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Acceleration Test for Package of
High Power Phosphor Converted White Light Emitting Diodes

Sungll Chan” YangGi Yu" - JoongSoon Jang

Reliability Physics Research Center, Korea Electronic Technology Institute”
Reliability Center, Korea Testing Certification™ -

Division of Industrial and Information System Engineering, Ajou University™

Abstract

This study deals with the accelerated life test of high power phosphor converted white
Light Emitting Diodes (High power LEDs). Samples were aged at 110 CT/85% RH and
130C/85% RH up to 900 hours under non-biased condition. The stress induced a
luminous flux decay on LEDs in all the conditions. Aged devices exhibited modification
of package silicon color from white to yellowish brown. The instability of the package
contributes to the overall degradation of optical lens and structural degradations such as
generating bubbles. The degradation mechanisms of lumen decay and reduction of
spectrum intensity were ascribed to hygro—-mechanical stress which results in package

instabilities.

Keywords : Accelerated Test, LED, failure mechanism, discoloration
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1. }\:Ii

T

&Y WA LED(9]s, & ¥ LED)E 150 Im/W o]/ duyx &&33437 =2

, Ae Som xAY FPow Zhgry ¢ltd Dupuis and Krames(2008). kel

(T&AF 350 mA ©]) LEDY 82 Auzwgo=z Hy %9 7125, 2 4

(undersea) =% So® A5 9lon %% LEDS A2=d" §&& 9siAA

e Hardy et al(2008). &= ZF

Q{— =2 %9 (road hghtmg system)2 52 3 53 T2 sAHAA AL
v =2 AlEAdol 2 9-H T Hul et al(2010).

A &go] =& 11EY LED WA F3d2 &34 ¥ 3k (phosphor converted) 7] WH o

35 = A M3k &3 (phosphor)oll o8] WHEHE A iﬂé}Oﬂ ‘ﬂiﬂ

F3&3th Hsu et al(2008). LED #7]1x 9 715 A4 @7Ho=2HE LED & 233

oA dAsl= ES yro B WEste 9adS 33t} 53 9o —ir%(extractlon)% 1EY

H tlo |

NI
)

LED®] F&3 7]soltLiu et al(2009). whebA 11E= LED®] Al=® 85 feiA A&
gl Age A Al aqETh

LED®] 4ol g Hol= vz A2 7] AG(ASSIST)o A dnkzrg i) 2
ZHow FE3Fo] Pustn Jduk dukzw e F<E(luminous flux)o]l 27| XXt 30% 74
ANES o] gt Aoz AHosly L70% o2 Fddul agla FAxye 27]A hH]
50%7F AstE = AIZFS o s dAgt [6]. LED AlxAbelA o] LED 244 4yt
e FY7IES 4838t o 50,000 AlZE o] dS ®ZFE Calleja et al(2007).
LED?| & w3 AFAo 3t 8% 4= LED 3 B} d7)#2 &3 2 ugo] 9

o
2 %

ggko] AttE= 22 Meneghini et al(2010), Trevisanello et al(2009), Kang et al(2009) %—
o A= ew LED Hx9S wEokA otk T8 ol s7|A 9 dste
olty. 1Y A7 & LEDS AFAIG 751 Al E (accelerated life test, ALT)Oﬂ
gk A= LED F 9159 H7t2 H71x] 2% WAYUS7IRE A=A 83 7HEFE A ol
gk A7F wol AR g e AA ol

wepA 2 AFolA= EY LED #H7IAY 1% Uﬂﬂ‘/li"ﬂ 7l z2e TFEAE
st A F710 o H71A o] 1 wAYUS S 98 71 W
g8 Fol JESD22- A118-4 A&-315(110 T - 85 %, RH. 130 T - 8 % RH)A|
st [11]. 2 A9 A AFxY 5715 7HEAIA #71A dFol 57
71 #] A=) A "47}/\]{} 4= 7 e Aot e &9 TS AIE Y
HAUZ g S (validation) HEE €3] LEDS dsHES #7|# 4%
Bt n Fup A o] A 837 (Infrared Spectrometer)s< ©]-&3to] 3j7]%] A3le] o
AAE Atk & =ie] AL 28 AdA R ik Rl AF bl ek
3del M= A F9 LED @& 54 3 d714 54 AldZ3et s71A d3}el
atAth o2k AP ARE vt o 44 M= 37 A] a wAYFINY] AR
tjako] Atttz gt
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2. A HH

1Z%2 LED 9714 714 A3IEX
AbE3 T a1E2 LEDS +&%

%2 Al (encapsulating material),
=

oL
ol

14& 913 7FE Al 7k 1wWs WA LEDE
<% 1>3 zo] LED #(chip), 7] & (substrate), &=}
A (reflector) 18] Zak~8 @l Z(lens) & A FH o] QlT).
W3 W= flete] 5% Y(metal ring) S AHESaL ew LED 3 ¢l &S

(solvent evaporating) WS A8 FFA 7 ZE ] ATt Liu et al(2009).

rr

iz

Lens

Reflector

Chip on
submount

substrate

<29 1> 1EE 94 LED F+x[12]

oR
rlo

a0 pn BALE 135 Toldte] Z7elA 50,0004t o4&
3 vk EE LED  Hd AAEE 150 Tolw, Al €1 H(solder point)
7k 9] &4 A & (thermal resistance)< 8 C/Weolth [12].

A7tekA] ZE= 7S F7]1 WA A ¥ (accelerated moisture resistance-non-biased
HAST, non-biased HAST)S =& %9 145 A& A& AL8ste] dE(hermetic) s A
e WA AFgH e ALEETE S A FUIE H71A] AA Y] S5 =
F|7]x]e] Atelol] F71XF7F 7HEE Y] FEA 5] F-2(corrosion)# €] 2 % (ionic contamination)
o dle] & & vk o] AR FHE F7IAl o WA nGE TFEAIA H 7] 9
HIMA S G 4 Qo
non-biased HAST Al@ &7 <3 1>¢F #Zo] JESD22-A118(2000)¢ 4 ¥ iLst= 110 T -
850 RH %73} 130 C-85% RH 2705 1Halo] A@AE 2% 1A= A9
AlFe 7tE wbE =2 o314 & (accelerated repeated measure degradation test) 2 E 7 3
skelom 100A%F tA g &% LEDO deso SAHsIAT SAHAZA A izt A4 =
skl APzl whE & 2443 ol SASIAT o] e ddvES REEA
AL (ASSIST)ol A ALst= LED 2% AME7]ES A&t %7] 3<% (luminance flux)$]
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<E 1> FESAIE R a7

T ANdzxA 7=
A= () 10 10
S 5(T) 110 + 2 130 + 2
= 311—.’}_.
272 (9) 8 + 5 8 + 5 71452
30% Z%i
435713} (atm) 1.2 2.3
Al & Al ZH(h) A FAE TZAA T 7HA

3. 49 € u%

o

Aol 1= non-biased HAST A& st st L 74 EA So izt 232 A
A Y, gk FEdAn A3 o] AHAFAIEAN A TS A& H7]X 2] I3t dgh
S A A

]_

o
o [

=

31 @& €3

non-biased HAST A]gol| 29|t F&o he <y 3>3

Zro
o] tiEk ZAe 350 mA LAHNFE dsted o 27 A A3

=)
o
=
[
L
12
oty
i)
32
I

g o] F&o] v
FdeA 25 T, 50% RH Algdz7A A 29004 H7kA] 0.7% F&x8 387 Gl A
oA o A wstetA vt g 71 @ HAbA W= 53 e w7
ol¥e] Wzl wAEA] egkth Aldx 110 T, 85% RHE 700417 ¥ H B4 747}
30% HAsEAom 900AIZE § 35%9] HAE Fld 4 AUtk 130 T 8% RHAlA = Ald
T 400417 - 30%9] Hat FEEstE A & 5 ATk HEFHEHAY & rEAEEA

R 7] % ¢ gz (yvellowish brown)o] A3} $d ).
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=20
ol 93t H7)#] d3}o|t}. Narendran et al(2004)2 3 &3 o] wE o3} Uﬂﬂ‘%*ﬁ‘ﬁi pn
A (junction)e] @3 F-2 13- (short wave)?] ol 28k 54| Al (encapsulating material) 2]
4 (vellowing) & & FA A Yang et al(2010)9] 12/AF(85 C/0.7 A) A=

A7 7 (leakage current) S 7ket aAl=e] W 18l A (crack)o] TS glstA T
ol Aol FAIZHEO T, 6000 h) ~E#zclAe] Zehxag dl=dstel LED 3 B4 dol
& LED 3 AgAse dstel that W82 Hsu et al(2008)°] ¥ &}

t al(2009)2 11, 11F@®5 T, 85 % RH 515 &2 Alg4d3 F7] 7Fel 9gk LED
% aL% JJr FFA d3tE B F AJT 2FEA A AR F5E 719 718K vaporize)
2EY 2 FAd o spA e Aade gl iy £ F3A dst 2 &8
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(dissolution)ol] &3+ F &= AAE & 4 AUTE Luo et al(2010)2 2= HAFA] ol ok
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LED e T4 9748 455 melw F 49 U
o|t}. Trevisanello et al(2008)2] Ao <]3}

(o
o
rlo
o
ofd
__)‘4_1"
fol
o
o
ifieA
o
£
[N
lo
E
1=
u
i)
k]

FAZL o FAA Fow 1 el 2A Frh

<E 2>E MEFHAIE AIYE 1% LEDO ~#Ed 4
100 C, 85% RH Al@eolAl 80041z A1g & BE A g4
oG wGgA mabe] Hax o] Ayt 7h7b 48%, 33% wAEklth 130 C 85% RH Al¥
AT 40047 A F ARG HAuA = 51%, =% o] HuxE 29% Wolt agx
of AlFA AFAIRS 60%7F 7 EAEAT <29 3>, <a¥ 4> AdxdE AY

Al zbol] e A~ EHo A7|HEE YEFH L vl Meneghini et al(2007)8] 743 349
£ oss)v FFAFAS wFapge] A Ast AAIAAE zr=th Tan et al(2009)2]

DA FAvEe vt A e EAdRY & 49 LED J #d ngoes
FAH AT ek non-biased HAST Algle]l F=dA¢k LED o] el & v A

= FEd0. LED 3 dstel o A=Ef o] Wate] g Bk AAF WE2 33
2 LED®] -V 54wlstell A drgstaict.

o Jot > ¢

<E 2> AEFRAR AE AdAFe Bok
A
Algd x4 35 100 h | 200 h | 300 h | 400 h | 500 h | 600 h | 700 h | 800 h
M1 Y
455 nm 0.00 0.12 0.23 0.29 0.37 0.40 0.43 0.48
110 C
85% RH
560 nm 0.01 0.08 0.15 0.21 0.25 0.27 0.30 0.33
455 mm 0.11 0.24 0.44 0.51 0.55 0.57 - -
130 C
85% RH
560 mm 0.04 0.12 0.22 0.29 0.29 0.32 - -




Relative Intensity

Relative Intensity
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0.2 1
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v T T T T T T T T !
300 400 500 600 700 800
Wavelength (nm)
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6 i b) 0.93
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0.8 uH130C200h
| uH130C300h
uH130C400h
0.6 - \ uH130C500h
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0.4 || Y 2
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0.0 + STt
T T T T T T T T T T J
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Wavelength (nm)
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3.3 i1E9Y LED9 I-V §4493}

LED®] telo = EAFXM(olst I-V §4)¢ ®wste LED 3o E3E v gttt Nogueira
et al(2009). A A F(leakage current)®] E71= U5 %A--E(multi-quantum well, MQW) 2]
B2 & (tunnelling) A#F& ddd 5 Aot o8 g A4S LED 3 W9 9l (dislocation)
S e Ao o3 TAFT} Yang et al(2010). I-V EAHME] i3t A7 2432 Buso
et al[24]9] AF7IEAHAA 572 E A g (equivalent series resistance)?] A4S &E2ls}t)
712131 Meneghini et al(2009)¢] i-2#7200 C, 100 A gl Ao F7tE A7 &

T AATE A FTEe] Yo ® LED ¥ Ev gt ffolojo HEEA sl o5 ¢A
He Ao gl & = A <2 5> non-biased HASTAIE %9 -V 54 & e
Wi ok FE5e =2 ATt %‘gg}ﬁihfﬂc Bt MR AE & FAHSske] Wst
= A LED e 2Ath 3+ non-biased HAST A3 ~E#| 27}

0.10
uH110C85
uH130C85
before
<
S 0.05-
=
(&)
0.00 T T 1
-2 0 2 4
voltage(V)

K

<7a¥ 5> 110 C, 8 % RH®} 130 C, 8 % RH 7F&5A139 % -V S4dWst 1)

34 H71A A5 Es3

ket w712 o] st o A%t} 3.3 1% LED9| I-V
dst= A S AoRE dE
LED® 3 =¥ 543 A=A LED o Aol wol o= v J3A|, eAA 18
Fo g 7)Ao 94 B 3 AlEAFe T8 %S gt LEDY SAAR
How Algel), &4 15 (elastomer) 13l FA](resign)

=
ded 42 LED o Te(sealing)¥ WH SAAE AgsiH #Hd



(phenyD) ¥ ™€ (methyl) 59 dito]l AR&ET. #HE7] 3Fo] w2 A

=4&¥ Akt 2 A Aol Hojun FAHAF} FAE A= FA A
a2 g A d3A = LED oA w3sts A de &4
dozol et 9 "lo] Abgh(scattering) To| AgTh FFA A ] W] sk
Az &S 7HAE 7 Aok =3 f71#] FAA8RQ A= A3 vl H o
HEAL 5o o) We] wWrgo] FAHZIo 2 ¥ (convergence) st

91t} Liu et al(2009).

i
iui
i
)
[
fr
e
clog
e
¥

Tsai et al(20000¢] 4743} 1 /HAF Fo wFe LEDS 3 29 g9 AYZS
AeE AN EAE FA) B FES B FBRAZL ATk Luo et al(2010)9] A7
A@As A5 2404 1% LED wE #7149 F713e] @ # Hel das
AAA LED Ae] 4714 54l vl Selstgieh wd wgel d@ BelH 2429

5 o
Al =] 7]¥(bubble) 5 & 4 AATH
non-biased HAST igA| =0l Wt FatdAn 7 AArAy <29 6> o] sf7|x]e] 5%
3 (hydro-mechanical stress)oll €13+ Al 7]¥E(bubble), A=FW & v 181l B3] 719

sz A (yellowish brown) WA o] WAIS RS @ = QA

ol
A =3

LEDY %<& d3lo 43S mHth <a9g 7>& 14 LEDO w3k 7§ % (decapsulation) 3
ARl 3k A Aot} non-biased HAST 23] o3k Haj2 Ay dl=o] 7o
HAS 80 4 gtk webx 2EE LED 71X 9] A e Ao v o3
B Aoz FETE £ dJvh. HeM 37 (infrared spectrometer)E A3 H A
A2 Ao gigk stetd ] EAAY Hdr] Aol AHEE ZoE AU HE 7
AP e A =2 dy o] g Fo A AR o] AdANE wE el H3)] F7]el
F oFstet.
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<29 7> non-biased HAST A1g & Az A d3} #4247 AL ¢

4. A&

=3 LED9 #H71A el 7123 7t&EAE $9o 14 wAYS 4] 27
giste] =3tttk AlE-2 JESD22-A1189] HYS A7FekA &&= 7y F7] WFA8AE
(110 T-85 % RH, 130C-85 % RH)S AAatgion 1 W 21%% LEDE AL&3&t5th A&

1. non-biased HAST Al@ollAl #j71#] dslol] ofgh @& 2hAE AT = dqdvh =3
LED F 2% =9 Eq (455 )9 747 F3A ¥ =2 E- (560 mm)

AE & F A

2. 1%9% LED #£9 543 93t #7714 e Ao & v d=e 7 53
2o H71A age o9& LdAsk T

3. H7IA WAy 3 e Zad i nARAAn sf7)Ae FH53 3 F(hygro-
mechanical stress)ell o]gt A2 Ae] WAz} =] vAl 7]EZ(bubble), 2t +19

e A wF WAUZ ANxd AE5

Ao F @7 A 2ol 712 &% LEDY 7hs
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