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Abstract

Abstract

The size of GaN light-emitting diodes (LED) became smaller and smaller under
the same efficiency with the increase of light output power (LOP) and optimization of
fabrication procedure of GaN light emitting diodes (LEDs) gradually, which also
induced the LED fabrication cost decreased. And thanks to the cost down of LED
chips, its market share percentage enlarged a lot. Therefore, research on the reliability
of the LED chips and its improvement gradually became one of the chanlliendges for
the LED application, especially for the research on the long-term aging failure
analysis of LED chips and on aging failure analysis of chips under the harsh
environment.

In this thesis, metal electrode (PAD) performance of GaN LEDs chips is
investigated. And we have improved the reliability of chips under long-term aging and
aging under harsh environment. At the same time, a new PAD was designed for the
purpose of cost down by reducing the consumption of gold and platinum. The primary
achievement of this work is described as follow:

(1) LED chips will have a certain failure probability when the cross-section current
density of finger over/or close to 2*10°A/cm? for R-PAD (ST1). And its failure
probability will increase with the enlarged cross-section current density. The
failure chips mainly appear as the increase of VF and/or the degeneration of LOP,
which resulted from the electromigration of Al, with the finger burns and/or
bubbling.

(2) ST2 PAD structure was defined as the barrier layer (Ti/Pt) of ST1 replaced by
(Ti/Pt)*, and RD2 structure was designed as the barrier layer of ST1 replaced by
(Ni/Pt)? as well as the replacement of Al by alloy AL doped with Cu (<5%). And
compared to ST2, the high temperature reliability of chips with RD2 PAD is better.
Also, the metal electromigration of PAD and the reliability of chips under
long-term aging at T;=150°C were improved absolutely.

(3) The adhesion between PAD and passivation (PV) is improved by adding a Ti layer
of 5-30 A onto the ST1 PAD (RD3), which can against the erosion of H,O to LED
display chips. The migration of Cr during the aging of 85°C, 85% humidity and
backward voltage (-5V~-10V) is reduced by RD3 PAD, with the peeling
percentage of PAD due to the migration of Cr decreased and the time when PAD
peeling appear elongated.
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(4) For the purpose of cost down by reducing the thickness of Au, (Ti/AL)* were
inserted into the ST1 PAD (RD5-x), and the thickness of Ti is optimized (x=0.1, 1,
2 kA). And we got that, RD5-2>RD5-0.1 ~ ST1>RD5-1 for the long-term aging,
RD5-2>RD5-0.1 > ST1>RD5-1 for 85°C, 85% humidity long-term aging, and
RD5-2 ~ RD5-0.1 > ST1>RD5-1 for the overdrive cycling test.
Keywords: Gallium nitride light emitting diodes (GaN LED), Metal migration, Cost
down of chips, LEDfor display, Cr migration, High temperature reliability,
Limited current density
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MEHARFRFEE. REERZEDFRFRPAAE YT 2014 4
R F R, URFHMATK AR %S &L —4RE (Light-emitting diodes, LED )
XA T AL IR = BT, Kb S WE B —RBK T RS BRI IEA
BDLR N R )z kel EE R e R BT R 4R, B 2020 4, KOt
AR A E R B AAT b 15%¢h & IR I FE, T 2 2035 4, X — B A KA F] 30%--
W4 261TWh ( KRB ) Bk &, B E¥ Bt 260 £ T, mk T, LED
TERKRERTLF LM ER R EENAE.

11 RAREWER

B H. Round # O. V. Losev T 1907 45 fu 1927 4 & 34y T AL AT 49 v Bk St
%% & —#i% (Light-emitting diodes, LED) & St #y 2 ah ), B b, o7 3 3 8% {b 7
(SIC)Rh & A%, EHEWM=. W+4E, FRENFRTE. FUK—
25 -V &3 $4K (40 InGaP. GaAlAs %5 ) By i Bk KR, HiEH T AL
KEFpnEhha Tz xmEgasl st —RIFREANL
b ARG —— AR T k. N. Holonyak T 1962 4£ & 3185 %] 7 % — A~ GaAsP
205k LED ), #EghFal b, G. Craford i #| & 7 GaAsP 345 % LEDs, [ /&
XAB4 K T GaAsP FLkAnE K LEDs B, [ R ngh iz B, (R Tt
IR E N AL LEDs RECEILT Bk b R F. AT, XL LEDs By & AR K
Ak, EmEAR, HAEHTL@EY.,

FEIEH LEDs i N Ea@ P, W E)FhF 1970 FREBRKN & B-FAHIA
% HNFE A (Metal- Organic Vapor Phase Epitaxy, MOVPE)Z&EH R, #FHEKE
FiE GaN # & KL n Al fn p ALk A ek, ERMHEB T MOPVE #ARH X
B, B ARFZF | Akasaki 5 H. Amano &1 T 1986 4F R Ih &% T & i B o B4
% GaN™, Fi/5, S. Nakamura & F, 7&# iR K b2 = 53w — B AR F &,
T/ Mg f1 Zn B B 24K, W5 % £ GaN X H = TR & (InGaN Fz AlGaN)
Hop B BP0 B, %= 0k AR TS Al A In By R85 6 I R A A
P, Xt T4 5 LEDs M AL E B dE ¥ EEMIEA . 1994 4, S. Nakamura
R @ % n A fo p A2 AlGaN = 8 4m A\35 Zn B InGaN & M Bt 3¢ 1
WERRESEA, HREIT LA 2.7%5NE F%E (external-quantum  efficiency,
EQE)# ot LED, F 11 A HEA&MTER M B mE 11 TUES, S48 E
H A A B 1 GaN 2t LEDs # 25+ 2L 4
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n-Elecirode

n-GaN

GaN Bum”ar

Sapphire Substrate

B 1.1"° InGaN/AIGaN FU it 45 1 F & b — & 454,

Fig. 1.1™! The structure of InGaN/AIGaN double-heterostructure blue LED.

1.2 W4 LEDS %K) &

LED & F#ARZ LED WEFHARZ —, BRI 2K LED S A TR £ &
AR ZKMEE: B LEDs R B P E S J%)’%ﬁ%ﬂtljlj:r% LEDs & F) .
[ 4h ey LEDs % B ) % £ % 4 B T4k (Nichia), CREE, Lumileds, BX & Ef (Osram) ,
B SARE, FEEE) W E LA UL (Epistar, 88 ES). # 4 (Genesis
Photonics). 17 7 (Everlight Electronics). % 7(HARVATEK)%. HEKIE B *
FAZZOLE. 2N Ak RahE. mEOLR. ROk, LARE

[ 4h LEDs i A 7 % LA B A Nichia 2 & #n 5 [£] CREE 2 & 4 X%, £+ Nichia
INE] R SLT 1956 4, T 1993 K TR ¥ — B ¥ % LEDs, FEjE, 1995
EXTFREHTHREE B4 5K LEDs. %A 848 B iR T 7 AR,
EBAECKARBARLA, UWRETEFRINE L HA. £E CREE A F
WA (SIC) 41K M GaN FAME A HA . S AHEEA, URAHFE
AP, XLES LEDs ,\H}’ﬁ’&ﬁif LEDs #h#& & KT, HX
Nichia /&) fn % [E] CREE /a8 fiT 4 = iy & ot LED # fit & | 48 13 180Im/W % 3K .

HE KR LEDs X R BN A= % w hw, A kLT 2000 4, 2 B Al
Vﬂﬁii%?\%ﬂ’f?@%ﬁ%é@%iﬁ%‘iﬁz’i%”’f&ﬁ%l\ff\&%ﬁfiﬂk%é?%
. ZARARERXRXREMEN “BERGEALATRIE L. BEXHE
HAE R A FAE Hﬂiﬁ%ﬁ%ﬂk”, AEHER “8637. “973” X% £
FRRM, HHAEREE LR TS REX R L FARF .

HE G LEDs ¥R BN & ok £, %A E M LF 1995 4, HETE
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LNBREFEEER T RN —E SiOp 40 KBk, AT B0 W &7 2%xM,
Z. Che % A\ 3¢ W3 3R AR B PSS 41K, £ 3L GaN flip-chip (FC) LEDs 4k E
A 5% ERg3R A M. 7 D.-J. Seo AR A RE ITO Beyhf, AT
WA O (EL) 58/% 19.7%H 3 718,

MESHRTHEE— %D, LR H—FRA, S TEENE R
Bk, KT AE T RN KRR EEARD, ARG KH KL
B AT AR S R R A T R R i R KB B A . R
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1.4 R X EW
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R—ERHERED, TENET AR E R, BERUERXNEENE.
REGRGENET KN _M% (LEDs) Wk B)h#. ME, NETE W
T LEDs X Bt IR LR EE &, 1807 LEDs S F K B E KT A, [
B, 38 W T YR E WA A B LR IR AR 44 1 LEDs ¥ F A L E R, 48
W& LEDs S WA &, TR EH#HATHAR AR L. KNG HARXWHRTE
B, BREIY Fimd B WA (PAD) MEEMAF TR LEDs &M £ (K
MEMN. BEEEZLLF).

B oER XGRS, EENETENSXNT LED & Ao AL 4
M2, BB T AT Ko PSS. CBL. TCL. PAD. PV LK% DBR % #{t1t,
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HRE N APAD bR, —H BRI KELED SN TR, 7 —F W
T 2 A AR

FZFEARMFBREMNAT EZWNE, XAEENHT LED X H i F R
TR LR B HIE TR TSI, wEEEE. emnkE, it
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FEL% BB TilPt A9 th %, oAl NERRREE G h Z R L A daT
MR R LT T A, AEMRA ST R E s e B it
&b 1 AR A

JiiE, @ PAD 5 PV Z JE ftE RN A, LI T SR IACGRZ A g S
WIRA, AT BREE e RBP4 R Critfh )L,

FLEERMAIENNRN, K AUEERENEER, HANE Au B X
W AL &, EIT LED & Homk R AR T, a4 V&M RAZEHH
b T B R B KUK, S LK A A L B IR IR R I DA R 3 R A 1 B
MEHAT TR —WIIE.

FNER X REELR R TS T RNEL, B4 T AN Lk
B AL IR A AR ) TAER I T — g TR,
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KA ARG R R AR W — b, R — RN R AR A RO B Y AR
HEMFL SR MG, B pn B4k, BFEESEME, pn LR
AARBRIZ, Bty wER, ¥ pA¥2RE n A ¥ PRGEER K+ T
REEK b, ATt RmE 8RS B 4 X (p-njunction, pn#) ¥, 4o
217, pn &R 2w THREN (¥ PR ARG FARE -G F) WK
A,
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B 2.1 pn &R A,

Fig. 2.1 % Diagram of pn junction.

EEREH-RERmE M EERBERE, p KR fon REFABIGERT
A pn MR um WA A A S, T & B KB AT K. Bk 4,
AN (LED) By 3k EE pn &, W4k LED & Kb 303 b, IE & 3 38 Aw
AT -2 SR RABFORERRE URRABERRTRE=A
FEER: METFRE=NETREAERRE*HERTFEANKE.
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#A14iE, GaN LEDs & F3m#l 2 £ F h WAL ¥ £ & 41K ( Patterned
Sapphire Substrate, PSS). ®.Ji[H#4E (Current Blocking Layer, CBL). it
¥ # 2 (Transparent Conduction Layer, TCL). 4 & W 4%E (PAD). #i{tE
(Passivation, PV) VLK K 445 (Reflector) 4640 ik, H#MAYIEL LEDs &% H
sl A2 2.2 fron PO T S AR A AR EANE WA EE Y LEDs A #
M5 B AR A E PR A LEDs K 3E £, AT AR AL EJLANJ7 T F A
g — T Ui F LEDs K AR EWH R HE.

rH = TotR% ==

& &

PAD lift off = {{:Si02 =>

#BPAD =D

B 2.2 ”% GaN LEDs % A sl fE i 2.
Fig. 2.2 ® Fabrication process of GaN LEDs.
221 AR EE B4R (PSS)

PSS 4K 7T LA BB D GaN SMEM B 4E % . #tmm ) AR X AELE
SE4A, ®E LED Fa. FES, AIRRX AN AL EEE 2 K # % m LED
MNEZE AR SENLE, REAWEBRE, EH PSS #TRFIESNE R £Z
WA BT A AR T R, WRRARERARN T E, WEFEN PSS #K T MR
F 30%-50%8y % & P F bk, @it B E PSS 4R A LED XA R E AL
RAREAN RN EZ—,
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