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Interface morphologic and electrical characteristic
of bonded n-GaAs/n-Si

Student : Tai-Min Chang Advisors : Pro. Yew-Chung Sermon Wu

Department of Material Science and Engineering
National Chiao Tung University

ABSTRACT

The integration of I11-V optical ‘devices and Silicon attract much interest for OEICs
applications. Wafer bonding can provide high quality interface for combination of these
materials. During high pressure and high temperature anneal, wafer bonded by producing
covalent bond at interface. However, there always exist thermal expansion mismatch between
different material, great thermal stress may cause sample debond even crack after annealing.

In this study, direct wafer bonding was applied to combine n-Si and n-GaAs. A simple
method was used to avoid thermal stress and sample successfully bonded after high
temperature anneal. The interface microstructure was investigated by transmission electrical
microscopy (TEM) and I-V characteristic was also measured. The thickness of amorphous
layer decrease at higher annealing temperature. The I-V measurement shows the resistance
decrease with annealing temperature increase. Under forward bias ,we found unchanged
turn-on voltage, due to the EL2 and Si diffusion effect. Under reverse bias, we found
break-down voltage decrease with annealing temperature decrease, due to at lower
temperature, thicker interface amorphous region act as trap state, lead to more leakage current

path.
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4.3 i & =& 47

AP 7008009001 54 & 25 % 8 U EDK A 450 T @ B R 4T

Full Scale 261 cts Cursar: 21357 ke (4 ct=) ke'|

Element | Weight% Atomic%

OK 10.74 30.96
SiK 11.43 18.77
GaK 52.09 34.44
As K 25.73 15.83

Totals 100.00

%] 4 9 7000(: Zhr ;E’BBB ?ﬁ?r—'ié‘ SN /a\’H
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a 1 2 3 4 5 5
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Element
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Si K
Ga K
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Weight% Atomic%
3.03 10.90
9.45 19.35
45.86 37.80
41.65 31.95
100.00

®l 4.10 800°C

Ohr, 2 ds B W B 5 A A 4

Spectrum 2

Full Scale 3054 cts Cursor 0.000 ke

Element
OK
SiK
Ga K
As K

Totals

Weight%  Atomic%

0.85 3.54
3.49 8.25
49.89 47.58
45.77 40.62
100.00

Bl 4.11 900°C

Ohr 4 & 2 I A A 4
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SiK 99.61 99.32 77.25 87.54
GaK 17.11 7.81
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700 °C 900°C
Element | Weight% | Atomic% | Weight% | Atomic%
OK 0.45 1.97 0.97 4.06
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GaK 48.99 48.83 49.83 47.88
As K 49.06 4551 46.48 41.57
Totals 100.00 100.00
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8.0x10°

7.0x10° 4
6.0x10°
5.0x10°
4.0x10° 4
3.0x10° 4
2.0x10° 4
1.0x10° 4
0.0
-1.0x10° 4
2.0x10° -
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-4.0x10°
-5.0x10°
-6.0x10°
-7.0x10°
-8.0x10°

Current (A)

-60

A R

-40 -20 0 20 40 60
Voltage (V)
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2. I /RS turn-on voltage » (11 = & 242304 )

3. f R PFihbreak-down voltage o (& 2 AjiE42IR A )
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4.4-2 i F
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4.4-3 & HEBRT R IR BFEY R

P 0~0.0VENTH B BRED BERT OB D d A 7 E g % 4e B 4. 16
PR 0 PRI A RV ERT R BTN REEZR DL TS
=7 turn-on voltage » ©7F F i -1
1. EL2
2. S1 #HiT

B5 BEE B BRI PR G

L

-2
s
T
st

i
o

5.00E-008

4.00E-008 -

3.00E-008 <

Z00E-008 -

(W) waun)

1.00E-008 -

0.00E+H00D —

-1.00E-008 ———

. Voltage (V)

40



1 4-4 BL2 $H5 R~ T AT RN 4 SE
EL?2 B_amiv g5 ¢ » BBk g 2 ¥ 9735 =0 end 34 [ 14 ASea % 77 > ASca
&8 Ak I L 2SR LR s R i 1F (deep-level donor center, EL2)

T ;\‘? V] %\T‘FL [25]:

ASAS ‘I’ VGa <> ASGa ‘|' VAS

\\b—
—
B
,dm
g

PR P A RN ¥l o Ve kT iR G 2T
RFE2Z 2405 - 36 5 RF H A pFEAE Rk R R FH
Gass 45 4k R € 25 — B £ £ 48 (Acceptor) » # #1353 ,T&L{? IVEINER

BERE GNP AR ERARER OEFRE S gD 2.5
B (0 827°0) T F s SR WARE LR R S kR g L
s RAF ELZ B AR K€ T o Flgt > F MR P E LS Y
(Semi-Insulator) - # R+ chzk g 4% ¢ @& & 2 F A4 2 HLE
(Conversion) » & 52 L@ 4Genf FH &5 %5 p Ala AP HF
Y CEL2 ERGT R RBENGMICERERRBPE Un>n %7T o

195 EL2 chg it > sV ipanzd B A 900°C = ) priS Vi 2 T > B ik gp el
FAn—on gL ER AN LG DR L v (Fermi-level ) #-°%
MoBp3RaandHES(B 41D PHFRAT BRFERT > T3

d ORI AR B T Pl ena R TR L AU TRE MA T E Ao DIRR T

41



AN

ST RE R i R AR R e P AT AT £ 84 ]

e1 turn-on voltage » ® & € BN enT B — T ind R A IR D 4p B e turn-on

voltage » A PHEF - P A L 49 it HEE -

Vacuum level

%

A 45 FF LR U b ¢ JBACHD BT T AT REE Y RE

Z]

E;’? ’é._ﬁél f’vﬁ\:‘ gf’)%ji/ﬁ‘f_i ’ 7\‘?\-— %ﬁ%:,‘igﬁ,a ’ ;.l__@ VS %@’—]7;\4 Z 7T I)/?Bh

Ragp B2 enSiad > PEAREEA LS X FARE NS

FFes 2 p Al FA 4T G kRSP e end) S Y Sie
A g

oy

LT SRR LI Tl R S A S

42



PR Vo! A5 (Site - V') 5 B B g e & EDX e

S tr? (B 4.18)  "EFIVERH S 0w GET FRE §E

v AR EIVERT ‘J{"‘ﬁ’%jgﬁ%f"’%%‘ELz ﬁjﬁ%;\:%t)\
?};45 ’ ASAS ‘I‘ VGa ASGa ‘I‘ VAs ’ Kz?f:? EL2 /}Efim/}é‘ 5 Vea e7 /}Efi

WH e 5l LRER PRRACER I A A BINT - P

§FAPFECI A GG MG o A LR G MR nAlg e i
EhAnAaM it HRE {4 nd > Mn>n" &7 kiR Ep

KRR foP SR R TS FERAL BBRERT > T3

F.

d it gpiie el erid Blenae 4 B (B 4.19) 0 sc It B 2 7 % % 4
BB N/RBREF S VEE I Ranm BRfER it e o AR E L iR

1 ¢ £ 3 &+ e turn-on voltage b izfr EL2 #7id & e M54 F o

W8 EL2 113 B ks & B AP E T
1. EL2 kR > n—n > wl&d&F > turn-on voltage & % -
2. FWAECI M4 n—n o A B %0 turn-on voltage *# 4 o

d A BT H R PR R A BT o R T LR R

-\

&
N~
=H
)
(m
En
=
[
M)
~
e
N
AN
d—
o
=
=
@)
=
<
(@)
[S—
ﬁ_
o8
0Q
@)

i

43



700°C 2hr 900°C 2hr 800°C5hr

S1% 3. 69 6. 49 11.97

W 4.18 & - gg=pw 7 £ %1 W

Vacuum level

Bl 4.19 # 42 A 1 454 n-Si/n-GaAs #& & i F B2 5
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Ad 2hd BT A 5 hendf P o (trap state) wf#fg o
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