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Abstract

Abstract

As solid state-lighting (SSL) technology advances, high power light emitting diodes
(LED) are penetrating into illumination applications due to their low energy consumption,
environmental-friendly and long lifetime characteristics. However, the low-light
conversion efficiency (10%~20%) causes most of the energy to transform and generate
redundant heat which ultimately increases the junction temperature and reduces reliability.
Therefore, improving the system’s ability to draw heat away from the LED junction is the
critical point to promote the LED light source in general lighting applications. This paper
carried out thermal design and thermal-mechanical reliability analysis on high power LED
device array packaging system and high power multi-chip LED packaging system, which
mainly aims at a series of problems existed in most of high power LED products, such as
high junction temperature, low reliability, high cost, and so on.

Firstly. Based on analyzing the thermal design and packaging technology of the
existing high power LED at home and abroad, the thermal model of LED is abstracted. The
experimental analysis on the spreading resistances of the high power LED lighting system
and the measuring of the related thermal characteristic parameters are implemented by
T3Ster. From the experimental analysis of the spreading resistances, we can obtain that
increasing the effective contact area between the LED devices and radiating fins and
selecting the optimal mounting position can decrease the spreading resistances and
increase the cooling efficiency of heat sink effectively.

Secondly, according to the requirements of the thermal and optical performance of the
LED packaging, the thermal structure design and material parameters optimization of the
high power LED device array packaging system and high power multi-chip LED
packaging system are carried out based on the results of the experimental analysis and the
thermal characteristic parameters. Then, the thermal resistance and junction temperature of
these two high power LED packaging systems are calculated and analyzed by using the
thermal resistance network model. The results show that the thermal resistance and the
junction temperature of these two systems are (12.48 K/W. 74.92°C) and (2.214 K/W,
67.066°C) , respectively.

Thirdly, the distribution of the temperature field and the thermal stress field of the
high power LED device array packaging system are simulated by ANSYS. Through the
simulation, we can obtain that the thermal resistance and the junction temperature of the
high power LED device array packaging system are 12.15K/W and 73.602°C respectively,
which are close to the results that are calculated by the thermal resistance network model.



Abstract

During the thermal stress analysis, it can be found that the high thermo-mechanical stress
exists in the edge and corner of the chip which lead to delaminate and warp easily. In order
to investigate the main parameters leading to excessive stress in the LED chip and optimize
the material parameters of the LED device, DOE simulation is performed. The optimal
parameters for LED device are acquired: chip substrate (SiC), die-attach (Sn63Pb37),
submount (AIN).

Finally, the simulation of the distribution of steady state temperature field and the
optimization of the cooling structure of the system are carried out for the high power
multi-chip LED packaging system. Through the simulation, the thermal resistance
( 2.406K/W) and the junction temperature (70.717°C) of the high power multi-chip LED
packaging system are close to the results that are calculated by the thermal resistance
network model. In order to investigate the main parameters leading to excessive junction
temperature of the LED chip and optimize the structure parameters of the system, DOE
simulation is performed. The optimal parameters for system are acquired: when the
substrate of LED chip and the material of die-attach are used Si and Sn63Pb37 respectively,
the thickness of bonding layer is 0.02mm, the height of the fins is 70mm, the with of the
fins is 17.535mm, the number of the fins is 60, and the thickness of the central column is
15mm, the heat dissipation performance and the reliability of the system are the best.

Keywords: high power LED lighting system, spreading resistances, thermal

resistance network model, thermal design, thermal -mechanical reliability
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AFF=A 1W [¥) LED 2845 F1—A4> 3W [¥) LED #84:, H42k 20mm, #i1& 3.4 fir

e AESERH, AL LED s FSEUR EAR N 20mm (A RO, TR AT
WOE DR AL R
el

(b)
K34 (a) =4S 1W [) LED #&4 (b) 3W (1) LED %14

(a)

(2) HHE A
BHEPIA BA TR RN (0 BCAGR Fr . LB AR WlEl 3.5 Fron. LED s fHlid &

IO S5 AE AR b, A AR R SRl S O RIS A B

73mm ‘
- \
58.5mm
I
£
i
,1 Ly
1
1S
5 : g £
% (97)
4mm 5.5mm
2.5mm
3mm Y
() #Wh1 (b) M2

K 3.5 A A LT AR
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= % LED MW RG-S i vt

(3) T3Ster 2 FABHM B

T3Ster (}4 3.6) & MicReD HF A Hilid () Se 1t () #illil4, HF-ll 1IC. LED,
HUARER S5 L B B VR o T3Ster S HAHDCES RVEM A4 il LK LED AT B AR
fefit— N TERIMMERTTZE . LED XTI HI#N T H AR /N, T3Ster n] DALy ks 2
e A R R AR R Les ~ 100s P LED &5 7240150 . E4% LED Die-attach 7E 4 Jit
A AEAL T B8R EIOAPRER AT LA 2R A 0

& 3.6 T3Ster A Hh H M AY

2. SEI WD IR
(1) S —ih PR

JeAt 3W (1) LED #3413 1 vh e Canl&l 3.7a i), IR 3W H#h )
K, [FNHE T T3Ster P& H AP SRE# 2% BWLED #fF, 4234~ 1W 1) LED #%
PR FFRGE AT 1 G 3.7b o), R4 HE N 3W 3T, [R] i
T3 T3Ster & H A FHAE

WH1
3WLED%}: "
IWLED#%E
\ /
a b
K] 3.7 LED #4040 & K

SEE— FEUE I U R AT S A R AR i A\ T # A B SR
FE I 5 ) SRNLERIEA RS HARBH AR A1 D o
(2) 28 Wit PR

81 3W [¥] LED #5Fr 5 & A 2 19 3 MAFNE (anfd 3.8 i), HiA 3W
TR, it T3Ster I B .
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SEAG R BRI S R AT B B A COR BOT S G A
(I AR T AR L 0 N T2 AN A PRI B A5 [ 5 ) SR 2 3N R A HUFABH 1 AR AL 1
o

SWLEDZ: 1 #)52
/ /

a b c
3.8 LED #F0Am
3. I 2 RorHr
(D) LI —85 R0t
P HEABH 22 T R oo S R R A RS il RTRR /S TG e (R AR
TRTTEAR P A2, PRI il P 3 A A T i 4k

T35ter hiaster: diflerental structure uncion(=)

248073

T T T T
— Z0110112-1-ch.0
om
im
=]
E
-
g‘ 1
s
ooi |
ie-
1 1 1 1 1 1
o 2 + -] 2 i0 12 1+

Rih [

3.9 3W LED #3F+3 | 1 185> &5 #a) pR 5L
K 3.9 3 3W LED #8/+3# F 1 o Sk pa 8, Forp YAk by K[W2S 1 K2 WY
WP, BIK=C/IR,, BiAAbRR, A LED 5B E AR MBI . & b BrbsiE
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o = Y LED ) ARG A-HURET ) B it

93553 WA 1 AR R,y =2.5037KIW.
T3 5ter hib=ster: diferential stnucture uncion(=)

ies

— 0125 -Ch. O

00m

K DA R

Rﬂ%ﬁtﬂﬁ

ooi |

] 3.10 3 1~ 1W LED #3f+3 1 1 Tl oy e pRi 4

310 4 3 > 1W LED #fF+# A 1 gtk H s 1 FeHA
Ry =1.7839 KIW.,

HH 1] 3.9 F1 3.10 ] %N, EAR P IR IR AR A R — HScRad e, (H P IR A
PPHAEENANA], X FBE BB S & . 3/ 1W LED #F+3 5 1 4504 1)K
PRGN B 2N T 3W LED S8+ H 1 45BN R S Bl s
FATTRT AAF 4 e AT A R TR A A0 s TR 5 S0 R T T AR
U, = A BB o

(2) S 85 i

HE 3.11 %, =l B FH 0 R oo ahad i #—FF, (H =00 &
G AP A ARl . 24 LED #8/F& TH ) 2 Hoo i B 1 s BH i, & T3
2 FATEALE R R I, FF H BRI v DUE H = IR SH AN ) 2 4 3= 2 A
7E T HHGH AR AL, LED #RfFE T8 2 MO E N 3 MPHZEHE KT8 T
sl 2 TR BN R TR . T AR SN, A FATTIEAE A B A A
[F 2 7 FEAN[E I BARE, 4 R AT T i A 16 mh o 67 B IR L A B e
/N,
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T3 %er hiaster: diferential structure unctionis)

—— LEDHAE T3 R 20 oo I (P - &5 g o £
—— LED AT R 200 g B (5 7 &5 1 o L
| = LEDZEFb T8 5 20 35000 2 (X B 2 &5 4 e 3

imm

L i

oo |

Kl 3.11 LED 23 E T8 2 ¥y 3 ANAS[RI B I PRI 43 45 W) R 5L

4. Iy A

MG —FISELE —n] A, 3 HA B AN 5 A AR TC A R 1A 255 fk i
UGG, T HIEFR MOTPHE BRI R 2280 B 0%, Rk, E3E4T LED 3%
RGBT, ANBE—URHBIG I HCHGH A BB AN, SX A ESR Aeak Bk, H
SEHNRTE T KEEFHAE, Tk LED BT HA R mAN T o A B I LED
A E 5 R R A R AR S IR R R L ) e B A& LED B R G AT 1)
LT

§ 3.3 N A LED @ MR A& B R gr i oh

PRI LED g A I 54L& B A AT LASR 5y LED JRETAT B RO IR
JERISERE, iy FLid w] ARSI A oot 5 AR (B R ) AT e AL, AT g
PN ICAR G AR, P LED JEWIAT R n] St . ASCEZN L it %
LED /i3 R AL S R SEAR AT R R FORIEAT 22 e PF 21 2 & B R 45 H 1Y

it
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= F ) LED I R GR-HURET Y it

§3.3.1 N i Th % LED 28k i3 T AR AL

R RIS DR LED a3 AF A TR B 3.12 Fror, AR4E S B S5 -
Pl At s R, 1% g M) 28 A A BHAE R HE 11~ 15K/W 2 [H]

|
R

Ochip

R

Odie—attach

| R
|

RHT M

Osubmount

K 3.12 148 % LED 3t f 3 A

GBIRELE AT A B 2, TSR 2, O, B LED 753 Fe B At ) e
W SR AL — B R 228

PA G I B0 B TR LED g8 (3 TR 1] 3.13 . AIN bAoA 4 L it
2, AR R, LED S sk SRR S e AR A B, S BiindE — 2R
THOGES . A RS ImmxImmx0.1mm, 2 5w 4 0.02mm,  Hil /54511
JF2 1.3mmx1.3mmx0.05mm, AIN K5 (1) RU) 24 3.5mmx3.5mmx0.5mm. #H2CH k)
' FRREUWZE 3.1 i, HTESN FAREAK, h TR HM B, Al
NG REIFE B AE SR, RIS B APH SRR TC ST K. Rk, A4k 5 s F S AR
M
R (3-3-1)

Osubmount

R =R +R +R

Ocopper—layer +

|
R

OLED Ochip Odie—attach

RERSER— |

E: H RQdie—attach
’}i%lfiﬁ k ‘

LR S

AINFE |
R

|
Kl 3.13 AL a1 st s B LED g3 (LAY

Bchip

Bcopper—layer

Osubmount
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R 3L ANTA R F AR AL

Materials Thermg/lv ‘;;)andKl;C“Vlty
Chip(GaN) 130
Sapphire 419
Solder 50
copper 385
Ceramic(AIN) 170
Conductive adhesive 5
dielectric 29
Silicone 0.18
Al 170

FAPAAE AT (3-1-5) Ay AT (3-3-1) A
Ry ep =3.1K/W
SAEG D% LED S8 AHLE, DiAb 5 I as A 2 e/, O HHEBEA 75 AIN
Bope b, Wb T AR IR, XA R AR A E T DL E SR AIN
MY HB AR E, RORHE T HdAERE . JF H AIN BPRH FZIK R ARG,
D1 8 AT b S DR 2 TR) RN g iy 5 DR PRI RB il . ZRAT CReS AR B 5 J= N 5 | e 4
HIZAL) S8R )

§3.3.2 IAKEARCA R 1L %

H i & LED ROIKT Hodge i F ISR L AL BIP AL EER Can i8] 3.14a ),
FHEG T H A0 FRA JEAR, Al JEARAE SAMERE BA TR S, BT Al BFSHE
PERE, UL &7 Al F5R B — 2 S i )2, RORBLIE Ry 8. S 4%
JZ ARG R, (A AR 22, DA Rl 2 BHAS T LED AT B A& 19 5
AIN b B A B, AR 42 1t REFN T 40 BE,  DRMEAE b i A v i 2 I oA
W INdas s, e g 3.14b s

] FL 2 B
g@g%ﬁ-> :’E}IEEE%E
A

a b
K314 (a) AlFER (b)) AIN FEfx

CUENFE B 5 e R G LA K/ 0 32mmx32mmx1.5mm, Al BEA B 482
JEEA 0.0mm, PRIGHRYE APBHAE T A (3-1-5) nJLIAGH Al B8 AIN JERR 44
B0 Ky (AN S i) v B J2 R FABED

Ry s1-soara = Rodictecnic T Rp.1=0.9362 KIW
Ry 4ix—poara =0-0086 K/W
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Hrp i TGRS RN, SRR, AAAEAR K AORE A A, DA IAT R 44
B A /N TP AR, AR AL (3-1-5) I JRATTHE AL R T AR A 25 Rl
At Ay SN

K AIN FECA AT BLER R B2 24 5 B R A AR RS, i H 3= AIN SR
IRAREAR,  BEAR G PR T2 R Y ), 3Ry LED B R GUI BT S8 L.

§ 3.3.3 LN I IhE LED 284 44 b g

AR P& 44 AW 5202 LED 2344 (P 3.13 S5/ FTR) 4L B4 dt
gk, LED etk 52 2x2 FEAIE R HAT 25 AIN JEA_F, [FIIF2E AIN JEAR T 88 51 8mm
1o RT3 DU SR B8 0 22 Se (P i A, e g RsFan B 3.15 Frors

| e |
I |

N fay

1

8

05

1,75

32

K 3.15 Hulh Fr s DR LED 28431 41 75 B 3 45
ARG M B 3.16 P, ARG ETE T AIN B JRs g i )
HMBIERR S, B R B b BBEREAS LED #0110t i it =), JF H.
Mg AR Ak I 2 TR (R AL, s ORI LA 3, U 4 ANy LED 83 F 1) s A,
BH AT LA 7S 1

1 1 1 1 1 4
= + + + — (3-3-2)
RaLEDzoml R&LEDl R&LEDZ RHLEDB RHLED4 ReLED
RBLEDtotal = ReLED /4 (3-3-3)
[FIEE, 2RSS 1 R FABH AT PAER 7R B«
Raanomz = RQT[M /4 (3-3-4)
R, FRATTAT DA R S0 1 A BH K -
R R (3-3-5)
Ré’total = QZED + QZIM + RG’Board +Fins

CV Ry, ot = Ropzp 14 =3.114=0.775 KIW, R0 = Rorns |4 =0.816/4=0.204
KW, Hr,

RHBoard-#Fins = RBoard + RFins + RAir + Rs ( 3_3_6 )
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Ry, ..a =0.0086 K/W

R, =0.8398/19=0.0442 K/W
RAir: l = 1
hd, 75x0.0125
_ (32-7)x1000 . 316.73x170x1024x10° x10.72+0.475
' 1.772x170x32x7 1+316.73x170%x1024x10°° x10.72x0.475

=10.667K /W

=0.778K I W

(EHIiE

RGBoardJrFins =115 K/W
e Hds s A (3-3-5) 13
R R R

— 6LED OTIM
Ototal 4 + 4 RQBoard+ Fins

=0.775+0.204+11.5=12.48K | W

AR (3-1-4) nfLIEH:
#4450 T, =R, <xP+T,=12.48x4+25=74.92 C

Silicone lens——- — Ryrep
Sapphire substrate

Active layer

Die attach
Copper layer.

Submount
TIM

=

Board+Fins

] 3.16 G HABH W) 45 A5 7Y

WA 4 A IW 5 )26 LED #fF 4 e 04> 4W =5 D)% LED # (i AW FiT aw
PiFP LED #8F1 g5 A R/ INFIFABEAH R, U R 45 1) 8 AR IE X -

Rooiar = Rorep + Romns + Ropora rins (3-3-7)

3 (3-3-5) A1 (3-3-7) A&, AHHLT HAS AW 5% LED #FH &4t
BHEai i, FRAVA GRS E MY £ .

FH 7 HBCHR B S50 ] 01, 258 R G0 HFABH K K5 R R TC ARG A 1R 2%
FTHIRRAT G, [RIZh 3 R AT RGP (0 A Al RO, R GE I HUH BH R
N BIAR (3-2-1) W5

R A A iledih o
R kfra 4 a4 -4
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o, RNBEFILL A B S5 IY BB, R, A AW (4035 45 M (K47 B P

FUS Y% LED #v RPN G B e gty nl SEvEmr . 9 HEBH /N A R fil
TAARK, B2 I H B I ER I R, A0 SR IE Bl i KAk, & A TRl
LED 4T H (i LED B&4T) Ml &3,

§ 3.4 =IF LED 205 7 BB S ER R ST

205 BB R gt R A B v LED JROIAT BLIR AN 5 (0 oAt —,
5640 LED BPATIAILE, 20 Fr RPN A M ke . TR . RV
ARG, IF HAEA AR B HARE, $¢ LED #0F MEREFI vy SEvE. [, /e
TURE R, 207 R ERE  p EAROR R, DL, & B R gl
SRBERUON B AIC LED B S, 3w B R - UkonT SE R R 2 A

§3.41 £ EII% LED R4/ (MCM-LED) [ T ki

RICFTEMITLN Z 5 A B LED ARG AR 3.17 (a) FivR. %45
AU 19 U SR/ ImmxAmmx0.1mm &G AW (K] GaN & LED 35 41k,
S Bl R FH Sn63Pb37 # F B A 1410 Bmm. JEAER 0.3mm ) AIN 2
JE b o AHRARH SR 2 3.2 o

3.2 MHRAEH T AR

i Thermal conductivity
Materials (W/m.K)

Chip(GaN) 130

Sapphire 41.9
Solder(Sn63Pb37) 50
AIN 170

Conductive adhesive 5

Al,O3 20

Silicone 0.18

Al 170

SR A AT B0 R D% LED S8 A FEAIAH & BB AN R, il 3.17 (b))
Ji7x, MCM-LED KA T COB #3675, HER O RBAE R b (CAIND B0 T
LED #8fFrh s, b TGRSR, ORI & T BaAERe. Rt LED
S ERRARIE, I H 208 &4 ik i (8] i PR, Iz IR A G, 1) 19 i
LED 03 7 89S FABH A LA 7 Bl

1 . 1 1 19 (3-4-1)
= + +...+ =
RBChiptotal RQChipl R0ChipZ RGChiplg RBChip
Rochiporar = Rocnip /19 (3-4-2)
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[FIHE, SO B 5 2 R e B AT PR 7S 1

RHChip—Subtotal = Recmp—Sub /19
PRI, FRATT AT DA R 1 S A BH K
v Ry Rychip-sup
‘R&md = 19p + 16 4_E%&b
fEHBHAE T A (3-1-5) WA (3-4-4) TR 1G R A
<R&md =0.169K/W
(@) B P45t
T,
Chip LA N ]
Die attach — | e
Submount——
— R

(b F e FARH o) 25 A 1
3.17 Z i Th# LED KOG A TR

§3.4.2 FLhA LED 2305 R M8 B e R g AR Bt

OSubmount

(3-4-3)

(3-4-4)

6Chip

R

OChip—Sub

MCM-LED HTF# IR, A=A n e 53] AIN B I, ﬁﬁ
JERIH AIN A& 5 (U S ge e um IRl 58 A0 . 2 AIN FEEE AR,
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Vi P ik 24W/em?, AT BRI R T B 8 Tovk i 1 5 A BT sk, TR 7 4
THAMIBEC R Gk A MCM-LED #1745 2501 454256 o

HT MCM-LED &RV, i R G GEH P A S M i, 3bb 2538 BT
AR KT A A TR RIS D, IXFE Al R G B BHAR R, R AR
ko P, X MCM-LED i B AR RS s, BATER B2 K BT
ikHhgs, HRGG ST IE 3.18 Fin. iids i S MEREGR . AR S
SRR, BRI AN, MCM-LED 20 it S SV Rk e I b
IR B 7 B B, A IR B s e B AO R MAE R, SRm RN K
JERCR, NS R LURCE LED HIRIRSIR A &, (TR RS 45 i T R R,
RN AR L 51 60 ki@l i, MCM-LED ™A= 1) #hig: = i i J&] [
THEGH 5 5B I EIAE IS MCM-LED A 3l AR Lu ok, R
KRR G 5, j%%?éﬁaﬁﬁﬁt%iﬁi

12,5

—

10

15

60

36

38

/0
4 3.18 1w Zh# LED 205 1 SRR 91 dah e R G 45 4 €]
3.19 7y MCM-LED RZMFABH SR, FREFGE SR T AR BURME, A
BEARK, o T AP B, BATIAN S FERERE B I HA TR e, RIMERERSE BT
PEHAE RN T T K. BRI, RGP AT AR IR N -

R

R
4 OChi OChip—Sub _A—
Rﬁtotal = 19 . + lg + RHSub + RHSub—HeatSink + RHHeatSink (3 4 5)
:/H;EFI ) RHSub—HeatSink = 0128K/W ’ RHHeatSink :175K/W ’
_ -6
(9-5) %1000 . 416.7x170x81x10" x3.14x1.75+1 067K /W

. 3.14x170%x9x5 1+416.7x170x81x10°x3.14x1.75x1

JEFTE SR AL (3-4-5) 1. R, =2214K W
H2aat (3-1-4) LIS H
RGLEWT, =R, xP+T,=2214x19+ 25 =67.066 ‘C
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Silicone lens
LEDckp — [ ) T
I vy Reachip
Die attach __——-’fﬂ_/_’_,_, I
Ractipsu
LTCC ///ﬂ
Submount RBSub
Resub- Heatsink
TIM
RaHeat Sink
Heat sink

Ta
%] 3.19 MCM-LED £ 4 #4 [ [ 2% 151 754

§ 3.5 Awi/ gk

ARFE LT TS s D% LED S MRS G B R G S DI LED 2085

R A B e RGPSV RN BE . 1 Sz ) T3Ster AT 5 D % LED
W R 5 R BB HEA T 556 43 W 5 1] e A DG AR e 2 80, B &5 5 S8 o0 i
(2 S SR A R S HO R D% LED MW R AT s i vt 5L, Be)n
12 FH FABH I 8 AR5 S B s TR LED 28R BESV2 A B8 R G HBH K S5 AT U1
Horhr. 19HEL 45k

(L Y BABH LI B A5 5 HGRBA AN 5 R TTA R ECGH 1A e
fil AR DG, T HAE AR AOTHE AR B e BEA %, GHMI N LED 4%
A 55 BRI e () A3 ok T AR S e 6 e L 1) 2 2B " m DA AR R S 1
P Ry S I AR

(2) iz F AP P 2 A TSR SRASF IR Rt s D2 LED S8 REPI A S B R G S
% LED 2305 i B B2 35056 R 48 I A BH AN 25353 ) A (12.48 KIW., 74.92°C)
M (2.214 KIW. 67.066°C ).
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R mIE LED IR R SR 50 i

FMNE STIELED BMARGHBERTTESTERESHMNL
§ 4.1 ANSYS FeaS It S AN 75 73

ANSYS 1R BB BIG A BT PAEA BT 7 AT RO S . ANSYS
ST RN T BB IR BB AP A R, T UG S P 20 0 2
IS EH) ANSYS BRI TAE S0 SO, HRIE. A,
A0 BB IL: I 5 BT . A SRR BT R AR TR
ST,

§4.1.1 FaEHHHT

HRANRGIEIN ARG A S 7 E RS T I R LRI, BRS04
PRI O, ARG T IR . MRS AT Rom N
Qinpur + Leenerate = Loutpur (=11
LRSI A AR 15 KRR SEH AN B 1 PR AR A T A2 A o RS TR I BE ST
BT R (LA )
[K1{T} ={0} (4-1-2)
A [KIWAEFHIFE, &SRR WRABRES RS, (T) T g
I {O) AR R, AR
ANSY'S AR () J LA 2 50 bR BES L LR I PR S 2 s A2 B[R T
{7} 240} -

§ 4.1.2 $N S0

TR 3 53 Bt T B0 A A LR A PR AN ) 850 A s [R] — 5 4 R b IR AR [R] 78 0 2 Th) e
TR B DCEC T 2E IR AN 7 o PN g ] o IR g PN ) B A 2 )
A EAE, SR TR G 0 . 5 AR G370 Hr A28l ANSY'S $241E
TR AT RN T )T HARIE AR .

LA AR HAECR N BATIREEANALAS A RS & T, [R5 23 0 A A 2 g
W33 AR T BT Fir G AT 3 B, SRR G SRASH I 7 st AR DA A28y
Y AR i A

§4.2 PN LED S MRS A5 B R G AN ) 0 #

PR LED R GURI R F v, AR R IR AR B Z2 O K P b L S T A 25 5 7 7
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R RNAL . R, LEDSSIR il i, AR RIRRL A At P AR BROR
TN Ty b5 P, A v R RN AR N AELEDE M R AR, T AR Sl
Wer=rE28E, OB KRB I & 73 A FABH, - AT S it — 2B IR LED &SR (1 BT
FIrEL, S RN Fy 208, $RHS v 23 LED 28 Gt dat e 45 Ay 1R BRI AIT AT 70 S22 g £ v
o, AR T Sk v SR, SRR A R T I R R LED R iR
L o

ARTOR TR0 H i D 2 LED RS AT B F1 A A 2R 5 A 34T RN ) 20 B, B
JCHEAT RS IO ARG RESRAT BT ) S AT Sy R 8y e 0 81 45 R 23 3 A+ o ANSY'S
PO HT I HEACD BRAAE: AT FROCER A i f vh 5 SRS R AR R

§ 4.2.1 oM

AR 2 = P P vl 1 & AR A R K, Bt B e 4 M i 141 4.1 Ca) P,
% B PR R G A M IR FR LA 2R ME, O T 3R Mt S, B R U 1/A 45 #y it
AR T o

(a) (b
K 4.1 (a) /4 BIRLEER; (D) R4 RIRS I 1K) 114 A7

R FH BT 2R 8 2 SOLID70,  #EAN /AR 4145 451678001 H ot . K43 MW
I SRR AN 4.1 (b)Y TR,

SO PN g2 ks, B GaN F ¥ ZE (Immx1mmx0.01mm), FEE0E F35 7~
A AW AR, PrLUETREE GaN AI)Z Fm# B, REELE R = AR AR R
N 1x10M WIm®s T RGEE T A RXHR I, BT DA A SRR R 1 I8 2s A xt
WA RE, Hrp SRR B 7.5 WI(M?K), FREIR S X RS HHIAGIR
FEE N 25°C.

B SIRE A E 420 7R . MOTE A R BATaT LUE H, & Ak 1
oA S5 E R T LA A Ak it FE B B, 3 050 B 7= A g i B oo AT DA S A
fEih 3, JAA /DA il B B AL, X B A T S AR e Fau e
R IE & TIEENMVR SR Rah SR il s, A73.602°C, REEHT)
BRI BT B WL 2, 468.403°C. RGNS AIRIERE R, W ARG
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IRECRERE R U AN (3-1-4) ATLUAS HH R G EHBH A
R@mta]: (TJ—TA) /Ptotal:12-15K/W

K4.2 B T LED SR MR A 4 A B B R AL 7 0 A CAINFARR )

[ BRAT B A AL S im DR LED R AF CUn 3. 1205173 ) ¥ 471 df 256 45 1 R ATHRUHAUAIR &5
R 53 AT 5 AU

L4515 ) R LED S 1F B 51 ) 25 25 4 1 AR AR B 37 o A 4.3 (5 i I T 4>
P s KA e, P U R T I LED 28 g5 M AN TR, A2 48 F /N R Al 48
—HE) . RGEH P IR e, A75.589°C, REGH AR L T35 55 10
¥, N66.433°C . T BT M A KIA ELAL, LG8 Th A LED g1 B 41 daf S 45 44 1)
SEEMR R, HRG AR B AR, X T TR 0 = M R LED S A A
REZE . MPH BT E. Bk, A3 YLEDAS N Ak o 2 32 s R R e 1) T 22
KL —

AN JAN 25 2011
21:53:40

BOODDODER §5555% ¢

75.589

wipss

K14.3 (&40 DA LED S R 51 5 R GEil B o0 A
K AVSCFAR G5 ) BRI B0 v DR LED s PR B 51 21 6 3 366 3 e il 2 1 7 AT
WE4.ap7R CHAINEARAILE, P8 DGR IE T IR RN, AR ST RS R
H—FED . KRG TSR T em, A77.038°C, ZRETH IR Kl B H BTG
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i D% LED MW AR LB J-HLBRT SR #r

Wia%k, 468.344°C. HAINEIAARGTHIAILE, AR A S50 20w =y, 5 il e
LED#-5 AR 1 1 B AMF AEAR K IRRR BERR I, X T2 22 th TAIMR 3 i 2)=
3 AR EURPTE (AR RAFIR T AR, BT AFEAIRRK E AR & L 2 6 252 e i 2
— R PHAELR), FHLEDAF LR A RE % 3 B R B Ik, 2B
AINH A] FLAE BT E B2 (AINEAT REFIBZ IR, T 7 2 RgiZ)ziX
IR, RGN EEATERER 2] TARK IS s

RNCONEN 3¢

Kl4.4 P05 B ThER LED S PR RE A4 A B0 BRGS0 A5 (AR
§ 4.2.2 N 18T

H T R I AR AN A FIR R TR IR R B (CTED AULHE, RETEARA S
=2 e A 7, FEGEM. RO CReplE e b R a2 S LA 24D 1)
PR BRI RARBANIR, X KK M LEDSAF IR R REA A ERE, At —

2P ELEDEGTCPEREREAR, Ardr b FEo
KA1 MM EHOHUE REZS AL

Material CTEAO0%/K) | 70N | £ (Gpa)
ratio
Chip(GaN) 7.75 0.17 210
Sapphire 5.6 0.25 335
Solder 25 0.36 26
copper 17 0.34 110
Ceramic(AIN) 4.5 0.25 308
Conductive adhesive 30 0.35 40
dielectric 8 0.2 310
Silicone 38 0.4 5
Al 23 0.33 70
Si 2.8 0.25 131
Molding Compound 45 0.35 5.2

AEFRN T35 B AT o s JAT DA I TSR A AR AR AR w2 A 'R D A28 I 81 2R
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R mIE LED IR R SR 50 i

GREE RN S o i, S S AR AR U P R S B R 4.1 7R o B8 s D36 LED
PRSI A G HE RS (AINBFARD ISR ) 43 A in A5 7R, 7R £ AR RS
TERSGE BT AZ T4l « 5 B J2 Ak LR i F i S22 FAIN ARG AT T A R A7 AT AR (R 4
NS WEAGHT /R, MR AAR. GaNAT U2 LA FiL i J2 (1 5 AN 7 43l
“158MPa, 133MPa Fl 151MPa, Hi KN ) ERAFAE T IX Le iR 4

IE00NDoEN &

K 4.5 H R RZhA LED ae g 45 B3 R G AN 2 B CAIN BARO

AN ; AN : AN

BODDREINN 353375854
BUDORENNN 538337553
BODOREANN 53533758547

(a) (b (c)
Kl4.6 (a) W A#F IR ) 7345 (b) S;jal\iiﬂzﬁi}%‘ﬁﬁa%&ﬁﬁﬁ\%ﬁ(c) ] FL B 2 TR A
4)

A AT AL Se iRy B % LED #8F (anf&l 3.12 Fio) FEFIE e g5 A Al A
ARG HE R AR g 3 A1 43 e 5 LA

R Z LED #0F MR BB 45 M M55 ) oA 4.7 s, 76 & A7
JEZ G =N . W 4.8 iR, BEEAFTIRA GaN Y52 B KA. )
53k 115MPa H1 179MPa. AT T A i S5 kAL, AR 48T LED #841FF
HIE ARG RN ) Bl s, X F 2R TR m D% LED S iArERe = 45l
F TR Bk, GEEE LED #344 S ARGA TR BRI R G 4L ) [ BRI T R A
7y, $em T RG] EENE.
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i D% LED MW AR LB J-HLBRT SR #r

AN

1l00NDD |

4.7 fRgem i LED aefhFrdIRe R G105 ) == &

RACORBERN ;%935 &

(a) (b
K14.8 (a) i T A1 AT A FARNY ) 7041 (b)GaNA il 2= B FA N ) 73 A1

K HH AL BLHRER 25 A6 BRI B0 1 R Bh %6 LED g8/ FREN AL B 2B g fy b i = A 4
JiK. GaN A5 JZ LA S HLEs 2 (R s RN ) 73 7o 174MPa, 144MPa 1 160MPa,
WK 4.9 fion. 5 AIN BHERZEAIFHLL, Al BERER 25 55 AT HZE 2 TR IR )
L. & 4.10 Pion, RGMERKBN AL T FHRA%)ES Al 5 1, H
316MPa, IX = HE i T R G845 i i FAS [RI PR A] R S I R ECAS ISR . AIN
ARSI BT AIN I IZIK R A, W0 REAR L 1 FAEALC S 1 23 TR R AN ) o DT
SFHE R LED BPREM0RHAE R 5 LED 315 R4 H-HIbk T 52k, R RS
PNy, G NG A

NBOOBRENN 3535375535008

NBOORAONN 35333753333
[T T FTETEIEFTETRRT

J
(a) (b) (©)
K4.9 () W FAAT R AIFY )40 A1 (b) GaNA YR )2 HIFN 74041 (C) 4 i i )2 1

19343
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R mIE LED IR R SR 50 i

4.10 MiS HERThER LED 480 RE 414555 R A I SN 1 2= & (AL BB
§ 4.3 HUNF EiTh % LED 28 H-HIA RS H ik
§ 4.3.1 FHTIFAZRMAE A m % LED #31EM BI S8 & vt

1 4.2 TR 5 B A R T AN, LED (5 7 A A AE LUK RO N 3 70 A 45 S it sty
TSR PEREAR . S AR ) - EE 0 T LED #8085 HE 42 2 (R AN [l A4 R i) FA- B U
RESHAVLIE TSI IEATRE BT K H 20T LA LED #e 10 Fr Ab iy Bl
ANFRPEFZE G A EH #E R Mt 7 AE N 1 3 AT I IR RO R, IFEA T
BB R, AR Fr AL RS RAE N ), it Fr ek

ARSI = 3 =K I IE A Bt ik dev ik, A RS B R 4
SR REM B SREE EZMRL LTI R BRSEIER 4.2 P,

42 BREMKTHCER

7K
1 2 3
Rl %
O A A R WEA Si SiC
O RE MR SR Sn63Ph37 | YIKARIEE
AR Si AIN Cu

AR LR A 2 (AR 8 38 S KR, IR KP IEAC R Lo (30 ARE Bl
A 9 ARG S EA S, WNAIEZ RIS T R 4.3 s, Hrf, Priiegsk
HAF A A S, ] IR E 87 2 00 B e F R P R 2= T

N T AEANFIRA R 2 B £ T DUAE () S5 58 28y 25 A 2B T N g (R0 % G, AR S0t
3R QR RS HUA & T IR Ph F LED S HEA T SG R A 44 R (07 BT 5
b, B RATIRR IR AR, O TR, BRI A A R AR R B
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i D% LED MW AR LB J-HLBRT SR #r

AT L, HRBERREN LA RS ECS 4.2 W IR OREF— 2
R 43 IEATRK BT %

[ oas] SR RTEME | SRS EMEL | RoiE | 5
1 WEA TR Si 1
2 WEA Sn63Ph37 AIN 2
3 WEA YRR E Cu 3
4 Si FIIR AIN 3
5 Si Sn63Ph37 Cu 1
6 Si YRR H Si 2
7 SiC SRR Cu 2
8 SiC Sn63Pb37 Si 3
9 SiC YRR E AIN 1

ARG N BOEBEREE MR A G GREEJEH] 40°C~125C)  WIuf % s
WELE R 25°C, FHEERERER, 10°C/min, k. SRR T 4 10min, LT
TN 5 ANEEAGIR R, S 159008, 5 BB A BRI T B KA, iR
ZERUNE 4.4 PR
A4 B E N R 4

KK e KA RN 1/ MPa

1 467
263
517
325
283
180
223
232
282

©O© [0 [N | |01 &~ | w |

§ 4.3.2 X525 AL 5 4By

1 W Z= i
e 2= Wi AR I R GV J7 10 55 0 1 E ARG e v H A 52 M) R 28 ) P 224
T L 52 S M BT 25 100 2 YR R 45 DR 35 (R e K S A o W2 T B8 s R 9D,
Y, =];]./r (4-3-1)
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R mIE LED IR R SR 50 i

R, =Y,

Y

(max) — 4 j(min)

(4-3-2)

Horb, 0 KOTPE §ONBEIEREANEL ¢ AR E KRR RS, YO
B i AT R RE £ HoPl,  T, IEARR T j 510 AP IR g5 R A,
Yy P BV KAE, Y iny 50 § SIS/ ME, RN § AR 2 {H

IR 4.4 Fif3 N R B GURIATIRZE ST, 455K 4.5 iR
K A5 BRERN Iy as R

SHAHEMEL (A | SRS EMEB) | AUTMENC) | AFHFI(E)
Yi; 415.667 338.333 293 344
Yy 262.667 259.333 290 222
Y3 245.667 326.333 341 358
R 170 79 51 136
&g 1 3 4 2

Hot, Yo Y, Yo, A IAREE AT HC R AR DR 2 IR 45 S T 344
R ARF S ARFIE R M. fiaert i 41, LED %80 h & B 200 05 1 K Sk
IR e 5 R E15 4 2 2 RS SR

411 Y 3 MUGFBZ WS, MET DAL, KSR, R4
L MEDH P B AR 5K 5 5L 5 Ty AaBoCor B FRREAHEL Y SIC, 51 £ 2
K1 Sn63Ph37, HILMELY AIN.

450
© <
2 400 \
= 350
Bl N e
= \\ —— U AT AR
%ZW A g —a— S Z MR
< 200 AT %
£ 150 Rz
i1m
g 50

0

Al A2 A3 B1 B2 B3 C1 C2 C3 E1 E2 E3

B 4.11 IEAZ IR % DR 25 1 52 T i 3
2. 72T
SRR 2253 K1 7922 R 380 4% DR 30 AR50 FR A 52 M IR AR /N, FEANRe A 2 A
IR 22 SR FE AR (K S 75 3, DA B PRI /NP, Ty 22 00 M g 2 ik e B dfs
R —Fh50%, AHECARZE AT, HARURZETRE S, W RMETHRZE KA, BEfEIRg 41T
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i D% LED MW AR LB J-HLBRT SR #r

(7 5 B P 1R 22 3 I 5 A PR 800 e s DOl A, LA 48 A DR 3 0 1 245 AL 1)
FA PSR TE

*K 46 JESVTE

J7ZEKYR | w2 J7 F Bl F1H Il SHE N
A 52598 2 1.567 Foos(2,2)=19.00 | A3
B 10874 2 0.324 Fo01(2,2)=99.00 | Al
C 4914 2 0.146 AN
w2z (B) 33576 2

T2 Ei R WA 4.6 P, ot & Rn 1, =AM FAEA/NT Foos(2,2),
BIRAN B D ER

§ 4.4 =% LED 205 SR FEY 3 R g8 i) 5o Ay

MR 2 =B P B A i R R, Bt i B e 2 M A i 14,12 (a) By
N, KB RIRARR GG O FRPERT S 6, O TR R, BAT L1445,
R AT BT o

(a) (b
K 4.12 (a)1/4 A58 45 H4;(0) X 4 KR IS 1) 114 #5070
7 EABAU, P T () B G 2RAY E SOLID90, AN 1/4R 40,5 45 5500004 o6 . )
o3 WIS J5 I SEAR B 4.12 (b)Y T
TR PN g kg, B GaN )2 (1mmX 1mmX 0.005mm), HEELE 357
A AW FAGE, PrLLUETREAE GaN AIE)Z B e R, RERLE R e AR AR R R
/NJg 2x10" WIm®s T RGE T AR, T DA B BB 2 T I g s A0
WIAARE, Hoh A AR E 5 WIMPK), SRETIELE K RS T A
WEN 25C,
BRI L o A 4.3 7R . RS R R B i, A70.717°C, REE
WK AR DL T IB B TS, 146.855°C. HIAZ (3-1-4) AJLLEFH R G IK) s F B
M
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R mIE LED IR R SR 50 i

Rgtoml: (TJ—TA) /Ptota]:2.406K/W

AN

MaY 27 2010
14:03:50

NODAL ESOLUTION

STEP=1
8UB =1
TIME=1
TEME (ave)
REYE=0

SMN =46.855
sMx =70.717

Kl 4.13 = 2h% LED 2005 8L e 71 B 48 R Gt il BE S o0 A
T2 B0 AL (1 Ul PR A PSSR A S Ak (R B, X BT e AR R AR R
AT DA S AR B rh, RS il i@ s Ak, 1X 2R R A
DUSCHUHGH By (1) #i 3 R BB I & TiE B 3V R4 4140 R, KBHAEEL
PG R AR BE A AT A A), IR BRI, XU WA (A e R 4F
HOPSR S. HEAEAR

NODAL SOLUTION AN

TAW 25 z011
SEEEST 23111:39
8UB =1
TIME=1
TEME (AVG)
Rava=0
SMN =52. 614
BMX =62.498

..... ’
61.4
52.498
wipB88

& 4.14 SREHAE R Fr (VR 3 70 A
MARGEIBE N 5l FATRT LU AR G R HAE RS R 4F, [RINHBE R T izda e &
Gt i A B
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i D% LED MW AR LB J-HLBRT SR #r

§4.5 mIUIFE LED 2.0 F AP B 28 KR gt S5 fb
§4.5.1 AL L

F LI LED 205 SR RBE B d 25 R 4 rh ot IR 440 02 P GaN A7 105 2 TG 5 A 4
AL, RT3 S AR S REREE, e w70 . T —
Pt E R HEERE, FRATH S A AR A I 540 AT I R I AT T 4 LA
o & 4.15 FroR, SRR SRAR T I 50 A0 IS REAR L M BRI g, I
H Al o IR i R T 2.480°C, H Si ARSI NI T 1.757°C. 5 EARRAHLL,
I Si F R HuvE S R H R T 104.1W/mk, S EEIR RIS T 1.757°C; 5 Si AR
FHEG, PR L S 25 T 239 Wimk, (H& 8 4him LRI T 0.723C. X3
TUE M T Si AR AR W 5 A0 4 JE BT B A1 (00 A B2 328 KT FH A A IR AR Si At
JE T BRI FABH o 6 THEA B R Gk, ot i 3L 5 R BT e BRI 1) 453 2
AR, BRI, FRATEES B A HERE . rTEEMEE 2 AT TS5 5 5 18,
A HEHIEPE S F AR, ARG A S A M e T THE B R AL .

DD o O N
~N o0 © O Bk
I I I I 1

D
D

Junction temperature(C)

41.9(Sapphire) 146(Si) 385(Copper)
Thermal conductivity (W/mk)

] 4.15 AS[EE A A RHI N 2 #
§4.5.2 O FH#AZRIUL

O R P A (AR BT I S SR A 3 B AATTA R A, et
JZSIARE SRR KRR B T RG#vk SPERe R . sl 4.16 s, 4
GABEER AR Sn63Pb37 A 5 RLRT S FKEIN - BT N RS A 45 20 50l b
70.717°C 1 74.24°C. SRHIRHTIFRREARMG, MRCFEEE ERLEG 7RG E S
O B2 L R R/ 2 X 5 Sl AEAROK RS2, R T DL Y, B2
JE PRI, (AR . (B AR GTIIH U AT Sk 5 125 RE, O P i )2 A (1%
o LY EANZREL, AN UL sl B 5 JR )RS, — R AREFAE 0.01mm
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R mIE LED IR R SR 50 i

PAE, DA R R GE B T FETE

78 -
76
74
72
70
68
66

@ Sn63Ph37

@ Conductive
adhesive

Junction temperature(C )

0.01 0.02 0.03

Thickness of die attach(mm)

K 4.16 AR F S 2 A RS RSERIXS B
§ 4.5.3 RGNS LS HAL

L ST IEACR R PHAE AP 45 2 0 & it

IEASRE v 1 H 2B = D2 LED 285 F7 82 BB 471 J 2 28 G 463 B AS [ i
P F S S B G A, #iE M ARRAR NN R EXORR, T4 WS
etk se, DL m R RAE R I RE, FRR G4

SR BHAE A A B PEREI I AR 2, WL S5 S MM R 2405, K
MEZENGHYSHOX— N ZRN KA G Fr di i e e, AR E @ A il
FEo mE e AELLA R A O AT R X YA B IR e BRI S I =K
HARSZHANE 4.7 .

R AT HEMKPICER

7K
1 2 3
IRl %%
WHEE (mm) 50 60 70
W TEE (mm) 15.535 16.535 17.535
R AN 48 56 60
RO RE (mm) 15 20 25

AR LR A 2 (R0 R 38 S KR, IR IEAC R Lo (30 ARE BTt
A 9 MARMEH S MG, W NRIEACRE T UK 4.8 Fros.
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i D% LED MW AR LB J-HLBRT SR #r

*® 48 IEATIRI BT Ty 5

X ) AL | WA | WA | DR
1 50 15.535 48 15
2 50 16.535 56 20
3 50 17535 60 25
4 60 15.535 56 25
5 60 16.535 60 15
6 60 17535 48 20
7 70 15.535 60 20
8 70 16.535 48 25
9 70 17535 56 15

1 4.3 VIR B 07 BT S p s FH ) 2 O SR R Ok 5 WI(MPK), H TR
(7528 Py 9 JSE AN A K 3 b A TR R AT 107K 0 ELAR AN IRD, AT e 22 00 U ik
WERB R A OSTRARR BT S A R B,

h= Nuk, D, (4-5-1)

e D, =2W,H W, +H,) , Wi KD Bz, w, 8 gee X
LW, P D2 S, H B, Nu=2.253+8.164[a /(a + D],
K Nu¥, o MRS TELL, a=H W, k, 32 UHRGH.

I B ARG BT T %6, 1AL (4-5-1) TS HVRE— ROy SR A 14
PR AL JFH ANSYS BEATRARIR A U 5. S ORI B R B LA
2RI 49 PR,

K49 R NFHEAE s 4

EE0Rs) AR WIMPK) | REGHE (T
1 3.9 87.319
2 4.6 81.874
3 5.0 74.134
4 4.7 75.912
5 5.0 70.717
6 4.0 83.177
7 5.0 67.696
8 4.0 80.483
9 4.9 67.162
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R mIE LED IR R SR 50 i

2. IR0 45 R AL 4y
(1 W=D
R E 4.9 PH3 M R GEIEATIRZE 3, 45 R W3R 4.10 Pk,
* 410 RGN 4R

WhEE (A | WRREB) | A E(C) H0A R (D)
\a 81.109 76.976 83.660 75.066
Y, 76.602 77.691 74.983 77.582
\& 71.780 74.824 70.849 76.843
R 9.329 2.867 12.811 2.516
W 22 2 3 1 4

FH R a0, B R H 2 DR R A AP BE IR S AR AR Tk« A
O R > R B8 B> HRO A R

K 4.17 4 4 NMRFRREmES . NEPTLEL, $S84E5 T, R4
g5 MELRE N [P S LS5 K S HU B8 AsB3CsDas B =i 52 70mm, 3 5 56 8N
17.535mm, B NECh 60, AL 15mm.

90
~ 80 |
O AN, T
!?1\% 70
5 60 ——
5 50 R
= 40 AN
E 30 HOFE L
< 20
ST

0

Al A2 A3 Bl B2 B3 Cl C2 C3 DI D2 D3

Bl 4.17 TEASTREE H 5% DR 32 [R5 M 3
(2) Fi T
ARUGEASTRE 18 VY 38 =K, &8 T IEAC R A& I MRS B0 R 17 225047, B
AARIEAR R BA A FIHRMORZES ] 2207 2508, R EE w7, it b
NBEBEAT I ZE 0T o LRI U0 R, A5 W R 7 0 58 22705 R AR e 1 e B b AT At 1102,
L IEAS R A AN 22 J7 A S A /NI 5 A] A2 e 221 7 RO R i 2217
F, 2 2207 FAFORE I IR 1 PR RE A DA e 221 D R P EE
2. MIEAR R B — M 251 7 R0 SR /N EE, ADREIEAS R A R LA B )
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i D% LED MW AR LB J-HLBRT SR #r

i 22 -5 RARINAE ki 22 7 5 R, K e AT T N (90 ) el BEE AR AR DRy i 22 >F 5 Rv) B i
.

R AL N ESNERR, MR, FEE B R D FTR N R 2 T 7 R
/N, LA B A D e 22 7 AR A A iR 22 f, Bl Q, = 0, + 0, = 23.396,
DA A S0 248 34T 77 22 70 #T

F A1 FESTITER

WhsE (A | WRrwEB) | #HhAE(C) HOAE R (D)

Qi 130.586 13.360 256.491 10.036

Ji ZE AT AR 4.12 B, B AT 4 SR e i i AN F AR T Foos(2,2),
AR IR, HEFEE, T =ARELAAN B E R .

* 412 JTENNTE

J7ZERE | mZEr T Eli)E F{E I S T
A 130.586 2 11.163 Fo05(2,2)=19.00 | A&
B 13.360 2 1.142 Fo01(2,2)=99.00 | A%
C 256.491 2 21.926 e
D 10.036 2 0.858 AN E
wZE (E) 23.396 4

IR AT R, T YRR e S5 A ST DU RGP O R AT B LK
UK o AT FAVBE I 48 H BT S, HOHGER F die HRBE  BEAEAE T8 A0 AR |
DAL LA 255 0 3 AN T LR R MG 2 SO B R B, e i A b R

gty LIRS, 24 LED S+ Si, 8-S ZAkR Sne3Pb37, JEEE A 0.02mm,
W = B Sk 70mm, 898 BE Sk 17.535mm,  # AN ECh 60, HrAEEEE A 15mm
I (R 25 R P R e i, P RE M B o

§ 4.6 A /Ngh

AFE FEIE R LT R TENR R B M A ANSYS XD LED FW] &
GEHEAT A EL T I R IE AR I B AT S50 . MRS HUAG. e TRE
T BT RIS 23 AT 1 S B R SLIE AR RS B X s i DR LED #8FRES A
BIEE RGN L S 50 A1 Ay AT V1 SEOASALL I [R] ISP AT A5G IR XS B o A S bl 2
A B En L LED 2205 7 48 M2 ) e R8RS AR FE 3 0 A AT 1S40 4y
FrIER R G IS AT . A3 LU 4518

(1) RGBT, S A IR LED #4FMPH AH3 R4 5mh% LED
2 S BRI BB R G (M AR BH AN S50 70 1) oA (12.15K/W . 73.602°C ) T (2.406K/W.
70.717°C), S5IPH M 5 R TH AT B FABH AN 45 i (12.48 KIW, 74.92°C) 5 (2.214
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DU ) LED IR R GER 05 B0 i

KIW. 67.066°C) FEHFIT . XA ELHEIE 1 FARH W 28 A TSR A Ve

(2) WX T, B 3.13 Frongs i s dh3e LED #efF ik B2 T4t
mI% LED 284, Al R R4S RN SHREEIRE, T2 LED #4F i
ARG AL S R HHWR L, T REEEATERE.

(3) TEHMN o3 M B, LED S5y AAEAE LRI 07, I Has KRN )
WE AL T 5 AL, X85 A4y J2 St . AIN APEHH T BAT ELAUIR T FAE2
M ZR A, RRAR G 5 05 S T AR DR IT, BRI S 1 )2 R) R R g o Jl o E A e e it
XS LED SRR S HEAT T4k, WF9TES SRR 35 IR 26 5 1 B K5
JIWIEARRFE A s O AT A L > 05 6 2 A B > JAi KL, 15 MR & 07 &
e SR HERMEL SICy B A A B Sn63Ph37. TR A AIN.

(4) KPR S B, TG, ks, 52050 ERbEy)E
BEAATAN LS G 8 A6 B N F SR o AR 25525 S84 T K 2 1 [R50 s 7 Ao i
S JEDRE JEERE L A 5 FE DA Sy 9 8 55 i B S 40l 1o 1 A8 TR B v AT,
BRI EdE, WY LED S A AR Si, 84 ZMkh Sne3Pb37, R
o 0.02mm, SH ALY 70mm, S SERE D 17.535mm, SH MO 60, LA
FE2y 15mm i, RG A PV EEAE R R A, TSRk
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i D% LED MW AR LB J-HLBRT SR #r

FRE &5
§5.1 45t

LED W] R 2 I o oL il S BB 10 B X T ek LR, LED A0 —
FEIADR TTRE R B RO EUR, R BUAAT S ] DI s R o 3 P W Ak ) 43
B H AT BRI 23 LED 7 bk A7 757 LED Z5ififi e, mI5ettz, Pt
% CBEAED, 6. W OB H B S I T SR ALK IR S — R A, ik
ToVEE A E NG B Uk . A SC T ZEE R = D) LED 7 it il ISR 221X

AL HSERTR LED MU RGBS - S M 7 B JAR T
1E:

L. FEWFFCIAT = DR LED AR vl S SLE R HOR 2 il I, 4% LED (M3,
] i} 32 ] T3Ster W25 BEIIR06] = 2h % LED M R G0 rh 199 B PR R AT 256 40 A
TR AR OGRS 2 I iy HOABH S I0 0 AT A3 s B B ANM S R #o i
RS 1 A R A AR A 0%, 1y FLE R R SOCA R G R E I 23 07 B AT K
ARG N LED #8155 Bl i i 280 i T AR A de 5 e 0 1) 22 b o7 B mT DA 20 %
ARG AR, $E s IR

2. G55 B 3 i 1 45 SO AR S AR S HO0 5 = D)% LED #2341 K5 81
HEEBRG % LED 205 8RR B e RGUEAT ARG T S50 B 2 5L
b, B JEiz AR I 28 SRR B0 i D2 LED 28R FES A & 525 3R 48 1) AP Je &5
WIHEAT VR 23 #r o 32 FHFABH N 28 IR TH SRS I 0 s D28 LED 8BRS &
ARG G EmIZE LED 205 7 IS B2 /G FABH A5 250 (12.48 KIW,
74.92°C) Fl (2.214 KIW. 67.066°C ).

3. F ANSYS B0 B0 s TR LED w44 51 20 & 35255 2R 45 R 5 3 40 A
F AN BT/ BEI K W i =N = R 1Y I B 1 B 19D A 10 VT 1 D0 A = R T NV = BB
R LED #8451 2H A B R G HABRH  12.15K/W, 453K 73.602°C, 1 HBH M 4 5
VR AR RIS (12.48 KIW) Flighill (74.92°C) AEHHE, X HEKE T4
BEL WY 2 AR TSR R Ik o SIS B b, B 3.3 o Sk sy D)% LED g st
PEREEAL TALGE i Ih R LED 25/, Al 3R LS 4eg )21 SR EREURMC, FELED
BT BB R BRI AL S B IR, ST R ECATERE . EBUN bR
R, LED 85 b Ao LR AR Ty, I Has RIS g3l 5 A e T oo i s 4k,
XM T Ay RS . W IEASIREG WrE, X R IR LED 28R S 0T T
P, WSS R & D 3005 e R AN T RS MR FE A = 8 A A L > 5
BEG AL > TR, R BSIRAE TN SR HIEMER SiICy SR A
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B ARG

B Sn63Pb37. BIITHTEL A AIN,
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