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Abstract

GaN-based blue light semiconductor lasers have gradually entered people’s field of vision and are
widely used in civil and military fields such as data storage, laser display, optical communication,
laser weapons, etc. This paper is based on a reasonable and reliable GaN-based semiconductor la-
ser heat dissipation model, and uses ANSYS finite element analysis software to simulate the ther-
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mal characteristics under steady-state working conditions. We investigated the effects of four
transition heat sink materials of AIN, CVD diamond, SiC and WCu10 on the heat dissipation cha-
racteristics of semiconductor lasers were studied respectively. The highest temperature of the
corresponding devices of AIN, CVD diamond, SiC and WCu10 is 87.46°C, 66.68°C, 71.32°C and
85.28°C, respectively. The results show that SiC and CVD diamond materials have great potential in
reducing device temperature rise.
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1. 5l

GaN fE RS =AW B SORARE, AR ST N 3.39 eV, HEAAHB FIERRE. ¥R E.
SN PUAR E A, ARG LT AR I D S B A A B T2 A 1] H 1996 4 NICHIA
/AT Shuji Nakamura $iEH 75 F5E—ANEEEAM TESE TEME R TP SARB0LRE LR
[2], it GaN MR HLFERIE SR G AR B0 SR TN B2 V3] [4]. GaN 5
EEOCER R 7 RIEFARUN . EEREMNG TEBMMNS . EFK, HHE GaN MESMER R KE,
GaN FEWG FABOCE i AR B B E 15T, KB DIE O 5 mW &2 17 6 W, REEIH
S Tl A 7= B S bR AR 2R [5] [6]

BEA O FRBOER TR0, B BB A B EE ) A PR R BRI T,
LT 1 T F 1 S AR OGS I B R ORI SO T T DA R S T s . B A A A 2 0 5T/ 43 ) R
ansys 7 FR 7T 725 B2 I EHR . B BH B T 55 1 DA AP W 2 LSS F B 71T T GaN
RINZEBAFRAF R FT, IFHAER] ansys A BRI/ AT 75 % B ARG iR 22 /N FE fa 35 ) & B = S50 3
ARSI SRR = AT R, AL T AEAEER) GaN HE L SFRBOLR RS, &5
ansys H FRICA T 5 & E AR, R T 2RI R B A LAE, It 7L 1 AIN By
CVD &A1, SiC LA WCul0 DYk I R HE T 2 A T A0 IR DXL 23 A B 5200
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Hor, oS TAERT NS, O S TR PR R HRE, P, NSRRI, 5 bR
. B, AR A SR H TN 5 A R R T A O
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i T T aro T o 3
K V.  NxdxS )

Hrr, g ANEAERE, VARXAER, N ARG ERACH TN, d AEREXEE, Sk
FeH AR X R MR . GaN LR CBOE S TAEREXNHEEE W= 163 W, HEE P, =<415W, J
RN n=2571%, SEEEHERXAR, BRERXAREN 6.7 x 10° pW/um’.

X ELSEI R R G AT A N, SRS R A S e 45 SR AT SR, T H s KRR
RS HORMAEE . ok, @ SRRk T 28 RO 88 & T2 RS A — 52 M 5 1 8 H A£107),
BT RSO 2R S N M BE G 3 B AR, R, TESbrdtds T2, 5P S0 At e
AR ADURSTEBOR, BRSTHSR AR AT RS R 1800 pmx 900 pmx 600 pm. X #ITR/NEEAT 4L
No Fob, ABE SAE S IZ PR B0 R R R FE St o ALY, HORSE ., 3R 5E
BARSHNE 1 Fis.

Table 1. Modeling parameters in ANSYS simulation
1. ANSYS REIP R ERIRS %

ey AR AN MR Rt um (K& x %8 x =) TR (W/mK)
p MHRZ Ti-Au 1200 x 45 x 0.2 150
RR A J = p-InGaN 1200 x 45 x 0.04 190
BRI p-AlGaN/GaN 1200 x 45 % 0.6 262
HFREESZ p-AlGaN 1200 x 300 x 0.02 272
TsE p-InGaN 1200 x 300 x 0.1 257
HIFX InGaN/GaN 1200 x 300 x 0.033 258
TNERE n-InGaN 1200 x 300 x 0.12 254
BRI n-AlGaN 1200 x 300 x 1 265
o G h = n-GaN 1200 x 300 x 50 260
FEEL AuSn 1200 x 300 x 5 57
n ZYHLIRZ Ti-Au 1200 x 600 x 0.2 150
I PERDT AIN 1500 x 600 x 100 200
ot Cu 1800 x 900 x 600 398

WIEL 1 I GaN B FARBOL A AR AR 241, £ ansya workbench F1H|H Design
Modeler ##FG H T RS FE LS EAR0], Wl 1 Fos. gt el g e . Mg
X7 AL D A BE , TR GaN DG AR BOE A 88 A B BB AR Y . Rl WA o i B H An
R84 Mechanical, Relevance (A1) FIMEL A 30, =2 R ~H 4%l Adaptive, 5 55 HH 0 1 1 B N Medium,
[k 1% 54 Smooth Transition (P i)
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Figure 1. The GaN-based semiconductor laser
model

B 1. GaN E SRR EE

2.2. RS

oG, K GaN Y SRS AT AR B B A B, iE 2 FoR. B 2 R ko oK #
MR BRI A SRITAE SEE R, RRIREN 1.59 x 10° pW/um®. W5 (57 Sk A/ MR K fifx
INRITEA 6.35 % 10° pW/pm?®e 5 RGIE I e 33 A 5 2 ) AR A8 4 SRR 5 B ) A 5
BT, o, RS EE R R SRR ) ORI ) A 5 BT R SRR T Rk S
B, EMBRETERT—4E x 7 B AR S TE R S . AERIEIN 3 AL T R A TRS L S
J7 AT PARIRN[10]:

vir+diog 4
2 (4)

Hrr, TONIRENMG g ARIRAEIRER S AR EHA SR thikar R, A7 AR IR 1 P Ve T R 4R
FERSE D ATTE DL A 2RI THR 4 SIRERE ¢ M, SHGE UL, SRPEERE ¢ RIEH,
SHARELERERTLK. A, WITEASFMEUE S EEOL S NI AT B, SRR
R FABOCR N TARRE, $2 0 SABO LA 5 AUE Tk .

A: Steady-State Thermal
Total Heat Flux

Type: Total Heat Flux
Unit: pW/pm?
Time: 1

Max: 1.59e8
Min: 6.35e3

1.59e8
5.16e7
1.68e7
5.44e6
1.77e6
5.73e5
1.86e5
6.03e4
1.96e4
6.35e3

Figure 2. Heat flux vector diagram of the GaN-based sem-
iconductor laser
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AT A PR OR B T AT AR — R A T Bl W AR I AR RE S R
SN 2 FR - AIN 5 WCul0 A% GE L AR, P 2 B AT BLm 3 3 R S BRI Ak R 4L
e Z N TG T AR S AR R B . SIC R B RIFITECARE 1. BURBIFAEZIR R4
PLE RAFRIATEENE,  H AT IEAE SO THOH R B RL . CVD NI 2 R A AL 22 U GURRIE ] 4% 10 <2 1)
A, WEALANE A S RAR NI AR, H AR el BLA 2] 1800 W/meK, A B 71 O L
AR

Table 2. Transition heat-sink materials and their characteristic parameters

=2 FERAMBRERE S

bk (jcfflé) M%’iffﬁ/ ﬁ(%ﬁ)%/ N f@fﬁg
AIN 3.3 41x10°° 270 0.26 200
WCulo 16.75 6.2x10° 315 0.3 160
CVD &Rl 3.52 1.0x10°° 87 0.25 1000
SiC 3.22 3.9x10° 221 0.21 490

EFIRTHE S, PR N ERGOM R, HARSEOR A 564 — 5. WL AT B THE
AN b ARDTAT BT GaN 252 SR g8 # A o A 1] 3 fioR o BT AR B 2R S5 AR IR, AS ) o I 94
DU EHE GaN 3P SARBOG AR E Y AL, S il (D 1] 3 el e o) R B4R 7E L
TR T . LR AIN B 8E Fr I 28R T E N 87.46°C, IR TT N 65.46°Cs i E#T CVD & NIA
I S5 e i A 66.68°C, il T4 44.68°C s i FATTN SiC I 33  f il B2 71.31°C, M JHR 49.32°Cs
TG WCU10 B # f i BN 85.28°C, il Ft N 63.23°C. MHELERIM S, HT CVD &R B
e IR, CVD SR I I8 AR RS AR iR 2 TR DA MR AL 35 5 KT 775 AIN B % 5 SiC
SRR R BRI RO, P9 B A 3 P8 ) AR IR AOVE . WCu10 S I bl 4
FEH 160 WmK, 2 ZACT HoAl  UR R GTM BH GG EE, i WCU10 I TR B BRI 23 i B T

HRHAAE 7 B .
A: Steady-State Thermal A: Steady-State Thermal A: Steady-State Thermal A: Steady-State Thermal
Temperature Temperature Temperature Temperature
Type: Temperature Type: Temperature Type: Temperature Type: Temperature
Unit: °C Unit: °C Unit: °C Unit: °C
Time: 1 Time: 1 Time: 1 Time: 1
Max: 81.465 Max: 66.681 Max: 71.328 Max: 85.28
Min: 22 Min: 22 Min: 22 Min: 22
. 81.465 66.681 71.328 . 85.28
70.437 H 58.952 62.589 73.362
©60.902 52.118 54.921 —‘ 63.109
~— 52,657 46.076 48.193 54.288
45.529 40.735 42.288 46.701
H 39.365 36.013 37.107 ! 40.174
34.036 31.838 27561 ‘ 34.559
29.428 28.148 28.572 29.729
i 25.445 24.885 25.072 I 25.574
22 22 22 22
(a) (b) (©) (d)

Figure 3. Steady state distribution of GaN-based semiconductor laser with different transition heat sink materials (a) AIN; (b)
CVD diamond; (¢) SiC; (d) WCul0
3. NENLEHRITIMEL GaN B FEF RS2 HE (2) AIN; (b) CVD £RIA; (c) SiC; (d) WCul0
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TAEFRE—S 00 AR EAGTM T, GaN 362 SARBEOLSES B IRIX R 46, ik 4
INo ANEREERGTR RS A A IR X AT AR I, S AR X EAE R AE-22.5 pum~22.5 um )7
PERG, FEFRPIEHTHE SHE . AIN DEHRGT. CVD SRR, SiC [ HGTLL K WCulo
T Y BT AS 2 A E IX R R > N 77.87°C. 62.98°C 67.53°C LK 81.13°C; AIN. CVD £
£1~SiC LA S WCu10 Jeh i it 25 185 A U8 X e (RIS 70 70l 9 51.53°C41.26°C44.15°C DL J% 54.68°C.
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Figure 4. Comparison of temperature distribution in the active region
of the GaN-based semiconductor laser

4. TEHTEHRTIMEL GaN B SEHAFRHRXIRE S B
L

3. &g

AR ANSYS H RIC/ TR E T T GaN JE 6 SO 2 M B0 BURAY, R0 R MRk
B ERSEMET, 247 AINFEA. CVD &NIA . SiC A1 WCul0 PUFRhAS [H) 52 i Hari b4k
X 2 B R S AR IX A AR IR . AIN FEE R . CVD &R SiC. WCul0 PYFfsh i #Aias Al J
B 0oF I8 B B R B 43 )9 87.46°C 66.68°C. 71.32°C. 85.28°C. KH CVD &WIF 5 SiC ik #ikt
el RE R A BN B AR BCAGECR, O GaN JE K Ih 3 H 7 23 BB R R AR SR A E R A 5
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