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Reliability of bonding interface in high power diode lasers
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Chinese Academy of Sciences, Xi’an 710119, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: With the rapidly increasing applications of high power laser diode (HPLD) in extreme
environments, the reliability of bonding interface has become one of the critical bottlenecks affecting the
HPLD's performance and lifetime. In this work, failure behavior and lifetime of a single-bar CS -
packaged HPLD under —55-125 ‘C thermal-shock were analyzed by finite element method (FEM). Based
on Anand constitutive model and Darveaux energy accumulation theory, the reliability of indium bonding
layer on the edge and at the central position after the themal-shock was compared. It shows that the
bonding interface on the edge has the highest stress (0.042 5 GPa) and lowest lifetime (3 006 cycles), in
other words, the edge is the "riskiest element" of the bonding interface. In addition, the lifetimes of three
kinds of bonding layers on the edge, including indium, 80Au20Sn and nanosilver paste, were simulated to
be 3 006, 4 804 and 4 911 cycles, respectively. The results show nanosilver paste and 80Au20Sn have
longer lifetimes and better reliability, which are better bonding materials in the packaging of high power
laser diodes used in extreme enviroments.
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Fig.1 Elevation (a), left elevation(b) and the picture (c) of a

conduction-cooled semiconductor laser
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Tab.1 Material properties during simulation

CTEP/ Ultimate

_, Young's . . Thermal
. . ppm-K™! Poisson’s  tensile .
Material modul . conductivity
(1 ppm= IGP ratio strength W+ (m-K)"
10 a /MPa m
Nanosil-
0.1 10 0.37 55.1 240
Ver paste
80Au20Sn 16 68 0.40 275 57
In 32.2 13 0.45 4.5 66
GaAs 6.4 85.5 0.31 - 54
ALO, 6.26 360 0.31 483 25
Cu 16.6 125 0.34 220 400
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Tab.2 Anand parameters of three solder materials

Nanosilver

paste 80Au20Sn In
Q/J - mol™ 47 442 63 009 78 124
& 11 11 49.97
m 0.657 0.573 0.300
All-s! 9.81 93.07 2.33E8
ho/MPa 15 800 306 280 500
a 1 1.402 1
So/MPa 2.768 69.99 28.3
S'/MPa 67.39 466.13 28.3
n 0.003 26 0.046 0.005
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Fig.2 Full model of the HPLD bar (a) and mesh of the
half-model (b)
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Fig.3 Relationship between the HPLD's temperature loading and time
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Fig.4 Distributions of stress and strain in solder material after

heat shock
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bonding layers’ "riskiest element"
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Tab.3 Crack growth correlation constants
Finite . Layers' _
element  Simulation Constitutive ANSYS Tercrg;er:z;ure 1;2: thic?(ness K/ (107 K fl OK ‘4

model method model version command scheme average  cycles /paKz) : m: lza,, ’ K,

config (107 m) cycle™)

Slice NL FEA Anand 5.2 TUNIF Coarse 0.6 26 800 -1.44 1.92 1.15
1.0 21 800 -1.45 2.41 1.15
1.3 18 100 —-1.46 2.77 1.15

Slice NL FEA Anand 5.6 TUNIF Coarse 1.0 19 500 -1.51 6.19 0.98

Slice NL FEA Anand 5.6 BF Coarse 1.0 20 300 -1.52 6.03 0.99

Slice NL FEA Anand 5.6 BF Fine 1.0 22 400 -1.52 5.86 0.98

QTR NL FEA Anand 5.6 BF Fine 0.5 71 000 -1.62 2.76 1.05
1.0 56 300 -1.62 3.34 1.04
1.5 48 300 -1.64 3.80 1.04

QTR L+NL Anand 5.6 BF Fine 0.5 58 800 -1.49 1.29 1.16
1.0 67 500 -1.54 1.20 1.19
1.5 71900 -1.58 1.16 1.21

QTR L+NL Darveaux 5.6 BF Fine 0.5 69 900 -1.55 1.19 1.19
1.0 84 200 -1.61 1.08 1.2
1.5 91 000 -1.65 1.04 1.25
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Tab.4 Indium bonding layer’s lifetime under

different emitters

Position AW, /GPa a/mm  Ny/cycle N/cycle Nicycle
MAX 0.217 22 1.264 118 2888 3006
MID 0.029 28 1.264 2486 20 582 23 068
MIN 0.004 55 1.264 42133 128998 171131
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FRAr LA 23 068 UK, L TS KO KA E (MAX)
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T HA AT S, W] DTSR RAEAL 3% 212 S 4K
WOt B S A5
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VB 25 J 't s B (MAX) 1Y B i 5L T X
3 B =R R B B Y AW, ARA (1)~
(DA R H AT REME R AR 5 R

x5 =ZMEERAMBHLZEERLENEG
Tab.5 Lifetimes of edge luminous point of three

bonding interface material

Material AW,./GPa  a/mm  Ny/cycle N/cycle Nicycle

Indium 0.217 22 1.264 118 2888 3006
80Au20Sn  0.133 23 1.264 241 4 567 4808
Nanosilver  0.136 61 1.264 249 4 662 4911
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