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Heat Dissipation and Thermal Measurement Analysis of High Power LED

student : Min-Xian Lin Advisors : Dr. Hao-Chung Kuo

Department ( Institute ) of Flat Panel Display Technology
National Chiao Tung University

ABSTRACT
In the light-emitting diodes (LEDs) on the research and development, with the
development of technology and process improvements, LED applications are no
longer only applies to intensity directivitysoflight source, but rather toward the
development of lighting applications,-they-will be.the thain components of human
lighting applications in the future‘development.

When the trend of the increasing popularity of LED applications, which also
represents the efficiency of LEDhas been increased gradually. With lighting in the
LED market, most are used in high-power LED applications, high-power LED current
efficiency of about 60 ~ 70Im / W, The efficient reason of LED improvement, mainly
from the chip, packaging, materials, process capability enhancement, and the present
high-power LED chips used in the types of chips can be divided into vertical dies and
horizontal dies, and the manufacturing process these two ways differ due to different
chips.

This thesis will be high-power LED as the main focus of the analysis, and targeted
at the two different structures of the chip — the analysis of vertical dies and horizontal
dies on thermal resistance and optical efficiency, and then by the colloidal silver of
different materials and printed circuit board (PCB) material to do a comparative
analysis, it is thought that this analysis will allow us to understand the demonstrated
results from the collocation of different chips with different colloidal silver and the
PCB , and thus get the best of high-power LED.
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At R SRR g g kg d feR R o HF o A M Bantba g @ oo
Torgkan WEAY HBE RoE (1 =1000 58 ) Behd + 54
F 5 0 Ga(CH3)3 +PH3= GaP+3CH4

R4 5 AR
(1) Sapphire-based LED

Sapphire-based LED X \faekFefh #/AED > v chr &2 f T 1'%
B AR AR 34 Flp CEREHEEIER- o Y 2P P i
%o do@] 3-De gt ¥ ARG H P Sapphire & oot A r 4V L E i i
BFF b d gl s b Sonad] o

Hfp @i A8k > 5- Y1 BRI EHRE
EFREERCEFLY I n-GaN & (4B 3-6) F g k¥ 521 & e
p-electrode % 7323 4z w ** & B LED » ¥ f1* ITO((Indium Tin Oxide)
E PR LED kM 72 BNk (B 3-T) =gkl Sk

niE pies BT RO%E (oBl 3-8) 0 RSB FFE> L > TRER
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do A e 1F o
(2)Thin-GaN LED

Thin-GaNLED > = £ 5 %% 4 &% * LED» v chf i fated ¥ 45 > 1
BT AR I T 0l TR R 0 4ol 3-9 0 Flut A £ adiR g
TR BERY > frl A RTp L ET D Flt A ARG B E T

b — Q-x;}%_%r? ’ —Qr%} 3—10 °

o B ATV EHF S MR T AU R EpaldE o AIVE S &8

B R enE b5 i e
Thin-GaN LED %4 & 1% wafer bonding> % -t #-GaNi& st £ I % 4¢

Firg FT i b o R E T EAEE (Laser Lift-off) sndlisp] i
#-Sapphire2 f o % kGl epi-layerjé & #1+ £ e 4 (Sapphire) #
I A i dr b e RIS
3.2 B ¥ I LED 3 Hr

#e LED 3 e 2ndoen 5U0p 0 & § e h 0tk B W g R
FLZ F LS M- Akt A ke A LED e ko o

d 4TI T el (5 0 SRS T L P BiH 2 LED 5 ke
TP A et e A R A4 2 kA 4o @] 3-12 Ao o AT
EF AR e A= SRR AR T A R i Sk S

LED #fens s 240858 M - F R A~ HRFS ~ <4 2] %
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KR e A BV A = Bl 5 AN 3% (Dual In-line Package,
DIP) ~ % & %% A (Surface Mount Device, SMD) &% %2 % # & 4| 3+ % (High
Power LED) o % ennp eriB § & i3 p Nenfhp P E TR 2845 0 £ Jﬁ
R B PR R o~ B K RO > B R p - TH R kRG4St
B B T IR AN RAR T
3.2.1 i %7387 DIP LED

@ s 4] DIP LED kg & » 3 Fendt 853 > Bagix s 2 &
AEHZES ApE B 0 EP wAt T A SR 3 i hLED £t A o

B F %myj}{ @ bmm AETLED pde Bl 3<13 #77 0 #rie * sk R Eaf &
0.25mm & = A58 ¥ o -ty PERE R FIER AR b b0 F st cist i 20
e g arg ik, FIZRE G e o L kg * AREEH
PR T b Galgrs fARPIEUEE B R T b - B3l %ripid g o AN
Bis* BEE ORI M R o

¥ Al ez 4] DIP LED 2 & £ 0. 1W 107 e 5 esed > 35 90%
g Bl fREEF M R E Tyt > Bsslr PCB L o BB
7587 DIP LED 2 & e F) 3t 2 & P ] @ & A £ o 2 ke
Fa AR FFert i o
3.2.2 # w AL¥ A LED 3%

1980 # 4~ > SMD LED FIR® ¥cng £ & A& 4 > e g d 3 LED et
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A IC My A2 BREF R RERAABF RS RRE T BB LT

FARF A o AT G EAR 218 0 30 2002 & o SMD Al A MBS

5 8 SMD LED > 4l 3-14 > *F R EFZ P hs m o Biet=73 3
G engt sk o R Ao A DIP LED # — $k e & E_% e e & e PCB B~ 1%
PE R R e T Hr s i E 3 R 0 ¥ SR R v B sesiE ) DIP LED
ooz f8x g B - RG> SMD LED #g 4] e 3 a1 e sy 8 448 (Plastic
Leades Chip Carrier, PLCC) LED » 4r®] 3-15 > v & & 73— 4 SMD LED #
— ek 3 A T PCB AFE S T i aVe 2 - o AR ¢ 07 oo
PLCC LED 2 & 4 Z » 1 32k 3 (Top view)& F| w2 £ 4] (Side view)™ fa >
4ol 3-160 # 5~ 42 60-180mw = &3 B * 3 B 5 CLED AR ke o
3.2.3 B+ F LED 3%
FLED #EAF U HREFT IR T A o 1 & 8" g PCB
¥ Aok B & k> 2 Lumileds IWEmitting LED %3 * $ 5 ZRRE 54
#-AlGalnN #hlends # St e B U > F FRBER T L
AT & op gy §RTRy AP R EH AT 2 0 NI CLH R Rk
% 5-40C~1200C RN > 7 § Fl 5 BORA SEHR-E RIFUT o P IR
PeF it RIMBES P ERR 0 F P ESE, LGER O RE

kE Bk AF S 5 4o 3-17 -
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2 Lumileds Luxeon V. %3 » # K4 & 2748 24 § A& » LV 5k
73 T00mA > #rews 2310 C/we M k2aF 74218 70 Im/wo » F]H3p B
FERPBEE - PR doB 3-18 -

3.2.4 @A LED &3 # F LED 2. ' i

B LED & s3] & B SMD Al et A F sr P W2 LED hd & o
MEFRGS NAET R RS ITRF M E[19] 0 4ol 3-13 ArF o
SEde w on 5 20mA PF o #pe X 250°C/w~350°C/we F1 A R H o R ki
EF L R TR E SR ET > AT R PR B R T SRR
BT P o F]pt B ¥ SR A R dgor g G AR EdonE 0 L8
ik d R EE[20] -

% AR BFFLED SRS BFE

<
‘
SK
)‘W‘F
v

Flet o - PR BT LR
P o 3 & % 54 5 (Packing Array) % #5 + fedet A A 5N o
(1) ZLr4%

A& #AFgcap LED # 7] 2aprl » TR HMSH BRI e EE
#BOAFHEHIF S B LED A 3 o R R AR 0 B A EE A R
dORERRO- RERE > A TRRFPAFFE > M2 TR 5 o F]

PR G RE R RSHIE R MR B A o
(2) #H~ dades

™ Lumileds & # & Luxeon & 7| % &> 4B 3-19 - £ 3 1W~ 3W ~ 5W
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ZfaRAK o IW & 3W «HLED #-= 7% 0.3mm x 0.3mm #% ~ ¥| lmm x Imm >
%P 7 ot 5 T00mA~1A > bW = LED R & ¢ * 4 %f lmm x 1lmm &k 3t =
- FMED 2mn x 2mm o SFH T 0 A T00mA o REEG H it
KEHF o AL FEHERY BRLED #5750 0 B F i e ¥

% Epoxy Ml %% > B FFE %M > MELED piérs~ Ko mhk > R

43

kg o

@ Lumileds - Luxeon 4 7|¥ » ffife™ > 4e x 04F 5 4 g Hf R
oo w12 C/W mAredds - B 3-20 5 @A LED 223 # 5 LED e i®
gﬁg&gﬁﬁﬂg%g@ﬁw@rﬁ o F 1 F g #H LED A * K iF 5000 /] pF2
fs o %'éﬁe?‘]:", mF & 90% = 5 bt @5 Smm LED $Rei A2 o - SRR BT

# LED B2 fs o kit & 3 W0%fe @2 % » 7 g ) fec TR

BT AF # X LED > H & SR E3F7 o [21-24] -
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x B B R4(Gads, GaP)-—>B 5 B -—>& MR- & R A
::3? ﬁiaﬂrrzg-aEBH ‘,&I?BH

:

I s A ORBEE - OMEREP -NETHEEE) >E
a5 B Bk

2

+ HEK D BRBEZF- DTS- OBIEH K-> 8-> RE4BIN
g R ow + &R AIDIP LED ~ SMD LED ~ High-Power LED

Bl 3-1 LED 2 2 /i 4% [§]

HHERAEESR

BABEEGER EEOERM AR ER

InGaN buffer _s

ERSEMESEA

X — ray S8

Bl 3-2 F "L milELD & IAT
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RF Induction Heater %[ar
Reaction Envelope esesesesse

ssssssss Graphite
T™A susceptor

®
t1

SiH, AsH,

B] 3-4 Sapphire-based LED & %

25



P-Electrode
(+)

hletal

N-Electrode
(-)

Aluminum

Bl 3-5 Sapphire-based LED & # 3f % 7 # #l

PM R B L

e Sk g #h %] £ n-GaN

B 3-6 %- % L@l
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Liquid Phase Epitaxy(LPE)

= = A i
I_:] x}U ;’-{

(B 4% 18 7

ok 3 SR LA

Vapor Phase Epitaxy(VPE)

5

T E fE K

ol R Rk 4

Molecular Beam Epitaxy(MBE)

Metal Organic Chemical
Vapor Deposition(MOCVD,

MOVPE)

% oo 8
WO AR PSR
mmE
AR on v 3 AR

e A B4 8 g

TAERNS

%ﬁ; E?E—] iii Jrg_ HJ\‘
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® 3-9 ThinGaN LED & *

N-Electrode (-)

Metal
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1. Metal Deposition

2. Low-T bonding
{200°C)

3. Laser Lift-off

a) interfacial GaN  b) thermal
decompaosition detachment
(40°C)

Pdin,

receptor
wafer
In
Pd
p-contact —ssp=22n
In,Ga, N
LED
Al,0,
Pd: 100 nm »
In: 1 pm

KrF pulsed
excimer laser

B 3-11 Thin-GaN chip @ %/ 42[22]
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B 3-12 # F Lamp %8 7 | k34

AL-BOND WIRE

FPA
(Polyphthalamide)

Epoxy or Silicone

(B712)
LED Chip

Cooper Lead with
Ag plating

® 3-14 PLCC LED
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® 3-15 Top view PLCC LED ( +- 8 ) Side view PLCC LED ( = R®])

Molding
compound

) 3-1(% SMD LED

B ot [
L T ¥

B 3-18 Lumileds Luxeon V LED [7] -
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Light Emitted Forward

- Plastic Lens

Silicone
Encapsulent

InGaMN
Semiconductor
Flip Chip

=

Cathode Lead

Gold Wire Solder Connection

Reflector Cu
Heatsink Slug P

® 3-19 Lumileds Luxeon LED =~ S ®I[7] -
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!
[
/

Lighting Research Center - June 1003

0 4000 8000 12000 16000 20000
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=

B 3-20 @& 4L LED ¥ Lumileds Luxeon LED =& ¢t #i[7] ©
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Fr g FErHIRERE L
4.1 LED #+5#H
PFT g A7 2 & §07 Sapphire-based LED (7K 5% & # ) ¥ Thin-GaN
LED (2 %8 ) A f&d ¥ FH T4 > &K ¥ e+ 0] 5 45 mil x 45 mil
gy 50 AoBl 4-1 & 4-2 -
(147 4458
BV ET Y AT 0 AL BV T S e feh- A B R 4w
i * Ablestik 2600AT ¥ Sumitomo T-3100 e fx#: E A 419 -
p 3 30 LED 4% 0 A B @ Sernd B > Ablestik 2600AT =4t i@
Hx LG5 20W/nK > Sumitomo T-3100 e id sk + % 5 12W/mK » & 2%
AR rHBEF LRI A 3 & FE VRGN AU R R ot
& o AL B4R 4-3
(2)MCPCB
B FLEDAT# >V > AP AL FHRYET ST B HFHNCPCB» &
W G A A B AR o AeB 452 460243 A3 4 F e MCPCB A & 4 #
F & B LED e kil i s o AP w0y ;‘gé oty M R
AffE o AT E TR TR A A PR R KT & A WE

1. 6mm 48 A4 27 1. Omm 4% 4% > 4B 4-7 o
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4.2 LED # e & 47
(D da 5 = < B agd i

# LED e R BB 67 2 A < By~ 2 5 AR T4 R
Er BEOTI O AR RS §RA O RNy REE O A
rAFQURRERT A% in @ 3% F M EF LED & ¥ e it
Ao RRARI R PP BT RERT H P RR BERL PABES fFA
RUG AFFERETY EHSERPAF ST D RBEIN B

(Tj_Tx)
L

O =K x Ax

e KA o W oo @ Gl LA Rl a 5 R

F e WAR A K-LED 31 0% - e B WA > » £ LED & # % - B
FBUEG o %204 LED & 2 ek g d FS AR A MR GET 4
B B REF AR T Z 4
- A AGE RN 0.2~0.0W/mK 2 B > 2 HR o
AU L A B VE Gl g AR A B @ A 2-50W/mK 2 B 0 BB € NEALR
S B R
£ & # B GES0W/mK =+ -
(DLED 7 & & £ )

b b TRAOFIRT o = E (P BB T IRTRAOL &

A BN B)RETMTR DR - AL e B (forvard
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~biased) > 4Bl 4-8 = fREES HBRE T IIM B doB 49 ERN

A AR MBI ET M GF 0 LR 5 TSRS T F B2 5 LED

e

PoRRRMNIERGERTPRIFFERTNTOTRL L E LK

A K (KD f o S P FHlamk g & > @ £ 124 (Thermal
resistance) i%{ff o ?E_)i—%i’%h‘?:‘iﬂ)ii“,f v LED ## s F4eT N0 2
PR SR A B T L B B A 4ol 4-10 0 BEARE fen
prfuitfo i & LED 155 enf @ ifa 4 > Fpedsi i A # B 4 Ak o
AT, =K x AV,

R, =ATj +Q

power consumption

R R A %t o LED ety - B g 0 1992 # - #p LED h#t

i 360°C/W o 2 14 % 2 125°C /W~ T5°C /Wy 15°C /W > SRR i
6~10°C/W e o - { f§ B 3o el g LED =3 1 % B R EH

360°C » MR EAp R4 1 I T i BRI E A 6C~10T -

(D4

47 (Heat slug) &g %5 LED £ 7 & PCB 2 B eh% = 4 & £ i o
YRl 4-11 2 & £d dpfres > @B LED# 2 @3 PCB+ » 4 &2
PCB iz ff o f# =~ - € E 328 55 LED AE 88 &4 e cadd 3% o

LED ¢ A 4F cnfB 8 5 M B 35 27 Sl AR L AIF 3 9T erine R 38 0 Tk
AR P FR Y LR NEP e FRBE MWRS w i FR 0 AR
FIRERL - Rk~
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- S FRAPCB @ 5 B gilen™ % » eig ¥ WARH TR > FaedcsatF
(Thermal via) ~ % B4 % H ~ S 4cff dF & fF 2 e 55 & (02) ¥ 2 & 7
FoviE- HEPBFH=ERES -

EHRAF CARMPELEAFEWNAF 2R EAFEP R TR
HHLEDHE Y S5 b A BHP R R BE G T
M-LED e @308+ - B9 G kR g * S LED & PCB B et &
S R E AR AR R OR o

MEAF ABE G VeERf L iaiAE o AR AR
M AR (i 0 2 R FRAMA 3 s B 3 e -

AR AR pidE NEAF o eI 412 - & B &R A kR
d 3R R+ IS da g paES T e i i 3 2 300 w/mK 2
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iedm E PR FR LED 34y B 4-13 &7 & AR %8k » & LED
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4.3.2 #ARLEL
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4.3.5 £ e g
FlEOERRAEEREG EREK REKERAR c BT ONTE

3| &R LED 2 e g .

o - AT, _|  KxAV,
" B -, ([HXVH)_CDe

BY PGPS o i LED AT T g N I E - On7 1R
X ¢ @ LED 1% % Bk %2 blde> @RI LED £ § 2482 fymenfm T »
X# &7 5 FRLED2Z 38 C> 5 O o
4.4 LED & Bl % ~ 47
4.4.1 # 1o sy » 47

4447 e LED & PN L AERE P P PR B R R R T A
25°C » B # & LED g% d 7 93k 23" 350mA < b00mA ~ 7T00mA ~ 1A » 12
LED (e 4 £ 2 45 > 4od 4-1-4-8 77 o
(22 5% &% 5 + Ablestik 2600AT 4%} + 484
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(3)° kT3 &% % + Ablestik 2600AT 4% + 484
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()2 7% % % + Sumitomo T-3100 42%% + 4F K4

(T)°kT 3% %+ Sumitomo T-3100 425 + 4Ei+r
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(8)-kT ;%% % 4+ Sumitomo T-3100 4% + 4F A4F

d R A o A g & - MCPCB £ 409 (FH — 1 A 47 o

.
lrr.n\-
-E
%
ey
b
=F
q
*ﬁ;’t
1=

(D& v di o d B 4-21 #57 » NP w u,JF]::;
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ToHIELRLGIT/Ne
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LED #re B RIRA 15 T in R @ b A (v BT R A gk
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()22 5% &% 5 + Ablestik 2600AT 42%% + 484
(2)2=% ;% &% 5 + Ablestik 2600AT 4%} + 4F 7L
(3)° kT3 &% %+ Ablestik 2600AT 4% + 484
(4)- kT3 % % + Ablestik 2600AT 4% + 4F 2A4%
(5)=£-3% ;% % % + Sumitomo T-3100 42% + 4ei+
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Bers b ocip g BB 4:240 NP e BT £-F ;¢ LED &k T ¢ LED
G kT LR o A A e SR i kg A 11% 0 R A B A h
FEAF A 2~ d T REEE SN AY AREDLRLE > A
krrFhi B F ARG BRI
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. 2600AT

PHYSIOCHEMICAL PROPERTIES
84eC

Zlass Transition Temperature TMA penetration mode ATM-0053

Coeficient of Thermal Expansion
Below Tg 35.1 ppmi°C ThA expansion mode ATM-0055
Above Tg 111.1 ppmC

Dymamic Tensile Modulus

@-65°C 5300 MPa (763,000 psi) . . .
@ 250 3800 MPa (520,000 pei)  DYnamic mechanical themmal analysis  py) 000
. . =0 {DMTA) using <0.5mm thick sample )
i@ 150°C 300 MPa (43,000 psi)
@ 250°C 210 MPa (21,000 psi)
. . . Dynamic vapor sorplion after 85°C1 -
Moisture Absorption (@ Saturation 0.25% 55% RH exposure ATM-0083
THERMAL/H ECTRICAL . Test
PROPERTIES - Post Cure ABLETHERM 2600AT Test Description HI
Thermal Conductivity 20 Wimk Independent Laser Flash ATM-0116
Wolume Resistivity 0.00005 chm-cm 4-point probe ATM-0020
Bond Joint Resistance 0.00005 chms/0.5 sq. in.  Cuwioe Cu joint 25 pm bondine frickness ATM-0032
MECHANICAL PROPERTIES - L Test
LTI | e | | e
. - - 2 x 2mim (30 x B0 mil) Si die on -
Die Shear Strength (@ 25°C 8.1 kg /die Ag/Cu leadframe ATM-DD52
@25°C @200°C (@250°C 3=3mm (120120 mil) Si die onc
. ) . 18.2 1.2 1.1 Ag/Cu leadframe
?;fn::f;ﬁmgh (kg/die] vs. 127 1.2 11 Cu leadframe ATM-D052
o 18.4 1.2 0.0 PdiNi leadframe
ar 23 21 Au flash leadframe
Chip Size Warpage 0.38mm {15mil)
- o ; - |
gi:'s Warpage @ 25°C vs. Chip 7.8%7.Bmm (300 300 mil)  15um  thick Sidie on &gl ATM-DOSD
12.7%12.7mm (500x500mi) 58 um Cu leadframe

B 4-3 Ablestik 2600AT % B
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12.0

20
) —
0 . . . . .
I W 400 S0 60 B0 500 1000 1100
# A A 5K +2600AT 4258 448 K AR
DATA
Rth measurement Rth measurement Rth measurement Rth measurement
sample | Color |current Vf DeltaTj [ Rth Jcurrent| Vf | Delta Tj | Rth ]| current Vf Delta Tj| Rth Jcurrent Vf |Delta Tj| Rth
1 white | 350 3 76 6.4 500 | 369 | 134 7.3 700 4.06 249 8.8 | 1000 ) 451 | 431 9.6
2 white | 350 341 75 6.3 500 | 3.68 | 131 71 700 4.05 245 8.6 | 1000 | 453 | 428 9.4
3 white | 350 3.42 7.8 6.5 500 | 3.71 13.9 7.5 700 4.08 25.1 8.8 | 1000 | 455 | 433 9.5
Avg 6.4 Avg. 7.3 Avg. | 8.7 Avg. | 9.5
+ = =\ Lb 3 =] J3; * E +
# 4-1 4% ;% % % 4+ Sumitomo T-3100 43%% + 4 24r # 1o € pldcds 4
12
:u —
20 . . . . . .
s o ' 00 400 S0 60 00 B0 900 1000 1100
A A &R F2600AT 4888 +48 Kdn B mA
DATA
Rth measurement Rth measurement Rth measurement Rth measurement
sample | Color |current Vi Delta Tj | Rth Jcurrent] Vf | Delta Tj | Rth | current Vi Delta Tj| Rth Jcurrentf WVf |Delta Tj| Rth
1 white | 350 343 58 47 500 | 369 | 111 6.0 700 4.08 216 7.6 | 1000 | 447 | 305 | 8.8
2 white | 350 342 55 46 500 | 368 | 109 5.9 700 4.07 21.1 7.4 ]1000| 449 | 382 | 8.7
3 white | 350 3.43 5.2 4.3 500 | 3.71 10.6 5.7 700 4.10 20.9 7.3 ]1000| 451 | 386 | 8.6
Avg. 4.5 Avg. 5.9 Avg. | 7.4 Avg. 8.7
+ = =\ L 1 =] J3; * E +
% 4-2 -3 ;% &y ¥ + Ablestik 2600AT 4% + 4r A #re € Pl 4
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15.0

w40 600 0 B0 00 1000 1100
B de 1 4R i mA
DATA
Rth measurement Rth measurement Rth measurement Rth measurement
sample | Color |current Wi DeltaTj | Rth Jcurrent| Vf | Delta Tj | Rth | current Vi Delta Tj| Rth |current Vf |DeltaTj| Rth
1 white | 350 3.44 127 |105 ) 500 | 372 | 219 (11.8] 70O 4.07 38.0 |13.3 | 1000 | 452 | 625 | 13.8
2 white | 350 3.40 126 | 106 | 500 | 370 | 214 |11.6] 70O 3.95 376 | 136 | 1000 | 446 | 62.1 | 13.9
3 white | 350 3.43 124 [103 § 500 | 371 | 213 (11.5] 700 4.04 374 [ 13.2 | 1000 | 450 [ 61.8 | 13.7
Avg. | 10.5 Avg.  11.86 Avg. | 13.4 Avg. | 13.8
# 4-3 kT ;% & # + Ablestik 2600AT 4% + 45X #re € Py 4

_...o--""""'f—-_._-_ =
G —
a0
40 L L L L L .
B AT W00 400 600 B0 90 1000 1100
AT K G K +2600AT SR8+ AR
DATA
Rth measurement Rth measurement Rth measurement Rth measurement
sample | Color |current VFf Delta Tj | Rth Jcurrent] Vf | Delta Tj| Rth | current VF Delta Tj| Rth Jcurrent Vf |Delta Tj| Rth
1 white | 350 342 8.8 73 500 | 362 | 154 8.5 700 4.01 270 9.6 | 1000 449 | 456 | 102
2 white | 350 344 8.8 7.3 500 | 368 | 165 8.4 700 4.08 26.8 9.4 | 1000 455 | 454 | 10.0
3 white | 350 343 84 70 500 | 366 151 8.3 700 403 267 95 | 1000 | 451 | 455 | 104
Avg. 7.2 Avg. 8.4 Avg. | 9.5 Avg. | 101
1
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. 400 60X W 80 900 1000 1100
L ek AT-3100 48 H8 +42 & 4R i
DATA
Rth measurement Rth measurement Rth measurement Rth measurement

sample | Color |current VE Delta Tj | Rth Jcurrent| Vi | Delta Tj | Rth | current VF Delta Tj| Rth Jcurrenty Vf [Delta Tj| Rth
] white | 350 342 5.8 5 500 | 368 | 128 7.0 700 4.01 240 8.6 | 1000 | 448 | 437 9.8
2 white | 350 344 6.7 56 500 | 3.72 | 124 6.7 700 412 237 8.2 | 1000 | 455 | 429 9.4
3 white | 350 342 7 5.8 500 | 3.70 | 123 6.6 700 405 235 8.3 | 1000 | 451 | 425 9.4
Avg 5.7 Avg. 6.8 Avg. | 8.4 Avg. 9.5
+ = _\ JE N 3 =] J3; * E . +
# 4-5 #3% ;% &y ¥ + Sumitomo T-3100 1% + 45X #re € Py 4
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1 - | w00 400 S0 &0 0 00 100 1100
# A &R HT-310048 848 K ik
DATA
Rth measurement Rth measurement Rth measurement Rth measurement

sample | Color |current Nii Delta Tj | Rth Jcurrent] Vf | Delta Tj | Rth | current i Delta Tj| Rth Jcurrentf Vf [Delta Tj| Rth
1 white | 350 341 48 4.0 500 | 368 | 108 5.9 700 409 20.0 7.0 |1000| 449 | 354 7.9
2 white | 350 342 49 41 500 | 368 | 115 6.3 700 410 215 7.5 | 1000 ) 448 | 361 8.1
3 white | 350 3.43 4.8 4.0 500 | 3.70 10.6 5.7 700 412 19.8 6.9 | 1000| 451 | 351 7.8
Avg. 4.0 Avg. 5.9 Avg. | 7.1 Avg. 7.9

# 4-6 2% ;% 4y ¥ + Sumitomo T-3100 4% + 4 A e & Py 4
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— 0 400 S0 S0 0 B0 %00 1000 1100
AP A R AT-3100 4R 8 448 S AR i
DATA
Rth measurement Rth measurement Rth measurement Rth measurement

sample | Color |current Vi Delta Tj [ Rth Jcurrent| Vf | Delta Tj| Rth | current Vi Delta Tj| Rth Jcurrentl Vf |Delta Tj| Rth
1 white | 350 342 11 9.2 500 | 378 | 195 [10.3 700 411 345 [12.0 | 1000 | 4.57 | 584 | 128
2 white | 350 341 10.7 9.0 500 | 377 | 189 |10.0 700 408 341 | 119 | 1000 | 455 | 579 |127
3 white | 350 3.39 11.2 9.4 500 | 375 | 201 [10.7 700 4.07 348 [12.2 | 1000 | 455 [ 589 | 129
Avg. 9.2 Avg. 104 Avg. | 12.0 Avg. | 12.8
+ , -\ Lk : ] }Y, b3 E £y
Z 4-T KT 3% & F + Sumitomo T-3100 41% + 45X #re € Py 4

I— Y
e e
= e
—
i 3 400 S0 60 00 B0 S0 1000 110D
AT K g R AT-3100 42 1+40 KR
DATA
Rth measurement Rth measurement Rth measurement Rth measurement
sample | Color |current Nii Delta Tj | Rth Jcurrent] Vf | Delta Tj| Rth | current Vi Delta Tj| Rth Jcurren WVf |Delta Tj| Rth
1 white | 350 342 7.7 6.4 500 | 374 | 1441 7.5 700 4.15 251 8.6 | 1000 | 458 | 425 9.3
2 white | 350 347 1.7 6.3 500 | 378 | 138 73 700 4.09 241 84 | 1000 | 456 | 418 9.1
3 white | 350 342 73 6.1 500 | 372 | 134 7.2 700 408 239 84 | 1000 453 | 411 9.1
Avg. 6.3 Avg. 7.3 Avg. | 8.5 Avg. | 9.2
+ VI I § : 9 59 ] a; +
F 4-8 kT % f & + Sumitomo T-3100 4%} + 4¥ A #re & pldcdy %
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Im If Vi efficiency
75.74200] 0.349887 | 3.474806 | 62.2987 R L
8635458 | 0399909 | 3.571136 | 6046698 ) ST S00ATIE R
04.57275 | 0.449389 | 3.660986 | 57.41995 “ e
1022459 | 0.499885 | 3.747556 | 54.57932 f” o
1007086 | 0.549895 | 3.833067| 52.037 m S~
116,829 | 0.599883 | 3.01818 | 49.70494 = S~
123.4157 ] 0.649893 | 4.001133 | 47.46193 E D
129.0105 | 0.699874 | 4.089768 | 45.38641 . s T,
1360288 | 0.749867 | 4.171907 | 43.48226 U
141.5786 | 0.799871 | 4.251658 | 41.63127 ®
146.8122 | 0.849863 | 4.331288 | 39.88379 o : : : : : . .
151.7597 | 0.809884 | 4.400961 | 38.24152 w0 w0 S0 60 100 80 900 1000 1100
156.3395 | 0.949882 | 4.490664 | 36.65123 e
160.4542 | 0.999895 | 4.560564 | 35.18667 %R mA
% 4-9 €2 ;X i ¥ + Ablestik 2600AT 4%} + 45 4r £ 5 & Plicdy £
Im If Vi efficiency
76.17153 ] 0.349887 | 3.448516 | 63.12955 o
86.85103 | 0.399900 | 3.544879 | 61.26508 ST < 2600ATH
05.11300 | 0.449889 | 3.633821] 58.17973 (“
102.8321]0.499885 | 3.720468 | 55.20188 S
1103431 0.549895 | 3.805988 | 52.72273 55 .
116,684 | 0.509883 | 3.048839 | 49.25785 = 50 N
1232641 0.649893 | 4.032152] 47.03896 s \\‘\
1296272 0.699874 | 4.114003 | 45.02067 ; 0 ———
1357282 0.749867 | 4.19633 | 43.13366 s
141267 0799871 | 4.277232 41.20127 w0
146.494 | 0.849863 [ 4357029 39.56221 " . . . . . . .
152.4%67 | 0.800884 | 4.37106 | 38.76668 w0 400 S0 60 00 80 900 1000 1100
157.0894 | 0.949882 | 4.450739] 37.15739 .
161.3889 | 0.999895 | 4.529653 | 35.63316 T mA
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Im If Vi |efficiency
6697358 0.349887 | 3.47468 | 55.0885 T OOATER e
74.6652310.399900 [ 3.571673] 52.27405 ' ‘
81.76061 | 0.449889 | 3.653197] 49.75237 60
88.40705 | 0.499885 [ 3.740411 [ 47.28221 3 \\
04,9356 |0.549895 | 3.826491 | 45.11787 50 \
101.0905 [ 0.599883 ] 3.911344] 43.08416 = 45 N
106.7881[0.649893 ] 3.993958 [ 41.14125 ERC ~
112,298 [0.699874 [4.075123]39.37417 o B .
117.5808 [ 0.749867 | 4.15676 [ 37.72222 W
122.376910.799871 ] 4.244984] 36.04155 ® %
1269029 0.849863 [ 4.324112] 34.53232 0 : : : . . . .
131.174 [0.890884 | 4.403258 | 33.1045 300 400 500 600 700 8O0 900 1000 1100
135.0618]0.949882 ] 4.483459 [ 31.71391 P
1387588 | 0.999895 | 4.562889 | 30.4135 2 mA
# 4-11 kT ;5% 5 4+ Ablestik 2600AT 429 ek E ﬁz?'}ﬂdfi%
Im If Vi efficiency
68.63758 ] 0.349887 [ 3.479662 [ 56.37636 e R
76.51773] 0.399900 | 3.559823 | 53.74934 AR +2600ATIRE -+
83.79622] 0449889 | 3.64929 [ 51.04003 60 .
90.80973 ] 0.499885 | 3.73645 [48.61871 35 ~
07.44215 ] 0.549895 | 3.822475 | 46.35775 50 \
103.7627]0.509883 ] 3.007275 [ 44.26011 = 45 ~—
109.3482 [ 0.649893 ] 3.989837 [ 42.17105 = 40 ~o
114.9931 [ 0.699874 ] 4.085644 | 40.21531 3
120.4133]0.749867 ] 4.167625 | 38.53025 “i 30 IR
125.3269]0.799871 [ 4.248186 | 36.88256 ® g
129.9639 ] 0.849863 [ 4.332672[ 35.29539 50 : : : : : : :
1343397 0.899884 | 4.412152 | 33.83509 300 400 500 600 700 800 900 1000 1100
138.3945 [ 0.949882 | 4.49269 [ 32.42968 P
1421821 1 0.999895 [ 4.572455 ] 31.00862 = i mA
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Im If Vi |efficiency
75.6578210.349887 | 3.484145 | 62.06257
86.26308 1 0.399909 | 3.581503 | 60.22807
94.46771 1 0.449889 | 3.671364 | 57.19404
'.(]2.[.5_5. 0.499885 | 3.758907 | 54.3544
109.59191] 0.549895 | 3.845311 | 51.8283
116.6999 ] 0.599883 | 3.930484 | 49.49462
123.27991 0.649893 | 4.013409 | 47.26473
129,772 1 0.699874 | 4.103029 | 45.19149
135.879 | 0.749867 | 4.185136 | 43.29709
141.423310.799871 | 4.265822 | 41.44753
146.6555] 0.849863 | 4.345406 | 39.71176
151.593 | 0.899884 | 4.425009 | 38.06961
156.1683 ] 0.949882 | 4.505671 | 36.48915
160.2828 ] 0.999895 | 4.576452 | 35.02705
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Im If VI |efficiency
76.19504] 0.349887 [ 3.432486 [ 63.44394 U
86.87561 ] 0.399909 [ 3.528401 [ 61.5686 T AT
95.1385 ] 0.449889 | 3.61693 [ 58.46704 ;‘5}
102.8583] 0.499885 [ 3.703174 | 55.56423 PRI
110.37 [0.549895 [ 3.788297 [ 52.98188 55 e
116.7116]0.599883 [ 3.930484 [ 49.49957 = 50 \\
12329231 0.649893 [ 4.013409 [ 47.26945 = 4 <
129.6561 [ 0.699874 | 4.09488 [45.24008 : 40 —
135.7576] 0.749867 | 4.176824 | 43.3445 - B
141.297 10.799871 | 4.25735 |41.49292 a 2[5}
146.5245 ] 0.849863 [ 4.336776 [ 39.75525 20 . . . . . .
152.5178 1 0.899884 | 4.350742 | 38.95567 400 600 700 %00 900 1000
157.121 10949882 | 4.43005 [37.33842 e
61.4209 [ 0.999895 | 4.508598 | 35.80667 =L mA
% 4-14 #£3 ;%% % + Sumitomo T-3100 4% + 4 47 L & £ pl#cd;




Im If Vi efficiency
67.4581 [0.349887 [ 3.466811] 55.61297 T T30
7520194 10.399900 [ 3.563685 [ 52.76781 TR T
82.3545210.449889 [ 3.653099 ] 50.1096 %
29.03699 [ 0.499885 [ 3.740206 | 47.62172 35 ‘\.\
05.53937[0.549895 | 3.82618 | 45.4085 50 -
101.736 [0.509883[3.010020] 43.36388 = 45 ~
107.4723] 0.649893 [ 3.993442[ 41.41019 ERs ~
113.0196 | 0.699874 [ 4.074507] 39.63316 35
118.3382] 0.749867 [ 4.156044] 37.97176 "i 30 .,
123.1668 | 0.799871 | 4.236169 | 36.34969 DY
127.7235] 0.849863 | 4.3152 | 34.82741 20 : : : : :
13202361 0.899884 1 4.394249 ) 33.38723 300 400 500 600 700 800 900 1000 1100
136.0083 | 0.949882 [ 4.474351 [ 32.00116 T
139.7304 | 0.999895 | 4.553684 | 30.68836 2 mA
% 4-15 kT8 % 4+ Sumitomo T-3100 41% ek E iz?'}ﬂdfi%
Im If Vi efficiency
63.80726 [ 0.349887 3.46789 [ 56.70757 e TI0
76.70598 [ 0.399900 [ 3.574823 [ 53.65548 AT
84.00161 [ 0.449889] 3.65429 [51.09513 % -
00.81773 ] 0.499885 | 3.74145 [ 48.55801 35 ~.
07.45015 [ 0.549895 [ 3.827475 [ 46.30000 50 >
103.7707] 0.599883 [ 3.924275 | 44.08073 = 45 ~
109.6217] 0.649893 [ 4.006837[ 42.09719 E @ <
115.2799]0.699874] 4.087951 [ 40.29288 @ 5 ~
120705 10.749867 | 4.169537 | 38 60586 D
25.6301 1 0.799871 | 4.24971 | 36.95854 s
130,278 | 0.849863 | 4316789 | 35.51089 20 : . : . : . .
34.6641 | 0.899884 | 4.395885 | 34.04231 300 400 SO0 600 700 800 900 1000 1100
38.7285 [ 0.949882 [ 4.478035 [ 32.61433 T
142.525 10.999895 | 4.555416 | 31.29023 LR mA
% 4-16 KT ;% & ¥ 4+ Sumitomo T-3100 4% + ﬁ?%*ﬁ%gﬁiﬁﬂﬂxﬁi%
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