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Thermal Management of High Brightness Light
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Student : Jen-Li Hu Advisor : Prof. YewChung Sermon Wu

Department of Material Science and Engineering

National Chiao Tung University

ABSTRACT

In this thesis, the main idea is the artificial diamond particles directly
contact with the chip side, to provide a channel of heat dissipation. The
thesis is divided into two themes: first, the artificial diamond particles
were filled into the patterns of Si wafer, and then transferred LED to this
high thermal conductivity diamond composite substrate. Because diamond
is a good conductor of heat, compared with the sapphire substrate have a
better heat dissipation properties. The transferred LED device could be
operated in a much higher injection forward current and output power.
However, diamond is extremely hard and not conductive, so the part of Si
wafer is the role as cutting the aisle in follow-up processes and conductive
channel. We have several issues including: pattern choice, fill artificial
diamonds, wafer bonding, laser lift-off, and device fabrication. We change
experimental conditions and processes for our desired device.

The second theme is the production of a single layer of high density



distribution of artificial diamond particles on Si wafer, and using wafer
bonding technique, and selecting the appropriate bonding material as
die-attach material. The experiment is divided into production of a single
layer of high density distribution of artificial diamond particles on Si wafer,
solder and BCB bonding ,and structural thermal resistance measurement
were analyzed and discussed. Finally, we propose a new idea in electric
packaging by using diamond which has high thermal conductivity to

improve the ability of heat dissipation of die-attach material.
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HALP > % T & GBS (phonon) %2 it £ A > 4 w4 KT & o 4p
3V % o -V %548 & $1 424 @ InSb ~ InAs ~ GaSb ~ InP ~ GaAs ° &2 #X
THERHHEE G B REHNT kA T o n I EE MR GaP
Pk e [4(2.26eV) 0 o Al e gr f iR o ka2 g o fr%
Wiz RV AL H e T 0BG B oedenT Lok - Edl o 4
TR AV ES A i RS At R B ERG B E Y E
£ (alloy) = 3 EEFHF M 24 en= 22— o {]* 3 % AlxGaylnzN
(0<x,y,z<1) & &en=s & v 1@ H g & 2o si800.7 7] 6.28eV(HB] 2-3) - %

# 3 2 kT e o A 1960 & R E B3 :’_4‘3:;.#_,;&1

RILEIY 7 I HHAL bl 3 Rl SR A TR B K 4 it £ eni

HEFT LR BS LT BN E AT (&K &) (B 2-4a) K a-
(31 %A o) (B 2-4b) ~ K = (T BeA8 K ) (] 2-4c) ~ K 5= (Wm0

(Bl 2-4d) ~ & =z (2 K %) (Bl 2-de) -
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BBB/;EL%‘Z&»: E/?A]?Jc‘léh% b%&aamé*ﬁ:’ I,( ’IGLEDRMJ(EI
2-5)d T A kB E_EF F A5 (Sapphire substrate) ~ N A § Y 45 ~ F

g5

it

o

s R ERA A EPAF V4 RA BROGHETL
EFrAvricsr & % 08595 2W/mK> 2 f]arda & & & 4

LT GRS S0 L e BRI R EFE R NS A 4w

\

g 4% A (vertical) (B 2-6a)£ % & 3 (f1ip chip)(® 2-6b) - & &_
B~ Rp kgL PR Fla B AIFILRE B odhde ¢ < s 5 e LED
HAIBETERIRBDAF L L F @RS 522

THA & TS W ALEDIR § 8 AF g R AN LERGE o

5N B A 7 R b gkt o B S B ehesi ) 41 (] 2-6)

A4 LED fu 7 BE & B4R 28 b oo TRIRE g W A K 0 4Bk
A4 R N BB BT AR ATham ] 0 T R

FIEEAPE o FF HF LED F ok o o SR E R R M
FI o BAF F 5 b en® A AR IR B ¢ LumilEDs @ & &
Luxeon 3|4t X H4p 5 & # chf A 4K 55 (R 2-7) 5 ¢t - 448
LED & ¥ Pk & &- £ Hic#isi(Heat Slug)t > £ H#-t BRI T A7 2 4
AT R E o d TR R P (AT ;ﬁ.ﬁmu
A I A R E o TN T UG e E AP ERIEE o ¥ e

B RREHERE G- A T E 0 BRSFL L Y U (Ag
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Epoxy)#-& 5 BE& st 28 > AU anEH GBS § 5 5W/mK =
+ 0 BB FHF LED AT g Ko Tt powoenfgiA 2 Faet B
LS £2HE HEE(Au-Au -~ Au-Sn ~ Au-Inetc)shE & 2 58 7
srenk B AR R A Gl ) BB A2 § # 5 LED ehd

ge ;T\“ °

TRAFESH L 5 RS S LED £ F ML L AT R
®EARTRT Sd TERAF DRI LED A @ @ gy ihEr

) T B AR T Y R R R 0 TR R A ) 2 R

o
/

& LED eh A & o #7— X en® ¥4 T # 47 (f 8 MCPCB(Metal Core PCB)
AT AR - BRI R AR 0 2 A B SR T U o R
AR AR B AR -
BEER BB FDLED A Sh AL g ¥t e TR, T Rkt o
FRCERIEE S SR AR I R ERHA - RIS AU
Eackal o R ERGE By RS P ER > AT

R GE- R AR R P E 2L - o
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6.5 1 — T 7/ T — T T T T T
604 I ! m  Blende

1 Di s # Diamond
5,5—_ |II lamond = e \Wurtzite

15- N\
- o oohe InP

1,0 - -
1 InN Ge

01-5 I T I T I r‘fﬂ; T I T I T I T I T I T I T
30 32 34 3648 50 52 54 56 58 60 62

Lattice constant / A

B
=0z]

121 2L SR A 2 ek B 0 A ()

:— I(E-}?)L @_t@ o —
) O '
P n
EgI [S]—
AVl -
Bia

B 2-2 % k- &tz kR
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; , ; . ; ;
6 - AIN —=—AlxGa1-xN| |
'\_ —e— Gal-xInxN

Vo —a+— AlxIn1-xN

2 - '\‘ .
e
1 Ga0 5In0 5N ‘\.\. ‘\‘
T InN
' T ' | T | ' T ' | '
3,0 3,1 3,2 3,3 3.4 3,5 3,6

Lattice constant a / A

B 2-3AIxGaylnzN (0<x,y,z<1) & % »c ¥ 22 &% ¥ F #c[7]

v £ 't\ \\‘
Q\ S
'\g )

B 2-4a B =B (S ks 5)[7] W 2-4b K - (3K %)[7]
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B 2-4c K 5= (R B K 5)[7) Bl 2-4d & 5= (B 5)[7]

Bl 2-4e K w (BE & 5)[7]

p-contact

p-Alg2Gap gN Buffer

KA

Ing.2Gap.gN
GaN

n-contact
n-GaN _—
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B 2-5 £ LED S

p-GaN

] 2-6a L% 3 [l 2-6b % & 3

Gold Wire Bond

Epoxy Dome Lens
LED Chip

S 777

Ny /
Reflector Cup g
— T W

Cathode Lead Anode Lead

e

R 2-7 i) 5
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Plastic Lens

Silicone Encapsulent
LED Chip

Heatsink Slug

Plastic Case

] 2-8 Luxeon 7| #1 %

\{ 1896
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2.2.1 § 5443 p(laser Lift-Off)

AABEFEFAFESFTT R T BB RS ERR S B
et AR LR EF R[] A1 RS AR A 40
[10] » & & @& * "%l S9h Ak F[11713] o A d S EF L A«

Rl 222G g FooemBsi a2 2 v e § e e g e

=

AL o F]PL P o A B AR NSenBir b o F SR )T
fFenE o
TR AR R e BT T T F R I o A AT i E
it 1 %42 (bandgap-selective processing) - FiE 3§ § 4 £ 17 5k
BT R BE XA AR EFEF RIS L RET &2 -
Sk

oo dT 2 0§

=k
3

Pk 3 > VAT UL E el ,;r%}rﬂ

a_
Y
&
i
B
N

B PR eF 45 AT F AR T 54k 1 g b
R R dhopt - KF B IR T kA AL E o T gk

P F ek R AL hISEE (F29) HFT

R R PF (4237 1000°C) § Y45 ¢ A 2344 BIcd 7 e R &
R B e B D g L (42°C) M > TF g gpg it e T OUdE b

FGEEREAFAL A RTEFETEALE RiFan i
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B F S B R AR BT SARGF S BB T ot o MK
Kelly & A [14]7 A3 &7 ¥ "W ird &5 FEP OEF - APF FE
HR ok MR REFBED ~fER 2 HH 4 £ A HF oM. K. Kelly
% 4 B # % Q-switched Nd-YAG = R HF g & > o4k ek 3 5t £ §_3.49
eV h|4FAz:E § 1 4p e dTig A (absorptionedge) > @ ¥ AL F it 45 7
]z o W.S. Wong % 4 [11][12]» % % 7 % P53 sentlfe o 3§ 1 4

O B PR KFEATTE L XT N EF SeVo

interface
50 : 1 1000°C
[ 900°C
40 800°C
e 700°C
2 30 600°C
oEJ 2% 500°C
= 400°C
300°C
10 200°C
100°C

0
2.0 1.0 0 1.0 2.0
Depth (*m)

Bl 2-9 * 38ns> 0.6J/cm® ¥ — *% =% 5+4+ & GaN/Sapphire % &

R ¥ SRR REFPE o BERZ RS (11
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2.2.2 % % - R4l ch5 %k

BHEL - BHAD B AR S RS o F B @1 F (D

BIE Bed B o T F 3 5§ MRS /B H RS R

ol

%f%%)i&ﬂ;%_ﬁ‘oé‘] E’»ﬁa W’Fﬁ’mp}:]i—f ’|Z:Iﬁtl_‘m£ﬁ"ﬂlﬁ;lﬁu

B 212z % (Light-extraction efficiency ) %

<
&

R A EREEE T

a0 BB #a (Joule-heateffect) » 34 & 4~ W tied B A JLIERP o

sk B i acgk (Light-extraction efficiency )

<k

gl ok - R el 518 K 223 (Radiant efficiency © k) %
A & 7 koS (Wall-Plug efficiency » 77 w) q\”c@] drss 2 b"?ﬁi%l ~
2ok H el ot Ao

nwp = next x nv

next — 77inj X 77rad X 770pt
ninj : & ovk > % (Injection efficiency)

nrad : p %€ F ¥ (Internal quantum efficiency or

Radiative efficiency)
25



nopt : EBEd»xF (Optical efficiency or Light-extraction
efficiency)

ninj #ETFER A LR ER T LA HE R P
s TP o B2 A 47k (Current Spreading layer) B3 X. A. Cao
FA[16]2 & A ).Song[l7]F7 7 > Bt 7 g it o N BB X /) A

LI FhOST AT d MRS ERRe TR P S o

\4

¥

EPT0%E % 0 A KEAARE (o) PIEA P FEBRAE G IHFE
S REELE s AN RITH A EEE S A R G A d B Hp D
PCR R D R R A 4 skt - fRAEP IR AR AL o

THpEUR: S RIFTRMEE R WEBRAR R H P
WA 2 > R H RS SN G F LRSS

(1) A= %35 (Geometrically deformed ) :

B R B AT AL EMIRE (neav=25) @175 ¢ (na=1)
o R Afef & (Critical Angle) P 2o &7 10 % 24kt > H vk
Al b 307 52 4L fc o Schad % A [18]% Tkt B AL e
Sapphire (ns,=1.785) ¥7 SiC (nsc=2.7) A ¥ rEA & 7 kB
FEZEE AR 2100 FRF 1= 647 > kB DsnF M Ak §
Yol 2-11 < 4o 2-12 777 > e B iens AR R H KB D BT R

BBl i (V)T o F A 647 PFRIEBIE S 77 (1)F )R E



A tpe B 0 RaTBN P FRE R RKS o Osram o 7 A[H P2 R
AT G 3 A5 SiIC A GaN sk = &A8 i £ 18 (ATON) i@ ke
e d 25%3 4v 1 52% ©

(2) % & F 5 (Flip-chip technology ) :

2B EFEF RS Rt e 0 deR] 2-13 0 # E A
R F A & Hd PIMB kR oM F] S RIEA AT

& (Current Spreading Layer) & & < 5 5w k{ffla 8 7~ it 91
FAehkg - MR E e AR RBRETE o R R AL
WAL EEREEEP NEFEAERID JAAEF DR 0 AoF
2-14 - J. ). Wierer & A [19]4] #* b /& B ¢k IRE F g 30 4p >t 3 LUk 3
£- 4} 1.6 @y deF2-15-

(3) # & FkeH ( Surface texturing ) :

e

LR AF 5 R RS R R S 4 1 g4 ke

BT EA R R AR AR 5 4o 2-16[20] o & 1993 £ pF |

<

Schnitzer % A A% P Jd 4 5 ﬁﬁ.ﬁ‘%‘tééf#f% hIRE Fad d 9% B

% 30%c@ C.Huh 2 T.FUjii[21]% 4 & 1% g3 584 szent 3

<k
d
™

ke o ho@) 2-16 o
(4) ¥ 545 (Reflective mirror) o

Fla kg k- dREE AT R 4y (GaAs) FF R AP ek
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A1 %ﬁ“é # 34 & &+ & (Distributed Bragg Reflector : DBR) [22] >

Yol 2-17 % B F 83 h

£ §[23] (4

Ag -~ Pt~ Al) # = HEAgs 41 e

kR B o] 2-18 0 @ BT EE RS k- fRA R A v % A F chRY AT

AFSINENEAY S O

oM R T -

extraction efficiency (%)

] 2-11 +* $2. SiC 2 Sapphire #4= * ATON g2 5k P~ ) 2%

oo [Fl 4% &

A AT (T b R o

J}ilﬁj‘g‘,& B é] wHE

IBERDETAK

contact

r—rff#f

F——

— (GaN layar

subsirate

Bl 2-10 & i# #8554 LED 7+ 3. Bl[18]

L Ll T v o v v H

Li v T R L v T T

=== SBiC based LED with ATON
~=ee- gtandard SIC (4.5 %)
—=— Sapphire-basad LED with ATON

—— standard sapphira (12.4 %) \
/N

.

-rr'—.".‘

7
i

J-.M‘-‘

sidewall angle ©
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2_ B % BI[18]

] 2-12ATON-chip s B~ 11 i 1= 57 2, 18] [18]

P-Contact Transparent Contact Layer

Package

Submount

B 2-14 § & A% k= RS & B[19]
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a

=
(=]

=
e

o
=

e
(¥

0.0

High-Flux AlGalnN LED=s
350mA pulsed, 10% DF
300K

A Power FCLED
C Top-Emitting Power LED

Normalized External Quantum Efficiency
=
[+

B 2-15 %

B A
BE &

(a)

(b)

I 1 1 I I I I
T T L) T T T T

450 460 470 480 490 G000 510 520 S30

Peak Wavelength (nm)

B9 1l S sk o 4R ok B 1 L B [19]

photon
T air (n=1)
T / \ p-GaN (n=2.5)

InGaN/GaN MQW

/ [
AN

B 2-16 % b % & fesd B 0¥ Sk (7B E S [20]
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0.40 T —a— comventional LED chip e
: == LED chip with a roughened surface 1
035} T 1035
| )
“-25 I~ = | i | ms
= | AT oo ]
B 0z0f / =4 T ./.’. 1020
o L - p - ] 1
-¥ | d i L / 1015
A / J0.10
4 L 40,05
@1t ® |
a1 s 17 H PR T TR [ - {"'m
S0 100 0 20 40 &0 B0 100
Current (mA)

Bl 2-17 (% 528008 & 6 e 4k 1 50 LED 4 % fe(a) Sapphire fr(b)

Transparent metal-layer .o #& Bz & = X 4 8 [21]

Top view Side view
___—Top ohmic contact

~-n=-AllInP window (2 um)

| | | Active/confinement region
. | —-GaP window
[ AuZn contacts

: -Low-index layar
n-AllnP layer |Conductive holder| Ag metalization
I

Top ochmic contac‘.t! |

B 2-18DBR A% * = &%+ 3 B[22]

Absorption Sub.

B 2-19 1 * &5 & 51K I 2k kAo sk B 4F 9o |2 [23]
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0 E B #k (Joule-heat effect )

THFGHBAF G T RFSHAPN IR SR
- Rl Neds &) Rt Neds &1 ML W NeAEd X eds )4 o o
EEMPL R EEB ISR DRT 0 SRR EX S DS
EE MR AE R A FPR G H T A E TR A B H
S 4 e B SRS 0 T i AR HRE R A g
AR AR o SEF B R R LED s B oo MmN R R B Ao s 1 K
St A 2 RS R FlL A ERB T B S B RE A T
Z A g TR s Lo B 2-20[24] ¢ Gl EEE AR R N e < Lt R
F[25]7 2 B kxb Fo i HA A enE H F oR H. Horng % 4 [26-27]
%2 S.J).Wang EA28]4]* % E# R AF I B NEFT L - vk
2-1> fe & 4o F BE (AISPt~Ag) dp* > REH A Z R R 2
B EIG ek

Horng % % = @& * T 484F 2 Ag mirror =0 ;= (B 2-21)2 #& 2 H 47
B fodF 2 5 2 B[P AE 0 R A2 L 20mA SRET o B Rk AEF 915
Bofh > SRR ns VAT 180MA S B B AET FAFARY
25 e 2 (B 2-19) XM LED#F E I 4 » kg7 @k areF I
J s ende A s Fpt & 24 LED Aea Rt A o )I‘w»} % LED enj #

fEiE o @ LED ®WiT S (S eni B E7F AL 5 - P B4 e & > A& LED 4
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Kend — BB L8 AR gt - kA T R A
CCEER Y LN § R LY ST
1401 n e
& Blue & whit s40k @) AlnGaP ned LED
O Lirewn /u
e
"g e Gl6F /
=3 &
z _ 5
% e . %l S
= /B’W
| RE 6181
i .
(i 1]} L S i | %7 Y N S T I
= 1] 5 [LL]) | S 0 A 0 g0 100 120
Junsrion wimptrature /0 Junction temperatures 'C
120000 ] 480
&) GalN blue LED
GO0 - \ ATk E
= B0 ' AT6 1
: : °
2 D0 - L
& \ ,E— A74 \\\
i} &
40000 A7l -
\\\,\ é“\x:’-"’__.ﬁ-’f
20000 — 470
——
1 L i L 1 Jdak 1 | 1 | |
0 20 40 &0 B 100 120 X 40 &0 B 100 120 140
Junction Ir.mpu::rﬂum..f‘l: Junetion lepﬁﬁlmﬂuIt

Bl 2-20 ~ i Fr {2 g A& b T2 [24]
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% 2-1 LB R Bk

Thermal Conductivity(W/mk)
Sapphire 39
Copper 401
Aluminum 247
Silicon 141
Nickel 90
GaAs _al  44 ‘
sic N ST p
Diamqnd: ~ [1000:2000

] 2-21 E.P. Cu/Ag/LED 14§ SEM i3 B[27]
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Cutput Power (mW)

0 &0 100 150 200

18] 2-22 Electrop PRk - fe o LA
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2 RA&TR

24

3.1 @i “'P*?—'Lp gs {13 v 4 i@ *Z"}Ff_.»
BITCRRE AF

3112 R AL s

S PTEETE SEE Y oS TN R N
A ET T AP 0 AR ARG DR T SR e B A DRl R R
PR T A RS PR AT AR P ik g B o R TR R AR v B
G AE TR A A B R 0 MR A BT BB s A B X
LED ~ i & 3 4 = €8 #3id 4] (vertical type)sLED > #-7 it if
WA A RFPET BRI A TR §ERT P E L EiE

)

T VoA g R IRTTE T AP R LR R et

b5 4 80~85% %+ 0 BT A L uw fiicBl 31e @ FHREAT LA
AR SRR ERLESS 2 S BEF VIR RS E

Y’
2 A
R4

—\
|

PR - BRERL P AT RE NG RENHIBREAT &

Ferflaz o
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312 ¥

v

AR HY rEFOP AR A B B
1. FF A3 L 47 (8 3-2)
2. FEAIEEAL(F] 3-3)
d a3 b anflfes NG e L3 RIFE Y R B

S % B3I G WG h A FT o o
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4

Sapphire sub.

SAC305

4

@ ICP etching

IL Ti(150nm)/Cu(2p m)

@ Spin coating BCB

Sapphire sub.

@ Filling diamonds LED
SAC305

A4 N4 NdNd

fI* & R £ 5 T 4 (Induce Couple plasma)té & » &%1# &

I B LER 555 aUBFER  WENE G 0o
N

R4 (T150nm ~ 47 (Cu) 2 um T35 488 2Bk -

E BOB ¥~ Y 0 B R 0 A T
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e A 1 HER AR AN LT W RS -

% LED #da 7 2 p-GaN * 4% + ¥ 1 4F¢% (1TO) 150nm ~ 4% (Cu)
Qumitiids &Rk -

% LED & & ¢ %4k — & SAC305 447 § -

e AR 4 1 B LED £ 8 B4 % B (] 3-4) 4 R & 250

CHED A4 -
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3

Sapphire sub.

@ ICP etching LED
SAC305

Si

1L Ti(150nm)/Cu(2pm)
u Polishing from backside

E

Sapphire sub.

@ Bonding

Sapphire sub.
E5 Spin coating BCB @ and filling diamonds

SAC305

Sapphire sub.

LED

SAC305

Y 7rYry

3. A

Mz pHRFR > SHZEYEFRE - WIENL G v hRp

HES- NS
4.48% ¢ 45 (Ti)150nm ~ 4% (Cu) 2 um T3 82 & Bk -
5. t LED & %2 p-GaN + 48 % + § i 4787 (1TO) 150nm ~ 4 (Cu)

2umitiikt &Rk -
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6. % LED & & 5+ %4k & SAC305 4:4F ¥

7.5k &b 1 B LED F b F A1 & B (B3-4) 4 B 250CHE D

9.% % BCB #-H L »E ¢ » P i 30 HIE » ch L B4

10 ¥4 1 GEEATRE A0 A G B2 T R

Fixture
Mo rod Mo nut
Wafer pairs Stainless steel plate

Graphite spacer

B34 8&E R

41



3.2 Hlitd BREA S ISR
3.2.1 R/ L A

AP Eenp {10 SR TR S R B A 13

S AL AP R A DFE SR @ LED Bk B A 4 DR

-

A

PN

LFPeLobfdce Bl o2 L WUT- BEA R HRDYTE
FYLED i ¥ R R AT NEE - B RGP P 0 B I 4T

NI BBEREEEIJeELEBAEPL H PR ATRFE c F5%° TELRE
A AR REE R BR }im@?‘f:g’ % & IR R P e A By D
fg 4 i¢ LED fu B B HET Y o AR A 3 RLED § B EEE 2 Fé*f]-&g

7oA AR s B R G e gk § R R
3.2.2 R

BEk N = BINL o L H R

1. H B ger 2 847 3% £ i A2(H) 3-5)

2. H K 4EF 2 BCB 4 £ n42(H] 3-6)

3. H A 4PE 2 LED f % 48474 & A2 () 3-7)

W IRA EOL IR AT S TSk R 0§ 2 300 £ £ 7

B AT bt ae o
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Deposition Ti(150nm)/Cu(2 um)

Si
dry etching to expose
spin-coated J L the bottom Cu
BCB(2~3 um)

sticking diamond
@ particles (single layer)

Bonding with SAC305
solderin fixture

Bl 3-58 % 4P 72 2408 £ iz
1. w® &l 4R 45(150nm) ~ 4R um)iT 244 £ B &
2. &% =K BCB(2~3um) B e85 0 A F AT A

3. M-H K AEERILLAEE AP & T

oN

4. 17 ger SRR o 0 a4 FBOB B A E
5. BY - ReEf kRS ERY P R R aET ey

ok B4R 250CH L 544
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Deposition Si;N,(150 nm) @ Spin coating more BCB

spin-coated
BCB(2~3 um)
sticking diamond
particles (single layer)

AL A

] 3-6 H & 4FF 2 BCB ¥ € i 42

@ bonding in fixture

1. 2w BRI &R 5 4 (150nm) i & & F &

2. k=B BCB(23um)P HEL 3 7 AFHER AR
3. MM KA $UERATEARE A dh L

4. g { FBCB i H B & < §ENHER s ]

5. ¥ - PaEFHAFEFAEF HFIEFET Y AL 4R E250C
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dry etching to expose
the bottom

Cleaning with ACE and RO water metalization
_I i“ I_ ( 1 X
Al Al
Define the chip region and ) ] )
! ! spin coating BCB Bqndlng with chip by
using SAC305 solder

tape tape

A\

. see

sticking diamond Al
articles (single layer)

oio i

Al
F] 37 5 A 4% 2 LED & ¥ #s i 4 i e
1 fI™@ Ak 2 RO kit % 6

2. —flj’%

et

209 F Wk Ak £ R B E U4 BCB

N

=

ol

3. B4 EERF I EE G GHT

4. v 407§ FREIE A Go 2L E BCB B 1 ARG E B

5. F1* SAC305 4547 #- LED & * 4% & fx star = }
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I

4.1 BEBHEMF HFEL A SHF L2 F
IR EAF

411 HR G HPE AL WAL g

AR B AR LED SR T R A E ﬁ%“,f T BURE-F . o
FEF S Flogé atr bood 2R R SR gk Alp & e HET vt B
() 80~85%) » ‘H A kA B & (FET 2 R E(F L B hdE o B
PRBIAE SRR 5 - AR F S BIAehc F s (®1200um B
200 £ m) > {RERAF B BT E S 0 2 K EF BTSN EE R B g s
BHLAR  HEEIRE P HF > A R&RR T 2 AR 0 deR
3-1° - Bipp PR A e R > P o s BT AR HRAE
BCB F§d H i i endhiF (hlic™ 14 % SUf e UL H-BCB LTI B 1
S 1P 0 BAPT IR~ {6 1% BCB # FIL L kds 40T 347
T E BRI Sl BTl K ThHF M - &
RHET e 41 4T 0 d T AR B F X AP liT s

CAEHET I * F A B Tl (TR A MET ST MR A D 4 6

~.

LF ARG T - 25 o g fE ik 3 - K (X 1807220 4 m) »
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ST B PP R R A AR g RN A G g AR
ik e TG B MATRGAG o FI L L it R AT LR
PERFRAL] AL DT ER GO RGE TG PR S &6 e

R gt A T AR R EEY B b B M ke

B 4-1 v fBHA 2 5 2407 1 SEM ]
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AAPEE LIRS AFBAE L > BF AR LR
HnAz ™ N c®) 3-20 Aa @Rk % A4 praho

Aprenh FIR A F L GETRUT T - T A 0 d R A G A iR
F AL A B B - A SR R H R A A i o R
S MR (E)DER A AR RS AR R B AT S
SRR 4 EApEA T AR TR BEUE FRETE
Rk guB iy 48 ¢ 2 A FEAR ST o5 BT T
ErEFLABLFREAG § Ren TR » - AR E#r L H
## = (Chemical Mechanical Polishing) = sN#-EF 7 A ¥ 4
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T3Ster Master: differential structure function(s)

L, L2.01051 o 13.2694, 1.01708,

i T i T
|— Chip_L_Ag_Star_25C_No5 - Ch. 0
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| S I U By
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B 4-23 % & 3 [ 415 =0 ¥ R R

Element | Weight% Atomic%

TiK 6.66 8.64
Cul 93.34 91.36

Totals 100.00

5opm Electron Image 1

B 4-24 LED § "% £ & SEM % = & & 17 @l

24l BRIV ARERE

DS30 | DB30,, | S10 B3 DB30.

Rin(K/W) 1.83 233 0.70 1.04 0.78
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242G AR %k

K (W/mK) t (um)
Diamond 1500 30
BCB 0.3 30(DB30ss,DB30s)
3(B3)
Solder 60 30(DS30)
10 (S10)
Si 140 600
LA R R R B
theoretical calculation experiment
DB30s 0.0862857 2.33
B3 0.186 1.04
DS30 0.08628089 1.83
S10 0.0865 0.70
DB30S 0.0432857 0.78 Unit : K/W
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