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Abstract

Abstract

With the innovation of 5G and artificial intelligence (AI) technology and the
emergence of novel applications for virtual reality (VR) and augmented reality (AR),
the data volume presents explosive growth. It will give a new challenge to the function,
power consumption, computational memory and operating speed in system. However,
the Moore’s law will come to an end as the lithography gets down to atomic scale.
During post Moore era, the requirements will guide design without regarding the
limitation of the scaling of devices. The functional diversification achieved by
heterogencous integration will be one of the important development directions of
microelectronic technology. The heterogeneous integration can be divided into three
stages, including material integration, device integration and system integration. The
material integration as the primary part in heterogencous integration is one of the
hardest parts to achieve. Compared with silicon, III-V compound semiconductors have
many advantages, such as high electron mobility, direct bandgap and so on. Hence,
achieving the integration of IlI-V compound semiconductors and silicon substrate can
promote the development of optoelectronic integration. Due to the lattice mismatch,
crystal type mismatch and the difference of thermal expansion coefficients between II1-
V compound semiconductors and silicon, it is very hard to achieve the high-quality Si-
based II-V heterogenous substrates by classical heteroepitaxy technology.
Alternatively, ion-slicing technology is promising to achieve the high-quality Si-based
III-V heterogenous substrates without the physical mismatch in hetero-epitaxial growth.

In this dissertation, we investigated the application of ion-slicing technology for
achievingthe integration of IlI-V compound semiconductors films on silicon substrates.
There are three research questions in ion-slicing technology for III-V compound
semiconductors, the understanding of different exfoliation mechanisms of II-V
compound semiconductors, confirming optimal implantation conditions and achieving
effective bonding between III-V compound semiconductors and silicon substates,

respectively. The ion-slicing technology was applied in three typical II-V compound
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semiconductors, including InP, GaAs and GaSb. We analyzed the mechanism of
exfoliation, the condition of ion implantation and the style of wafer bonding for each
material. Ultimately, the high-quality wafer-scale Si-based InP, Si-based GaAs and Si-
based GaSb heterogeneous substrates were fabricated successfully. The main works of
this dissertation are as follows:

1. The He/H ion sequential implantation at room temperature to achieve the
exfoliation of InP was proposed. By the analysis of influence on the exfoliation under
different categories, fluences and sequences of ion implantation in InP, it was found
that only He/H ion implantation at room temperature can achieve the effective
exfoliation in InP. There is a window for the fluence of H ion co-implantation. The
effective sequence for He/H ion co-implantation was confirmed.

2. The high-quality wafer-scale Si-based InP substrate was fabricated successfully
and characterized. Based on the analysis of the source of the bubbles in the bonding
interface between InP and Si substrate, the vertical and lateral trenches etched by
photolithography on Si substrate were proposed to remove the bubbles. Combining
experiments with a thermal dynamic model, the effects of dimension and spacing of
trenches on bubble elimination were investigated. After surface process and post-
annealing at high temperature, the high-quality wafer-scale Si-based InP substrate was
fabricated successfully. The Si-based InP substate without oxide layer was also
fabricated by surface-activated bonding (SAB). Combined with molecular beam
epitaxy (MBE) technique, the epitaxial layers on Si-based InP substrate were
demonstrated good performance in photonics and electronics. The InGaAs-based p-i-n
photodetector with comparable performance of that on InP substrate was fabricated on
Si-based InP substrate successfully.

3. The high-quality wafer-scale Si-based GaAs and Si-based (GaSb substrates were
fabricated. By the analysis of the effects of different ion categories and fluences on the
exfoliation in GaAs, the optimal condition of ion implantation was confirmed. The

Al,O3 was proposed to be the dielectric layer to enhance the bonding strength between
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Abstract

GaAs and Si substrate. Finally, the high-quality wafer-scale Si-based GaAs substrate
was achieved successfully. By the analysis of the effects of different fluence of H ions
on the exfoliation in GaSb, the optimal condition of ion implantation was confirmed.
Based on the quality characterization of Si-based GaSb substrates fabricated under
different annealing temperature, the most suitable annealing temperature was
determined. Finally, the high-quality large-area Si-based GaSb substrate was fabricated

successfully.

Key Words: Heterogeneous Integration, Ion-slicing, InP, GaAs, GaSb



ERI-VIL &Y S5 EER R RN R

H &

B L B oo, 1
0 | =SOSR 1
L B I S oottt en et e et eeeeae e 8
13 BT oo, 10
LA B R B I oo 14

141 BFEFIE I ER AL e 14
LA BB E N oo, 16
1.43 MR BRI FIEHLE e, 20
1.4.4 BEIERBEIE AT ettt 23
1.4.5 I AT e, 27
1.5 A EER SRR S M e, 28

F2E HEEIBRERFTIERZE e, 31

2 BRI B oo e 31
201 H BRI AT L oo 31
o B o TSROSO 32
213 A MO G e 32

PRI =1t 2 11y RSOSSNSO 33
R R = =iy g 1 X = SR 33
PR Q- i 5% o122 =24 AU 34
223 X BT ST H TR oo e e et 35
22 R BT e 37
PRI T v 0% oy AT 38
2.2.6  FAAEEE T I oot ettt e 38
227 TEETBTE T I e 39
R T o <y L SRS 40
2.2.9 BRI BT oo, 11

2 AR BN e, 41

FIE P BEFHREIBEHLE oo, 42
3.0 B E TR AR B T oottt 42

300 H B B R A oo 43



H

302 He B E B N oo 45
313 HEBEFHHe BFERBIMFIANSIANAIEL o, 46
3.2 He/H B R i B B 0 oot ee e ee e 49
32.1 He/HBFERILFIMFI InP FBITABFI oo, 49
322 HeH BFERINFLFFNENFBITAREN oo 53
33 He/H BF E BRI AT oo e 58
B AR BN e, 60
FAE ESR=REREE NP BREERISZAERLE 62
O 1 2 4 g o T O =< OO URO 62
T O - () o= < - o S 62
402 B I I BT e, 64
413 BB B oo e, 67

O B < 3 =11 TSSO 69
415 FXBEZEFEERES P FEEREIE e 76
42 FEE I BB BRI oo e, 78
421 A InP BB R R e 78
4272 A InP BB B T oo 80
423 FEE P B REEERE IR oo, 84
424 FEE InP WEAANEERNSE . BEMRERIE oo, 86
43 HF InPOI # A FEE InGaAs p-i-n FFRMEE e, 88
R ] A <SOSR 90
F5E REREE GaAs F1 GaSb EIEHIE o, 92
5.1 BB AR GaAs Tt e, 92
501 GaAs BUBIT T oo e, 92
512 BEEEE Gads BRI e, 96
513 FEEL GaAS TEEETRIE oo ee e 98
5.2 BEEL GaSh B B BB oot 101
521 GaSD B B T I T oo 102
522 FEH GaSb BB IR oo 106
I . = A 109
BOE  BIEE R e, 111
B T N IR oo e, 113



ERI-VIL &Y S5 EER R RN R

B TB e
(EERARBUEZ MBI ZRUFRILILERFTAR o

VIII



BRHER

R I R OB R R R R OB R R KRR R RR KRR RR R BRR R R R KR R

1.1
12
1.3
1.4
1.5
1.6
1.7
1.8
1:9
1.10
1.11
1.12
1.13
1.14
1.15
1.16
1.17
1.18
1.19
1.20
121
122
1.23
1.24
1.25
1.26
1.27
1.28

SEJEES

S SR R0 g O ———— 2
ITRS SLAIRE TSR R TN Pl 2
DARPA 7EEE R _ERIBIET M e 3
A EF R JFOM BEER BTN PO 4
AEK InP HBT 5 CMOS BREBLE P2l i 5
Intel Bt B R A T B e 6
L = OO 6
InP TR TEA B e, 7
M-V, Si. Ge # Sn BIHMRAE K ST R A BB EH/ KA P 8
M-VE SR SEFRIMNEE (001) SiFHEREFERUA 9
AR R B B A IR e, 11
SN P R R A B A T AR . 12
IEFE MR B EE AT EEREERER 13

AR B T R B A e 14
B R SRR AR e, 16
EENTEE R FRZSERE RpBIEN 2 e 16
EoARRbE Y o S=nt R £ L ) N ———————————————— 18
NSRS 0 e 18
WS H B EATREE 2 e 20
HEFIASiNEFESFBEFREMEBESR (TEM) UB] 20
FANEFRAEE X ZERERNEEMFETIE L 21
RAGEFRFENBRBEAIZEIL oo e 22
BRITIERRRERY U27] e 23
SBERET Kifl KB RHERKERATE U7 s 23
TR HEREE AR D33 24
ERMRNEESEEEKEREER M s 25
B R M A IR D e, 25
SFAK M A B RS RERRARENTW PP 26

IX



ERI-VIL &Y S5 EER R RN R

R R R RRRERBRRRBRRRRRRRBRRRRRBRRK R B R R K R E

1.29
1.30
1.31
2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
29
2.10
2.11
2.12
2.13
2.14
2:15
31
32
3.3
3.4
3.5
3.6
3.7
3.8
39
3.10
3.11
312
3.13

SABATIEE I et 27
IBRAGFEDFREAIARHEIE D5 e 27
AP THIFRBIREIESIEZE e 29
F o AN 15 =] -2 TN 31
REFETRGHREFETERAERS e, 32
(57,7 gty A T 0 2= O ——— 33
AFM BB T30 e 33
AR AFM R T A-BEEREL 1 e, 34
X SR TR R R I I e, 35
=R T TEPAE 1 2 b OO 35
T A S B AR e 36
O TR T e 36
@728 TR TN s oo a4 37
SR IR B E R e, 37
G .2, o -SSR 38
SEM B B B e, 39
TR B s 40
SIMS Bk BB TAE e, 40
SRIMTAE P He I H B FEATDT o 43
FEANTEIHBFRNER P IBAF OM B e, 44
AANTEHBFHIER hP SiRIBAGH OM B e, 44
FEANHBETFIPIRBAGAI TEM Bl e, 45
FEAHBETR InPIRAGEAY SEM Bl oo 45
FANTEFIE He BF P IRAB OMBE o 46
FEANTEFIE He BF InP SHRIB AT OM B e, 46
SEANH I He BFAI InP XRD A9 020 BRE 47
ENHBEFH He BFHI InP XRD SRS EREZE 48
FAANHMHe BF InP PRTEREREAITW s 48
ARIBFFENTFE P #FEREXEOM B 49
FRIBTFFENIRF InP #£5 SIMS 1 TRIM AR B FIH v 50
RABIEARIEFAENRFR InP RBS AETERE .o 51

X



BRHER

& 3.14
& 3.15
& 3.16
& 3.17
& 3.18
& 3.19
& 3.20
& 3.21
& 3.22
Z] 4.1
& 4.2
%] 4.3
%] 4.4
%] 4.5
%] 4.6
%] 4.7
%] 4.8
%] 4.9
E] 4.10
& 4.11
%] 4.12
%] 4.13
%] 4.14
%] 4.15
%] 4.16
%] 4.17
%] 4.18
%] 4.19
Z] 4.20
%] 4.21
& 4.22

FAEINFEFHEF P HREBAG TEM B s 52
InP th He/H FERIRIBENLE] ocviinmsrsmsesommmsssmammmsssssssssssssssssmsssssias 53
He/H BF L5 nP HGRIRAEAT OM B o 54
FIBEH M HEFHEFFIBAIER oo 55
AEEENEM P #£5 (004) XRD @/20 B oo 55
s ARl Rl Rl L A —————— 56
BEF4E P IRASE TEM F SAED Bl oo 58
InP Arrhenius BHZE ......cooovie e s 59
SRIM /1E InP B0 DPA F3F0 oo 60
ETRAIEEERE InP IR . 63
1ES10) =R 64
InP SEREAEXIHAT Raman & ..., 64
SERHRN AR O B .onnmrmmmmmnmssiansig 65
SRBEEETW OM Bl o) 65
SHERMEETHAIBSHEMEIRME 66
B I RIE e 67
ORIy T oY s e p i1 = 1] —— 68
InP AR ERE XPS Bl e, 68
INP-Si B A AR e, 69
InP EfEEE R ZZI BN ENDER Si W ERIBE e, 70
S SR Uiy 1 21T i ey = R —— 71
AN ESERER) IPOTOM Bl e, 71
2FS InP H AR — L ERZIEAEN SR 72
7% InP EEZ 2B B Si WRRIEE oo 73
InP HEEBEAEAERS SiHKHNBRFIOME ... 73
SRR R B e, 74
amArEHEE AG FIMHHEENE S BERAFE r 9TW 76
TR IR InP B R e 77
[0 AN ]z 2heak -1 1 T — Tl
700 °CIB K5 InP/Si FRIETRIE oo 78
InPOI #1 InP KA (0040 XRD FEERRLE ..o, 79

Xl



ERI-VIL &Y S5 EER R RN R

bR R [ IR R OB R R OB OB R R R RBRRRR RR R R R B R K

4.23
4.24
4.25
4.26
427
4.28
4.29
4.30
431
432
433
434
435
5.1

5.2

53

5.4

5.5

5.6

5.7

5.8

59

5.10
5.11
5,15
5.13
5.14
5.15
5.16
5.17
5.18

400 °CiR A HIE InP HiE (004) XRD L oo, 79
InP SEBRRTE AFM Bl oot e 80
InP FHEF InP IR TEM B oo, 81
AT FE AT A TN A InP SRR AFM B oo 81
AEEhESE) /S8 InP SH B (004) XRD EIZHIL o 82
QLY =TT = O =1 N - O 83
£33 CMP f5 InP SRR AFM B e 83
A ESAREA IPOI BIEERIZTRIE oo 84
SR XIEFNAE IR X T InP AR Raman 3B ..o 85
INPOT R IRE (oo 86
& KT InPOI #IEHN InP F1KAY QW B PL ] Lo, 87
InP F1 InPOT E3RMEZAT TEM F0 STEM B .ooeovoe 88
InP F nPOT FIRMBEBHERETRIE oo 89
SRIM {AE He U H BEF 280 oo, 93
BMENHHM He B5F GaAs IBAFT OM B o, 94
BAEHFHe MHEF GaAs OM Bl oo 94
SRIM {AE GaAs HI DPA 380 oo, 95
HF He MM HBF GaAs IBAF TEM Bl e, 96
GaAS B BB T BB oo 97
GaAs Fl ALOs REAGEIB A oo 97
IBASE GaAs/Si 1 GaAsOI B oo 08
GaASOT ZEHIZRAE .o 98
TCRYATL0) =311 1| SO 99
GaAs SEBEAY TEM. STEM FISAED Bl oo, 100
SReL T v = 100
SRR ARTE GaAs HRAY (004) XRD EIEMIZE ... 101
FEANHEFAR GaSbiRAFOM B .o 102
N HBEF GaSb # R 150 *CIRAARERTE OM & ... 103
GaSb HmEAEIRE TIRAEH (004) XRD 020 L% ............... 104
EANHBEF GaSbiBAE TEMF SAED Bl .o 105
GaSb AY Arrhenius B ...ooco oo 106

Xl



BRHER

O 5 5 3 [

5.19
5.20
§5.21
5.22
5.23
5.24

BTRFBHEARER GaSb HIERIZE] ..o, 106
AEHRAGREREBSEIR GaSb HERME .o 107
IR A FEHT GaSb/SiO2/Si F1 GaSbOI BB A ., 108
GaSh PRI TRIE ..ot 108
GaShOI ZEHITRAE ..o s 109
GaSb SEREAY TEM F1 STEM Bl .o 109

Xl



ERI-VIL &Y S5 EER R RN R

45 1]
45 W 15 AR SRR
IT Information Technology = BEAR
UNIVAC Universal Automatic Computer B A EN
Al Artificial Intelligence ANTERE
AR Augmented Reality SRINSE
VR Virtual Reality HE LR ST
FDSOI Fully Depleted Silicon-on-insulator R AR L RE
FinFET Fin Field-Effect Transistor s XA A RE
GAAFET Gate-All-Aroud Field-Effect Transistor | M=tk BiEE
International Technology Roadmap for 3
ITRS [l P~ AR BOR R 2
Semiconductor
Defense Advanced Research Projects x 77 5 2Bt 5 4
DARPA
Agency gl
Electronic-Photonic Heterogeneous )
E-PHI PR AR A
Integration
Compound Semiconductor material on
COSMOS TEEAL GV R AR
Silicon
3D-IC Three-Dimension Integrated Circuit =HER AR IR
Complementary Metal-Oxide- A EENY RS
CMOS
Semiconductor Transistor N
Metal-Oxide-Semiconductor Field wRBEMNYF 2R
MOSFET
Effect Transistor RN G IR
HIBT Heterojunction Bipolar Transistor I N =
HEMT High Electron Mobility Transistor SR TIIREREE
MD Misfit Dislocation PN WDk

XIV




e 05 1)

TD Threading Dislocation A A
APD Antiphase Domain 5[] B
APB Antiphase Boundary A CIpiE
SOG Spin on Glass BRI
SOI Silicon on Insulator “ug ik ik
CMP Chemical Mechanical Polishing A== IV i
PKAs Primary Knock-on Atoms PR Al )R
DPA Displacement Per Atom HANET R
SAB Surface-activated Bonding RMMEEE S
AFM Atomic Force Microscope | AR 4
XPS X-ray Photoelectron Spectroscopy X SRS HL T RETE
XRD X-Ray Diffraction X BT R AT 8t
FWHM Full Width at Half Maximum FEHE
PL Photoluminescence TR EIE
SEM Scanning Electron Microscope AT RS
TEM Transmission Electron Microscopy i G S T K
Scanning Transmission Electron
STEM EEE b N A Gl
Microscopy
High-resolution Transmission Electron | 157 #FiE 5 B E A
HRTEM
Microscopy &
SAED Selected Area Electron Diffraction 1% X HL AT S
SIMS Secondary Ion Mass Spectroscopy TIRET R
Rutherford Back Scattering _
RBS J5 SR AR T RO
Spectroscopy
BT EAY R L
SRIM Stopping and Range of Ions in Matter
7R
OM Optical Microscope RS

XV




ERI-VIL &Y S5 EER R RN R

Low Pressure Metalorganic Chemical | {K/& & EA L5
LP MOCVD
Vapor Deposition SRR
IR Infrared Ray ZLANER
SAM Scanning Acoustic Microscope B
EDS Energy Dispersive Spectrometer BETEAX
RMS Roughness NS E
InPOI InP on Insulator ik kNI SR v
MBE Molecular Beam Epitaxy AT R AME
QW Quantum Well =1k
GaAsOI GaAs on Insulator ik NI AR
ALD Atomic Layer Deposition BT R
GaSbOIl GaSb on Insulator # gk E L

XVI




BIE i

1.1 5|8

SEA SO ABSRER P T B ERE . AT TR ] A VE B T
ZWRENOTFZHAOTEASEEEAR AT FFFEARRE IOE S5 R,
WRHLEME BT RS KA A sh B 3R F)F SR M R . £l
FIL TS, METRARA-EESE/RERRKREES, RGNS RERT.
R R A BRITERE . AR U A RASGRAN, 19518 — 5@ E3)
BT i EHL (UNIVAC) (S RR35.5 m?, EIA 130, Wi i R A2.25 MHZ,
691FE G U4 R, oA AR B T2 8=TT 7 2/ 10001F . 04, 5G. A1 %
M ARES, ARVR S5 N AN HI, EXt ARG AEE. . AEIHE.
BATHRFRHEERMER, HE, FEE LI SAEHE, M2007F 145 nm
FIENA-BI10 nm PAPY , @RS B0 R ~F Q2B B P EARER , 4 T 15 48 1858 28
W RIS R, DOARRE i Bkdl . nE 1P, £10 nm 1S ZHT, FDSOL.
FinFET T2 548 Z 2 A7, EAFEAN10nm 5 S LA R, JERER R 5] Ak 3= T
FFPERE, AL VP g0l M RNE . FE/R B220m, =BG E S
M 14nm Fl16nm 1S5 FinFET A B EE AR RIS BER S EI R,
B 46 FE L 28530 7 nm # N5 nm $1F295 G5, FinFET GLEEY IR,
), GAAFET UM o] @ 48 B ARG & X FinFET HEARCEE/RERNAEE.
GAAFET RE98 LM AER I 22, FIH SR TGRS 2 M ERAE
P o) e B T WU AT, B ML FinFET SEANSTAM 8 22 1093D SAE .. o6&
30T Rk ke, B REORERE A (International Technology
Roadmap for Semiconductors, ITRS) TllllE|2021FLL/E, SEEMRTHAT
g8/ CnE 128 BL O Mo 5 B IR AR



HEMVILEMER EERRR KA

45/40nm | 32/28nm | 22/20nm | 16/14nm m-

2D Material |

o a8 8o
s i 2 4]
668 o0

FinFET FDSOI Ge channel
{Strain)

2007 2009 2011 2013 2015 2017 2020

tress "
Engineering S/Ge P.Ch.

B 11 BRFERTZNTANERD

Figure 1.1 The development of microelectr onic process nodes

phvvsical gane length 1nmy

0 T T T T T T T ]
b e S S e Y R T i S ST ke T e - . T
ear

B 12 ITRS Bl FH & R AR A i 0

Figurel.2 The ITRS most recent report predicts the tendency of iransistor scaling

7R EEREHL, METHRARER AL I, B IF RS,
HIEMEL EEREE. aNFEM. BHERS. fIE LR EEEREENER
& (MoreMoore) LA LLSERRR A HERE A ThEe 0 2 FRAL R B R EE R E B R R
77 1F (MorethanMoore) . FEHBEREENREST, NEFRRKEER, THE
PR F /M BRI, BRI PR AR, GO A ThRREE ARE—
EMELL. ERERR. ZEEHHEHFT RS (Defense Advanced Research
Projects Agency, DARPA) EEM AT XA T HEZ T, BFEBEIERAER
(Electronic-Photonic Heterogeneous Integration, E-PHD U], &SR RER
( Compound Semiconductor material on Silicon, COSMOS ) B, =& pi i g



FE i

(Three-Dimension integrated circuit, 3D-1C) P15, &1 3[R, FHERN A5 AL
REERIE R RN, IREEAERERAR N7 LA R, Bf
REETERIAZD-IC HAR. B EMARMMRHE R i, MR AN,
BEERFAD. EREE. HFEIEMB SR RERE, MARTURS KIE
HAEGMBMR, T SHRARE LEEHE, KRRV ILEY
(B E S RERY, BATEEETE L, I-VAEWERES Si RHA
FHe, BRHMEATEEFAHAM.

E-PHI SEET EOTR
. ——= M
TP Reuse Strategies

1990s 2000s 2010s 2020s

B 1.3 DARPA 7E£&R gl

Figure 1.3 The DARPA’s history of innovation in integration

MFLIFR, FEAEE, K-V EE SRR E BN R TR
WA, Xt g T IR VG SR SRS Il A R . M0t 260 AT
45, GaAs 25— Fhis T T#01E MOSFETs FIIIL- V b & 452E Sk b 3101, Hofih
FITIL- V4 &4 2 SR EEIIN InP. GaAs. GaN BLEABAIM i =n 44
(InGaAs. InAlAs. AlGaN. InGaP. InGaAsN. AlGaAs F1 GaAsSb) i A T il
&R IR BT (HIBT) 72, BYT GaAs #h, GaN Ml InAs IR A T
H & B TIERREEE (HEMT) BL2), BE/E Intel FIRF T E4R_H T — & T
GaAs ) InSb BT FH i) 757 B8 i i B ) & 78 2324 Johnson 7E19664F42 H JFOM
PAE. BP B a5 R B3R, H R A R EE &, s
TR, L4 ER T SRR ISR TFOM AL(H BE 3 ALY A8 (L2,
MEFFATULEH, B CMOS 2 B i@ ERRHEAR, BRIV HEYES

3



EERM-VIE 5L EERR RERM A

REHF 0 InP HEMT #1 HBT 7 JFOM fR{EEE Si s— 8%, HEREERER
8. HET, DARPA C&XHIARISERTT, LB/ InPHBT 5 CMOS H# R,
HIF SRR & (55 g, WELSHRE2L HI- VGG R4S ST
R LI R ERE ., SR R, ST RS EE TR .

£ 1.1 300 K By — 823 S 2 4t R
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Figure 1.4 Plot of JFOM of different materials and devices vs. integration complexity
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Figure 1.5 Different heterogeneous integration processes of InP HBT and CMOS
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Figure 1.6 The schematic of the heterogeneous platform commercialized by Intel
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Figure 1.7 The Si-based photonic devices
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Figure 1.10 Atomic model of III-V compound materials deposited on a (001) Si substrate

N L RAME G AR R A, A RIRAMEE KITERCR . AT
i Si S11-V AL EP SR B R RS, B R R KRR Ge 8l SiGe #
MR ET, (B2 HBERFERGE M E . A, B KB EN R 2
— R A PR RGBT BRI T A A B P 2 B, il R A ST



ERI-VIL &Y S5 EER R RN R

WASE B AR B AR AR, (A B R IR B AT, RS pReR R R
TXA L T B 6 SE LR DR IR A 83 R TR L M AR AR B I o B R« A AR
JE I NRAS B e AR s BT IR 2, S ROR PSR RE I a5 AL i e
2378 B A 5 D2 A« A8 v AR A DRl BRI DB 2 AEAR 2 AN 8] 10 R DA B
H R UL R B B B S FARCKES, SREA % TN F 107 om HRAR A
SEPLHY, ARAL A — LR 8 AR 1 IR . B GaP/SiC001) AR, KA InGaAs
HEatE, TLUEZMZERE N3] um B, 1§ GaAs R IOEREA 255 PR E] 710
em 279800, FE (100) ff [011]4°09 Si #1JK £, GaAs {#EEIE/NF3 um ff, FREA

2 P ARE 1100 o 281820, FERF - RIE M R FIANES, G2 1) E A3
um BLE, BERZEHENE 7 I- VAL 2EE Si 2EPAN T ZRE
MEKEREERZRMN, SEIN-VSYESHRERSPIIARNE, £5E
F kAL, BERARESEHM, BABERFMEE KT ZE SR TAE
FRIIL- VAL &P F SR 5 Si AR B, i, KFEEER. &%
GREEHSL A i ZENT- VAL A PE SRS MM R AT SR S2 IR T 7 BTAME = 5k
fe, k5 SII- VALY SRS R

1.3 BE&E

AR L —FIRRN R RTIE, B 5B R E A AH U AL A A
K, MR T ANEA K G Y SR SR 1] R, AR RS R R SR R T
K E mEN mE LR, BEEAREE AR R, Al R E AL
R Zge, HhhNEZENaFsERE. Fefee. nTESE. K
B RES. BREANLBES, CPNEEECFEERESNEEES.
F iR a A AE A AR, RETFEMEGARER. BRESETZELUR
AN TE] ) R SR R A [ B S A

10



- EREs
HiNERE
STRNRE
BN A
REwe

BETAR — - ERE

MR &
- EhRERE *|:

HEZERE

- NRERE

A 1.11 ARMSEEEEEAR

Figure 1.11 The different wafer bonding technologies

— - VAL S hEE T EESHAHESEAR, B—MELNRER
B G TT5. Lehmann 55 NS HEERGHI 7%, REG 7 HELEH. &
SEVER InP/Si Ml GaAs/Si 4RIl T PiRR L B, i BUE S 7 i
SR BARFRSAE. B, ERGAEHSAERSAES, Xl t—
SE HsZ 0ol i A e B A R M BRI IR A 5, et A 2k
S RIS 1) 1), 0 P i 973 ) LTIV O7-1081 IR TR ARL ) ) R Ik R 3 5=
SAERIRI PRI Ty, IR A R SR VAR I EESK . Pasquaroello &8 AT
MRIBTIL T InP/Si ELEBEG G5 BT BT e A 0 P T iR AR Ak, AT A B 23R KR
JEART300 °C B, REEXBEEEMENIA K, HEALEZET300 °C K, =1E
InP P AV 2 AL AR, (H R IX A A B BEATI AR B AR T3 B AME o A B A 2
JEUON, S B A A ST S BR 1 1SS SRR STt . Tong 55 AJ
T —FRhERASFEARIE N LIS R L InP/St BA U7, TERES TR BoHs 55T
AL PR AR, )G HF AbF )5, K0S 7R S 00 T Seldg &, £33200 °

CIBKJE, FHHBEIAE] T InP NI RLAE630 mI/ m?, SR, TEFHALTERL T & B 1
ARERIZ, B XA AR R HIVE .

11



HEEN-VIL G B ERER R RE R A

F_MIL-ViemEaRarEREREE R ZE®EG, BhdhEZ
A L gz B 5 RS E S Si02. JEIRITE (SOG) BiF SiaNs5F, tA] LLE4
[REEREY . TSN ERATE, I BRI R LG R
L EEMOI g 2 f R Rk B 77 v Sk I GaAs [F) St IRAVEE S, RI(E%E
F EIR IR E R 200 °C, WERSEHLE T BRGS0 B T IR I B e
MEARKKHRSGE, R 7 EESRPEERE . 2T, SioERAHE
SR IRGE, B SiO G AT LUE R =il [ 5 254 o Ak, 38 mr LA
EEBAE A RIE BRI R A RS, XS T AR T8 B IR 5 IR AR [T
o FEFIMD S T AR & 1 2 DI b SRS S &R, B KR &
B & BIE S LN, SEREBEE, MNMENEERE . Bickiord 25 AiE
o In fE AR S48, PAdENEIE S48, SEILT GaAs [ Si A JEAEET,

SR, I S B AR B S P TRIR] AR A, SR R G
TR R AT E AL, 1585 I IR A . S o B R T VR R E A LA T
WHEE . PeSe okt & B DA I B — e B . R M7, Huang %6 A
il % T #8257k | GaAs (GaAsOD M1 {HJE M fef Jig B Sk 2010 pm LLTFA, 7
JERE B SRR T I, AR T T B 0 LA S A K G s R R I A5 44

A e AR A
SMEJ

A 112 ZIABWHHEEENEEITE
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Figure 1.19 The defects bond with H ions to form complicated defects
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Figure 1.21 The process of blistering and exfoliation after implantation and annealing with

and without stiffening substrate
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Figure 1.23 The cases with and without stiffening substrate
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Figure 1.24 K1 and K1 versus crack length
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Figure 1.29 The process for surface-activated bonding (SAB)
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Figure 1.31 The research approach and framework of the dissertation
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Figure 2.7 The illumination for the diffraction from lattice planes
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Figure 2.15 The collision cascade in SIMS
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# 3.1 InP RN HA He BTHE

Table 3.1 The fluence of H and He ions implanted in InP

HE1 (em™) FHE2 (em™) HE3 (em™)
H %+ 2% 1016 5% 10 110
He & F 2% 1016 5106 1X10Y7

[FIRF S ATy i AR JE T R AT AR, 18IS SRIM 7 &, {RIE H &F A
He &FHENGFRE—F, A% H BFIEABEENTS KeV, He BFHIEANBE
B N115KeV, A3 1f7~, H BT He B T4k FEIE{E Ry #Z7E620 nm.

25 _115kev 2x10"/cmHe
b ——75KeV 5x10"/cn?H
20k

1.5}
1.0k

05

Concentration{-10?'/cn¥)

0.0}

0 2000 4000 6000 ©000 10000
Depth(Ang.)
B 3.1 SRIM {§E InP * He 1 H & THADH

Figure 3.1 The distribution of He and H ions in InP simulated by SRIM
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32 HEANFEHEFHES InPBKE OM
Figure 3.2 The OM images of InP implanted with different fluence of H ions after

annealing
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Figure 3.3 The OM images of InP implanted with different fluence of H ions after

annealing
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Figure 3.4 The TEM images of InP implanted with H ions after annealing
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Figure 3.5 The SEM images of InP implanted with H ions after annealing
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FIEBINR1 <10V /em? B, InP FEfRIDEISIHE.
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Figure 3.6 The OM images of InP samples implanted with different fluence of He ions after

annealing

6 5 4k SR =R K FE 300 °C, 15 FAT InP =T OM B E3. 787w, M
PR LR, FE300 *CraiRiB KR T, TEATE N2 X10" /em® He B+ AL
5X 10" fom® He B THY InP F R M AR LA, MEALX 10" /em® He B HY
FEan RN R BRI, 5150 )CIRAAAEL, SIRFESE N, H B I
, IEAERFENERER He B T REE I InP MR B, HHBAERKGRETT
& FBEI MR

i

2X101¢

§X 1016

B 3.7 EAAAFE He BT InP SRR A5 OM &
Figure 3.7 The OM images of InP samples implanted with different fluence of He ions after

annealing
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Figure 3.8 The XRD in ®/20 mode for the InP samples implanted with H and He ions
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Figure 3.9 The XRD experimental and simulated profile for the InP implanted with H and

He ions
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Figure 3.10 The strain as a function of depth in the sample implanted with H and He ions.
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Figure 3.11 The OM images of InP sample implanted with ions in different sequences after

annealing
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Figure 3.12 The SIMS and SRIM simulation of ion distribution for InP samples implanted

with different ion implantation sequences.
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He BFWENAS H §FRESH, RINHRESAEERL—F, H7E620
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Figure 3.13 The RBS/channel for InP implanted with different implantation sequences of

ions before and after annealing
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Figure 3.14 The TEM images for the InP samples co-implanted with ions in different

sequences after annealing
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Figure 3.15 The exfoliation mechanism of He/H co-implantation in InP
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# 32 HeHBTIHFERENELRBE

Table 3.2 The fluence and energy of He/H sequential implantation

BT He(115 KeV) H(75 KeV)

31016

41016

FEAFE (em™ 210 5% 1018

6< 1016

710
K WP AT InP Bf TR A G 150 °CIB K1/, B8R oM Ean &
3.16f. MEFE LA H, HEE He B FHEAFER, & HBEFEANR
SEHPEN, InP PRELIAAE BT R £ H B THEANFER3X10' /ent?
i, SRIOERE MR A M REEE FE RS, 24 H B TFHEEmEd
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Figure 3.16 The OM images of InP sample co-implanted with He/H ions after annealing
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Figure 3.17 Exfoliation efficiency as a function of H ion implantation fluence
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Figure 3.183 The XRD ®/20 for InP (004) implanted under different implantation

conditions
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Figure 3.19 The maximus as a function of fluence of H ions
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Figure 3.20 The TEM and SAED images of the InP samples co-implanted with ions after

annealing
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Figure 3.21 The Arrhenius plot of InP
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Figure 3.22 The DPA profiles simulated by SRIM in InP
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Figure 4.1 The process flow for the integration of InP film using ion-slicing technology
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Figure 4.2 InPOI substrate
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Figure 4.3 The Raman spectra of different regions of InP film
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Figure 4.4 The OM images of the bubbles with annealing time at 400 °C
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Figure 4.5 The OM images of bubbles with temperature
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Figure 4.6 The simulated and experimental diameter of bubble as a function of
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Figure 4.7 The characterization of the bonding interface

(a) BEHI R E: (b) & 50 SAM A

WS T AN B T TnP 3K S Si A REES, F45300 °C FiE K30 min,
XTIR KCHT FE B InP/Si &0 HEAT SAM MK MR & A, Wwkl4.8FT7R.
HeplE4.8 (a) NIRKATH SAM &, (b) AIBKJEH SAM . a[LLEH, =i
N, WA AT AR InP/Si (S, XERETRNERIET
VEN LUK 2T A M) 7B T 5%  FE300 °CiB k30 min &, A AL N 2
T — RIS A, UhAh, FEqRELSA M T &%, 7E
BAERRS, RS KEEMBETRESERRNTE. TUERTEREE X
AP, BEEEEE NP, Y PP B, R SEIRGIERE G AR AEK,
LU PP, Kagl KAREE .

67



FEEETN-V b5 1) -2 S i B R 3 5 i

After annealing

B 4.8 SR ARTERE AN ERIE

Figure 4.8 The characterization of bonding interface before and after annealing
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Figure 4.9 The XPS of surface on InP before and after bonding
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Figure 4.11 The schematic of InP thin film transferred to Si with vertical trenches
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Figure 4.12 The distribution of spacing and dimension of vertical trenches on Si substrate
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Figure 4.13 The OM images of InPOI with vertical trenches
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Figure 4.16 The photos and OM images of InP thin film transferred on Si substrate with
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HAF InP MHEEE Al =R

_ EP
C12(13)

H E A InP {115 KA 2484 GPa, t 4 InP EAIEE A670nm, v InP
A HR0.36.

£ InP 5 Si f RS, BEEIE T T InP AR KIREE, R iR s
B 7 A JI FZIH InP 5 Si RIA SRR, Bk se A THIAR ) SR TRTBE 1 4 InP
OB ELAE0.75 Jm* 0l T InP SR AV IR, HILEBRMERESR, B
W Ap=1 atm. 3 o=1/3014), HFAH 5 BAEA DR A

AG(erg)=-3.38x10*r%+23 5612 {4 18)

... (4. 15)

EATHTE HAEAG BE VAR r IR B 2R I 4. 1840 (A 28 P . BE A r HUME
m, AG eI, TENGF S r LILRIRKRE . Hr<e i, 0AG/Er>0, BLIE
TREFRETEIE, M BHH K. M r=r i, 0AG/Or<0, BT DLk K.
BRFE—MAENIARME—IVENAENELK, ATEREIRD,
R ERIRE XNEFE, ME417 (b) PERRKIE ANEB. b AR
MW ShSF T HERER—ASEF, 1 B HRF=ENSES T
REEH—ARIEF. KNEESEFTEE A
P; Viubble™Npubble K T L (41D
HA Nowve 4 — TSR BEFERETTH, K AIRRKEEFTH
(1.38<10" % erg/K) , T N#XTIE-KIRIE. @E, SEHRTENTHENE X
AR, Bk, E—AErEls, — R RN TEEKEE. E
NI A=S?, EFRFN (49 , BEREGEE RN~ 10 FF#EANRIEF,
A AR BT F & IR RS T InP (1000 HIEFHHE o F I Nowsie 77 PR R
H
Winpge=G8* . {4.18)
BEESAFEAUERRN

P, Viubble—CS KT (4. 19)
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P, TAEAFEMRENEE S 5 UEFE r IR RN

peAp (2 3
(64DCKT) £ s el 20

Yp=2atm, Ap=latm, C=5.8x10'""/mm?> FIT=423.15KHf,
S=630.56r> .. (4.21)
VOMEIRIEE S 55K r MR R AR IS AL TR . X e, VI
[EPE S B FFEFME Se=1.2 mm. 2 S<Sc i, HARMM A=A ErT8HA L
XHE—MREREM MK BN RS B4 16585 R — B HRTEE4. 169,
VEREIREE] mm R, REHCEHISNE, XEH TR, BINAE
BT+ HRIET8E RO HO 4+, fEERF, [EFSKE
I3 F I AT BE R TR B K T AR B I AR RIS Ve S BT TS A A T RE A
FHEZLR T SEFR{H.
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B 4.18 FHAl B BHEEAG FVAREFRIGE S PR v 31K

Figure 4.18 The plot of Gibbs free energy AG and LLOTSs’ space S as radium r of bubble

4.1.5 XEGEEERZERES InP 825 EEHS

TERN Y, GEHEIFARE InP A St FTIRZAFEEEE, kR e
Rt B AR Sl e T — e AR R, B, ZSE InP 5 Si 4T
REMEENENGE &, MERMGUKIER &, R RARERKN T U2 R i
WHEE (SAB) 4, 7E SAB A B LT, WTRmETHE, Kb, &
[H R AR B E AR A TR & 5%
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Figure 4.19 Si-based InP film without oxide layer

(a) LEMNEEE WP EIRR A, (b)) InP EHiEEE OM &

HATET R SAB &K AL, KAE T RF B A2 1 InP & F4%
FeFlo v 11y SipfIE b, WilE4.19 (a) Bras, Hb InP @ B OELRE H. [
DAE L EERE [ InP MEEAGTIAN 28, K419 (b) ENHEME WP #HEERT OM
B, WEPRPAE . $R0 P MAEREDGE-FE, TR0~ 4.

(2) 2107 (b)

N R=15.6Q2
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-i
Au

B 420 InP/SifHESERITE

Figure 4.20 The electrical characterization of InP/Si

(a) InP/Si #EITAR N/Au R B A (b) InP/Si AR -V fhek

N TN InP 5 Si o RAIR S AFEE NG ZE, KA 1nHTE InP/Si 5
AR By FIPTER20 nm Ni/20 nm Au fEA B, WE4.20 (@) Fi. BEEN
ZR P AT B A R, A3 3 I-V R 4,20 (b) B . MEIR TR EUE H InP
WA Si AR IR RA R S o, JRA WA SR, IEH InP A Si 4R
AR T A a2 )=

N T S InP/Si A IRAE R N IR E M, IRATHE InP/Si FIRAE As AL
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% MBE BHVIER A As U8, ik As fE AP ORI RSP T, BL30 °C/min T
HEN700°C, BJEMEE, ARMIET OM A SEM M54, WE4.21 (a) .« (b)
Fian, MWERRICAE, IBAKJEH InP RHEA BT SRS ERENR, |
AETE A2 BV 22 260 04 S0IR YD, B 5 ot 2R 8 B SR T X SRR 7 M (EDS),
421 (o Fin, XRBFERRBEBXIRES, BEMH P #ITRF, EMR
InP 1 P MZH7p 48 %, In RETE A In AR . R, WERA InP/Si 4H 70 £ =il B A
FAEA R RSP TG A AR E AR 1E

In Lal

# " Sopm

F 4.21 700 °CiB:XJE InP/Si RERIE

Figure 4.21 The characterization of the surface on InP/Si after annealing at 700 °C

(a) InP M OM E; (b) InP #ME SEM E;  (¢) InP #H EDS F.

42 REE InP EBREMURRERIT

KRBT /RUBEITEHEN P T ARG Z BT EASIAWN
H T ERFEST, S ROM InP FIRAY A BUE . R B A M T R R E R
iR AT FEEA 4 InP R T 2 LA SRR AL

421 P BEERPER=S

AT FRALFE R TP IR R, 24T (004) XRD ZZML&AIM &, ol
4.22f7R, Horp InP FLag e AR IR 2GRN L. XL InP Ao JeK 4842 i 25,
RBTLERE AR InP {EAR D, XRD fR3E AL g, Hoh— g6 F InP #)

(004) ATHIAGRTHIEAL, A—DUEEL T/ FATHR S ATHNIER0.084° Ab, 1XiE A
FEALHT InP WIS P AE — 2 S it AL 2. PR IR B8 L, Wy AR I RTERE 5
AT EERYT9%, XU TnP ERE I R R %
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B 4.22 InPOIFI InP AR (004) XRD $ZBEHLR

Figure 4.22 The (004) XRD rocking curves of InPOI and InP substrate

TRAN VA Wk M A A F 1 B N 5L N B SRBA I R BRI T N
HARAETREIRES, BAVHRESR T, 46 THE—C e, LR RESS
WEHRENE. FESLA °C/min BFHEIEZRAHE 400 °CXF InPOL RiRIE K1
NI, FXHE KRR InPOT B#E4T (004) XRD REARMNLERIE, WE423577m. M
EIrP R LUE Y, 21400 °CiiR kG, MR K, JXIEAH & iR iR KW 2 F% InP
JR AR E AR . FIRHE KIS InP R R AEREI S, T P4
SEFIR TS i, B, IBKIREABKRR, MR SO RH IR KR
400 °C.

- Before annealing
- After annealing

314 31.5 31.6 31.7 31.8 31.9

o()

B 4.23 400 °CiB/KRT)S InP WAL (004) XRD BEBHLE

Figure 4.23 The (004) XRD rocking curves of InP film before and after annealing at 400 °C

79



EERM-VIE 5L EERR RERM A
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B 4.24 InP #ERE AFM

Figure 4.24 The AFM images of InP film

ERTRMBHARFE P ER, HRMHEE (RMS) SRR
A RIS FRAT DS InD FEHATR I AFM IR, 7F tapping BLEUF,
152 InP FEL M AFM Bl 14247 LR 21 InP #ER MHESAF,
FES um X5 pm HYEE P, RIS o014 nm, T 7R HTES) InP 4o RS B 24 T AE e
FETE0.5nm PAR, [Fitk, A TH InP SE R ENA S8 A RIKE, 75 20EE
FIMFAT IR AL

AL, ATKEERE R InP ERAE TYENJS InP #fJEHEAT TEM #IE, a0l
4250, H425 (a) A InP HRIEAE TG TEM B,  (b) NHERER InP #
JE TEM [Elo B F1EASTE InP 4R H 51 A230 nm ByERFGE 12, 1PE4.25 (a) Fias.
MEI425 (b) WA, K InP #EIEEF 670 nm, &ZERA150 nm F 1
BYiE, FHAREERAT, X 5E4.241 AFM B4 . 7R 425 (a) &,
670 nm IR[E A T-ORIEEIRES, FEAMEE FF 150 nm, X 5E4.25 (b)
1 InP FAEFEZ150 nm BREEZ0R, AR RER) InP MR 00 7242 B FE
AGIAKI50 nm KRG E. B, RN InP BT, WZikER InP K E
150 nm [5R45 2
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425 InP #HJEM InP BHE TEM B

Figure 4.25 The TEM images of InP substrate and InP film

(a) BFENGN InP 48 TEM E;  (b) #FM InP #EHER TEM

AT R 20k InP HERE R0 12 LA PEAE InP MR YRR, A&
SR AL R R i E A e i R KRB InP TR, PR Tk 7y v
InP MR IR 2, RN HSREG A S ARG AL thid R 2, S
AL A SRR F A L A HCEHAPO, :CoHAO0=1: 1:3 KGR &0, £ e,

A RO InP 198 1hiE 22 4300 nm/ min. FRATXHEE T A S S 8] (1 InP 3
FEHEAT AFM A, (nld426Fmas. MIE4.26F LAEH, JEIl10s B, InP SRR
FlF RMS HER 14 nm PR A4.19 nm, JE1020 s B, FIA RMS FKFEIEAN
4.13 nm, {A2REE R AET20 s, 00 RMS &SI, 35 s i 84.44 nm,
45 s I 9446 nm. KIS InP 10 RMS 5, FE1HR20 s A5 1 bt .
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Figure 4.26 The AFM images of InP film after etching for different time
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4.27 AEEREFE )G InP #E (004) XRD BEELL

Figure 4.27 The (004) XRD rocking curves of InP film after etching for different time
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Figure 4.28 The thickness distribution of InP film before and after CMP
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Figure 4.29 The AFM images of the surface on InP film after CMP
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423 HE P REERRERI
It Bid InPOI fill & T2, InP AR 238 m L REMR AL, ATRIIN

) T A [ VA S A 1 = R B 28~ InPOI S5 44
A

B 430 HEREEER InPOT KI5 RE

Figure 4.30 The structural characterization of InPOI with lateral trenches

(a) InPOI Zi#mEE . (b) MPOIMAMXE SEM B, (o) JEMEX 1 SEM &,

(d) N POl B Fr.

AR InPOT A7 X I 5 ARG X EGEAT SEM RAL, WE4.300m, H
B (a) ER InPOI MR EREL  (b) R (¢) 47 InPOT ARVA## [X R A0 74 1#
X SEM &,  (d) 24 InPOI IR F . M4.30 (b) EIHPE[LLEH, IPOLfE4F
TG IX s R B =R S50, 43 AR InP J2. SiO M1 Si 2. 7EE4.30 (¢)
i, LB E RSN, A InP B EITENE 1, JF H InP @A
HAE MR [k, BN P NS SioySi HEEs, Wl (D
B
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Figure4.31 The Raman spectra of InP film on trench and non-trench region
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Figure 4.32 The qualitative characterization of InPOI

(a) InP B InP #1E (004) XRD 232 #4; (b) MPOITEM &

424 fE InP #HRAIMNERNFE . BEMRERI

AT ZAE InPOL 1B AN IE 2 A0 20 f 2 MR R, AT I4E InPOL 24K _E A H]
7 RANE (MBE) {RAMEARKBSEREANDE T (QW) &, [FIRFE InP .
ar T JERAE R AR Rt b, B R A R4 1 as. P WER2/=-4/%
AN, FARREMRAILE, F3E-9FREEE. HARITY B BT
BRI, 338 TFITERMFEA 28R . £ InPOL F K AN LA K [ B 22 8544 1
B IS F 2140 emP/v.s, /£ InP SRR L 4D E [R)FF 19 B 2 A5 4 1 B 7~ iT A%
42300 em*/v.s, —#F L TIREAMIL, IELE InPOL #1E FAMEAE K as
R E S InP .54 R B EAR L.

R 4.1 InPOI ¥k b MBE AMEAK B ZEHAEEEH

Table 4.1 The optical and electrical structures epitaxially grown on InPOI substrate

JE P R ER B (nm)
1 InP buffer 200
2 Ing s2Alo.agAs 200
3 Ing 53Grag 47As 15
4 Ing s2AlpagAs 200
5 Ing 53(Grag 47As 100

86



BAL BREREEER mp £EHEENE RER

6 Ino sz AloasAs 10
7 Si-delta doping ( 2x10'% cm™?)

3 Ing s;AlnasA S 40
9 N-Ing 53Gana7As (4% 10 cm?) 50

R 42 BEEEHRB/FIR

Table4.2 The Hall measurement for electrical structure

ZE N B, FiE 25 emiiv.s
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Figure 4.33 The PL spectra of the QW grown on InPOI and InP substrates
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43  ETF InPOI #ERIAEE InGaAs p-i-n IR 85

AT EAE InPOL #RAMEA K SR /1, FATE InPOI WK EF|H
MBE #MEA K InGaAs p-i-n 4RIE:, BARERWIRA3FA, R £ InP #7E E
A=A R PR I 28 25 A0 VB e B

£ 4.3 InGaAs p-i-n R4

Table 4.3 The structure of InGaAs p-i-n photodetector

=311 5y B IRIKFE (Jem?) JE P (um)
1 InP (nt) =2x1018 1
2 Ing.s3Gag.47As (n-) 3x10!¢ 1.5
3 InP (p+) 5x10'® 0.6
4 Tno s3Gag 47As (p+) 5x10'® 0.05

B 434 InP Ff InPOI EFENZREK TEM 1 STEM

Figure 4.34 The TEM and STEM images of photodetectors on InP and InPOI substrates
(a) 1E InP 4/ JRIMEIRMEF L5441 TEM I STEM B (b) £ MmPOI 4+ JlR Ah SR 25 5 447

1 TEM 1 STEM &

KA REAE K S BT EE AT TEM RA4E, 434077, HApE ) # (b)) 4
PRTE InP 46K F InPOI 4 AL ZEFRMN 22 25 7 F0 TEM IR STEM Bl M BT
TEM ERILLVE S, MR LAMERIIER, SESW A HIERT 5,
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Figure 4.35 The characterization of performance of photodetectors on InP and InPOI

substrates
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1. ERAETFRFSHAREE WP HESHES, RRFEENEERTHR
REMSIE, HXTSIETE AR AT 4, DO SOE R R KRR & RS 1 7=
I .

2. FEH G AN VA R PR A A S SR . v Al R G R Ve R BE 25
um Ff, A RER B R SIE, HREE B IR, TR RS E (RIEE
P THIRR D[R] B R REAR 47 B RO SIE RO 7= A, R 37 #ah 7 SR B SR ATV A G
RAAT TR, RIS A BREE IS R, Sy e K
FilnFHERT, KIBFRHA.

3. R4k InPOI #HiK. FH400 CHRGBIKMRN POl IR ZFHE, 3
FHEER ML, CMP KERR InP EIEIR 1002 UL E ISR IR, &
O S & InPOT H )i

4. %t POI 7t IRAIHME 2 4T B AL R AL, K IAE WPOT i _E 84k
FIESZ I AR RE S AE InP A AR UL, 117 QW HY & 658 B 34 £I7E InP 1 IR AY65%.

5. f£ InPOI #HESMEH] % InGaAs p-i-n M 25 . 5 InP & InGaAs p-i-n FRlll
FAHXTEL, RIR InPOL AR EAMERNER LW R 2 UL R EREHR S InP BRI
I, WEFH InPOI W R Al MEAA I SMEE KT &, AREsA (e RER
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FAE BREEBEEE InP 8 EEER & RRIE

BRI R o
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ERI-VIL &Y S5 EER R RN R

HSE RESAER GaAs 1 Gash SEFHIFE

B TE3EMBAEX P BT RRIB AU #9720t LA ] & A 4 2L Inp 7
B TR, AR, RAETHRFBEARELI GaAs T GaSb FH A5 T4
JERH 7 R ER R«

5.1 BEIEAEE GaAs BIRSIE

GaAs fERE_MEHME, BTEAEHEFR. aNIBESRLS, £
BT HEAT ZHNA. 1§ Gaas 55 Si 2/, ATUTES T Gaas R
FMERY, 3F H AT DL & M NRE CMOS T2 4G, AT SRS (KA.
NI RS

40 GaAs 5 Si R EERNTTIFEANRFAIMNER, HEHT GaAs M Si 2
[ TPTE KB ER A% R AL (3.9%)  KAYHKRHEL (128.1%) DUEMEIRE, SESME
() GaAs IR HH TETEIR 22 GRIF , JX SEGRIF FOTRTE 27 SR M 23 4F A MR Re Al T S
BRI 7ET LB R FIAMEF R RAL AR . X F GaAs (15 R F 4
R LAEC AR E . 233 7RI, R H BFHEAHE GaAs HIER, 7
FE—AMENEEE 1160 °C-250 °C, ZEHEE AT FEN HE T, A 2#5 GaAs
IR A AR BT AR, FEVE NG AR AR AR R . AR TP IBIEX GaAs &
THRFBHHFF R, BARTREMEASY, THEEFEAJNEERREL
S GaAs X ERHEAT R RAE .

511 GaAs FBITASH

£ 51 FEMNGaAs P HETFH He BTHE

Table 5.1 The fluence of H and He ions implanted in GaAs

FE1 (em™) FE2 (em™) FE3 (em™)
HET 2% 10¢ 53X 1016 1X 107
He &1 2% 106 5% 1016 1X 10V

MR S REERRNER, SEETEA G EAFEPRET Y,
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B RIRZEEE GaAs FI GaSb MHEH %

BTN InP ®EAT NI, B RIRATII GaAs fEA R BEANE T FhIEH 7 &
26 1F PRI E FIHEARBEAT . EFIRFZA R, BI7E (1000 GaAs K EIEA
HE®E FFI He &1, HEFRIENFRSIFR. PR T RIEHE7H He &7
TEANR AR R Ry —8, FH SRIM 7 E, W51, 24 H B FiEAgE
BH75 KeV, He B FHITEABER 115 KeV I, HE FH He B 11 Ry He A& —
B, 44610 nm, [HMLHEE H 8 FHEAREE NS KeV, He & FHIEANGEE
M5 KeV.

——— 75keV 5x10'"%/cm’ H
——— 115keV 2x10'°/ecm’ He

0 2000 4000 6000 8000 10000
Depth(A)
B 51 SRIM{5E He 1 H BEF47

Figure 5.1 The simulated results of H and He ion distribution by SRIM

PHEN H B 7 He B 1) GaAs PR (ELS0 °C IR 1/DES, ] OM X5
HEATERAE, H2EE0E OM ElanEs2pR, Hrf (a) EASMEAAFNE H
BFRRERIB KSR OM B, 16 (b) BEUARMGE ANAH IR He &7 FE 5B
KIGOM Bl BEEHEANH B FRIEMA2X10' /em? HEIE1 X107 /em?, 1BK
BT J5 B R A, UFB = H 1, BIE7E SR FPRRE 1R GaAs
RAFE . ERMEN He SFHEESNF, HEAFIEAN2X10" em?if, BAEH
[ AR L, H 3 AT E I ANE]S X 101 feom?, SR HIUR A M EIME, g
HEANFIEIE KRR X107 /em?, B4~ GaAs W RAEFTE, WIS EFEA He &
THIFERLS X 101 fom?itf, 8RS H ZUAIRIE GaAs HIE .
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HEEN-VIL G B ERER R RE R A

2X10'/cm?*H 5X10%/em*H 1X107/em2H

(b)

2 X 1015/cm2He 5X10'/cm?He 1X10"/cm?He

E 52 HAEANHA He BF GaAs BAF oM H

Figure 5.2 The OM images of GaAs implanted H ions and He ions after annealing

(a) SEARFEFE H B TH Gads BERLAE150 CiRB AN FRIERT OM E; (b)) AR
[F & He B F K GaAs FE57E150 CiBk1/MBFE = OM E.

B S BAT AL T 32X 10" /om® He &5 F-FAN B IR B H & T(2 X 10" /em?,
510 fem?, 1X10Y /em?) [f) GaAs BES IR BAT . FILEAR HBF7E
1) GaAs FEahE150 °CRIR KM &, KA OM BT RO R, 018535
Ao MEEILVE He B THIE 2X 101 fem?, H B THEAFIE A2X10 cm?, B
KERIBEAHFAEL, HBEH S FEAFERINBSX10' em?, B KGR
BRI R LR, AR a8 n H BB 201 X 10" /om?, Fihak< il
REFRMRED S, FHEE HUE3E PR InP BFHFRE Bt
VERIEE MBS . R He/H BV ERE GaAs MRS, 2 He B 7B
TE N2 X101 fem? i, HE T HREA A EE R T T5X10" /em?®i, 4 BRSEH GaAs
IR .

2X10%cm2He 2 X 10'%/cm2He
+5X 10'%/cm?H +1X10/em?H

2X10%%/cm?2He
+2X10%%/cm?*H

ih) = FE

B 53 BAFEILE He M1 H BT GaAs OM &

Figure 5.3 The OM images of GaAs samples co-implanted with He and H ions after
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HS5E AR GaAs Fl GaSb R H] %

annealing.

22 BTk, BAsIETE A5 X 10" fem? He B FB0# #5752 X 10" /em? He & T
FI5X 10" /om? H & FI0] 15 GaAs KAEFE . TATET SRIM 17 HiHH B #
TN T HEFENT N PENGEE (DPA), W5 4R MEI T LU H,
FJF2X 10! /em? He B FH15 X 10 /em? H & F 7~ ) DPA Zizt /-5 X 10 /om?
He #7774 K DPA, Rk, N7 EBADBEFEANGIARGG, KB GaAs #iHK
B AEVE N NS I FEE2X 10 /em? He B FA15X 10 /em? H 2.

4.0  ——2:10"/cm? He +5x10"/cm®H
3.5 [ ——5x10"/cm” He

3of
25}
20}
15}
1.0}
os}
oof
05l

DPA

0 ' 2000 ' 4000 ' 6000 ’ 8000 ‘10000
Depth(A)
B 54 SRIM {iE GaAs ¥ DPA 447

Figure 5.4 The DPA distribution simulated by SRIM in GaAs

N TR FEIR O TR P RO ERFE T G, FRAT TR 3E72X 10 /em? He &F 15
X 10" /em? H 71 GaAs FEMTE150 ‘CIBK6 min [T TEM £1E, &5.5
fias, Hod DPA DL He/H & Fa#irtE (a) TEM B ERHKE (b HE
(a) "ERIEZEAL M1 TEM B, #5E DyahiaZ ALK SAED & fEEI5.5 (a)
WLLEH, BTN GaAs 77 B L) N150 nm MEGE, SREGZ 1 Fid FAr
THEFOAME Ry AL, A Z DPA EEAL, XAJREZH T He/H S F1ETE AR
FRAEMEAEH, SEEREE N, EE55 ) HrLLAEH, ERFEER TR
T AT H BABCIRBIBE , 1 Rk B I R L A BRIES, AN, A SAED
B, WRLEAL, 5 AR, s f 8 B IR A SR FR I B, X R AR
TESRRAE AR 2 B, B2 I R I AL 1 B RS
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EERM-VIE 5L EERR RERM A

B 55 3tik He 1 H BT GaAsiBKJE TEM E

Figure 5.5 The TEM image of GaAs sample co-implanted with He and H ions after

annealing

(a) HeH & FiE AW GaAs £ FH7E150 °CiE k6 min /5H TEM El: (b)) 8240 m s
TEM K, HAiEE s ZE4h0 SAED E

512 SARIEAEE GaAs BiEHI&

B0 Gaas #IEAT AN, BATRHBEFREEINEEY GaAs F5H
JEE] SiO/Si F1)E. HEHUREEAN K ATEE R F2X10' /em? 115 KeV He &1
15X 10" fem® 75 KeVH B F3E, ABERETERN, DURE (100) 23] GaAs
dulEEE IR BATE TVEA . HERE FEAGR GaAs f[E 5 & A 500 nm
FALEMAEST (100> SiOy/Si B Op%% & THET RIMEE, 223t L5 T K
AR KIEYE S, RS N LB GaAs Ml 5 Si0y/Si AR A& A48 &0k
HI IR BEAHRACEE & A M, ES6 (a) Fim. BEE N T, ER P
2150 CIBKU/M S FREEH, 1ES.6 (b) Fim. REFERIR GaAs &S
. GaAs/SiOx/Si (GaAsOD B EERHIE, W56 (o) B, £El5.6 (a) F.
B R IR B8R Foas Aot B2, Horb b A X B i R B BB SRR D
DGR E AR, X R PR A AN, g AR EER. /£
E5.6 (b) 1, AILAEHEIRN GaAs HIKRTFTE, ARAERR. £E56 (o)
i, AT LUE R B GaAs HIE WA TR N, HARE InP IRF B
HREM, HhugitiE, Potib, X5KE56 (@ FEEEER6H
FfLl. GaAs FABIK AL (5.6X10°/K) E InP AIAEAK B350 (4.6X10° /KD
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H55 RELEE GaAs F GaSh HEE| &

R, B, FE SR TP AR RN TR, AR, B 598 TN T AR T,
HENRERES, BN GaAs HEFEEATE,

5.6 GaAs HIBEEIERA

Figure 5.6 The photos of GaAs before and after splitting

(a) GaAs/SiBEMH IR BRI (b) IBMEREEEE R Gads #HEFERE A, (¢) GaAsOI
R

BEHUNHARGT GaAs HEMEES, LAEIGREAEE, MHEEREARE
DEANREEER, BB ERHNMRERGITR, 158 ALOE NS
MR, BERBAE TE L ALOsEX R FEKEMSFM, KA FZEER
(ALD)f£ GaAs FHITIA —F10nm B ALO:Z, IR ALOFA TR Al:Os
[ GaAs F 140 51— R/KE, WES.7HR, RIEKRES w5k AR R
I RIERAK M, M/, SEKMERRL. BT ALOsRIFRF /KN SRMAI A
H36° 5 G ALOsH] GaAs RH/KIE S REHFMAN63° . Bk, ALOHIFRME
AKPEEERE, FEZIR NIERAEE-& 0n B o,

GaAs+Al,O,

B 5.7 GaAsFl ALO:EH AR

Figure 5.7 The photo of water drops on surface of GaAs and Al,O;

(a) GaAs FHAKFKEE: (b)) GaAs FITH ALOs3= M K
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HEM-VILEYE S BN R R R

BEIE, SRAIFEES TVEART, 23 BITE GaAs #ER SiO/Si #EFAH ALD &
HHTAAL0 nm JE ) ALOsJE . FEAITMEIRK LZIE, 4 GaAs BRI S %]
SiOy/Si #1 i, MES.8 (ad M (b) Frx, H (a) BUARIAIR I EE IR 1,

(b) EUABEERIS: GaAs #TEERIBEF . MESS (a) HATLAE N, MIBA4EL
AR LR GaAs ATRR AR, TMIAES.6 (b) TR GaAs #TJRITFRAR,
KRR TALR IR, R ALOZ R & MRS, N AUMEESH R
R HORIAR Gaas ARAERH, MU ALO:Z/FERETREISIN, M4 MR
TIARECARR S 7 TORERL, BEERRL IS, k3] GaAs HIBTRLRIAERT,
GaAs # R A E MR, MR, 5.8 (b) FERERN GaAs B T
B TRk 5| AL A, RISy R, BAATEIR K A2 GaAs #1/E
KA, BRIFARZM GaAs FEH R I,

{(a) i *‘sl (b)

B 58 iB:KJ5 GaAs/Si Fl GaAsOl B E

Figure 5.8 The photos of GaAs/Si and GaAsQOI after annealing

(a) 1BKGRFER: GaAs FTEAIFETEEF . (b) GaAsOIHE Fr,

513 fEE GaAs BEFIF

()

B 5.9 GaAsOI GEHIEIE

Figure 5.9 The structural characterization of GaAsOI
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HSE RIRSEE GaAs I GaSb R &

(a) GaAsOISEM E; (b) GaAsOI TEM [

Fof 1) % L 1K) GaAsOl # JEHEAT SEM A1 TEM £S5 R, 598 R ME
59 (a) FATLLE HIEEH GaAs, SiOy, Si =ZE45#, GaAs #IEEE AN670 nm
BT GaAs 5 SiOZ [H]f¥] ALOs/ZA#, M SEM EIH Rk hok. miEs.9
(b) PRI LARI R A S ALO:Z, BEEAL7 nm, 7 HTH ALO A L AKA
e, &R ALOSFEE/NT20 nm. (£ ALOZEHE A HATfTE-& FL 1 1 77 1E
TARTRALIRIEI B A=A, i BB P B AR AT
Bl /S FAT T GaAsOl #H AR AT OM Fl AFM R1IE, WE5.10877R. M
5.10 (a) B9 OM B, AJLLEH] GaAsOl #MMRTFH, LM~ 4A, %
ASEZK MR R N 1P 2 22 5848 B FLET . 5.10 (b) F1a] AR 3] GaAsOl
FARAHAE, RM S EiE15 nm, Bk, JFEEFTA GaAsOl # K HEAT R FIE b3 .
(a)

B 510 GaAsOI BEEIE

Figure 5.10 The characterization of the surface of GaAsOI

(a) GaAsOI F@ OM E; (b) GaAsOl F[H AFM &

AT FAE GaAsOL HHER GaAs A ABTTE, A GaAsOL #4T TEM,
STEM A SAED Ak, w5 118w, K (a) B4 GaAsOI TEM &, (b
N GaAs #JE STEM E, (¢) EA GaAs #E SAED B, WES11 (a) ATLLE
H, $FEM GaAs HIRRHEAATE, X5KES510 (b) 7 AFM HHY&. thab,
IR LUE R GaAs BIRERIAF A Bz, BEEANI500m, FEN]
i LR IZ R ST (b) STEM A LAE Y, GaAs 388 5 o0 5 FHE U HRA1
5.11 (¢) SAED E[A)FE RBENIFRT] A e, X RN GaAs TR B AR
PARETRE Y
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EERM-VIE 5L EERR RERM A

101nm

B 511 GaAs #EM TEM. STEM 1 SAED &

Figure 5.11 TEM, STEM and SAED images of GaAs film

(a) GaAsOITEM [&; (b) GaAs # & STEM B; (c¢) GaAs #fE SAED |

AT EBk GaAs LRI 2 UL BER R RMS, A4 GaAsOL ik
17 CMP 251, BB Ao 502 () Fian, Horh GaAs R A (75 25 1
fritte CMP F GaAs I E 5 Aia0ES.12 (b) fias, FEEAE668 nm-681 nm,
B AWM ZE1E0.4%. 221 CMP AL /E KR4 AFM SR1E, RIH RMS #4504
nm, SEARREZEL, WES12 (o) B, BESHNESL2 () frs, #
JELJE FEAE455 nm-504 nm,  CMP £ 729180 nm EEH) GaAs #lE, C&mEE
F GaAs MERRER MBI Z, (B2 2005 EmZEINE]5%.

El 512 GaAs HE CMP i )5 T#4E

Figure 5.12 The characterization of GaAs film before and after CMP
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HisE GR%RER GaAs I GaSb HfEH] %

(a) FIT CMP i GaAsOI #JEHE ;. (b) CMP Al GaAs EEEE 5 4i;  (¢) CMP J5

GaAsOI £ AFM E;  (d) CMP J5 ) GaAs I E A7 B

BATH CMP S5 1 GaAs HEHET (004) XRD fR{E ML HAE, KIS 1324
MR AT, FEIEEIZEN FWHM 103 arcseco N T HE—IKE GaAs 7 &,
S % InP AR, 76 Noff47 F400 °CiB -k 0.5/, B KJEHEIT (004) XRD
AR RAE, WES 13 AR, XHGEKET, AT LU PR KGR 5
PEAEMZE FWHM RHETE T, 1A% 7155 arcsec, L3N, GaAs 2
AT CATE R iR IB JCE R T n, & HT GaAs MK REEXTECR, 7EmER
HT5 Si ARIARHKREAR, FPAERKMRE D), ERANTSELEEE, Kk
MRERGE, 55 GaAs HIEM R EAZZE, Kk GaAs HEAIE AR H =R X

SRR v ML B

Before annealing
——400°Cfor 0.5h

«— FWHM:155arcsec

\

Normalized Intensity

4000 500 0 500 1000

w(arcsec)

B 513 HIREBXRE GaAs AR (004) XRD B2 ik
Figure 5.13 The (004) XRD rocking curves of GaAs film before and after high-temperature

annealing

52 FEE GaSb B EEEHIE

GaSb fENIL- VAL S SARR)— 5, & T HOT AL RS B AN0.3 eV-
1.58 eV (RIJEKE50.8-4.3 pm) K =7oMUTll- VLGS, JF Hiid
GaSb FEH A% BT UK RN K AL 28-14 um, [H I GaSb 7EK I K BOE 23 AR
2577 T R A SN A,
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FEEETN-V b5 1) -2 S i B R 3 5 i

T GaSb R 4% 53 51, JEF GaSb AMLAE GaAs #JE, A2 GaSb 5 GaAs
FHEAFTET% M A R, FRIME GaSb ME {7 LR 2 6BG. IhAh, SikERIER
mEE, HEHRENESEAEME, 5K GaSb #IE 5 Si W RIHT R,
MMESFERRA, EEINE CMOS BEIAEN, FEra o 2 fERI 25
Mo, {12 GaSb 5 Si F K fiié K AcmiE12%, RAMERF 5 AT T A
Si o JRAEAK Y 1R B GaSb IR o K FH B 1 B8 1) 7 5 A f A 7] i S Bk B GaSb
SR ST GaSb B FAKEMIREM BL, FEHAT GaSb £ HEF
EANEAE TRIEATANISL, BE IR RIE R R & 7 R B #7252
B REE GaSb FL TR

TEARTIH, JEIEX GaSb FIBAT A HT, EHURARE &M, SR E
fi: 5 GaSb EFE ]

521  GaSb #IB{T RS

A, BAT GaSb #HEAEA A H B FVEAFE T HIRIEAT AT 7. 72
GaSb FEH3 HIEATS KeV2X 101 fem? H B T-F75KeV 5X 106 /em? H B 1.
16200 °CiB K1/ 5, R OM RAE, S 148w WES.14 (a) 7TEL
Hi, FEA2X10" Jom® H BT GaSb B fh{EIR K5 R AT i B 1 2 51
BRAE. MIEANSX10' /om? H B GaSb # i 7E1E K 5 M H DL R FIRE B
%, WEs.14 (b) Fian. HHSX 10 fem® H & F A HFHEHE.

2X10%%/cm?H — RS 5X10'%/em* H —

Bl 514 HAHBETH GaSbiRASF oM B

Figure 5.14 The OM images of GaSb sample implanted with H ions after annealing

(a) JEA2X10% /om?H EF; (b) =ASX10Y/om?H BF
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HSE RIRSEE GaAs I GaSb R &

H1 T GaSb 5 Si #f IR R A BRI PEAK RE 77+ (GaSb6.35x 10°K, Si
3.6 x 109KD , BRI EEAE R, Fith, BATZATEASX 10" fem® H & T
GaSb FEFFE150 °CIE K ARIE] (3 min A1) SR OM AW BT A,
5. 158 . 1B K3 min I, GaSb Ff 5 R H B2 355 5 A BNV,
515 (a) Fn. FEER KIS RIRGME LN, AR GBI, Hl Lk
A S IR, WES.1S (b) fim. Xl RS RE mgn, HE
1) I TREMENTE, EETEATERE R, S GaSb WEhZ N GRS,
SRR . R 50 °CIB K ATS IR AT EMEA3YE N5 X 10" fom® H B F ) GaSb &
BRI

150°C 3min — 150°C 1h —

B 515 A HET Gasb FM7E150 °CIRAARFME OM &
Figure 5.15 The OM images of GaSb samples implanted with H ions after annealing at

150 °C for different time.

(a) 3min; {(b) 1h
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HEEM-VIL &L SR ER R RERMA

\__ 130°C

=

90°C

—

70°C

50°C

3

Before
annealing

i

L3 1 1 N
29.8 30.0 30.2 30.4 30.6 30.8

w/20(Deg.)

B 516 GaSb fFFREARRE FRXER (004) XRD 020 HiZk
Figure 5.16 The (004) XRD «/20 curves of GaSbh samples implanted with H ions after

annealing at different temperature.

BEfEHTYEAS X101 /em® H B7H GaSb FMTEARIEE FIEXK (50 °C.
70°C, 90°C, 110°C. 130°C) , KM (004) XRD /26 334, FALHE AN
J1AEA, s 16 R . MEIRTRTEUE H, IR K AT, GaSb RTHF 32 i 2o 4 3l
ANE, Fon H B TIEATE GaSb WP AER A E, s i NG SR R R
2. MEBJGRERFA S, E110 CRT, ZMHAEERFAE, IEBTELL0 °CHY,
GaSb WIS AR AL, {HAR ZEETHER1130 °Cy, ZE P>/ 2% . 15
MAETHEEN130 °CRt, GaSb PIHE L IR GG, RN AR IR Mo Z2 40 iy
NI R

KT IUERBTEI30 °CIN AR BREE, FRATAEANS X 10" /om® H & THY
GaSb Ff i TE130 °CIB X, F R TEM X P e s b AT 2R 1E W15 1777 .
[€5.17 (a) Jy GaSb MBI TEM &, Hrdfe TEM [ ot 37 A & 6 ) TRIM
7 H & T4 UL DPA Zr A2, MK rTLAUE L, H & TVEAME GaSb
PR AR R L 160 nm T2 (BB LERR D | R E ) L SA1F DPA
A AL . TR ERINETAE T HCIRERRE, BCREREEAL T H B 17 i i Ry
4b, UFBHAE GaSb Wi, HCRERFERIEMRS H SFamEUiEs, mS5r-4ar
DPA 5. E5.17 (b) AHCREER SR TEM B, rILUE . BCOREERI 7T
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HSE RIRSEE GaAs I GaSb R &

—¥, FATFRE . B5.17 (e M () BPXfRiL. 2. 3= E M SAED
B, WLLEH, JGIB(E GaSb F ML EMAL . ShHZEEIEH, SAED E¥h
HRWHEZ 7 s e, e H s B G E @HAR tHBL, TE A B 4 N AR AE GaSb
WERF=AE TR, (B2 HRAE N GaSb BIH EEFE =AM ZIR M, GaSb £ 518
TR R B R

if’“‘
Platelet Derects;l

10Inm

B 517 A HBETF GaSbiBkJE TEM fl SAED &

Figure 5.17 The TEM and SAED images of GaSb implanted H ions after annealing

(a) YEAS5X10' /om? H B F[F) GaSb £ 546130 °CiB & GRIETE TEM B (b) BB
EfE TEM B (o) SR (a) EH3Mr B SAED &

A TR HEANSX 10" fom? H B 1K) GaSb 5 i R B HBOERR, RATHIE
MNFE AR RS N HEATIR K HRAC T B 4h BRI 18], 2241 5% Arrhenius
M2 s 18 . MRIBAIN (3.3) , ITHEAAH GaSb IR EETER0.6 ¢V, #
FEARIE 6} 101 /om® H & T-F & GaSb FUEG0.3 eV X —ff, RXEHFHEA
H BB, ZEENETEDT 0 B AR 0RE U, e
B, MEHBIERR S,
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TERETI- VAL & 4 2 S gl 5 F 2 I

Annealing Temperature(°C)

160 150 140 130 120
100 ¢ L 3

T Ea=0.6eV

£ ]

= 3

£

E

@

g

s 1F
0.1

'] '] 'l L A
2.30 2.35 2.40 245 2.50 2.55 2.60
Annealing Temperature 1000/T(1/K)

B 5.18 GaSb i Arrhenius &

Figure 5.18 The Arrhenius plot of GaSb

522  BEE GaSb EREHI&E R RAL

BT % GaSb FI AT NI, A TEIGEATS KeV 5X 10" fem® H B 1%
FIEHF GaSb HEZE SiOx/Si 4K, Ak TARBEMES 19F0R. KENH &
FHI255<F (1000 GaSb #1554 500 nm #EALZE 4551 (100D Si02/Si 4%
HEHG, 2B A5, ¥ GaSb HEH | Si02/Si #1E, T GaSb/SiO/Si 4
J&E (GaSbOD) .

Ion implantation W si m Sio;
M Damage Layer @l GaSb

Wafer bonding

B 519 BTRIFLAEE Gasb BEFIAEE

Figure 5.19 The schematic for transferring GaSb film by ion-slicing technology
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F5E BRI GaAs FI GaSb HEEH] &

1.0 _(a) = Virgin GaSh 1.0 -(b) TO

GaSb fim annealing at 150°C|
GaSb fim annealing at 200°C|

at 150°C for 1h
at 200°C for 1h

WQ{N

08}
FWHM:

0.677arcsec
04}

0.2

Normalized Intensity (a.u.)

0.0

-400 -200 0 200 400 600 800 1000 200 400 600 800
Ao (arcsec) Raman Shift (cm?)

B 520 AREBXREREFRK GaSb BERA
Figure 5.20 The characterization of GaSb film obtained under different splitting

temperature

(a) (004) XRD #&#%EH4k; (b) Raman i

N T HIREARRERET, MEHEHH GaSb MK EZR, IR
150 °CHH200 °CHFIR i & S GaSb IR BRI B . FEX) 7H8 I 1 7 P 5
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Figure 5.21 The photos of GaSb/Si0,/S8i and GaSbOI after annealing
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Figure 5.22 The characterization of surface of GaSb film
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Figure 5.23 The structural characterization of GaSbOI
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Figure 5.24 The TEM and STEM images of GaSbh film
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