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Abstract: Current progress in the development of semiconductor technology in applications involving high electron
mobility transistors (HEMT) and power devices is hindered by the lack of adequate ways todissipate heat generated
during device operation. Concurrently, electronic devices that use gallium nitride (GaN) substrates do not perform
well, because of the poor heat dissipation of the substrate. Suggested alternatives for overcoming these limitations
include integration of high thermal conductivity material like diamond near the active device areas. This study will
address a critical development in the art of GaN on diamond (GOD) structure by designing for ideal heat

dissipation,

in order to create apathway with the least thermal resistance and to improve the overall ease of
integrating diamond heat spreaders into future electronic devices

. This research has been carried out by means of

heat transfer simulation, which has been successfully demonstrated by a finite-clement method.
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Fig. 1. Thermal simulation of power GaN devices on silicon
substrate with and without 20 ym diamond insertion layer.
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Fig. 2. Schematic view of GOD structure for finite element

simulation model.
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Table 1. Types of materials and thickness for finite element

Table 2. Thermal conductivities of various materials applied in

simulation models. simulation.
i i . Thermal conductivity
No Material Thickness Total thickness Material
(um) (um) (W/m'K)
Silicon 0.1 GaN 130
Model 1 . 04 Silicon adhesion layer (model 1) 148
SlOz 0.3
SiO; (model 1) 1.5
Model 2 Dielectri 0.1 0.1
% eeene Dielectric adhesion layer (model 2) 0.6
Silicon 0.1 : 13 00
Model 3 011 SiOCy (model 3) .07
Si0,Cy 0.01 Diamond 1000
Silicon supportive substrate 148
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Table 3. Generated mesh information in simulation.

No Nodes Elements
Model 1 289335 64359
Model 2 279379 62990
Model 3 300334 65906
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Fig. 3. Temperature distribution with different simulation models.
(a) Model 1, (b) model 2, and (c) model 3.
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(a)~

Fig. 4. Total heat flux with different simulation models. (a)
Model 1, (b) model 2, and (c) model 3.
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Fig. 5. Temperature distribution along the vertical position (-Y
direction) of the different simulation models.
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Table 4. The results of simulated temperature at adhesion layer
of the different simulation models.

Begin End AT

No . o 9
(©) (©) (©)
Model 1 61.95 30.44 31.51
Model 2 47.46 34.36 13.1
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gmg
T 2
HED
e s
e A
Ht e
c 37

ot
£ ol
Mgl s
+ o, B ol
2% 19 39 FHuASNA) L& sh7e] 3151C
2 molth ol: go| AYWAEL Futet] ofcke
22 ofujste] WAR| o] FRMo2 AFHL @
Moz Zoldch o] ©d 30 A9 2Eapt
0.02°Co] 2302 ol Wk Ao glo] ol At
AxA WwARAA vito] WeE J|WA Aug
2 ¢ 2 9tk ol B A7 AT GOD FEI

< AR A|Ee] Aot A
=0 AMego] Jjm @ JLxo] oy}t gt

2 =2olAE agdoln o9
ZS o
—1- =

2l At

AlQtstar 12 wdlo] &
o]

o



A7 1A 2 8tel =541, Al30d A5 pp. 270275, 2017 5

Fe st HAo Lx GARIS AQtsta, At &
nel s olF 4 Ae A L2 E AAE 4
Qloitt E3h §5tQ AWS o] &5t Fubil AlE oA
o=z AAlE gARRIe] &gt dyE, Wit aitE 4
RSF A olo%t,]-

o = AN AN

o] =2L 2016dE FR(ASR) Aoz F
ATl A ATAAIY(2010-0020089)0] K| o
olsf 5= ARy,

REFERENCES

[11 A. Moore and L. Shi, Mater. Today., 17, 163 (2014).
[DOL: https://doi.org/10.1016/j.mattod.2014.04.003]

[2] J. Pomeroy, M. Bernardoni, D. Dumka, D. Fanning, and
M. Kuball, 4ppl. Phys. Lett., 104, 083513 (2014). [DOL
https://doi.org/10.1063/1.4865583]

[3] M. Rabarota, J. Widieza, S. Saadab, J. Mazellierc, C.
Lecouveya, J. Roussina, J. Dechampa, P. Bergonzob, F.
Andrieuc, O. Faynotc, S. Deleonibusc, L. Claveliera, and

4

o
2
ofn

275

J. Rogerdl, Diamond Relat. Mater., 9, 796 (2010). [DOIL:
https://doi.org/10.1016/j.diamond.2010.01.049]

[4] J. C. Kim, Processing and Characterization of Diamond
Surfaces for Wafer Bonding Applications, p. 15, University
of Florida, Gainesville (2015).

[5] SP3, The Solution
Management, http://www.sp3diamondtech.com/pdf/ganonsod.pdf
(2008).

[6] S. Duangchan, Y. Uchikawa, Y. Koishikawa, B. Akiyoshi,

M. Hasegawa, and S.
Nishizawa, Proc. 2015 IEEE 65th Electronic Components
and Technology Conference (ECTC) (IEEE, California,
USA, 2015). [DOI: https://doi.org/10.1109/ECTC.2015.
7159590]

[7] J. Pomeroy, M. Bernardoni, A. Sarua, A. Manoi, D. Dumk,

D. Fanning, and M. Kuball, Compound

Semiconductor Integrated Circuit Symposium (CSICS) (IEEE,

California, USA, 2013). [DOI: https://doi.org/10.1109/CSICS.

2013.6659210]

S. Fong, A. Sood, L. Chen, N. Kumari, M. Asheghi, K.

Goodson, G. Gibson, and H. Wong, J. Appl. Phys., 120,

015103 (2016). [DOL: https://doi.org/10.1063/1.4955165]

[9] L. Qiu, Y. Li, X. Zheng, J. Zhu, D. Tang, J. Wu, and C.
Xu, Int. J  Thermophys., 35, 76 (2014). [DOI:
https://doi.org/10.1007/s10765-013-1542-8]

[10] P. Chao, K. Chu, and C. Creamer, Proc. CS MANTECH
Conference (CS MANTECH, Louisiana, USA, 2013).

to High Power Density Thermal

K. Nakagawa, S. Matsumoto,

Proc.

[8

[}



