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Research on heat dissipation of GaN half-bridge power device
package based on high thermal conductivity graphite film
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Abstract ; In this paper,a GaN half-bridge power device packaging scheme based on high thermal conduc-
tivity graphite film is proposed to meet the requirements of the speed regulation accuracy,frequency and
motion amplitude of the lidar rotating mirror scanning motor. The simulation results show that, com-
pared with the three heat dissipation structures of FR-4 substrate, FR-4 substrate with copper heat sink,
and ceramic substrate,the GaN half-bridge power device using the FR-4 substrate with thermally con-
ductive graphite film heat dissipation structure has the characteristics of low preparation cost,controlla-
ble process complexity, light weight of finished product and good heat dissipation performance whose
maximum temperature reduction is 32.6 “C, and heat dissipation performance can be improved by
29. 6%. Thermally conductive underfill acts as thermal coupling and is indispensable in graphite film
packaging structures. The heat transfer coefficient can affect the heat dissipation performance. When oth-
er heat dissipation influencing factors cannot be optimized, the heat dissipation effect can be improved by
increasing the heat transfer coefficient. The research results in this paper have certain reference and guid-
ing significance for the thermal design of high frequency,high power density and small size power device
packaging.
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Fig. 1 Schematic diagram of brushless DC motor drived by GaN half-bridge power device
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Fig. 2 Schematic diagram of package structure of

GaN half-bridge power device:

(a) Lateral view; (b) Top view
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Fig. 3 Simulation model of mounted

graphite film package structure
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Tab.1 Thermal conductivity of each material

in simulation model

Material Thermal conductivity/

[W/(m - K)]
FR-4 substrate 0.3
Solder 70
Underfill 1.6
GaN 130
LM5113 130
Graphite film 22y=1500;2=15
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Fig.4 (a) Simulation results of heat dissipation of different

package structures: (a) Initial package structure;
(b) Package structure using Cu heat sink;
(c¢) Package structure using ceramic substrate;

(d) Package structure using graphite film
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Tab.2 Thermal conductivity of different

package structure materials

Material Thermal conductivity/

[W/(m« K)]
Cu heat sink 400
Thermal paste 70
Al, O, substrate 25
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Tab.3 Heat dissipation of different package structures

Max Increase

Package structure o
g temperature/°C value/ %

Initial package structure 110 /
Package structgre using Cu 82.5 25
heat sink
Package structurc using 0.8 26. 5
ceramic substrate
Package structure using 77. 4 296

graphite film

3.2 REPERRNOERIIZREHIANTI

TEAS SCHIE SR (1) A7 A A R A o i 3 3 5 I
®E T R A W AE R, e eI sh s i & GaN
HEMT g0 Lt i 5 2 0 S8 B b, o 1T B I 4%
PRIREE . B 5 S 7E A1 28 BRHICHA 45 0 O (i IG 3 J1 72
JIE Bk 2 45 A 1) U B A A 0 . 4 R R < I B
ER S 95.4 CHE THHSRRREE N 1.6 W/
(m K (14 )% & 28 78 e B B2 T 18 °C L HiiAE g
TR 18.8%.,

i

4954
195

190
85
80
75
70
65
60
55
50
45

Y415
B 5 ERAMERTRHENOBHER
Fig. 5 Heat dissipation without underfill
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Fig. 6 Variation of temperature with

thermal conductivity of underfill
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Fig.7 The relationship between the heat transfer coefficient

and the maximum temperature of the package structure

4 £ it

2 SCA X PO TR IR 4 R BIL i K Bl A L A
FE T GaN 24 4 8 B4 45 4 5 oA o7 &6 %
T I SRR T — AR R RO O 2L S b HE
TSR A LE S A 8 A o A R 1 L B
LA R R AR A DI A L B I T A
IAPERE . 5 CHOR SR E S M A HE L T R 32. 6 °C LK
PHERRFE T 29. 620, JhAh, AR IR I R I AE A1 A
JI5S IR ASE R S B AR & L A B A A5 P A T
R 5 fi i B 2R RN S i ICER P BE L A A IR
S [N 28 JCUE AR AE B9 1 B0 T ] 25 I g £ &
B i B CR o AR SO 5 45 SR AT AR Sl ] 25
N RE L NS R E R R S
",

S E

[1] URMILA O.MEGALINGAM R K. Processing of LiDAR for
traffic scene perception of autonomous vehicles[[ C]//
2020 International Conference on Communication and
Signal Processing (ICCSP) , July 28-30, 2020, Chennai,
India. New York:|EEE,2020:298-301.

[2] DONG S J. Design and experimental research of vehicle
lidar system[ D]. Nanjing: Nanjing University of Science
and Technology,2017:15-19.

L BHWOCHERRE RIS LR EID]. f a:
M EVH T K 2%,2017.15-19.

[3] PAN Y Y.Research and application of scanning control
system for rotary single-line LiDARs[ D]. Shijiazhuang:
Shijiazhuang Tiedao University.2021.42.

T B 3B 2k O B Ik 3 R R 5 0
(D] A ZE 1 KRR IE K%, 2021 :42.

[4] LIAN G. The pros and cons of GaN family of materials
compared with other alternatives regarding optoelectron-
ic applications[ C]//2020 7th International Forum on E-
lectrical Engineering and Automation (IFEEA) ., Septem-
ber 25-27, 2020, Hefei, China. New York: IEEE, 2020
149-152.

[5] ONIKIENKO Y.VLASYUK A,MARCHENKO O, et al. High
frequency half-bridge GaN-based pulse generator[C]//
2019 IEEE 39th International Conference on Electronics
and Nanotechnology (ELNANO) , April 16-18,2019,Kyiv,
Ukraine.New York:IEEE,2019.700-703.

[6] LI XD,GEENS K,GUO W M,et al. Demonstration of GaN
integrated half-bridge with on-chip drivers on 200 mm en-

gineered substrates [ J|. IEEE Electron Device Letters,



[7]

[8]

[9]

[10]

1254 -

2019,40(9):1499-1502.

WANG K P.,LIB Y.,Ql ZY,et al. Evaluation of frequency-
dependent on-resistance of GaN devices at high frequen-
cy[C]//2019 10th International Conference on Power E-
lectronics and ECCE Asia (ICPE 2019-ECCE Asia) , May
27-30,2019, Busan, Korea (South). New York: IEEE,
2019:2153-2157.

MATSUMAE T, KURASHIMA Y, TAKAGI H. et al. Room-
temperature bonding of AIN ceramic and Si semiconduc-
tor substrates for improved thermal management[C]//
2021 International Conference on Electronics Packaging
(ICEP), May 12-14, 2021, Tokyo, Japan. New York:
IEEE,2021:5-6.

LI B Y,WANG K P,ZHU H K,et al. A double-sided cool-
ing GaN power module with high thermal performance
[C]//2020 IEEE 9th International Power Electronics and
Motion Control Conference (IPEMC2020-ECCE Asia),
November 29-December 2, 2020, Nanjing, China. New
York:IEEE.2020:2167-2172.

SUNDARAM V,DEPROSPO B, GEZGIN N, et al. Integrat-
ed copper heat slugs and EMI shields in panel laminate
(LFO) and glass fanout (GFO) packages for high power
RF ICs[ C]//IEEE Electronic Components & Technology
Conference (ECTC) .May 30-June 2, Orlando, FL,USA.
2017 .New York:IEEE,2017:300-305.

[11] CERMAK M, BAHRAMI M, KENNA J. Natural graphite

sheet heat sinks: a review of the material properties,
benefits,and challenges C]//2018 34th Thermal Meas-
urement, Modeling and Management Symposium (SEMI-

THERM) , March 19-23, 2018, San Jose, CA, USA. New

[12]

[13]

[14]

[15]

[16]

Ye BB X - B S 2022%F H33%

York:IEEE,2018:55-62.

ZHONG W Z,LIU Y T.MAO X R,et al. Analysis of speed
control based on CPLD DC brushless motor drive system
[J]. Machine Tool and Hydraulics,2021,49(1) :7-12.
AR IE . R E ¥, BT 4K . % . 2T CPLD B3 Jo il B #1L
IR sh £ g /Y I o A (. HLR 5 W, 2021, 49
(1).7-12.

Texas Instruments. LM5113-Q1 automotive 90-V, 1. 2-A,
5-A, half bridge GaN driver [ EB/OL ]. (2019-11-04)
[2022-02-20 ]. http://www. ti.
LM5113-Q1.

EPC. EPC2015C - Enhancement mode power transistor.
[EB/OL]. (2021-04) [2022-02-20]. https://epc-co.
com/epc/Products/eGaNFETsandICs/EPC2015C. aspx.
ZHAO G L,WU H Y,YANG Y Y,et al. Underfill filler set-

tling effect on the adhesive force of flip chip packages

com. cn/product/cn/

[C]//2021 22nd International Conference on Electronic
Packaging Technology (ICEPT ), September 14-17,
2021, Xiamen,China. New York:|IEEE,2021.1-5.

YANG N, ZHANG H G, XIE J X, et al. Study on thermal
characteristics of power module with double-sided cool-
ing package[ J]. China Light & Lighting,2021(2):6-13
+24.

BT LR T L S5 T Tl AR R XU TH i A e A
Wit SR g [0, h B B 2%, 2021 (2) 1 6-13+
24.

EEE AN -
BR3AE  (1960—) ., 53, fi o RS0 B M A R0l BN FO T 5

Tl HL A B 1 A U B 5 AR 5 T I E



