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Mathematical Model of Aging and the Life Test
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Abstract GaN LED has got an extensive application for its life. efficiency. environmental protection and other

principle of deep level GaN LED defects and the non-radiation recombination centers increasing are analyzed. And
experiment data with the aging mathematical model, a test method and mathematics calculation method of the life
time are established, and finally we calculate the experimental GaN LED life value. Compared with the traditional
Allen News model, the GaN LED aging mathematical model has many advantages such as strong pertinence, obvious
physical meaning and more accurate life prediction, and has a very good application value.
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according to the principle, we analyze the physical theory of GaN LED aging process, and finally establish an aging
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mathematical model for a GaN LED. Meanwhile, through a calculation of a set of practical GaN LED big stress aging
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advantages. The life question has been the core question, which limits the application of the GaN LED. In order to
research the GaN LED aging process, calculate GaN LED physical parameters, such as life time and so on, the aging

T 98 JEE K L P T T R T A AR R L A A

EEBN: &

FErE BRE A IR A R R RS L
KR EHE: 2011-02-17; KEIEMFmBEH: 2011-04-01

SUmE I

T

0806001-1

FHA70—) B Wl B FENEAYOEF S . Email: lel. jin@sub. siat. ac. cn

5 L/
FE1982—) B A EBFIEAE IR . EFMN S THz % 5 | BT 9E . E-mail: fei. yu@sub. siat. ac. cn

UES#N
o MM GaN F6 &t — A8 1 75 fin FIOL
I RSt 2 R R i 2 LED Rlk Al i 2 28 ()i 2 —

GaN J0t 8 19 B AL S BOE L B3 9 ek
IIID‘

DX 450 2 50 45 74 i [v) RS RO g ) R R .
A 2 A AL P 455 I A Bk B

ERE RSN AN



H # ot
AT i R s pE AR N E A 2.3 ETREARBAMIFEEFEASPFORERENE
LT LED 84k B =2 Wm0, FRE

AR SR TR R G B e A Al i S AR A 0 1 4 T
JEBE S a3 A3 AT GaN & ot AR (0 L HLER L 41
T AT BRI B AR O HAR PR A AL AR T A
N GaN &t — AR 48 1 A5 il iy i

2 GaN& G B B R 85 A
2.1 GaNZX_REZUIEHOMRFTE

WF9E GaN kKN A &l B £ 2B X
JEMK I GaN Kok “ B . B HE A
1E R B AE S LED (9 % 4y » BG4 H 2 ek 2
FIUGAEL 1Y 50 6 T F Ry B[] 00 AR ST PRk o
HF GaN B WA I i — M7 1 X10° h
fe AT ML PRt e 2 X 10" h L b, PR % 30 0%
JI)J5 ¥ © S ARMEXT H A5 A AT 9T . AR S PR 5
b AR SR RN ) 8 5 O GaN ot R
E AL AR L M B IR 2 95 i LA AR BT 8 Ak
P — B h BB R AR GaN B s TR )
HA 27 OB ORE 7 B 4 A 52 e HG 3 bk R A N ) A R
s — PR R B, — Rl T GaN Kb B
iR SR o B O RS A I Ty B[] IR o O T A
I 3 B 7 % AT LAAS B R N g 0 2 Ak o AR L I i
Ay BIVE N oo
2.2 [{RAHTIEER

H T N Mt 5 A sk R S A BT 48 2 S A
R, ] 2] AR AR R 3 P T A% AR R R A
Al BB TR, 45 6 AR A AR | X6k HAORE Y | 5 H50ARE 7 R
e 2 $0- Jl A R A R A8 JL AR B — hi A DA A
NI, AE GaN &6 TR B A B AR B
L EE R g AT IA R H A A A g T

t=cexp(%), (D
K E, BN MIGRE: L B RE2WE. N
0.8617X1024 eV/K; T Z4a %R EE 5 ¢ 228

Y80 RIS [R) A A T B LA

HENAFE e LED B —ii 5 F J6a &1k 21 JF
B — b= B T 28 D s TR) ¢ ARG — % 1 VAT BB E.
(B 50T L B0 A

t=t/exp[%<l—%)] (2)

i H R 373 KOl B A R BEAT I B
E,=0.5 eV.— i GaN &t — #4581 i) 75 i S
250 ho, A]4f M SR A R IR AR A 20 210" h,

Il A &0 i1 BIF 7 3 B L R T 2 B B A0 AR i 4T
KA DRI B A R L GaN ZOot R Z L
A E RN . i Me-HAL & Y 077 7E 2 1 iR &
O FIURAE SR B Hh B B .l T O T AR A
AWt 3 e Mg-HAR 5 Wy A PR S5 A S AT JE
JRCTR BE S B A AR R A A bl S ECT LT A
RWE G X E 5 ORI e E A 2 LS EUL DG
T BB LU 7 0E RE R SUHU L AR T ROtk

B I E SCTRAE SR B AR F8 5 B 5 D 2 H
N R T TR AE sk b AR 58 I 55 v 10k TR Bk
W EMe-HAL AW g A s, k. A 2R T Me-H
P P i v Ak S BE Y 2 T A L& T R Mg-H
eGPy e . B T Me-HAL & i v B AL 2 fE
(9 BGA T8 H o N T 800 1 R A I POk
A BRI B RLAT LU R > Re A0 N Xk Bk ] £ B0
N4/ P

t

R. OCJNh(t)dt. (3)

R B8 KA1 ok B X O 8 H BEAT By L i)
BT ARSI R N, Mg-HAL S P11 i B g
BN EGSORRER N Er - MR [ R 4 BUHH L | L
Xt B K o3 A1 ek BT AR L A

Nh - N@Xp(* Eck_,I‘EF>7
Ny BORAR /N AW ST BEA A RIS B A R
FAAF . (HR Y80 7 Bl iz BLR LLS . 300 146
T BhRE AR R Tz 328 3 (BB 1A AU
TN om ARG R 2O T E 7B B B RE E N
1 I \*

E:?mx <a> . 5

1E LR R T AHE A E iRt
RETEMe-HAb R R E . A& ZH & E.—F
M BE = B AT AR A (B R, (DA AR

N, = Ngexp{[E(. —E —%m (%)T/(kﬂ}.

(6)

fBOE LU — R I AR PF T S — S T 11 I )

L FE A, BERE Ac B[] Y 7 25 i 1 20 O s I

JE s A RO O Lo AE R R TR BES Bk A1

RSP OMERT. TMaEd—4 dL K
JEE LG 58 2% 1 280 1 K dn

€Y)

0806001-2



& AEAE

GaN %25t AR A 1Y 2 A0 B0 0 8 K A il ik

dn cc—nR, X dL=>

% oc— R, X dL=

”1 L

J %oofJRc X dL
7

n, 0

0

Bt LA
n, —n, oc— exp(— R.L). 7
A b AT A8 43 A R] R R — A SR B I ] o AR
At LR G ER T8 Anccexp(—R.L),
TEHff 8 FLA Y 2R AT o A7 B i) 5 3 5 1 A G i 1)
HL R L B I ) P 526 4 A9 A8 B O A i 1
BHBOZIE T TR, 2 200 45 % B LU . A
R 2 O L U B E N

I, oc Texp(— R.L). (8)
254 (3), (6) M8 2L Xtk R AN
n = IT oc exp(— R.L) o exp(— LN,) X

exp —E.—E;—m™[1/(ngs)]*/2 . 9

kT
T AT R AR I A I
JERIT AT 98 Fh 2200 1Y) RO, T A B iR & GaN

K A 1B A I R R A

7= a—l—bexp[* c'exp(d12¥m )t -+ p], (10)

K aom, p HAERFSHE O cod HIEFFSHEL
BT RTRCEBT 0,01% a =0, AW 2T —
5 e

1 = a+bexp(p) = bexp(p).

1D

3 BRSO W) A HESE
3.1 GaN ZR_-HRERZLAL
h T 58] GaN &b AR A I 75 iy B0 A A
FINREES R asm, pabyc,d, TAF]X SR, T
SRR 3 3y i s AT AR S
PRS2 1 T — 41 11 96 LED B & 1k 56,
FLAE AR b BRI 4 413538 4 3 BB 1) 5 mm 1%
LED, 4} 53 A 40, 60, 80 mA [ i B #17 &1k .
6 I 5 B[] ] B 3B o I SSP3112LED S i
S AT RGO 5 S R R AL B 15 F
FIo LED f# 5% it B 2 1k i 1] A 28 £k il 5. an il 1
Fis .

(a) 40 mA (b) 60 mA r (¢) 80 mA
10} = 1.0} = 1.0} =
o8} Y Sos| E ol
g 8 . é . ) 508.
= u = [
2 0.6 . £0.6 206}
g . g » g [ .
50.4- 50-4- 50.4-
0.2 e 0.2 Trea, ool .
0 100 200 300 0 5 10 15 20 25 30 0 1 2 3 4 5 6
Aging time 7'/h Aging time 7'/h Aging time 7'/h
B 1 AR RN 7 R 2 Al 4R
Fig.1 Aging curves with different currents
X b 3 2 ) ‘
3.2 HBSHMKBAE L-exp<d1}€;—m):f(11), (13a)
R T R S8, AT AR ACAS [R] 3
J3F WAk i 2 S 0 HOHE L T SR A 7 R T X Cexp<d12T+M):f<Iz>, (13b)
AT R R R R L AN R R AT B ) PR AR B R I+
SR T B TR I R R SR AR cexp( ) = s, (130)

e & DARA AR, AT 15

: . A (13a), (13b), (13) X HPFE 2 M EER
cexp(dlo—i_m)* L zilfn?&:f'(lo). (12)
i=1 i

iz B A5 3] J BEE , LISk I (13a) . (13b) K

ET I
N P N TSt Ao [T o
SRR A (pe 0 BB TR E (12) Kb £ g =0y (14)

I
e B BT 2 YA [ (4 R IR AT 1 2 A 52
B LRI DU A o IO 45X (E AR REB HEAT Z AL

LA HET 3 AR AL B 3
{}ﬁ@jj(}r\luiitﬁg Eﬁfﬁﬁ\%uj\] I,.L,,I; ﬂ”ﬂu%ﬂ

0806001-3



H |

# ot

T AL SE G . 22 WK K A BT 35 (8 AT A5 480 ofE i 1
d B8 € SR dy .

X AT AW T — N RS d. %0 — 1k
AD A O RAT LIS F]

n= exp[*cexp<dolk$)z}

AP EAHN 9. I, ¢ ST EE T ¢ Flom Z
KRR S8 ok T R R B, K R
(15) =20, F5 ZAC A [ 19 5 56 B0 ok b 47 >R Mt . (1
ST AT R 2 R R L X (15) 2 B A 4R
HEEN IRV UL )

cexp(ﬂ)z—ltvexp<—6g>. (16)

W EAEIE = U, o BYRE WERAASE
BB 2 (16) A AT 8] — KT o Mom B 2
SCHS,

o () == e (= G )= s an

g n hl 77’, d qu

A g IR I A il 2R A B L B ARl
2% TSR AE SRR RV S, i £ (5 KW e,
AT LA S e & ) ik Xl

7= exp[* Soexp(d/;le )z‘} (19)
3.3 GaNRZAZMEMNEGEELER
TERT SCHTIR A 5258w Mk T 3 A 3 1 AT b
2 R o o B s e ARA (1) K e] 15
d, = 0.002kT, (20)
w2 XM ERA QX TiHFE R S ~
3.25X107° N C19) F Ay H 2 B AT A, 2 k0 —
e 8 A T RN T B I AR A s T4 T=0 1
RSB, A T=0. Al 45 I & A i R 29
2.1336X10" h,
1.2

(15

»SO:L
an

0 1 2 3 4 5
Aging time T'/(10* h)

P 2 IE T A 2 Al il 2R

Fig. 2 Aging curve with normal usage

HWIFEMSERAQO R, A T=0, F4&HA]
PIAS R0 2 B 7 B OF 8 T i 24k £k

4 4k ®

GaN % 36— WA 1 75 i 2 14 1) B — 1 2 B
PR A TR L T T A8 2L ST B4 H G
B () 22 Ak et PR RO MR L B8 LA S P AT 9 £ 2 AE
[ e 7 A 22 L S R U e ) B S kL
A% SCHR BRI MBCE T R 32 T PR AL
B IR 2 4k 1 R B AT T BFOE

3 3oF % U B % B s T B D B
A 1 4 B R B AMAT L BE ST GaN R A &
3ot TR 1 B AT TR e X A5 T80 £ e g A 2 1 B
AR AR T AT 9 B BOR M I L o
A B SRR A SE I T GaN & ok R
T

VR B R Bl b I 8 9 52 ol 0 O S B A
BT [ S % 52 3 2 AL AL 0 B R R T
AL . RO S R TR R B HOR R
R B HOR R AR T A R T B

5 F X
1 Liu Xingren. The fluorophor of light transforming in solid-state
white light LEDs[ J|. Chinese J. Luminescence, 2007, 28(3):
291~301
XIATAZ. FO6 LED 25 UL IOR ] 2 F 3, 2007,
28(3): 291~301
Zhu Zhenmin, Qu Xinghua, Liang Haiyu e al.. Uniform

5]

illumination study by light-emitting diode ring array and diffuse
reflection surface[ J]. Acta Optica Sinica , 2011, 31(1); 0115001
PUIREL, fl ¢ 4E R B 55, BT &6 R R TE M9 538 2 5t
FEIE A5 BRI IEL) ], B % F 4R, 2011, 31(1): 0115001
Dai Yutang, Xu Gang, Cui Jianlei ez al.. Micro etching of GaN-

98]

based semiconductor materials using 157 nm laser[ ] ]. Chinese J.
Lasers, 2009, 36(12) . 3138~3142

ORI WL @A S GaN ek A OB 157 nm #OL
WA, F B sk, 2009, 36(12); 3138~3142

Zhang Guoyi, Chen Zhizhong. The basis of solid state
lighting GaN white light emitting diodes[ ]J]. Physics. 2004,
33(11): 833~842

TRE SC PRGBS EUDEEM R — AR E AR
WAF[1]. 43, 2004, 33(11). 833~842

Zhou Yinhua, Tang Yingwen, Rao Jianping et al.. Improvement

S

o

for extraction efficiency of vertical GaN-based LED on Si
substrate by photo-enhanced wet etching[J]. Acta Optica Sinica .
2009, 29(1) . 252~255

JAENAE V38 30, BT AF. DG SRR A 20 i ARSIk R R E A
9 GaN 3 LED (9 B30 1], £ 24, 2009, 29(1): 252~
255

Peng Jie. The major problem of high power LED application[ ] ].
Light Source and Lighting , 2004, (3): 4~7

% . mY)R LED R R B EZ BT ]. LR S A, 2004,
(3): 4~7

7 Chen Huanting, Lii Yijun, Chen Zhong et al.. The analysis of

o

0806001-4



& AEAE

GaN %25t AR A 1Y 2 A0 B0 0 8 K A il ik

oo

©

10

the aging mechanism of GaN blue-ray LED based on capacitance
and electrical properties[]J]. Acta Physica Sinica, 2009, 58(8) ;
5070~5074

PREEE . BRZE, BR b 4. JET A I SR E 2 BT GaN g
FeRA ARE EAHLFLL)]. 2 F 4R, 2009, 58(8): 5070~
5074

F. Manyakhin, A. Kovalev, A. E. Yunovich. Aging
mechanisms of InGaN/AlGaN/GaN light-emitting diodes
operating at high currents [ ] ]. MRS Internet J. Nitride

Semiconductor Research, 1998, 53(3): 1~6

Zheng Daishun, Qian Keyuan, Luo Yi. Life test and failure
mechanism analyses for high power LED high power LED[]J].
Semiconductor Optoelectronic, 2005, 26(2) . 87~127

Liu Xijuan, Wen Yan, Zhu Shaolong. The definition of the life of
white LED and testing methods [ J]. J. Light Source and

11 Chen Zhizhong,

Lighting , 2001, (4). 16~22

XIERGE R A RGE. Bt LED WA 55 A i 2 ORI
w11 RRE BN, 2001, (D: 16~22

Qin Zhixin, Hu Xiaodong et al.. The
preparation and characterization of high power white LED[]].
Liquid Crystal Display ., 2004, 19(2) . 83~86

PR, ZaEH. BmEAR 5. RIE AL LED i1l & 1 R AE
[J1. & &5 257, 2004, 19(2); 83~86

12 S. Ishizaki, H. Kimura, M. Sugimoto. Lifetime estimation of

high power white LEDs[J]. J. Light & Vis. Env., 2007,
31(1): 11~18

13 Chen Yubin. The Aging Mechanism Research of White LEDs

[D]. Guangzhou: South China Normal University, 2007. 44~52
PR, B LED ZAEHLEBF5E D], J7 0. A/ Il vE K2,
2007, 44~52

0806001-5



