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The thermal characteristics of a laser diode TO package has been analyzed using a commercial computational fluid dynamics
(CFD) tool, and the thermal bypass structure was optimized. Comparison of device temperature and the estimated thermal

resistance of the resultant structure showed that the bypass structure relieved the thermal bottleneck, and improved the thermal
characteristics quite efficiently.

Keywords: LD, Thermal resistance, Heat flow
OCIS codes: (230.0230) Optical devices; (230.3670) Light-emitting diodes; (140.2020) Diode Laser

H 23| LXE X235t GaN |0|X| CIO|LE {7 |X|2] BEA HA

~
K| . 0|2 - Hig2 - gtg;ﬁ

QIstest R EAFE
© 22212 QHA] YL 28k 100

(20164 69 219 T2, 20161 109 4Y A& 2h2, 20161 109 11 AR &%)

ol thol 2.2 TO si7]4] el o Fuwt SEAT P2 GAY BHS AARAS Fo) BAsta, AR &
4 AGYES ARISIGTE @ HE A A S8l dolA tholeE e @ 2218 2R 4 g YATEE
MRS A ACkstela, 4Y Tend J|tAe il 1 93 EE A HES B PN °
Ak o 58 gelslel Bl wg FRES A8 Fokael wheh, BAAel A pEurt s 4 o

Aolee Bag

¥

Keywords: #lo]] Thol &2, A, 245
OCIS codes: (230.0230) Optical devices; (230.3670) Light-emitting diodes; (140.2020) Diode Laser

LM E ake] o)A trol e =olx sh7lxe] e Hzsk HA} o)
o Fasigntl gd 4% A 98, tholeset

¢

GaN 7]4ke] #o]A thol .= (LD)= 3 AR, 64
% AA FAE o RA] Aol FoluHAl HA} g
g3olA o B a7E T okl ne Ag BA4e  F

dlojA thole=0) 3 FeE AN, AR A xR

i,

lo L 2
in
ol
fr ox

IA—

o] A=FH ol 2 2AIE WA BER, vheA] 7|6 o o] gslA| F3lal, tho| L=} S|EAA 5

-
_I

S| EAZ Alolof| Heat SpreaderE ARE3lo] & Ag HZAL
ik crol o =ol 5] EAlT HFHEY| Solderd] W

Ao MAA7|I= B So] AFLE T Qo 27
2 A7 HlolA toleE F2 HdRoME 72 X%iﬂ
&

glo|#] tro|9=o] Wl BN AMets A &Y i o] Be2A 27| zpolof| o5t BlEFAo R MIEY 7H

2po] st fol uj$ a8t go|A tholee w77 Aol FAI7F Qlek Mo WuEAS Ak s 423
o] d5 e W EAL 7} 12 JRE o AAE HpgFe] 948 AATES Zre JgfuES A3 7t
o, HGel o3t g WEAA o] A7|ET 1% GaN 7| at= wriTo] QlA|NE AFEA|E L] WhEA] w7]2] T oA
T

E-mail: obh@inha.ac.kr
Color versions of one or more of the figures in this paper are available online.

218



@R 9 98 FRE HEI GaN dolA thl o Hy|q ABA B — AP 0|52 ¢ 219

HRZ A-gst7]of] ofgo] Qlrh o2 HAAEJL, S|EAT ¢} Stemo] JATE= FEL 40T
H =Foj|A+, CFD (Computational Fluid Dynamics) ZAt
HALS =3 GaN 7|5te] LD(Laser Diode) TO mjj7]%]<] H}

-

b
2
2 o
i{] ol
> 3R
by

2By A2 HE LDQ} heatsinkE FAIS}H
a

>

A 4G BAsIL, WY A%S BrHoR sk W & 7 39 88 AATFL Lol olF 1 AXF
3t B|EA A TRE Aoksle], BAFFC Vgi4z oo g AR} 1] aste], ME Ao O3] AAalz|e] Tabol
d$-3] 588 A= A Baglith AsA L ofobr w1 ARl o AY EAL ulolsidt}.
HAbEAL e R RE dojuls 7k 30 RAIAT RS
IIl. GaN-based Laser Diode Simulation Model ole] 4 )& ARE3ITL
=1 =

o7|A, VT = 7} 5919 &= Zpo, Q [W]= L F91&E &

PyLi— 1y TEHe @ A ojm, A Axe, HAdEE /A
ot PO SedAR FARSHA, AEAE HER2 ARSI

E3E, T -E A3 d 35 7HYsto] ‘wedtd &

o7, Ti £E, pi WS o MY, iz ATk = B B 2APAEOR o A )2 AMEdle] 2 2o Bedt
WA WAE L Qe e, o QAERolth M oAa JgAS Adeel, oS ML 7|EAR ok
HAl= Finite element method (FEM)& ©]-83F A8 =27
2] Computational Fluid Dynamics (CFD) ANSYS Icepak2-

ol g-3}9ck R=4 3)
£49 GaN 7|¥F LDQ] TO w7]%] T2 1Y 1(@)9}

Zre. geo|1, AARA} e TO 7] o] LD} 3] 7] 4 kWimK)e QAT A 720 o 52chid

EAT Broa st A 2Ae g, 74 (AAY AzAr o 52 vk 22X3t W] SRk ),

—0, A}l B0 w, FUiE Brlo] AFEEE 0025 WmK L= ST AR doj(7aAle Fopelnt. LD &9

° 2 W2 B, 2439 Eu wde spYsta wae

Cu Cradie W Agslel AkAsET gy AFE LD 9)7]

~ heat sink A= AIN Submount ¢Jo]] GaN 7]¥te] LDE ©RjA|Z] L2

BNCrde  oluj, 71 ofgfe] Cu B|EAD/L it LD & FoA

Layer P33 N34 57 100 nmo|5}2} Atz 1heks] Active

ComaetShest Jayer 2 FRFS0] HAANE QAT 2 Fo) A T2

Hpe ® 10 A2skiich

071 T2 e 7| Aol dis| At HATEARE 2=
2 A¥e 9 2()0l Ao, o dol A8E 883
A5 A HE F2as F7RE 282 23S 119 2(b)oll
vlasto] LERQIth 19 2(a)o A TO s 7]#] UjF- 2L
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Table 1. Layer thickness and corresponding thermal conductivity for GaN-LD package[gl

Component in the structure Material Thickness(pm) K (Wim-K)
P-contact layer Au 30 pm 423
Active region Ing.15Gao.ssN/GaN MQWs 4 pm 70

Substrate(Buffer layer) GaN 100 pm 130
Submount AIN 200 pm 170

Heat sink Cu 1500 pum 400
Cradle Heat sink Cu 302 pm 400
Cradle insulating layer Boron nitride 10 pm 55
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Fig. 2. Comparison of simulated results and the simple resist
diagram between (a) typical LD package (b) the proposed structure.

III. A Heat Sink with Additional Thermal
Bypassing Cradle Structure

‘(lj“é_a EAHO R HO}OE:]?-}_ /‘lj]:“ AF 7]—% H 7 -JK-’-E%E]%
ERAL] FA we B 4 FF= 2] Ssh
EATO TS 500~1600 um7HA] B 7bH W A
.]

oNe!
S <
o o

s M A=E SIskinh 19 39 F A= 54 Foll A
- 2r4doll YeluSzol, FAIE 500 umof| A 2~3u) o] o
T QA TAh ~10% FEEA 71t 2 50%, 67%°
AA 8] w22 Fskar Qv &, ©es] WEHe] FAE 7]
= HAe ANAARARS T Bt i HEEAUS o

30
ey

2 drgo] 3o
A & ¥Ee PAeH, O A ded EAAd
7l A9 2-38) o]} & FAFS Holal Qlal, skl
A&EE FRSANAE EAZEA7E EA et @Al

7FsSHAIRE Ealo A=, LD Afeol

fex]
=
A gE A% wope FREE F/4EE 4R AT

70
—a— LD Package

651 —e— LD Package with Cradle Heat sink

60
55
50

N K.MH
40
*1] M

30
25

R, of LD package [K/W]

20

g
ol

T T T T T T T T T T T T
400 600 800 1000 1200 1400 1600

Cu_Heat sink thickness [um]

Fig. 3. Comparison of effective total thermal resistance values between
the typical LD package and the proposed structure as a function
of Cu-heatsink thickness.
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Fig. 4. Comparison of the thermal R values of each layer for
modeled SeR(Simply estimated Result) and CsR(CFD simulated
Result), and the bypass R for SeR and CsR.
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Fig. 5. Comparison of the variation curves of bypassing thermal

ratio as a function of contact sheet width between SeR (Simply
estimated Result) and CsR (CFD simulated Result).

Table 2. Comparison of the thermal resistances estimated according to the variation of the width and corresponding bypass ratio of thermal
load between SeR (Simply estimated Result) and CsR (CFD simulated Result)

CsR SeR
(CFD Simulated Result) (Simply Estimated Result)

Contact sheet Rbypass Rieries Thermal Bypass Rbypass Reries Thermal Bypass
width [um] [K/W] [K/W] Ratio [%] [K/W] [K/W] Ratio [%]

100 790.4 4.8 181.1 7.89

200 444.7 83 112.4 12.1

300 284.9 12.3 89.5 14.8

400 171.1 0 19 78 1> 16.6

500 163.4 19.7 71.1 17.9

600 156 20.4 66.5 189
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