] nano SOl ¥4 7]% % strained SGOI 71&€& FH &= X3 Ao,
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ol A Ak

>R

[

o B AFg e 2003d 49 AA HxE SOI C-MOSFET A¥% F77F 20nm ©] 31 8UA
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AE Zxbo] Fi7|Eol AT glom, 2004d FHFEH LG A EEAME nano SOI ¢ H
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e &7 IBM, AMD, MotorolaAl®= MPU, CPU, DSP £x& 8¢1x ¢olH Ao SOI ML=
F7 7 100nm<) thin SOI C-MOSFET A& 2 A A A 2se] ka2l £ th =3 IBMS
MPUE 1221% SOI M€= F77} 50nm<! nano SOI C-MOSFET AAE AAste] kAt
o Aot

e Intel, IBM, AMD, Renaissance, NEC, Toshiba%< MPU % CPU 4Z}o| carrier °] &
A7 A8l SiGeZ o) 4Y¥ A5 nano SOl C-MOSFET £AE 7id Fo A}

o RAFE o] /3t nano SOI 3A7|=L W ¥t A= 100% L3 Y= SOI
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2 713 Aoz Jgan.

e 2010 = =] W= dAEE v Ry F4
& ofFo] AR WT NASA & St A

A 1 7} e AMYGS AT F IS AR 44
=2h=
F1. 2 71&9 SO A gols] MA A% FR o= (¢ : 9THE)
2= 1999 2001 2003 2005 2007 2010
W 2 g 21,600 30,400 41,200 61,400 84,000 150,000
ICAL 0] o] 7] 77,760  109,400] 148,320 221,040 302,400 540,000
A=A 8,640 12,160 16,480 24,560 33,600 60,000
Al 108,000 152,000 206,000 307,000 420,000, 750,000
Bulk 22 & AlF 8,230 10,200 13,450 17,700 22,700 36,000
Thick SOI A% 66.5 243 358 413 410 293
Thin/ W= SOI A% 34 75 145 655 2,340 18,300
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nano-SOI C-MOSFET T7%E 713 MPU, CPU, SoC A&xZ AA AzZs|of &, Ak %ol
F3% 2R FAAHS A7]7] YEA AoE Zole] fAaet tE o] nano-scale® SOI +
Z7F 878 o7 2& 23 A Y futej2e] V% el E &

- 112 -



m s R
[71&z =] (3 Digit) (KISTEP &3 ¢]%] 7|& 8k g /&2 FRE IAZ)

[P1E5oH 7i% AR(VE BA)Et F4H4 Q)

O AESY O 71A14 ] A7) O dEstsr - 34 O ABHs
O 43+ 1 2+ O oA O &% -5 O s
O a% Oxua-98 0874 0 7% - 943 0 e
[Py FE/F] WA A& (VE RADSIY FHAL)
AAEAN AFAAL O AZAEAE O 7EIIAN
1 7] & ( )
[P1& &X] (B A=(VE ZA)7Fe U
O 71A142 4] BZ ozt O 9=A= 0O &A= EY) o]
O 713487l O Asdrls O EFE 4 5 8FN=27&
O AZFAA7& 3REA7IEe [0 7] B ( )
B JFAMNE REAZlE BAT
4943 e =% | 249A | 9% | $s9s
Insulating-containing
- ring-shaped heat shields o . US6,409,833
= 5E .06.25
& and support members for 1= °© 2002.06 B2
Czochralski pullers
Semi-pure and pure
- US6,472,040
E3 monocrystalline silicon v = == 2002.10.29 Bl
ingots and wafers
Silicon wafers having
- controlled distribution of US6,485,807
= o =2 11.26 Y
54l defects and methods of 1= ° 200211 B1
preparing the same
Silicon wafers having
= = controlled distribution of o — Elas]
E = 2002.12.27
3 defects and methods of A ° A162,795
preparing the same
Silicon wafers having =
N US6,503,594
= controlled distribution of o} 5E 2003.01.07 B9
defects and slip
Aold 43 2EE 2t
A E do)s, 19 A=
53 T %L aEg AeE Lis 52 2003.03.18 | 10-0378184
AR AzE AT
ZaFx7] &9

- 113 -




#e) o A =99 g A} ol
Argon/ammonia rapid thermal
annealing for a silicon wafer, silicon
5 wafers fabricated thereby and TE 2003.04.21 NI-168752
Czochralski pullers for manufacturing
monocrystalline silicon ingots
_ Aold 28 BEE e A&
= == _
3 dols B 99 Az BA == 2003.05.20 10-0385961
- Zdzm NEagd 98 v A7) = 2004.01.26 -
=7 Aot 2o} Az o AR
= = A7 o] 50-100nm< v A A3k A F - - _
E 35 Qe Az B 5= 2004.02.05 10-0417530
i xS efe] folHe Azwy 2 10-2002
E 3 19wt Zﬂ};]‘ﬂ_];lr_ o] 22 9.0} 0] =il 2002.08.10 0TS
gsk 71 A1A ﬂ‘j}% 88 2AE,
- AL ]%-@ LA A4 w9 29 10-2002
ol Aers By 2 Lol 245 = 20021231\ _gogr934
ﬁ“;—“lﬂ] Aol Wy
Method of fabricating nano SOI wafer
= and nano SOI wafer fabricated by the =4 2003.03.19 10/391,297
same.
=39
B3 HE T 3 ol =l = Hb] =4 04. s
£ 5 P A Js g a9 Az =Y 2003.04.02 2003-099541
. 3 } . 10-2003
=3 ted A A A D 2 A2y =X 20030430 | oo
N 10-2003
Ex A oA”d ZE o Zul &2 .04. N
=3 7ted @24 28 9 o Az =4 2003.04.30 00278955
Us Exasy] E3E BYT 5
e Bat V1A A dvkg Eeld S 10-2003
= A = = o
5 24E 9 ol 89 WEA L7l I e I T
Ed Hgs 9y
. CMP& A2lo} @vtA 2 1 A= - 10-2003
E 3] w =4 2003.05.15 20830%
@2d 7tad 48 2 7ted A
E 3 -3} xoy -1; ;];_unﬁ o]; xﬁ}_—g}L z9 9003.05.93 10-2003
= 5o Y X}o_] y CIE = ’ -0032841%
<
i o ~goto] dloj g Ay 2
E ao) wE Azd U= =9 2003.08.06 03127550.8
o 22 ¢ko] gjo]+
Wi o 22 ofo] Aoy Axwy H
E o) W Alzd e =49 2003.08.11 | 2003-291700
o 220 ¢o] gols
Shlurry composition for chemical
mechanical polishing method of PCT/TP0S
= planarizing surface of semiconductor = o Jp
- device using the same and method of =4 2003.12.25 /16813
controlling selectivity of slurry
composition
33 Z1AA Autg e FA4E,
= olF o] &% WA iAo BW = o 10-2003
N Agst Wy 2 28 2HEY €4 20031229 1 099053
A efu] Ao HhA
- g 10-2004
=3 CMP& Zel2] ¥ mo Az 24 200400114 | _gpomsg
_ 10-2004
Ex Q = ) ENS
= 5 CMP& &2 @ o Axy =4 200403021 16043

- 114 -




A H3 H 3 =7} S49A o = TEHE
FE%e] 33 AH AvilA v AE
y A E ¢ dvig Y8 F2HE Ny - 10-2004
== o T 15 Z= O
= 9 o]2 o] &% WEx Axte TW o =4 20040422 1 007673
AeE uy
i} 10-2004
539 7] EL tz=Fde] 2 = Ay ki3 =4 20040406 | om0
A% oleg ol 8w A+ 34 102004
E3 ololagzdz Al2" Az WY o) iy =4 2004.04.9 0024656
e AZE molazAx A2z |
- o xQolo] dolse) Azl H 1o i} - 10-2004
E )} =9
53l Ge} AZE oj2eoke] ol il =4 20040409 1 oaeer
. 10-2004
=% 5 3 = )
s N G A a3 29 200404 | il
N Flexible electro-optical apparatus and SN
E a =9 2004.04.29
B method for manufacturing the same 1= = (POAQ00002)
=3 Flexible smgle—crystgl film and e =9 20040429 | (POA00O00D)
method for manufacturing the same
B 2004/0
£3) SOI wr=A 719 2 2 Az 4y YEPCT =4 2004.04.02 PCR&E% 4/

- 115 -




B J|sold =4

ol A g A 54 HAEE 4
o] A ] ‘iv"rﬂolzﬂ O AgAA4d O S44A44A
dqoAaA 0 71K )
o]A 2877 2 3d 0 Mg 283} of) A A) 7] 20074 %

Single wafer-type®] 4:0]2%F%7], Vertical A& £, Hydrophilic 477
v, Epi reactor, SiGe %% UHV-CVD, SCl thinner 52 F8 4Au ¥
class 18] A F o] HFojo} 3o}

D /1%, GAA7GA : EREEE A5 Bad AL 2
Aste g

L
N
1y
B
)
olr
oX
tlo
o

@ $8A7YA : N1&H 50 A%, AAd 487 F5A UF 5 49AA
g9 27

V| @ /NEAFEA : Prototypee] A3, Pilot Plant Test 5& F3t= TA
@ 7193 TugA : N1hEo) Fad N3 e B FH Ve E gHEke 9
® &3 g5

PlEe THFI]

O 71eAd B2 71sd 24 AT e gA

@ 71e4d¥7] : ZleMgel AR oy oby 484, FAY o F4A

vV ® 7led8 AFT: Az NERETAAT 2851 e 9

@ 71eH & 47 Z1efEs 2 IR AAFAN E8HL A=A

® 7134 A&7 AAZA ol A Fsl |0 Ao dojuy, 71&e ¥
ol7bE oA

® 71eA & HH7): AT AsZoz Jlgeldo] skl dojuka, AAFdME 7&
o 77} AsE, A=TelME oF AR JRIE e Ve

52
rlo
o
2

MX

7 5

Pledd ngie 75 E]

O Yx71&9 EWDA : olv] YFolN AH 71&9 B, reverse Eng.

@ A=71€9 &35 - FFDA  SHAF TG A4 HIEA HA3

©@ AF71ed AR - AFDA : Asoldt 7es NAANA

V| @ A7€9 A - 239G Sy HE2Z N

- 116 -



dste] F712 FREJAAY ALFd s

Flexible Silicon< ©]-&3% OLED 7§y

O AL A8 MaEAE s OQ+AE ¢9=

ZENe

719 Z8tzul g2Zde] g (Plasma Display Panel; PDP)¥} LCD

ol "t OLEDE #7I& ot 4534 &5& T8t F48 AAe 33
of MAHst AAleg It FAHE JAE o] FAHT G Yo
< °o]&ste AA TBFY taE ol 240t OLEDe A Z

e BRI Se LCDS 2L F£3IHY 2 Hle) SHEEI SS4%
Tube; CRT)FF22 W2te FHE 7HAH Zgtzo BAS

o]-&sh= PDPO Hls| ©& AF 75 AYelM #E 7besta =u%sy
E= Fd& H=EHol2 &8 Thesith &=

B2 wgdE go] ddsta Aokl Ho
133 ©]#2Z OLED= w&Athe

0
j)
2
=
o}
[o N
[
~
o
~
u

fo
1)
o
2
N
=
or
Ol
o
)

o]

71&¢ OLED A& 7|&2 8 7|#E AHdst FH AT e HRE,
AR AYEE AHEste AFREHI U 71EY AFEE vz
S ol &% 92 dEY B vus 8 sy AeE Al
AR 3 HAE, EY AT FS dEF A& vl o|FEy "ol
o} 71&¢] OLEDE A% A9 13As s B¢ a4 = =S o] Azt
B2 A Uk o9} 2 dHE S5 st B TN v 2
2 FF& o]8¢ OLED A& 7€ v HEw|o] Ajhe] thg3tr] 93
A7rAS Y 17/ A 7ies R AiH JY Ve AES T AUA
A7, A%s g 4y3 5 4rF RS 53 AN F Ve SR AFE

o9
= 2

B A7AN AEA Atste Y= AAF VR 9l §7) 23S FF
1= OLED 3% 71& /Mge 71& uAEd o) o

1%94 OLED FA7|&olth & & A7"e 3

53 P49, e e 154 de 22

71 OLED &% 71&& /hdstas o
= Mg, Qe °41<>1»1:;: 7F:

2571 71&9 OLEDY
A élil—?_’— el wF AR}
X ol

o4

e 2E 5+ Ae v

H

I-

Q
i,
jo
Hﬂ
Ul&
lo

HU o 2> e

i ol
[

i ay c

N
_“éi it

2y
tio
W
e A
P
39,
2
?
oy
g
(¢}
2
n
r
N
a<h
1o,
ol
o
o=
Q
W 2 o

22@. AYE 7]3
4,\]71 = o}g
o] A7tAs, 1
TZo A
27g sk -E—Ei

|o
i
=
o)
o
=
;%j_::‘

O}
-1>
32,
fr
N

o o
A

;9. oﬂi

o N A gt
oo oo 3 o
oot

B

-

offt

tot

i

ol

ne

o

N

i)

)

2

=,

[

4

k1

~—|—‘ n,_ g

"

fo b
Tl
o,
t
rlr
=
ofi
fo
.?I_':
g
ok
o
ok
ar ¢
N
i
o
o

o,
Q
=
£t

_IEU

oxl
R
™
=
2o
b{:
{tio
o
of\
2}
ol
o
rr
=
fr
Ho
[
b
it
=
=
o}

2

o

- 117 -




FABYHE M10203000113
A 4% W= SOl 3% 71& M
Sk b A3 A7 A
A EALY 7t AR A7 A
A8 ghoF g e o 5}
FA718(719)
FTATFIZ 2002.6.25 ~ 2004.6.24
FprE. A (0 40 HHwd
o SR (40 M R )bl
& g gt ck: oA 2
AT
AAs 02-2290-1179 E-mail  |parkjgl@hanyang.ac.kr

interface void-freeQ] hydrophilic £3 7]&$& s
ST 12904 Y= SOI 34 71ES 89X Uk SOI T 1&g 7|Hle® WA F7td & &%
oA 2 A% FFE SUE 1#sd 33 248 gtk 89 # 129F vi= SOl 4

19 59 HertzgF °]4 MPU, CPU, SoC, DSP 5 1<, 137,
€8 dAolth U 501 774 7l&2 IMT-2000 59 HE
3t7F @75 tuto]z=e ALgEE o F o]t

1A% Y= SOl &2 AFE RAZIEEM Schrodinger A 2] 1D solver ZE2IHE C-Ao2

codmgo}oq 10nm ©]3}9] top silicon FAE ZtE strained silicond|A9] HA £xot 252 & 7o

]

a

™, Poisson equation solver ZEZI1HE 7 3t acoustic phonon scattering, optical phonon
scattering, impurity scattering, surface roughness scatteringS I3 strained siliconoll X ¢

mobilityS 738} 90nm C-MOSFETS] IV S54& 78 § v Z2a9& /st

PEZAQ #H] AL AE dE ¥ A9 ULVACA 2 dB FEOisde 7VlendF 2 4%
P22 AA HAxE 89X 2 1291x] &9 single wafer-typed] AUA F4 o] FYU7E MY
stEth o] HulEe 7129 batch-typed}t 55 oY FA FFS Holn, 821X & 12°0A Ho|HE

AELE AT F e ARl Aok

- 118 -




Bux v Fds

FA A A 27k A4 A7 A
A% AL 7F A4 474 A9
& A = 4% ve-S0L F4 e M ;
878 HRC ATAYR A 2 ()
HREA AT 2002625 2004624 3§ | 440000 BE
_— 12 AFaA AFEEHY) | 1 o \
< v A 440,000 24
i £ A A(7131) 2004. 9. 23
v £ 7] & 7 F v X 7] # 5oF

<Zu| 27> <HF#7H>
S5 Bl AdTA(EAA) 1 S &L (=AY 1
B8] A(EA ) 1 AFBRG (=N B) 1
I =AM A 2 AFdgtn(=AH) 1
FPF =MD 2 A7 (=AW 1
AR RES 3 T sta (=) 1
EEE e 1 BT st (=4 ) 1
FEAer)E A=A ) 1 o}t 8t (= A1 ) 1
ElEpa S i bR e 2 771 & al (=X H) 1
ZAusta (=R 1 F Ao & (= A H) 1
SegUgE(=AH) 1 Mg Aot (EA ) 1
FEUTL(EAH 1
AEUE (=AM T) 1
AR (= H) 1
Faboj (= A3 1
AeA (=M 1
At (A H) 1
AEUSa(=MH) 1
A g (=4 ) 1
¥ g3 g (=R 1
dA g (=) 1
oA (=AM H) 1
437 (AR A) 1

- 119 -




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120

