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ABSTRACT

In this thesis, Cu film was electroplated on the.Si wafer that has regular surface patterns,
and then bonded with the LED structure. The.bonded LED device on Cu substrate could be
operated in a much higher injection forward current.-The significant improvement might be
caused by the Cu substrate which has higher thermal conductivity than conventional Sapphire
substrate. However, Cu substrate is a ductile metal plate and easy to deform during the
processing. The deformation of the Cu subatrate will destroy the LEDs that were bonded on
the Cu substrate. Finally, LEDs will be fabricated on the patterned Cu/Si substrate to make
high-power LEDs and solve the deformation problem in processing.

We have four major issues of formation of substrate, wafer bonding, laser lift-off and
device fabrication. We change experimental conditions and process for the target which
high-power LEDs. Analysis of the bonding interface by optical microscopy (OM), scanning
electron microscopy (SEM) and atomic force microscopy (AFM). Finally, we will discussion

what it can be improved by measuring electric properties of simulated device.
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pAlGaN- {8k p Tr 2@ end 13- > BT F L+ B¢ GaN 8 &

A% Mg-H4 £% (complex) © ehid 2248031 > m B 4245V m & 4

mFEFueGaN o 8 { FIR4c% 2 700°C = & en#id s 7 g 484 0 1@

EM A =X pAlana i (14])

FI* - BHFR PLAP 193 E G AHEF KRE - Bk (Cd)

18



222 s #pposs (Laser Lift-Off)

BRBMEFERAFEATLY T U BB R E RS blde® it
F-PR2NApEFE (15) &1 B e g g a2 (16] &
R AR S R R (17~19]) Aad NEFFAFEH » ¥ 2 2
PR G OCARSN AL ET A F e E B ApF il Fpt P w
ER S FRLE - S Nagr VR R e Wt SR Sl eI

DEIE S SR GRS F o i) B R R B Te |
#% (bandgap-selective processing) o F+E fFF & A & T bk H kI 5 F
LA RNEFETEIETLE  BRET LRSS - wE kS > F
HAPT VAR E L gpSfed e enk G o T2 > FHETHEFTLEIR
moeng A AT § M ET R RN AN ERERD ) ot - K

FRGERCT kA EARA R o fIY 0 APRAEFEHT G

}]

=N
&

FrdeAd 20 B3R (B 2-5) - "EFFTHEHkg >

-rx\
F

B R
AHEFT O ETERREF Mepens R R (3T 10000C) 0 F 1 ﬁj}‘g
SRR G AR F o P E R R MR BRI G B (42°0) 11

TR GG AT L R R ER T AR AR A E T G ET
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AL AR enp o

P g sl ore S EBMEA T oY - M. K. Kelly
A (20) gAFAT U RBTHTBEEP DEFFAFINEIEE R 5
Pk 4FEN R EF)B R A A fEA A 3pHE 4 E A o M. K Kelly & « §_
iz * Q-switched Nd-YAG = & #f g & otk 3 50 £ £.3.49 eV W47 42
B F 145 ejni i (absorption edge )’ @ ¥ AL F 1t 4f A1k dc o WL S. Wong
FAL17I018) » # & 1 K b sten@ B0 g (V48 50> 8 i A%

KrF 4 3 5 6f > k3 i B8 5eVo

20



7
B
e 5[ ]
2 4f ]
@
5 of -
2
wo2r N Gaks |
1+ H“%‘{nr‘d ___._,x’ .

3 32 34 46 38 4
Lattice Constant, a (A)

Bl2-4 7% L X ER2 sy S F ekl 2B - (11)

interface
3 1 1000°C
[ a0o-C
800=C
700°C
600°C
500°C
400°C
300°C
200°C
100°C

Time (ns)

2.0 1.0 0 1.0 2.0

Depth (“mj}

B 2-5 * 38ns:0.6J/cm’ ¥ — % #3 %+3r . GaN/Sapphire % & ki

O ECE R R R Y R R - (17]
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223 BHIERFER-EERE
TG S HPTE S R 6 T aEF L BT 3 AR
AP B R B G (A PP Efon g o FR 0§ F 5w
TEBRRI VT EFF L - EHOFEARRZEA S AT T R AEHL ST D
EET S R AT T FRIB AT - m kG kB A
( Light-extraction efficiency ) % g * #t»x & (Joule-heat effect ) » ©2 = & w4

B B ALEmP o

1. # 3 k> d1»c% (Lighi-extraction efficiency )
LB Sk - R AW g S k2 (Radiant efficiency » 7r) * AL
¥ & g4k »2 5 (Wall-Plug efficiency > 77 ) £ 5 & 3 5 2y > 74 e 0t

HFold 4o;8 2.2 9757 o

Nwp = Next X Ny (22)
Nex © THINE F 2 Ny TRAE
@ “h3RE F »cF  (External quantum efficiency ) i@ e~ - B|¥ d T 5

e koo (21

Mext = 77inj X 7] rad X 770pt (23)

Ninj © % it » »cd (Injection efficiency )

%

R 3 »2% (Internal quantum efficiency or Radiative efficiency )

\4
=k

77 rad : F\

N opt - B~ J 33 (Optical efficiency or Light-extraction efficiency )

22



NigBeE k= 1 8 R TIiNitd 2Fae 2 R LML iy

$ck (Current Spreading layer) F|F X.A.Cao & 4+ [22

TR o BEAT R A
] 2% 4 J.Song [23) e= 5 » Bt % dnit o naBiE et ) A& 4
7 70% =

3 3

=k

P E”/"rr-é'%ﬁ—szj—i?ﬁ’ VIS v B R e TN 3R
Toow KB AT (o) PIAD 8 BEF RARFH Ik Iy L
AR BHEE MR e R R g R A

S RETHM AT R A& g

4 bk b AP I -

TAE K T TEEF A WIERRAER S FH R B

gk o ik H glae s S A g T E Ay

5 (Geometrically-deformed ) :

(1) 5 v

B RS AR S O FRTH (ngn=25) B2 357 (na=1)

7 afef & (Critical Angle) P 2o 367 12 % 24k sl » H ¥ ek

BTSN R T L 2%

R
Pl B 2R K Bt Aei oy o Schad % 4 [24]) *
Sapphire (ng,,=1.785) & SiC (ngic=2.7) A% ¢ A & ¢ LB I #

BE(F26) F Mg 7= 64°FF» £ I e % 3 4o b 5 (W 2-7) -

L
N

ﬁ—)é' ﬁn%ﬁuﬁ (l)mfp

B g AR kBN 70 ()2 QRS < FEF T K

o] 2-8 “im o de s B Feht AR R &

PR ERAEKS o Osram = 7% P2 > B-R A ehT g 2 A5 SiC

23



AP GaN 2 £ = &= s £ 15 (ATON) 18 k3 disag d 25%3 4 1

52% °

(2) % & = (Flip-chip technology ) :
3R E TSRS KD ] (B 2-9) g
krrk i B Hd P Bdiagsk kg o @ FlL 7oA 4tk (Current
Spreading Layer) % ¥4+ 5 Z s k{fflm & (B~ i o0 dansk g - 3%
PALE T A AP KB R T Y o (8 R B HEa B OF Rk K
MeaEFrAFEIalaidgdkar (B 2-10)- J. J. Wierer & 4
(25 1% gt & 30 FoRT AR T D TR k- HmT 1.6 & ok

= (@ 2-11)e

(3) # m k4 (Surface texturing ) °

ER S TER Y U EL ST REYE Lk ERRILE BT

FAFAA T LA G BRGHER INE I g d 9% F T 30% - @

C.Huh 2 T.Fujii (27) % 4 & % g4 = 8§ skchih § ~ 2 g ke

(Bl 2-13)-

24



(4) F 4.5 (Reflective mirror ) °

TG Ak ok - iR * o L4 (GaAs) R L F B P ek
7L s ;%%' d % 342 & &tk (Distributed Bragg Reflector : DBR) [ 28 ] ( &
2-14) 2 B F stk chd ) (29) (4o @ Ag~ Pt~ Al) & = tB48%5 & chsk
7 fe ([ 2-15) @ 30 F kg & - mAE D) & 3k A 4r chpd 31 0 7
xS EREBRREPLITRELRAESE I B EHRDERTAF L

Weg BT - AL (TR R o

25



contact

o—+— GaN layer

subsirate

B 2-6 A x5k LED 7+ % B (ATON) - [24)

gg | --s-- SIC based LED with ATON
- rmeeee gtandard SIC (4.5 %)
g 20} -—=—Sapphire-based LED with ATON
=, 48] — standard sappnire (12.4 %)
E 161 o ’P\
;S 14+ T / \
= 127 7 )
c 1{) L v
2 8r .,w-*-*-/ Y
g [ - L
E 6 s "‘Mﬂ. \J...
> 3 f

G 1 1 i i i

—-10° 0® 10° 20° 30° 40° 50° 60° 70° 80° 90°100°
sidewall angle ©

B 2-7 ‘* # SiC % Sapphire #£ 4 * ATON Fipz ke EEE s

2_ M B - (24)
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] 2-8 ATON-Chip &k B~ 1 g = % 2 | - (24 )

P-GaN N-Contact @
/ /

MQWs

B 2-9 @i k- AT LB o (25)
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2 S .

wo\ /

n-CiaN b_ 'r,'r?..'-i"T"“”“
I

solder

W2-10 B b 2% %= i iEs LM - (25)

e

High-Flux AlGalnM LEDs
350mA pulsed, 10% DF

5

®

=
Y
¥

& Power FCLED
O Top-Emitting Power LED

=4
X3

450 460 470 480 480 500 510 520 530
Peak Wavelength (nm)

B 2-11 % & A e i sugh sk - Rk B sl S B o (25)

e

Normalized External Quantum Efficiency
=
[+ 1]

28



(2) photon
air (n=1)

T / \ p-GaN (n=2.5)

InGaN/GaN MQW

/ [
X7

(b)

Bl 2-12 7 I 2 & Ju kB 17 50 % FRES 2 (26)

0.40 —e— conventional LED chip 0.40
i —C=—LEI chip with a roughened surface 1
035 T F 41035
-}
030 - - ,.J/jlo -4 .30
; 025+ 3 4025
E 020] L o = lozo
- 3 F i
B past -/ 1015
0,10 < 010
0.05 - 10.08
(b)
0.00 i I 1 [ 1 - 1 L -] I {"m
0 20 40 &0 80 100 0 20 40 &0 %0 100

Current (mA)
Bl 2-13 & %@ & 4 5 e gk it (9 LED 4 %] %(a) Sapphire fv(b)

2

Transparent metal layer o # B3 k5 5 L B - (27 ]
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Top view Side view

i __—Top ohmic contact
.—‘ — )
Top ohmic contact| | En-AlinP window (2 um)

| | Activelconfinement region
. | 1 _p-GaP window
AuZn contacts

1 L L | | | | | =

Low-index layer

n-AllnP layer | Conductive holder| Aa metalization
. |

B 2-14 DBR %% & - &4+ 2. B - (28)

bl

Absorption Sub.

Bl 2-15 fU* &Lo & B4 & Bk kA e sk JL 4 Arer e o
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2. U #ER (Joule-heat effect)
REEF R L Lo ey R EE k- A 2 RS PR F L AR
EAMET G S ERLEREA R T T (B 2-16) (30]-

d ERAFPFRHRA ARG (31] FRAEF RS F o

AEAH & > R_-H Homng % 4 (32)(33) % S.J. Wang ¥ 4
(34) 1 BRBDETHAF IR EF L o ook 2-1 fe 585 F ik
(Al~Pt~Ag) e » @ H¥ 3t L2 ehR B 2 o FARF A tgege o

R. H. Horng i * p'-Si sub. %,;Agmirror layer # =~ ¢ & 20mA 5g# T it
ToFkRET 2B ARA S 2 R R R 7T00mA TR T SRd 0 B B ALEE
¥z AEap X3 2 B endke s W(Bh2e17) s Horng % * » i@ % T 484F % Ag
mirror 17 ;3 (B 2-18) 3 H A BRI odr 2 2 R RE 0 @ A 2 A
20mA SZE T o FERBRAEF IS Bk o SHFET s ¥4/ 1 180mA o

LRAEFEAFRRGT 25 B (B 2-19)-
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Light outpul/ St

Life time/h

\\ O Leren

* Bl & white

! - a i
0 30 100 150
Junction témperature/ T

120000 —

100000 -

80000 - \

BO000-

ool

20000 \\_.\

0 ZIU 4Il] 6;] 8:3 |f:|ﬂ 120

Junction tempetature/C

A/ M

A d 010

6361

6321

628

624

| (@) AllnGaP red LED

L
g
e

1 L

20

060 80 100 120
Junction temperature/C

480
478}
476}
araf
472+
470+
468

b GaN blue LED

&
3 {)/

20

I L 1 1
40 60 80 100 1200 140
Junction temperature/C

B 2-16 =~ i {2 feig & 0B % o (30)
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Thermal Conductivity (W/m-K)
Sapphire 39
Copper 401
Aluminum 247
Silicon 141
Nickel 90

%02-1 & fEHH R o @ % o o

800

700 -

800

SO0 PSR

400 +

300 I 3
200 7

100 pS

Luminance Intensity (mcd)

U " 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L
0 100 200 300 400 &O0 600 70O 8OO

Current (mA)

Bl 2-17 Si sub.£? Sapphire sub. & k3 % = {48 L-1 §] [ 32)
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2001m

16
14 |
p-rmatal
12 -z n-rmatal
GiaM
LED
10 i T
cu

Output Power (mW)
@

E |
\ p-metal

4 | n-miatal
Gan
LED

2
=@pphine

4]

0 50 100 150 200
Current (maA)

] 2-19 Electroplating Cu sub.¥2 Sapphire sub. & & % & = {& 48 L-1

® - (33)
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I T
AR SRP R B P R A AR R AT
A AR RS NT IR TR o m T BT BEE PR R 2T
L FEBEGELIE S Al v b oo P A ks
A R £ B ALY 0 4 & Fl i RUAE Glceht e @ B4 S TR T4 ¢
WA om R TR (& 3-1)
R Sk & A BB 3-1 4T 0 d B ETRARE T R T st

v

7 G e

M

Yo b BT EEEF R T B A LT
o Ft > A Hv i BpeE pmp CAF T 2 TRRESE &

WA A AFREFT IR g S N R (T
RS

(1) T 454k 5% % pl:& (Tape Test)

EH 7 Peffak (Seed Layer) # & fe & [efak (Barrier Layer) i

*o LR FA T AR R BT RBELTEH ARG S EFR

(2) Cu/Si &1 chid X 4z

N

B BT AR R T S 3 AR kAN ¢/

AR ERET L 2 TEH DB LRALA LT ¥ LR TR
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|

o

Heend Boa g s o

(3) T &4 3P (Laser Lift-Off)

Cu/Si k1= &2 ITO/GaN/Sapphire S & # 4% & {2 > 7 d F Sf| gy

HETEAFBF > - T 2R R LT A RE A TE L D

oA o AF AT Y g HE L& 5 248nm 7 KrF excimer laser °

o R I R EVRR RSB RS N R S S SRRy
BWiEH N EF PP ENRAR o AAFHRY TRFDPENRAEF =B 0 A B G

1. 2 &EEs e (F32)

2. FpAR AR (B 3-3)

3. gL &z (B 3-4)

d 287 B ARSNGB ORI REHE AT LB a gk

2320 B e 4T o
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Coefficient of Thermal Expansion Thermal Conductivity
(10°/°C) (W/m-K)
Sapphire 4.0 39
Copper 16.9 401
Silicon 2.5 141

203-1 L AR MR EOEIE BB BB Gk o

HAR B E

A

v Ll

— | GHEE S | — EH R | — TR

‘.IIIIIIIIIIIIIIII-III.III'I-II‘IIII--.IIIIQ*--IIII

= L1}

Bl 3-1 F&F i A2H -
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Si (100)

KOH etch || 90C
barrier/seed layer | |

electroplating

:é-:_f-s , 30min , Ar

Bl 3-2 346 AR -

(1) %@ &R (100) 1% 90°C e KOH i it 4. %] 1w ff -
(2) /'Tﬁﬁl: Pﬁfﬁ-’%ﬁ 22 Basfﬁéi °
(3) & 74F 7 48 (CuSOypg)) °

(4) §2BFR2EBIH G F RS SRR E G T .

o

(5) Cu/Si &4 ¥ GaN/ITO % 500°C/30min/Ar i& 7 &
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Si (100)

o I

KOH etch | | 90C
Pre-anneal | | 500°C , 30min , Ar

barrier/seed layer | | Ta 50nm , Cu 50nm

(1) £ @ &F (100) * 1% 90°C = KOH i3 i &b %] 20 4 o
(2) mAFrErak (Ta50nm) % Lk (CuSOnm) o

(3) &fFrnT 48 (CuSOuug)

(4) 3¢ 4 &3 500°C/30min/Ar 33 X g2 o

(5) 1% A fren= Naafg g G Ta o

(6) Cu/Si A ¥7 GaN/ITO % 500°C/30min/Ar * & {74 & o
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Si (100)

KOH etch | | 90T
LAERE -

barrier/seed layer | | Ta 50nm , Cu 50nm

ROARAE oo [ o
electroplating | |
bonding | | 500°C , 30min , Ar

(1) 22 &F (100) 1% 90°CH KOH ;3 iz 4 %) 11w o
(2) mAFrErak (Ta50nm) % Hfk (CuSOnm) o

(3) 274 7T 48 (CuSOupg)) ©

(4) F B2 2EBER ST FESS NBFERLG T .
(5) 1 KOHq/90°C #-#7 4 i 4% 5 03 um 1§ B A4 o

(6) Cu/Si £ 4 ¥* GaN/ITO % 500°C/30min/Ar © & {74 & o
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3.2 744 %42 (Electroplating Process) [ 35 )

T hEhr a5 Y EA AR s (200g/L CuSO, » SH,O ~ S4g/L HoSO,) -
i@ﬂbﬁﬁH@w’ﬂé%%éﬁQQFUWiﬁ%%iﬁﬁ%%ﬁﬁ
LG o T B E IR E R TAAL LR BT BELT A

ERREN S22 L= UREE IR A% S RENEE 3 Pt

98]
N
:
>
F_*
.
-\-»,
~E
(%
N
&3
3
5:34
=k
’@2‘
s
Q.

"HO (1:10) BiRizie
Imin .u—i",ért?m%i’é Erz g Ptk A g b4y (CuO) 43 1 I dp
(Cu0) LR NTHR - F2° “TEY DRI RAE S 10~15
mA/cm® > @ 18 |4 chiT A i F08) S 1045 ¢ m/hr o

Aol LR FRIE R AR TR R @ A S TR A R
GRAE R 2 R Al s Bt TR R B e R F L A

T R~ HE

—_—

SRR PRt DR Y

=N

T B AN AR R T R - BT

A%t

ST p oAk e

33 ffl&Es
B Y AT hd L 4oB) 2-3 91 0 A & F A% AR G liceh L B
fohR R TR o ey i & S00C R AT R g R

F| % 10MPa R4 » @ % B¢ chp & 2 IR AR 5 2 7 Ak 1570 @ 4433
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Argf EHFBIEE MR

s (0 3 R Bt R AT

LEFPARATI- LTI BF TR B IR LEY

SO0ChB BT AL T F a AR E D b o il 70N AP 5 g

£
BI:i:

fd

SRR S g ER

-~

AR EEFLBES mg ARt o Rl AL

(ERER R VA

L B A S - ./
1 ﬂ'\lﬂ’_‘% IE‘T

‘.\.;.
"U}
=

PeEEREg R

E)

Bt B A ot Fant R REARE S A4 R H R

be

A

N

£

NN

/e ﬁomi}r_#k ’ "’TI/ A /F' AR | /__ 'E) 19 rrjp_,. ]:E

34 @R FEIE

F] A & B ] o o e HeE R A % 1.5x1.5em” s LED ¢+ o] B

Y Ixlem® o & X 3

K kit (7 Smin ¢0f ik (ACE) 424 4= > £ &7 fF (IPA)

424 # 3 Smin 4 0 Cu/Si 4% &F1* HCl: H,O(=1 : 10);3 i% iZi¢ 1min 2

“,% kot E (Y 4F o P BF - HEE 3 ok (D.I. Water) 7% Smin -

Rie#HZEn EBFIL > dof] 3-7 9777 o
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Cathode

Heating apparatus

Air pressure gauge

—= VVacuum

LI

Thermocouple

/

Stainless steel tube

/

T
stainless steel plate

1 3-6 %%+ W -
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L/

1x1cm? GaN

4

ACE (Ultrasonic) 5min ACE (Ultrasonic) Smin

=
«—

D.l. water 5Smin

D.I. water Smin

=
—

IPA (Uitrasonic) 5min

IPA (Ultrasonic) S5min

=

=

D.l. water 5min

D.l. water 5min

—

HCIE:H,0 1min

g

<:| D.1. water 5min

J

B 3-7 &5 F L R AL -
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o~ EHEE

=

P -;‘P F
4.1 L@ ir
i?%ﬁﬁﬁ{ﬁ%%%%gﬁﬁﬁ’aucw&ﬁﬁky@’ﬁﬁﬁ

e o el FILEF 2 BAIE GBnL R (£ 3-1) A

,\-‘%t

< hgd A H g
~WiE P FEL o AR T BH o S Facreik  (Diffusion Barrier
Layer) g # ~ B25'L 7] (Pattern) % # 2 7 451842 (Electroplating

Process) > % A ®WiTR * {5 > i§d & Feni@ L 248 (500°C ° 30min) & 2

ST R ART keI (2]

1. #H4crerk (Diffusion Barrier Layer) 4% (36 )

#200°C iR T 5 4F T e R VR R 3 S
(4eCusSi) e F &% ¥ 5 7 ¥ LaFdhigi&r # H F1 P 11352 CusSiz 3 4 T 48
G AE BT TR R - R R

BAFEH-Bier g PR EHER T A R B EFTHE
(4 @ Au -~ Ti/Au) o 8278 5 & ¥ # ¥ 113 i Tape Test 0 e £ B 5 iF
500°C/30minei@ L fg » FlR v FM TR R FTHEF SN AFE LB T K
Bt m 2 g e MAR A chamfga g~ A3 A2 N (R4-1)-

- S enICH AR Y #7ié * cngfAcfefak M4l F Ta~ TaN ~ TINZ > @ A

BEEE Y Tarh R 71 4 ¢
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-

S .‘:;'-:‘.
L} -1":_ .‘_r:"ﬁ-i- )

Bl 4-1 &Ik o Cw/Si 24 & 500°C/30min i2 % #5 1 OM H] -

Bulk o (uQ-cm) Film o (pQ-cm)
Ta 13.5 ~34
TaN 135 >500
TiN 22 ~42

41 LAEEBHA AT B ERT T Rk
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(1) &% aiend e fadk
ded 4-1977 0 e Em 3 F 3 34puQ-cmenR FE ki > 2 TIN
TaNerfp L™ > @& % MR & Ta$ 28 415 & - Bl ST 2§ 5

hF e I o

@ 5§ v

kg (Ta) #1457 3 £ B el > i 80 4 #8543 2 42 6(3-30)
% frdf 0 (2-20) & ¥ 7 7 fe (Lattice Mismatch) % 5 7% = + ([
4-2) # B 5 A G A 2 pRNEArF & (Inter-Mixing ) > A5 =2 ) 2~6nm
b B B A > A4 R a4 R o VIR HLF & (Self-Limiting Reaction ) (

37 (38) it de i B dey MbraiihF 7 2 IRl 4 -

(3) 7 4T B4 (Electro-migration) FEFuit 4

A2 B bR T Al M RAeEREN Y T E B A G
P R (111) B H(38) F A {4 R dp e £ 2 % 500 % (111)
2 (200) % 0% oo (111) 3 % inddd fodF T B e fe F]pb o
d B e ke 2 Rk 2 B gy L R AR REY T 2

fE5 R (£42)-
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& Taze=0 @ To. zh: = 114, 34

Ta, whe= 112 C} Cu

B 4-2 42 (3-30) & 224 (2-20) & LB LR - (37)

L1 /T 00 | Barrier Thermal Stability(‘C)

Ta 49.51 ~500
TaN 20.81 750-800
TiN 3.85 600-650

#4-2 & fE 12 K448 aXRD Intensity Ratio® H #u4% %14 - (38 )
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(4) B EEA TR
FARMAT S BT (39) @ % S0nmende ¥ 0L G T L FlAF B R R
WIE AL B A A ad A B A BN RE 4 o d
AEITN ARIR S AR EER G R EE %}4-3;}&:{1@ B tCu/Si g
%500°C /30min =3 L i 4715 (hSEM BB & > ® ;mezgv B 138 L fE 2

T oo ged G AFnrERa 4 (£4-2)0

2. BA5* 7] (Pattern Geometry ) :%

*F %Y T Flas ;‘g,ért GaiEE B AE ¥ - BT i&{i%?{
Boid o Tt o BEARIZ R B S B em i m B R ALE IR A AR R
AkE o e frg LRI AT L G A K 2 AR B VERAT A 2 D
4 B o APk o1 hRAHH wE < 5 300x300um” ~ #7 A
RS S0um - @ T ARG A Cu/Si A m et F 5 4% o @ AR RE Y 0
4%]7% 7% 5 KOHpg ° 2 90°C e & ™ > H {110} 22 {100} & £ F 4p i1 chée
335 (9 14gm/min) - @ $#{111} 6 Ha%E F 9 5 0.0035um/min > @

d oo g iz g BT 4R A% ¢ 5474 A > doBl 4-4 Ao o

Ao APV FREL AL B R B L EREEL (R 45) A

AR en@ A S E 8 T A 2% 500°C/30 min (B AR & Koo
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Electroplating Cu

[ ‘del. HV ' mag lilt| WD dwell cur | ————4um
| ETD 5.00 kV 25010 x -0 * 5.0 mm ZIQP 0.27 nA

2ol

@l 4-3 Cw/Ta/Si 2 4 51 SEM #555 ),(500°C » 30 min » N, ambient ) -

<110>

Si (100)

Bl 4-4 # & F112 90°CKOH g% %] 15 ch# & = &, W]
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B 4-5 7 45E 5 S0um hzE 7 &5 500°C/30min i L {8 A5 o
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42 SFIEE g

AR FEREF T RAAINEEEAREREFR R7 & E 0 D
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