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Electro-Static Failure Evolution of GaN-Based LED Thin Film
Chip with Ag Mirrors
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Abstract Through electro-static discharge (ESD) strike, we investigate the electro-static discharge failure
phenomenon and study the failure evolution process of a vertical structure GaN-based light emitting diode (LED)
thin film chip integrated with Ag mirrors through electro-static discharge (ESD) strike. Results show that a black
spot appears inside the chip subsequent to the application of ESD strike. With the increase of ESD voltage, the ESD
black spot gradually develops into an electro-static hole. Based on the focused ion beam etching, the cause of ESD
black spot is clarified as the reduction in the reflectivity of Ag mirrors occurring when the p-GaN and Ag mirrors in
the LED chip are melted by the high temperature generated during the electro-static breakdown. During the electro-
static failure evolution process of the LED thin film chip, the GaN coarsened hexagonal cone structure around the
ESD black spot becomes smaller and denser. This is closely related to the degree of electro-static breakdown.
Therefore, the high temperature generated by electro-static breakdown influences the crystal quality of surface GaN
materials.

Key words optical devices; light emitting diode; electro-static failure; ESD black spot; roughness surface; Ag
mirror
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A, 100 133 6.75 5.28
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Fig. 3 Chip morphologies after application of different ESD voltages. (a) 300 V; (b) 400 V; (c¢) 600 V;
(d) 800 V35 (e) 1000 V; (f) SEM image of ESD black spot in Fig.3(e)
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Fig. 5 Photoluminescence micrographs. (a) Before black spot emerging; (b) after black spot emerging
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Fig. 6 EDS component analysis of electro-static breakdown spillage. (a) Electro-static hole measured by EDS;

(b) EDS energy spectrum of electro-static breakdown spillage
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Fig. 7 SEM images of GaN roughness surface under different EDS voltages.
(a) 400 V; (b) 600 V; (¢) 800 V; (d) 1200 V; (e) 1500 V
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Fig. 8 SEM image of wafer C; after FIB etching

FE R NI R B ESD B 5, B ESD HL R 1Y 3
TR R T B RO R B R L AL . R SIMS
XFth i ESD M S HEAT IR AL B S #E AT FIB Y1 OF
76 SEM P g, & 31 ESD M 5 2 e o 25 7 AR Y
% [5] e K S 8 A i R BB AL T AR Y . ESD
SRR I TV R ik Rt s 2
TOCBUE S E R R R L ESD B B A
PN 25 O e 9 i o, o B B0 U R L G 2 5 2R
. THERVILESD B AURE M Ag HE RS0

2 % x #t

[1] Schubert E F, Kim J K. Solid-state light sources
getting smart[J]. Science, 2005, 308(5726): 1274-
1278.

Whitworth A J, Sherrima F A, Chalaka A K. Silicon
sub-mount capable of single wire bonding and of
providing ESD protection for light emitting diode
devices: US6642550 [P/OL]J. 2003-11-04 [2019-10-
21 ]. in/patents/

http://www. google. co.

HL4H GaN % LED At 2% &% 9 91 1 % BUE 505
LED &5 i I ESD 8 7 B J& [ A9 GaN LA 1 9 75
FOHESE R BB AR /N I LG 2B R S
T AR A EUILR .

(3]

1023001-6

US6642550.

Steigerwald D A, Bhat J C, Collins D, et al.
Illumination with solid state lighting technology[J].
IEEE Journal of Selected Topics in Quantum



i

(4]

(6]

L7]

(8]

(9]

[10]

[11]

[12]

[13]

Electronics, 2002, 8(2): 310-320.

LiSZ, Zhuang M L., Yan W, et al. Analysis on the
electrostatic piercing test of the chips on the LED
epitaxial wafers[J]. Semiconductor Optoelectronics,
2015, 36(2): 209-212.

IR, MR, UM, . LEDSMER s A
dr e B 2 L. 2k RO, 2015, 36(2):
209-212.

Jeon SK, Lee J] G, Park E H, et al. The effect of
the internal capacitance of InGaN-light emitting diode
on the electrostatic discharge properties[J]. Applied
Physics Letters, 2009, 94(13): 131106.
Meneghesso G, Podda S, Vanzi M. Investigation on
ESD-stressed GaN/InGaN-on-sapphire blue LEDs
[J]. Microelectronics Reliability, 2001, 41(9/10):
1609-1614.

Wu G Q, Guo W L, Zhu Y X, et al. Effects of
human body mode electrostatic on carrier movement
and the reliability of GaN-based blue light-emitting
diode[J]. Chinese Journal of Luminescence, 2012,
33(10): 1132-1137.

Cui DS, Guo W L, Cui BF, etal. Effects of human-
GaN-based
power light-emitting diode [J]. Acta Optica Sinica,
2011, 31(3): 0323004.

FETENE, SRARF, fEZ0E, 55 AR L X
GaN BRI B L M B R [T]. Je%%
], 2011, 31(3): 0323004.

Jiang X A. Study on the epitaxial growth and

body-mode electrostatic-discharge on

efficiency improvement of GaN-based green LED
grown on Si substrates [D]. Nanchang: Nanchang
University, 2019: 34-35.

TL2%% . GaN/Si JE&0t LED ShE 3231 5 2% 2 T
W5E[D]. HE: #E R, 2019: 34-35.

Mo C L, Fang W Q, Pu Y,
characterization of InGaN blue LED structure on
Si(111) by MOCVDLJ]. Journal of Crystal Growth,
2005, 285(3): 312-317.

Wang G X, Tao X X, LiuJ L, et al. Temperature-
InGaN/GaN

green light-emitting diodes on silicon with different

et al. Growth and

dependent electroluminescence from
quantum-well structures [J]. Semiconductor Science
and Technology, 2015, 30(1): 015018.

Liu J L, Feng FF, Zhou Y H, et al. Stability of Al/
Ti/Au contacts to N-polar n-GaN of GaN based
vertical light emitting diode on silicon substrate[J].
Applied Physics Letters, 2011, 99(11): 111112.
Liu J] L, Tao X X,

screening and method of

Jiang F Y. An automatic

system LED chip:

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1023001-7

201510120826.6[P]. 2017-08-11.
XM, MEE, LR —F LED IS H /Y B 85 i
ARS8 K O % 7 % . 201510120826 6 [P]. 2017-08-
11.

Wang G X, Chen P, Liu J L, et al. Influence of
etching AIN buffer layer on the surface roughening of
N-polar n-GaN grown on Si substrate [J]. Acta
Physica Sinica, 2016, 65(8): 088501.

Foug, BRMS, XZEM, . Z10h AIN G2 )2 X i b
JE N M n-GaN 2T AL 052w [J]. ) B0 24,
2016, 65(8): 088501.

Fujii T, Gao Y, Sharma R, et al. Increase in the
extraction efficiency of GaN-based light-emitting
diodes via surface roughening [J]. Applied Physics
Letters, 2004, 84(6): 855-857.
Gao Y, Fujii T, Sharma R,

hexagonal surface morphology on laser lift-off (LLO)

et al. Roughening
n-face GaN with simple photo-enhanced chemical wet
etching [J]. Japanese Journal of Applied Physics,
2004. 43(5A): 637-639.

Zhou Y H, Tang Y W, Rao ] P, et al. Improvement
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.

JHERAE, B, eV, 45 LK SRR L ZI it
Si AR B 45 GaN 3 LED iy eak R [J]. a2
4, 2009, 29(1): 252-255.

Gao G B, Li X X.
semiconductor devices [M]. Beijing: Science Press,
1987: 458-459.

FOGE, FRE. RS T EEY M. dt
50 BRI AL, 1987 458-459.

Huang B B, Xiong C B, Tang Y W, et al. Changes

of stress and luminescence properties in GaN-based

Reliability physics of

LED films before and after transferring the films to a
flexible layer on a submount from the silicon epitaxial
substrate[J]. Acta Physica Sinica, 2015, 64 (17):
177804.

HOROR, REMEIR, W, 4F. RERDR AL LED
T e B 2 SR R A 4 2 B AR RN O B kO g R
LRIBFSE ] . WBaEdR, 2015, 64(17): 177804.
Xiong Y J, Zhang M, Xiong C B, et al. Investigation
of strain of GaN light-emitting diode films transferred
to metal substrate from Si(111)[J]. Chinese Journal
of Luminescence, 2010, 31(4): 531-537.

REUR G, ki, REMEIT, 4F. SiAfJE GaN 2 LED 4h
TR 3 4 s AR 0 0 ) AR A LT] . RO AR R,
2010, 31(4): 531-537.



