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ABSTRACT

In this study, we refer to the characteristic of the DLC structure on glass substrate. Therefore,
the motivation is using the silicon carbide thin film deposited underneath the aluminum film. Then,
the AuSn eutectic bonding joint structure was later performed. Because the Al surface can’t be
electroplated directly, so the Zn replacement experiment was firstly performed on top of the
aluminum surface. Then, the electroless nickel was deposited and followed by the electroplated nickel.
The Au/Sn stack-layers were then electroplated onto these stacks. In our experiment, the film pilling

can be easily observed after the thermal bonding process. According to the literature, it can be
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attributed to the large coefficient of thermal expansion. Here we refer to the SiC-based LED structure,

the thin AIN film was firstly deposited before the SiC film. The lattice constant and coefficient of

thermal expansion between SiC and AIN are nearby; In addition, the lattice constant of Al and AIN is

also near match. After the experiment, it was found that the film adhesion of this new structure is

better than the old one. After the bonding process, the pilling phenomenon was not found. We explore

the Au/Sn better alloy temperature on top of aluminum surface by using the metal sub-layer to.

Structural characterizations were performed by SEM, EDX, and XRD. Finally, the flip-chip bounding

pattern was realized by the photolithography, and the stack metal layers were deposited on the glass

substrates. After the complete bounding process, the electrical characteristics of the LEDs were

measured and analyzed in detail.

Keywords: sputtering deposition, silicon carbide, coefficient of thermal expansion, AuSn eutectic

bonding, flip-chip package.

It

- IR

[ R | 1B | B j‘}uil:jﬁ mﬁ@ﬁ@ﬁﬁ@ > A
YRERS RS 2 SRS o ATECER £ RLSS STRLATT SR I
o ’ﬁip J??if lﬁlﬁlﬁﬁgui};ﬂ P, 0o T f[mlfg%ng
iy PR PGS 3l A U Bl P Ak SR R e
IR SR A R 7 R R
5@5‘5 o [EF 10% T E[IfVF :gﬁ EEAL ,Lpﬂ;fgngﬁ[;lﬁgw
PR ISR (K] 9 > R 'yﬁld%%ff":EIFTJ[liﬁi*H?j‘?&‘E [ %5
] P i TS~ L T R RRSETT TV ES I
R T LSRR S TP A R
2010 EIf ﬂgﬁw PSR PP 2020125 & 2 i -
IR o T OB A R ARV TR
C Fﬁfifﬁ*glﬁﬂ%‘?ﬁm’w F VR e E PR AR
PPN LED Y » BEIR 1 e S F A PO s ()
FLEEE R #’U—Afé | Fepy= %f
Ri SR AP R~ (R R SRR
SRR [ HLEDSRY & [] R ] RS R
F Ry (F )R LEDRE S IR kL
AR IR > EI A e B B 5k U LED
T PRSP g (D]

R LEDPYEHE T = (R LEDgL Y I S0 il 0 5L
ek i*?]‘;wire bondﬁ’[fjﬂj?ﬁﬁi‘[’ﬁ#[)ﬁ?_kij F[ij N N?ﬁﬁ]@%ﬁ%ﬂ
HIS FERIRREIFRER » S| BT (Epoxy) " 5L MR
FI RS & RS (A P LED2LRL | PP i
F[2) < fE R R R ORI
EVEA TR EFOEOI 3] > (P e o BRI
It FHEEpR A Y S oo - FEPHIVEREE

—”ult

A "LEDFIJ?,EI

s R

oVt PSRt B IR ) RASMERLA i #74
B MBI H e T ALY S W%pﬁ% IF=f
SO EAT R IC L A Y LED R SET4]L B R
AR AR o iy 2R G 5 TR F?ﬁ’f%lﬁféqiﬁ@
FORE ] NI R ) 2T i R wire bond -
A AL > T USSR WS - A
RLER A PR B RLE T L 54 0 £ SEAEERD R TS o
B o R VIR AT D ﬁ,&%ﬁ?ﬁlﬁg;ﬂhﬂﬁ TRy
AT A g T R TR B (R
A PRIV RS RV RS TR P | R P - i
FIEREGLYS  (BRISE - T 5 JERE U (FIFR4) -
£ AMS) - [ %Uf’?(AlN/SlC)%j@I [t (DBC) 5™
SRR ) O SUY  (ERRELS] > NERE AR ELT%’I& i

umwwﬁp | RO BT

a7 FF PSR R TN - R RS
STHIRE = DYt TR b SR TR A BT P | RL R S

R PR TR i == S PR IR 1 - P
B IR R R A TR TR 1 S ﬁf’wﬁ
e PR RS (LU T BT R PR R
SRR (B RS SR TR IM%J‘ £
TP ST R T AR SR SR TR e e
RLE -4 -2 S-SR L PIE fe fOp e
[ PARLEARY, - 2 o g 2 BV S R
BT U POBUAT = U St B (50 200 2 2 SRR
TR E PRI SRS, - P s e e ieﬁ%lf °
RIS RII S £ 2205 ~ 2125228 3755 2T
A ok I T o) e Sitteny £ 7SR 5 %

P52-2



[6] » il vt o BEAETEE | 1) & 208 7] - O
SHEE T UL PR LT A
WJF*J [&3’7 FE,I filo B S S e s [J% JREEE I

F & fi}p Y& A‘T"J(Intermetalhc Compound, IMC)

gg%ﬁﬁm%mu@% EEESCLE gl S

RN R

(Bump) LED chip

\.

W fj g

S FhRYT R OB - H PR I E R
[fl >~ AR SR S HRLPIEEIF 157 280 wi% ~ 120 wi.%
FOL =T 7 4 G550 TR LR RUBRE 1 5 A
ICUPR2. T ) e I A ﬁ%ﬁil\ﬁg,uﬁﬁ CLLH 5 24
WG (AusSn) ~ CAF(AusSn) ~ SHI(AuSn) - effI(AuSny)
ZEEnt(AuSny)EE lﬁ,ffi};[i'?l;?Fﬁ?ﬂﬂ?%éimm.% .
20wyl - 1S 7179278 Cﬁﬂjﬁé,{‘ﬂ?[ﬁﬁ'(hquid phase) »
TP & SR B L Ty = AR OIS ﬁlj“ﬁl}‘iﬂ@ﬂé‘ (i AU
[l g*pw&ﬁ:ﬁwuf,fﬁ' ML—C+8 - = S AR IR
& £ G (AusSn) ~ O (AusSn) 5t (Ausn) - i,L ifi(Butectic)
fb'ji: T AR AR E S A Y o g PR e W
Al Edjfggla@tjpxﬁ‘r A T R 1) ) %Erfdij*ti H
PR R — SRR A A R A~ T [r, PRI 1§
A = AHRSREAL £ & FF,!,(Perltectlc) [y 3% & o s FF';E’J/ T
,ﬁl RAL7] > TS 8 0 SRR CAHATRL S fhpo— 78 Cop

o £ ST IV T F"E:_iﬂ [P 52 AE i
i@%}iﬁ’ﬂ]ﬂj\ﬁ%: Fu %’ﬁrﬁjé'@m P=£80 wt.% ~ £420
W% Ef] o QR T 278 CCHTE 7 Aot g - {2 T4y
o TITEERSR ThipkE }f,#[-,é?glﬁ o

Snat.%
0 10 20 30 40 350 60 70 80 90 100

1064.43C

2. £ 7 ARIBIO]

R

PR R bR L 2 R
B - 4 BRI R L 500 sk A (ERTALAY » T BLAY -
IFIFHBSERSRE SputterfBSH [ L% - F ISR
[EE B0 2 oL s (D éﬂ%pl,m#@[}%uw 5f AQ
Fi o PRI R ST LSS SR AR
BORGER SRR IR 2R A B [*Jﬂkﬁfgr
P BEE 5 X R AT SRR b e TG &
R AP FREEIN - R S PRI KOS TRV
VIR L S S T e PR -

RS [ e SR fi R S BT (Buffer
BOE)= 3 g ~< I'| L 10f9 E= [y R 1 =
AR 07 » eI | B AU A iz P R T
RIS A o™ o i (RS PR 1))
o B PRI RLYS O T B~ S B
SRR IS TR > BRI 3008 b AR
PIESARIZBAT > FIIORLEL DR ALY AP iofi= ~ 3t
ECE

PSS KBS LT A o
RN R ot Eriln L g AR g (%2107 Torr 3%
SR [P RRR  REE S ERSREE - Tl 13100
W 3120 scem » S5 BV TEPORR R RO
%Elﬂjﬁﬁl“?ﬁ JEFTRIFLELSHE o 1) R T et S R

A R A o B S SR IR A YRS
ERFTIIREGAE > TR 150 W o gida i 5120 scem ﬁlﬁ%&}’ o
EGEVE 120 °C » 508 B Jﬁg\ng'a‘mf;f ) H#HE&

Oxide Etcher 6:1 ,

P52-3



L S R

k-5

wH

shpE
ARAE

piT
Thas
WA
g dckaii]
B A

A1 FRET BB 2 hr

SOOplmZ d”r.ﬁ
LT
99.5%
#4720 scem

HSHRE RF
100 W
NA

<2.0X10% Torr

1.2X 107 Torr

b fLE S ol e )
fiztia)
99.999%

#FF 20 scem

SHAERLIERF
1so0w
1207C

<2.0%10% Tarr
1.2X 104 Torr

Hiig e ey
f=t
99.999%
#5820 scem.
FE 1 scem
SIAEREIERF
150w
120°C
<2.0%10% Torr
1.4X 107 Torr

b s e i L AN G X A R 7
RYRCERVE e PR PR I PP aE g

SIS s~ A
R -

Yt i bS]

ARG D S B 3270
oy 0 SRR SO% IO | o S P g
o BB R PR SFYE 1)
VOIS B F YRR SR 07 » 15 BET st
P (i PECRPVER T RURCE F RE AR
fﬁ'rmaﬁ PR T 2Ll

B10 ~ 205407 » KB EHFIELE - RFIFUGIF B

U PSR
TR R S RS o

AR B [

F‘ =2

FLSFYEH > (A SR Bk ] o)

> [R5 F*/QEPF[}Z\& ’
7 u;'l%iFTJ/pHI@EE\

jfgt’ﬁfﬂﬁ?‘4.8~5.or' ] o B AI8S °C o A TS KRS 53
:TEW}:HE%I%%:%%B’ ’;ﬁ%ﬁ'%

FERIBEE R TR
e et

seihig

ES T
ik R

| TS
RAM

| sOnskaganx
0O

| EFokk
R L

2 iRl

404

3. SR -

J?'lF
I J*Uf‘%’éﬁ@@/ffﬂ/f YR RS -

FHT ok S0hels LR |
8k [ RiRoEy
# il =T ARRE
108 B R
FaFARE B
B R 208
| S0%aELELL FaTARS
#ib5E EIEE L2
TS L8R
B HCAR RBOs5E
S E A

e -y J?ﬂﬂgﬂ U T & 5 & HEEHIE]
- fﬁ'[“ﬂﬁﬁﬁ?ﬂﬁ’ﬂtﬁﬂﬁ%gﬁﬁly'?f““t 580:20 » PRIFENE
ST i‘uﬁ SRR Ty RS S
ST Sy £
TR I Pl B R s PRI v
[ o 7 R PRt B 85 S 1 FREET BT Bl A
ol =R %Hﬁiﬁijﬁmm rpm > & ]Eilé‘ﬁiﬁf%‘j
Tt o R TR E S L Y B R RS
AET o FREES I P S OB LR35 °C oy NS
[ 2 PUSE I - T BRI - RIS
WL R A RO PURERR R R RO ES
(R e T 6 mA/em® » FERE6F)EE - Y BETFEJFJJ\J%‘?E
fmmA/cmﬁT S P H120.3750 8 TR SRS K

7 P 20 mA/em® s S - R IS8T - %iﬁiﬁi@
ﬁﬂﬁﬁﬁﬁ?éﬁﬂﬂﬂﬁ‘ LR IQLFL phi ™ NI I‘%ZFJJ‘J?L?Y‘;’R?%#
%3 mA/em” - [ 167D G - e & PTG R
S SRR AR R4 E P PR OATE) £
R AR

T+ 1.035 pm=20.684 pm > 1)

&

Eo3 L -Rlot g
Sputter
RF100W ~ Ar20scem

o 38 R ik
BOE ~ %48 ~ F&f |
~ DI Water

WA R A
Sputter
RF150W » Ar20sccm

o B 5K,
AmPilling
4R e A

Sputter
RFL50W ~ Ar20sccm

% WCBE 5K,
PEE

TS AN
J=bmA/cm®
B 168

ik
B RO
B0 ~ 20 ~ 404

L st
R ES -5k

TR A
J=20mA/cm?
w4 M OBy

TEEAB
! J=3mA/cm?
B 129548224

14, & 502 Pl i AR

Ta e AN
J=3mA/cm®
o5 R 68

5 PR (VRS R VB RLAE Pty
EREY S IEE Eﬁ P % %’éf o b E@ﬁ!ﬁﬁﬁ,ﬁ
R D O (RS ~ A B - Rl

Al AR5 T+ [RERERESE REE 28
3400 °CPJ b SR HERIC IR A (N
ol U Tl (e =i AR Rl e o T
I b 0 T U R OBSEERA T F
TR 2 R (B R R R ~ I
SRR i RS R BRI - i

P52-4



i

Ay o BRI VIR T A Ve R
BT 5T

& BRI 5 ATRL S )T v R ST
HHHETIF o AT %‘F‘wﬁfjij’:‘}qﬁ'g‘&l FIRIH e o
R VI > TR 9 9 IR
RSB TR IS o

fTEXN =

S

WIS, B e R A

bAE o WERRE VRS (RO, &S
ﬁ]‘}’ﬁ:ﬂ f % £ (Scanning Electron Microscope , SEM) ~ X
K fj & i 53 #7 Bk (Energy Dispersive X-ray Spectroscopy ,
EDS)Z XA 535 57 M (X-ray Diffractometer , XRD)Js &~
IR PR Sk 5T AT o 6. EREP RIS I -

T &R
s

o 48 & (Ni)

HE%

Sputter &
BB (SiC)

o, Ui

= - ANER
P 3 PR R R TG TS
VPR ESES  ROS - T R T I R o
2 - B FITIR PO B ostep) FERB L > .
TR RSSO 7 ~ OF} -+ © B (Sl
SRR [RLRL PR AT ORRATO - [ R
FIFOSEP -5 4 B SRSty o

P52-5

fidfy SiC RIS (Hm)

%fbbk AIN JCRRISLE (Mm)

0.8

b
o

o
IS

o
w

i
[N}

4
=

0.6

o
o

o
EN

o
w

o
[N]

b
~

—=— RIERY(SIC) iR .
( RF 100W Ar 20sccm )

/ .
/. /
1I0 zlo 3|0 4Io 5Io slo 7I0 8.0 9|0 100
SputterE#EaFE (min)
(@) B
—m— 32 (Al EEgEE= =
( RF 150W Ar 20sccm)
/I
[ |
slo 7|0 alo elo 1ll)0 1%0 120
Sputter;##Ea% & (min)
(b) SRS
—n— SEfR4E (AIN) $B g .

( RF 150W Ar 20sccm N, 1sccm)

15 20 25 30
SputterB$EHFRT (min)

(©) &[St
7. HSREE YRS B



I 7 B B [
20 scom > " F5#A4£50.0067 pm/min o 7 B SR [
PR ETTRR0.2 p sy - PRSI RAIRI3055 S - (7. (0) R
MRS [ TREE S BT RRE 150 Wo g 397120 scem »
FUIPEEE 120 °C > it T $8E SR 10,0143 pm/min > £ E
PSP R T L P4 R S e S
FB2 pm o YBSERGRTERRY T o 7.0 [ S
qﬁl » BRI ﬁ‘ﬁ?lﬁ | ;;j Se [T, fg.l » PIyARE ™ EFIIEI
P Z SR EIERT scom o G5B EE20 scem o HERERS N 2
[~ 5T P E50.0167 pm/min > & [’“‘SFE&¢%5&’?FI%E'J
s %gcw?,;%qgg SEH ~ R RIS 4\“#7 i
SRR E CHEETIN0.2 pm RS IHER1253 5 -

A8 () & PO IR i 1) A R 3
mA/cm? FEEEIAAIE50.0341 pnvmin - F 1) & ~ SEIRIT
77 E0:20(E] » & AL 1 e Ty o PRI el
» [NE PSSRSO R s
PP RS - (LRSI e LR
[ORERESES » SR R ETE (IE HER
H (PR Y e RS o I AT RS (D) S et
B PP g TR % 20 mA/em? - ASUBCH BRI
FHAS R ETRET Bhoo 9t RS JIT T E T SRR
FEEEHET » DIESEET R SR A7 0.684 pm - %
EJJ’F'E FLSSFIE - TR R £ 80 wi.% ~ £3520 wi.%[1)
£ et -

» I'J7i3<RF 100 W » # 5B

29.3755 68

1.6 T T T T T T T

[ —m-&EEEE (R

EFESHEERE (Um)

07 1 1 1 1 1 1 1
20 25 30 35 40 45 a0

TR (min)
(@) & sl

| —n— EEEAEE (B EE 20)]

PR (Um)

2 3 4 5 & 7 &8 9 10 N
EEFENFRT (min)

(b) SRS
o, RIS

RS S VEVES GRER L - R IR Al AR Y
HURRR G SRR RO IRE R TR P < J
O > iy AR L o IR B
F’/E‘?SFD/F 2R’ J’Jﬁfﬁw@ipﬂ FEpdEL ﬁ&'f%ﬁ‘ﬁ?ﬁmgﬁ,@qg
R B T BV SRR PR IR B

’ éf@ﬁ%@ij%;ﬂj BEE > [{iHT [’iﬁiﬂ%fﬁj%lo] .

9. Glass/SiC/Al/.. ﬁ’[ﬁ&i’"&ﬁ i |&S‘<EJ’1$3,£[JEE

EVFIR 7 Hi( Coefficient of thermal expansion’ fiF#iCTE )
R SRR 0V S IR R S e
[y % 2 A AP B (7l e X SR Y PR L
fify o I FERLFUEN L | [ PRAPE S o [~ ERHRATR RS A
S - 250 R A S ER IR HEVRIR R 50 -

2. HFHRIY BRI

1kl (T SF\ =l “’éﬂ
EVRREFEr | 4.0x10°° 232 %107 5.0x10°
,?E P BVIRRET  Sm/mK

P52-6



AR SR RRE PR - R [
IR e 0 AL S R R B
I BRI AR R 0.5 o (R
Fo 2 E P ﬂgr:l;u BBEPp -

—— ik

—ii REHBRLAR
|
£

ERER
RETRRAEASHEER

MR
HaEftEnsE

L]

TR i

110, ZRIESE AR AR A
blt J?*,ﬁ&ﬁ#}lf“”ffflfa”'%&%ﬁEFé?‘Eﬁ ESEAYIPE A
F (LN A R SRR E A iﬂ&lﬂg&”?ﬁﬂjﬁ& !
il FI[Mjgi o
e Y L R (EERHLPHIOLEDRRAR 1] » H08 5L
A5 U FF - e E e F IS UE S S
(5 ?E[J%L*’ﬁ“‘é“f‘@ﬁ i R RS = G e
o R TR TR
BR[O R AR R L5
SRR Ty S RIS
|%Wﬁﬁﬁ@ﬁmwﬁ (50 A SRR e A
BRI RHAF R S L e -
A Glass/SiC/AIN/AVZn/Ni/ Aw/Sn/ Autf]ff i 51
E Llﬂ?\ﬁ’ﬁﬁﬁ FAyEE )R IR RS f‘,iﬁl@ 2
pugps s EEE q%‘['ll’?l"ﬁ o ,_Jflfﬁ’%iﬁf/‘, JEVE £5345°C E\Hj‘ )
] A R 5B = 3Kglom? s (IR RV T T
g F R

T

)r’v‘lT =

—n— Glass:’SleAlN TAN.. i"‘*ﬁ

L
o

b
w

i
o

5 HHSLIRE 1 (Kg/em?)

a
=
(5]

T

Eii bl

D0f "-m .
1 1 1 L L 1 1 L

00 310 320 330 340 30 360 310 380 300
HESHECC)
'L GIass/SiC/AIN/AI/..%EE’I%?E'.E%%?%?_E’.@??Q

TR

PSR 1 2.0 4 JEB Yo & ARSI | )19

SR 20 OB T U - S
H R SLITE R - ) ﬁﬁ*%ﬁ*ﬁfﬁﬁ

2 RN RO S
LF‘#I‘?:LJ PRI ﬁﬂ“ﬁ”ﬂﬁs ﬁ'l“’p‘f%’ﬁﬂ%’iﬁf RYBREE 1
AL

& hEHEA 5K HREHRE 20X

[i'12. Glass/SIC/AIN/AIL g 2 5 HERAERIR & AR
St B

13,83 5 1017 B YEEVESS ER S (MR
frosdgsh - R EVES SRR T > & R D T
SRR AR [yl 19400 °C > FILE R 6
kA TP o P AR RS BV
A e S SRS S B FIEE RGO
) o HI9Y 8 o AR £ O T e
SRR AR Y R R R
B ATV T QLY T [T RS BRL
AR LR R L I B SR B o A
SRR ARt LG i e g

Tl e

305°C #ElF 315TC #El % 325C #HElF 335°C #aEl)er

= C

M5C 4Fmed 355°C #HEUE 365°C HEL8F 385°C HE1eE
Wn@m%mmmmm%ﬁWﬁm@%Eﬁ£35W%%
S

P52-7



[p14. 5550 1 BLHERHEIRPSEMBY i - ' 1) [ IEDSRRG)

ﬁ%l@ A ~ S BT T2 R ARORT L R
FREOHS) - SP1T )& - G R ORTY [

H,%%JH W12 G TN SRS St R 9t
AR PRI R RO R -

[114.Glass/SIC/AIN/AN. 548 1 2 5 R 81 SEMR!
[ (2) KESEIfR' » [ (b) EBEDSHSUT !

i~
AL BRI W[ AL & SR

R IR 2P -

L S TR 15 e T R TR =
T R e 5, SRR T I
E asesjﬁdt@mﬁa/ﬁz[ T I T R RS
G NEER

2. BRI SRR RS AR D R
OB 1AL B o R 345 °C - 2
S AN 278 °C e Bl - FERLER TR U P
FIEL > FGRLETEREEE - DAV R e -

3. WREVESS RO AT HATR R SRR
M I/an%m;?r P R T E O

PRV R RS- ERIpe e

P52-8

N

10.

11.

12.

LYY

Z o (N4 B L R 7

ZPR R 99128 -

FUBSISU » (5004) + 2F EMREL - R I R o 3

SR i
g TG > (290) > A MpLFISET A > = *‘Hﬂﬁ?} ’
[

Kim, Hyunsoo, Sung-Nam Lee, and Jaehee Cho (2010)
“Electrical and optical characterization of GaN-based
light-emitting diodes fabricated with top-emission and
flip-chip structures”, Materials Science in Semiconductor
Processing, 13, 180184 .

PSSR > (5100) » 1 LEDFEP I 05 o [
fipe

Wang, Pin J., Jong S. Kim, and Chin C. Lee (2007)
Fluxless Bonding of Silicon Chips to Ceramic Packages
Using Electroplated Au/Sn/Au Structure, IEEE Advanced
Packaging Materials Symposium, 41
PIEPESTHR - (N88) » “PUEf 27 2 T E[FRT
pi

Tao, Z., Tom Bobal, Martin Oud, Jia Song-Hang (2005)
An Introduction to Eutectic Au/Sn Solder Alloy and Its

>

il

I
I

Preforms in Microelectronics/Optoelectronic Packaging
Applications, Electronics & Packaging.

H. Okamoto, and T.B. Massaiski (1984) The Au-Sn
(Gold-Tin) System, Bulletin of Alloy Phase Diagrams 5,
492.

FHE o (94) o BERLC A
4=

NN 0 (5496) > FEER (") LEDPURFZIELA(F) -
TR FTRIESE > 246 0 FI166~167

ERSSEITE

i

LT





