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The properties of high—-output white LED on the thermal resistance

and improving reliability

Chung Hyun Lee

Department of Division of Image information Engineering,
The Graduate School,

Pukyong National University

Abstract

As a thesis for improvement of the thermal feature and reliability

induced. by amount of the adhesive resins used to attach a LED
chip to ‘the package, the different results. of the thermal
resistance according to-the state of:a chip area distributed by
adhesive resins used for a production of 1W-class EMC package
with a YAG phosphor and also to attach a LED chip to the

package were ascertained. Since the heat is one of the crucial

factors in LED package, this study made a proposal on
improvement of thermal feature and reliability by regulating the

amount of adhesive resins. The results of thermal resistance were
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measured by T3ster after packaging using Ag epoxXy resins as a
Die bond material in the process of LED Packaging. Moreover, the
amount of Ag epoxy was determined through the values of the
thermal resistance between the package evenly distributed in the

chip area and otherwise. The values of the thermal resistance of
the package evenly applied in the chip area had shown 35 C/W

lower thermal resistance than not uniformly. applied one. The

superiority of the package evenly applied in the chip area which
was caused by about 33,000 hours at 25 degrees, 14,000 hours
at 60 degrees, 7000 hours at 35 degrees were' obtained from
operational experiment examined during 2000hours to confirm how
much reliability difference exists in an environment of 25 degrees,
60 degrees, &5 degrees. based on two results of the thermal

resistance. Tt is- suggested through this study that the way to

improve the reliability ~and to optimize thermal properties by
uniformly painting the amount of Die adhesive discharge to the

chip area is effective. 1 expect the suggestions made from this

study would be committed for the futher development of over

1W-class LED package and also High power COB
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da(z)/dz=R(z)®w(z) (2-4)

o714 Rz)e Aol A 2 Eddoln e 34 AAikA}
(convolution operator)©] M w(z)=exp(z—exp(z)) ¢ t}.R(z)+=
network”} 38 24bd AHHR] Feolal, o] AE Fhe]

21(2-4)e} o]l ndT = A4l
R(z)=Lim((magnitudesr elating time-constants. betweenz and

2+62)/62)(2-5) 6z->0

MR Time-constant
intensily
| I L7 ¥
(Y. T
fa) AIZHH 2Eer AHERS] 0| i (b)Y AZHH ZEE AHEZS| MM

R(z)E 371 93] 93] 4 (deconvolution)S 7 3Ys]of v,
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Pulse & AF ag=z= F714<2 pulse oIzl dfoll A €]
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Z83 &< v Yz/7149 (cooling/heating) 3= F717F &S
T o] 2 Y F717F 0ol S S wg 2A A
ste = AHolmrgE dAgF71e) dEe] wel x7]9  heating
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S 4 Atk A(2-8)2 Rthp-3H-E AH +
Rthp(Z=Int,5)=R(z) ®wrthp(z,56) (2-8)

o] 7] A, wrthp(z,6)=(1-exp(-exp(z)))/(1-exp(-exp(z)6))°] T},
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K(RZ)=dCE-/dRX _(2-9)

o] 2eA dCE = cAda,RE = dx/AA & AoslH ce AAH

28T

)

K(RX)=cAda/(dx/ANA)=cAA2da (2-10)

KRX)E A8 ¢k Aol vlgstr, dol- 52+ Juddz =

ol wEd o= KRX)7F rHshs A da=A <o
zEE A9 WA 54 Aol #AE HEA e Aol
w0l el 2Ae d 55 A=A A5 M2 9
& YEYA S, b4 sk Ew Afolel e d AdS
HolFe AoR AAH Fxo] fete] WHH FTdFE we
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Kxn- (0 2yw/s 0 x2)+Kyw-( 0 2yw/ 0 y2)+Kzw-( 0 2yw/ d z2)=0
(3-1)

AA (& A A

LED Packagex#te] & AAZE 93 T 31 modeling &
2 #F3 84 M S o] &3 LED Packager ke €4 AE
F53 slug® WaH HAE T Y #3844 A
(Finite Element Analysis)ol& #+x2& W] F3719 nx]4H
= AA(node)& ol&3te] FEM ojrtkst A X E HERY
i, olE e M= §714 #AE Ho] T+ 8 A (element)?]
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A Al S 98 At+= PackageA A}
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0/0tlpP)+v-(pVd -rpV $)=S¢d (3-2)
o714 p, &, 1, S, V& T o] AHeolgit)

p =The dependent variable

® =Density mass of material per unit volume (typical unit:kg/
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m’)
r =Corresponding diffusion coefficient
S =Source term

V =Magnitude of the velocity vector

a8l olE vy 22 CFD(Computation Fluid Dynamics)

gele] 5402 H(3-3)7 o] W & <l

apdp
= 0 hxdhx+ 9 Ixdlx+ 0 hydhy+ 0 lydly+ 0 hzdhz+ 0 1zdlz+ o 1tdlt+
Sp (3-3)

olulo] M= T2 AA A5 s W=
23l fiF-d AP A5S o207 Y, £Hsta =34

A FAELE St AT S el = qluH11]

il

_20_



A M3 4927 L B

A 14 %% LED PKG A ZF

AA7HA] EE-LEDE o]-83k wmalol 4ty HhHe I [
6.3 o] ZAzpe] A M YA [EDE-F
A9 EEDSF AL A S pf dte] gl A, A Sl o

FAS Esbete] Agkel= W8], 2e|x ¥4 LEDeF 4 93

= B JHa ok S LEDS o] §3le] Mae Tk

N

Lo WA FrEsksE ofE el e, Akelid LEDS) Azt

7pF vse mgh Zb7he] ERtEE Ao RrEAc] th2y] o
&



A AEe Axdrt 5o FHER dste] dAl F83stel W-LED
=9 diFtEe] o] FEE Fska vk ol B Aol AkEd
W-LEDE 23] % A4 vertical LED chip(Creejit)oll 44 <4 4de]
Hojt  YAG 3 FFAE ZAFs EMC(Epoxy molding
compound) PKG(Fw|vle] aZjib)ell 350mA 53 E = F-53to] [17
6.] IWs & LEDE A=tste A8 83k

Red + Green + Blue LEDs UV LED + RGB Phosphor Binary Complimentary

S.P'Em [;onhiuﬂ
¢ i Combined
] Bhosptor Specmm
a . Emission Bhe LED
R Spectrum
. o
. J .
470 525 590 630 (mmm) 1 [ 470 525 590 630 (um)
RER1LEDx UV LED + RGB phosphor Dine LED

5%
Yellow phosphor

[29 6] LEDE o]&3 oA 3 ww
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2 A7 75 m .

[Z1¥ 8] T3-ster system
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e &%= 3 Al (K-factor)E T3ster® & softwareo] 9

23}, Drive current 350mA(Emitter current 345mA  +
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TI = T¢ +[ Rthj-c * P]

Td ; PN junction temperature [ ]
Tc; Case (electrode) temperatureof LED PKG[ T
Rthj-c ; Thermalresistance from TJ to case [ T/W]
P Dissipation powerof LED W]

[2¥ 11.] Junction temperature #4+2]

Min Max. Min. Max.
Die adhesive I vf P Ta Tc Tc Rthg-a Tj Tj
epoxy,pin dotting 4 1Al ™ W ' e} ra S| el | Jra ¢}
[A}1 0.35 30 1054 o 436 437 85 32.56 52.66
[Bl3 0.33 3.01 1054 433 44 5 4377 4827
[Aj1 035 3.01 1054 & 643 65.7 8.5 73.26 7466
[B]3 035 301 1054 644 65.8 5 69.67 7107
[Ajl 0.35 301 1054 5 91 929 85 99.96 10186
[B]3 0.35 3.01 1054 915 928 5 %6.77 93.07

[3% 2.] 1W LED PKG Junction temperature 3}
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A 3d & AE#HIA

B Ao A= lwattd LED Package®l Ag type adhesive
dotting %l W& Die adhesive void f, ol W& o a3t
o] void7} = LED PKGolA °F 3C/W & A &o] Erh= A
S sttt =4 datas 7]+ 2% Ansys workbench toolS
o]-§sto] A2(25T)dlA el {A]l (Bl &% +XE #45t
sttd, 71 9lxb= Die adhesiveo] 37]% +, ol g &%
X5 simulation?h A= [1§ 12] B dA=E S [&
319} 2ol YERHRITE Simulation 23 2 A =4 Azle}l vz
Al Die adhesive void7} 2+ [AlellA] Junction temperature

7ok g d e AgE fsd.

>

rlo
H
A
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rlo
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Material AHAE=(W / mm™-1 C*-1)
chip 2.4e-002
Die adhesive 0.0075
air 0.026.e-003
Cu 0.386
Aluminum 0.204
PSR 3.e-004
Silicone 1.e-003
EMC 3.e-004
Preg 2.e—003

2
n
i

[# 3.] LED PKG materialell w2 <4
A 48 AN FH
H =52 AgHAA & BE d AR S E5 AFA

=A% S Ag A

A Fo] thE [A], [B] % LED PKG 15702 metal PCBel| 27

=
e
o
=)
i
o2
ot
il
N
rlr
)
i
I
X
|o

3le] 25%, 60%, 8% Chambero] 2z}z} 350mAZ -5 3}
2000hr &<t 250hr 71 & AFA S SAsAn. 54 AH =
= PIMACS A1l 1M A&72 13459 Dropgs =74
vk 1 A3 2709 ol FEA Fel wE PKG 2134

A#7b 2 debd 31e 2tk 2000hr E <t 255 of A
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Relative luminous fluxia.u.)

Die adhesive dotting once

1.01
1.00

|
_..:\\\

0.99

-

0.98

0.97

A= —s

0.98

0.95

= B0

0.94

S T TTUBsE

0.93

0.92

/

T T T T e 1
/25“ 5‘]’0 750 1000 1250 1500 1750 ZIMN
P %
L
) i

Reltive luminous fluxia.u.)

P

= anks

= 60k

—— — —B5L

250 500 750 1000 1250 1500 1750 2000
Time(hrs)

[2% 131 2124 data %Al sHBI]
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Al 58 £ dF

2000hr &¢te]l 214 datas F3 7479 &% 25, 60, 8%
AN =& Aats] wokth [Z17 1412 Lumileds - Luxeon
Reliability (Application Brief RD25) 4% AlAk2l o2 %o
A Z271dgM) B fAE 10%0lskE ngew st
2000hr A1 #4d data® Lo 4SS 23 [29-14.]3 2ol 7
Z+o] s BAAAM Y TS & F UAT2
[A] di¥] (Bl 48] 33000hr B} £ NA AHRE A&
AT 28 A 60%, 85% Al A= Z}7F 14000hr, 7000hr
d AFdol w2 AR [B]Y MEAEe] H FHu= 2HE 25 F

AR

N

rr

[Life Time Calculation Equation]

— (-at)

L=e

-a : Light output-degradation rate (decay-eonstant)
t :Operation time measured in hours

L ; Light output

a(; decay constant)E 7317] gl =71 E2H AF4 A EdataT2 8

A7 717 540 FE drop S

A4 7 71HA Y

[Z2¥) 14.] Life time calculation equation
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[19 15] 25% 95
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350mA/PKG @ T= 60T
120.0%

2000hr 95. 4%
100.0% - e

80.0% | %
15607hr 70%

5

60.0% [

40.0% N

Relative Out Put (%)

20.0% [

0.0%

1 10 100 1000 10000 100000
Time [hr]

J50mA/PKG @ T= 60
120.0%

2000nr 97. 6%

B S

100.0%

-~

80.0% | | L | o
29?22?\30.0%

60.0%

40.0% r

Relative Out Put (%)

20.0% r

0.0%

1 10 100 1000 10000 100000
Time [hr]

[19 16.] 60% FH 5
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Relative Out Put (%)

120.0%

J50mA/PKG @ T = 85¢

100.0%

4000hr 94.9%

80.0%

60.0%

40.0%

20.0%

0.0%

Tl

987hr 70.0%

10 100 1000 10000 100000

Time [hr]

Relative Out Put (%)

120.0%

350mA/PKG @ T = B5TC

100.0%

80.0% -

60.0%

40.0% r

20.0% r

0.0%

2000hr 96.7

%

21616hr 70.0%

10 100 1000 10000 100000

Time [hr]

[19 17] 8% <4 o=
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ANVZEE

2 A4 & Die adhesive el & A 548 54

3to] Ag paste ol W& & A& glo] g2 AS g9l s

At 1 Ao 2= chip WA Die adhesive’} ¥ dstA =
X A ol void A o= A3t air gapO] A7 G olELS v

sl & Ado] Zolxith
ol= ZAFA d&ES 7 A 7] Wizl 1w powerw PKGol A
25%, 60%, 8% A A AL Aol dult xFolifar 4l g A

S WS B AFE F3 g 2ol AAEAr s
(1)LED. package &A=& A % Die adhesiveES Lead frame©l

Aol T3] AA-UA G 4 F-0F chip d4ol] dFdeA HA
5 dHE&o]l drby Aol Y=AE FlSAHh chip

B3 HAYA &S A &3 @alE= void(air gap)
AdES oA Hok Aird I

026W/mKZ " A Z=A2¢1 Si 150W/mKe}F Blal 3&



(2) Void 1, ol W& 4 A 54 23 void(air gap)7F S

= LED package 2#Fe] & A3 85T/W #< el & + ¢

30

AQa 2Ex & LED package A#e] 4 A3 5C/W=E 3
5C/W ztol7F &= AS g2l & 4 Aok F packaged] &
&S SAs7] A8l Als 108 S S48t Hd@s 42

Aol o},

(3) 4@ Aol 35T/W Aol He AL st F
package<] 25%, 605y 85% Ao A}L LED packages -5 3%
= A A=A el drty Aolu= ZhE #<lstr] @l metal
PCBd 571 #&E=&Z 350mA AFE A7Fsted 1W  powerw
package® 53] 2000hr &<t A A S v dte] Bttt

B FE FRANE2000hr T B FaES] 96.7%,

N

08.7% % <4 #3ko]l =2 LED packageZ} LE A 92 package
of Hlsl 2% W& A d¥E BHow, °olF Lps AFL
2 %S5 weo $£9L& oF 33000hr Aoldtt= AyE AL 4
AANTE 60 FEOlAE 95.4%, 97.6%= 22% zpoluym £
Aoz AAE A oF 14000hr ztoluvhe= AE < & F AU
th b vZFA R 94.9%, 96.7% = 1.8% =Folvfal 4=
o & Axt A3 oF 7000hr AFelt} & A 7ol 35T/W w2 A

oL
>,
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