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The heat flow characteristics of a high-power optical semiconductor source have been analyzed using a 3D CFD commercial
tool, and the thermal resistance values for each of the layers revealed the places for thermal bottlenecks to be improved. As the
heat source of a LD (Laser Diode) has a small volume and a narrow surface, the effective thermal cross-sectional area near it
is also quite small. It was possible to expand the cross-sectional area effectively by using graphene layers on the TIM (Thermal
Interface Material) layers of a LD chip. The effective values of heat resistance for the layers are compared to confirm the

improvement effect of the graphene layers before and after, which can be considered to expand the thermal cross section of the
heat transfer path.
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FIG. 1. Typical structure for a LD(Laser Diode) simulated.

TABLE 1. Geometrical dimensions and thermal conductivity of
the elements of a LD

Part Dimension(pim) k(W/m - K)

InP 5001500300 68
(Source) (30x1500%5)
IstAu-Sn 500x1500%x7 57

SiC 1000x1500x180 270
2ndAu-Sn 1000x1500x7 57

Cu 3000%3000x1000 400

TABLE 2. Comparison of the effective thermal resistances of
each layer modeled simply and simulated

Simple Full 3-D
Part structure thermal CFD
approximated simulated Ratio
result result
(K/'W) (K/W)
B mp) 0.098 0.584 5.96
B 1514 - 5n) 0.164 1.453 8.86
B sic) 0.444 1.369 3.08
&th J2stAu — Sn) 0082 0086 105
B, cu) 0.278 0.878 3.16
H(th,pak’uys) 1.066 4370 4.10
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FIG. 2. Simulated temperature distribution on a cutting plane for
a LD of (a) Basic LD (b) LD graphened.

A3 Fig. 2a)°] Hola glon, thg Ho]
ol Az} Fig. 2b)s} vlwsto] Lhehfiet Figure 2(2)]
2w Bme} A0 HopA] Mol A4 AALE ek
3 GA SRHoR AT Huw, 2t 3o A4 WAS 1
oot B ThEA|, RES GAT wH o] Hob
FEAAF] AL Ao BUF 4 9

o
2
2

( ‘IE:
O,
i
=
©
}I.,
o
N
Y
1o
K
M
)
b
2
oid
o
1o

R S A e R
&E 2R 7] eiA= TER &
Aol Ao ARG FAUHAE FoHXA| Es sfjof gt
o1& 5| oA EAEEE 71X 12l (Graphene, k(vertical)
= ~10, k(horizontal)=~1000 W/m'K)"*'& #-ga}= weke A
Algtet. e 7 AAS Y el 485k, 8 W
FOoR dALLETl Zoug F4o] Hr}y FudhE AS
7IHiet 4= Qla, EAE AR fFadHZo] gojd o
2 7|Ery 2 Aitmatel A= Hot 2] FAE |
um®E AAsto], ThedAER L) AAREARRER|7E A 2 o]
7} U= & 3719 AAW EE(InP/AAu-Sn73 A, AAu-Sn/SiC
A, 278 Au-Sn/CuZg Aol 1de AEaiie= HARAE
Sstgct.
s BE A AHE8gt 712 HA A
AL Ho| AA dA3; 437 K/IWOIA] 2.9 KIW(66% )2

—

~

*
Ren = Ry 0.88 - 0.72
0.09 - 0.08

137 - 0.64 Fi_i__.,/

1455057

n

0.58 = 0.88

—&— Ref

---C-- casel

P /v case2
P --&-- case3

Accumulated Thermal Resistance(KAWV)

o

InP 1stAu-Sn SiC 2ndAu-Sn Cu

Thermal Passage

FIG. 3. Comparison of the curves for thermal resistance accumulated
along the thermal passage.
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