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Study of packaging in master oscillator power amplifier diode laser chip
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Abstract: The increase in junction temperature is an important factor affecting the output power of master
oscillator power amplifier (MOPA) diode laser chip. To achieve the packaging and efficient heat dissipation of the
multi-electrode MOPA semiconductor laser chip, a packaging structure that combining P-side up with heat spreader
was proposed. An analytical three-dimensional thermal model was employed to study the influence on junction
temperature between the P-side down, P-side up without heat spreader and P-side up with heat spreader. According to
the three-dimensional thermal model, the conduction-cooled capability between P-side up with heat spreader and P-
side down is uniform in this paper. Moreover, the packaging can lead to a maximal 40% decrease on junction
temperature. By the way, the P-side up with heat spreader structure was used in MOPA diode laser chip in experiment
then 10.5 W output power and the spectrum width (FWHM)<<0.1 nm of the MOPA chip were obtained in CW mode.

Key words:  master oscillator power amplifier diode laser, thermal design, package structure, heat sink

P RRBOCE BA BN ROR e Bt . R STERE R AR A BT N AR BEYT . Tlin T SE A
ERFGI . BERGHRE RERBOLE (MOPA) 2t # AL 5 X (MO) FHHEIE iR X (PA) 41 A%, Hoh MO 74
FURLFP IO, PA X SRR TG IR IR T D RO, AT S B A TR, ELUR SR A Y, AR G Sk
PR R T 32 4% 9 R T 2R AL (COMD) Y BR i, OB o i b 45 22, 52 B AR E LT MW/(em?sr). SR 1T, B F#EE
e PR BOCEE I ET X A F, ELAE T O KRR ) 38 2 SR AR 1), PR I T DX T i 1 380 D) 2
UEAT SR B, 5 B TR JL T MW/ (e s)f*, 4 SCRRHE , 75 [ FBH F 53 7 SR I 3E X Bk -8 Ot 24 i 1) MOPA I
R, FEBEK 979 nm F & H h R 9.5 W, Sl B O T MA(1/e)<1.1, 3£ JE 3K 1000 MW/(em?-s)7™, i, HETE 2
SRBOGE R RS ok 2 B A R T AR X 4L, FLR R TR KR 43 3L v A, DT S B2 S R O 8 1 5
Ty R AT G A R o SR SEBRAE X MOPA s J 47 326 B, 25 R 30 43 85 U HL v AL PA X BRI 2% 2 o5 L 2
N AR 2, Y G 58 500 2K SR OGS F B 18]35 (P-side down) 3 345 7, BUR AT 5230 PA X 1Y B A Sk, (HL 77

* ESEH:2022-07-27; 13T B#:2023-02-22
BRI K, xiepgf@126.com.,

051001-1


http://dx.doi.org/10.11884/HPLPB202335.220235
mailto:xiepgf@126.com

wmoOoW e 5 K TR

75 MOPA A [ D B X T v5 73 18 =X Ht v ACRIRS 28 I 7 R [ B 22 A, 2 60 [ N A0 0 HETE SR O 8 R 1
BT BOHRER D, NI ST 2 AR B HEE AR BOLE 7 B EOR BA BLSEE P A SCHR T T —FliE 3
(P-side up ) FIHA HICGH B U AT 25 5 1 B4 5 1), 12 0 26 445 Fy B0 T il f2 70 8 X i A0SR, o T 28 PA XK
A [R) N2 45 48 10 2 D0 ) /N TR B A o AR P B T AR 2 R SR TR A il B AR DL Z 1 5 )25
S HCR R RE R AT, HL O T IR O B U L ZE A, 45 T K AR R B R T ik 40%.c 2 T OT R T B IE S
B, BRI, SR IE AT Bl B YA DT B R 45 4 1 22 v BT ~F RO L R 738 28 TAR A T i i % 105 W,
T 98 AT S B R A /N T 0.0 nm, HRUL SR B LR AR AR 2 14 pm/A, BRI T IR R I AT R

1 HEEHPIEIT
L5 24 S AR WO B T AR, PN 25 b AR Al bt — B840 20 AL A ik, M TTT 5506 W DR BE T i . A WX
AT 5 BE o ikt 00
Queive = Vi/du{jin(1 =1 )+ G = i) %[ 1= ex = (1 =) ) (1)
A dy WA IR R s V) RS TR sy, 9 TR AR o, 9 B BB B 5 gy 0 RS TR0 o W ik
TS e T OB T 0% £ i 2B
H UL MOPA 5 F HT Pl 1 77 o 3Bt %2 S AR SO A MEAT 2 AR BT A 908 DX 7 A 4 B30 A7 4 2
1 5, TR AR T2 SR OB S A A S5 TR . BABHL Ry, S B2k SR SO A e 9 T2 S0, gkt
Ry, = (T; = To)/ P (2)
S TR IR IR 5 Ty S BATIR B 5 Py AT 76 BTS00 2 65, AN [ 2 45 A 4 ) 4% U 9 5
AR SR A BT EU AT )7 2 %8 MOPA it H A S [ 54 45 Mg HE AT B LRI T 1L >, MOPA 75 A 525 25 4 7% 2 IR
WP 2 I, 48 1 R 45 Rl bR B 50,

I_L' —
(' ol |
(b) packaging
Fig. 1 Schematic of the MOPA diode laser'* Fig.2 Model of MOPA diode laser chip and packaging of the chip
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Table 1 Material parameters
material thermal conductivity/(W-m™"-K™) coefficient of thermal expansion/(10° K™) thickness/pum width/mm
GaAs 55 6.4 120 1.0
AIN 230 4.5 500 4.5
WooCuyg 180 4.5 1000~3000 2.0~4.5
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(a) P-side up with heat spreader submount (b) packaging of P-side down
Fig. 4 Curve of T} between P-down and P-side up with heat spreader submount
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Fig. 6  Curve of Tj as submount dimension changes
K6 AKX R AIIRAZ R FR
S E 7 B

22 MR

TE Y8 21 5508 F A 21255 05 () MOPA St i #E 4T P-1 i fDt
TR M I, I MOPA G8s J 3 & 40 1] 8(a) TR, P-1
2k & 8(b) i, itk At an &l 9(a) fir s, AS TR HL I T 19
FIEME 9(b) s o MRS P-1 128, SR Y IE 255 S il Bh vk
PRUTE5 ) B3 5 19 MOPA L& % S th D) %Al 3K 10.5 W@
13 Ao Xt 63 (B 9Ca) ) IR 25 R U047 s i dll A, AR 4
PG 25 R, 1% MOPA It i (15 98 Al SCBL/N T 0.1 nm. AR HEA
I L3 R B4 B3 I (T 9(b) ), 5235 5 19 MOPA s |
L R R LAY AR 16 29 14 prv/A

Fig. 7 Picture of real product
7 MOPA il f #3901

12
—e— power
10 b — fitting line of power
gL
g
o 6}
2
g o s
no weighting
4+ ual sum 0.13586
= 0.99949
ar 0.99889
2+ value  standard err
B intercep —0.4188  0.06539
slope 0.85676 _ 0.00824
L L L L L L
0 2 4 6 8 10 12 14
current/A
(a) test picture of MOPA diode laser

(b) curve of P-1
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Fig. 9 Spectrum of the MOPA diode laser in CW mode and the spectrum in different current
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