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Fig. 1. (a) Schematic structure of the GaN-on-SiC HEMT
under test in the Raman optothermal measurement; (b) Ra-
man peaks of the GaN-on-SiC HEMT at 50 C and 300 °C,
including the E,(high) and A;(LO) peaks of the GaN epi-
taxy and the FTO peak of the SiC substrate.
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Fig. 2. (a) Position of the GaN A;(LO) Raman peak as a
function of temperature. The temperature coefficient from
the linear fit is —0.026 cm “K'!; (b) position of the SiC
FTO Raman peak as a function of temperature. The tem-

perature coefficient from the linear fit is —0.023 cm “K .
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Fig. 3. (a) Position of the GaN A;(LO) Raman peak as a
function of the device power density. The power density
coefficient from the linear fit is —1.86 cm 'mm/W; (b) posi-
tion of the SiC FTO Raman peak as a function of the
device power density. The power density coefficient from
the linear fit is —1.25 cm mm/W.

DURFAE 06 1) D B VE Ay o ) A% it R RT 45 HH AN TR
TR RN X R AR GalN A1E 4 3 B Fifed I
RIZMTEEE, 454t AR I Bk 2 iR
JE, AT LIS BN [R] 3R 3 BT A R v A )
TEAHR [ BR E A R . T BRI 2, B i
SEB R F IO (A = 532 nm) FEEL 195
HFLEE (NA = 0.5) P T IO RAETE GaN K
A 52U 8—10 pm™8) fr AXT B GaN Keififir
BRI B A R IX SR HE S GaN SR IE 2R B X
SiC P2 M A RLIX S0 SiC R E ER 2 (PR
TEAL) B 7—9 wm, T3 A S A RS A 1) R
ALK AR . S22 pm GaN AR 4E
J2 VR B Y- X3 B (R R 5 R AR B, VRIS 3
TR EE R S

028501-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 2 (2020)

028501

3 M/ BERE=TREAE=HEEMN
By E %R 5 AT

B 4(a) B T 90 /0 88 vk 22 B 28R
GaN J2 . SiC L 3RJZ Rk 24 (iR B R ) 5% B
IR A S R, SRR I = 34
TR A SEIOE, LA B AIARRRREAIEIN 1 W/mm
1R X I A58 A0 () R B T v L, RS PR IR
6] U HBH. GaN 21 SiC 36 )2 A iR 22 Bl ol
W BEYE TN AL R B T 2 F b GaN 4hE )2
1 SiC IR R Z RN FARH ; GaN JZ B Rk 22
V) ) 5k 25 I Dy 23 28 1A 7 4 Ak R B R T 4R
AR AR IREH, anl&] 4(b) B, BEE /A Bk 22

140F asic AT=56.1AP,
® Flange AT =29.1AP,
O L
S~
£ 100}
=
Z
@
8
o}
a
g
o 60f
=
20t (a)
0 0.4 0.8 1.2 1.6
Power density/W-mm~!
B GaN AT =85.5APgensity
140 48iC  AT=71.1APuensity
® Flange AT =32.4A Pyepsity
O L
<
£ 100
Z
5
z
()
£
3 60f
=
20f (©)

0 0.4 0.8 1.2 1.6

Power density/W-mm~!

arfFh GaN 5 SiC Z A F9FAPFH N 14.7 mm-K/W,
PRI 42.9 mm-K/W. /ERXTEE, K] 4(c)
SERIN R B 22 B AR F GaN 2| SiC ERZEAI
B AR YA TR A O 15T 4(d)
JEARAH M 22 BRI GaN 2 SiC 1 RZ NI
22 GaN 2RI 56 1k 22 22 [] (1 1L B2 22 Bt 1) 2R 2% i
THE B As Ak, #80Fh GaN 15 SiC 2 Ja] i B pH
14.4 mm-K/W, Mg AR EH y 52.8 mm-K/W.
W 1 BTN, WO 1 2 3 A Y GaN #R( h
GaN 5 SiC [A] i #BH L AHAE, 32 bk 5L i )2
AR — PR SR S IR TTA /A BR 0k 22 BR R
PR EABHAR LA BH VR 22 SR 18.7%, X240 /41 28
2 22 PRI R AR B

80

@ GaN-flange Riota1 =42.9 mm-K/W
& ® GaN-SiC  Riptertuco = 14.7 mm-K/W
g 60
o
15
)
b=
= a0t
[}
-
3
2
g 2}
5
2,
g
& o
(b)
0 0.4 0.8 1.2 1.6
Power density/W-mm~!
801 ¢ GaN-flange Riota1 =52.8 mm-K/W
g @ GaN-SiC  Rinertace = 14.4 mm-K/W
Q
2 60f
[0}
g
=
T 40 +
9
=
3
z
£ 20t
e
g
&
or ()

0 0.4 0.8 1.2 1.6
Power density /W-mm ™!

4 (a) /47 S8k 22 B AR GaN 2 | SIC | R JZ MBI 22 5 BE DI R B LA 1L; (b) il /47 883k 22 B2 A GaN JZ
SiC bR IZ AL 22 . GaN JZ Rl 3% 3k 22 2 (8] A i JBE 22 It 2h 5 B2 A9 AR AE; (c) B % 22 BP0 1F GaN 2 | SiC B 3RZ M EH3 %
2 TR BB T % B AR AL (d) H 4R 22 B AR AT GaN B SiC E 3R 2 MR 25 | GalN 2RI 256 1k 22 22 ) 14 3 8 25 B o) 3 2

JRE 38 i g A2 Ak

Fig. 4. (a) Measured temperature of GaN, SiC, and the Cu/graphite flange as a function of the device power density; (b) temperature

differences between GaN and SiC, and between GaN and and the Cu/graphite flange as a function of the device power density;

(c) measured temperature of GaN, SiC, and the CuMo flange as a function of the device power density; (b) temperature differences

between GaN and SiC, and between GaN and and the CuMo flange as a function of the device power density.
F 1 WA 2B GaN S AYFBEXT L

Table 1.  Thermal resistance of GaN HEMT with different Cu-based flange materials.
GaNGRUN 1k 22 ek HFHR /W (mK) ! GaN-SiClH#ABH /mm-K-W AR /mm KW
/A 300 14.7 42.9
A 167 14.4 52.8
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Table 2.  Dimensions and thermal conductivity of
each layer in the GaN-on-SiC HEMT used in the fi-

nite element device thermal simulation.
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Fig. 5. (a) Simulated (line) and measured (dot) junction temperatures of the Cu/graphite flanged device; (b) simulated (line) and

measured (dot) junction temperatures of the CuMo flanged device; (c) depth wise temperature distribution of the Cu/graphite

flanged device and the CuMo flanged device at the power density of 1.43 W/mm; (d) thermal resistance of each layer within the
Cu/graphite flanged device and the CuMo flanged device (The material of TBR is AIN).
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300 W/(m-K), 4 3CHk [16] 25 R, Z G2 0)
7 AT BRI A 50%. AR — AL H 4 /
A BRIE LGSR G SR ECh 40% 1Y
i /1 BRI A MR R EE ] 3K 378 W/(m-K)!'0, 38
1 R EASEALL 11 25 SR e WA AT DA 28 2 0 B R A B
REA 19.8%. 0 3 PR 4L /41 SR 0 A R A SR 1Y
Jo e A HnT DA 22 i A R 3R B e . O R
BARASBARG AT R S TR TR, (AEME
A1 8 TR AT B BE N, S A B Y A T A A R
[ s) 32 ARG T 2052, PRk 9 23 Bt 250
%, XU R B FEE R B RS O

32, IR TR, XE 5(c) FIE 5(d)
AR T LA B, X T4 A2k 5, #ARH 5 He
R IBR T 22200, A S e, 54 /A
FRT 2E BRI Y 22% F1 o R B 22 g R i
PRIREHAY 18%. ASCHH LA 1HE]AY GaN-on-SiC H,
TEHRAEHEHZ N 50 m2- K /GW, 5 Riedel %20
K AL PR F AR I 45 R 2 47 m2K/GW
FHIE, {HE HOAC IR A SR FH W A5 A S o 1) 7
— B T 2K SiC 3 GaN SME (1% 5 i 4 BH
29 25 m>K/GW & T 1% BT 5@ A FROCE A &
B, AN AR A PARH AR E] 25 m2 K/GW, W
GEIR 23— AR 2.7%, H AP RH 23R 107 b PR A1
5.6%. GaN fh ;i ST #ABH 52 SMIE A K T 255,
e R A 2 P 2 A T BT ) R 35 4 A
B 23 1k 8N R L A T8
kB IL S, BF R, 5% HN 48 A MLk
SCMUT AR H, $ARE SN JE 7 R T LA A b B AIG
GaN FMEFT SiC A JiS =22 [ () S 1 FABH 201, 53 S R
RFREESIE R AR A K ) AIN B )2 58 n) T,
X E T BB BRI | b S R U
IR 2 BAT B A . BT AR P BT 2
HE— 2 P R P O RE.

4 % i

I FH L 2 PR 5 AR 255 A BROT i B A
SIS LE PR LS A bR 22 B ) GaN
o FL T RS R R RS 1 ARBH, B /A AR
BN GaN S (08 (AR BH L p o gk 22 ke iy
[F] Fl GaN %% 7F B BEAK T 18.7%, 1F 1.43 W/mm
Ty BT AR RRAR 15% DA b, B 22 A HBH
FEREARZY 13%. X TR WA AR /4 A ik 22 BB
GaN A5 HoRe 1 i al 452k, 8] 78 43 50 9]
TR P R R 5 A BRIT I BRI ZE S (T
TN GaN #4525 J2 ABHRAE /3BT A 3L
TR A, XS 8 ABE 5 HE i 0B & B, GaN
55 SiC Z [a] (14 A5 R0 T #ABH 75 2R i/ LA —
A M BEARES AR, X AT LA A K R i
PRSI,
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Abstract

The electrical performance and the long-term reliability of GaN-based high electron mobility transistors
(HEMTSs) are greatly affected by the Joule self-heating effect under high power density operation condition.
Measurement of the junction temperature and analysis of the thermal resistance of the constituent layers
including the packaging material are critically important for thermal design and reliability assessment of GaN-
based HEMTs. In this paper, Raman thermometry combined with the finite element thermal simulation is used
to compare the junction temperature and the thermal resistance of a GaN HEMT mounted on a novel
Cu/graphite composite flange with those of a conventional CuMo flanged device. The results show that the
junction temperature of the Cu/graphite flanged device is 15% lower than that of the CuMo flanged device at a
power dissipation of 1.43 W /mm, while the overall device thermal resistance is 18.7% lower in the Cu/graphite
flanged device. In addition, the temperature distributions of each layer along the cross-plane direction are
analyzed for the two devices; the thermal resistance ratio of the Cu/graphite flange is 40% of the overall device
thermal resistance, while the CuMo flange account for 53% of the overall thermal resistance of the device. This
proves the effectiveness and benefit of using the Cu/graphite composite material package of high thermal
conductivity to improve the heat dissipation of GaN HEMTs. By tuning the mass fraction of the graphite, it is
possible to further increase the thermal conductivity of the Cu/graphite composite flange and to further reduce
the device thermal resistance. It is observed in the Raman thermal measurement that the highest thermal
resistance after flanging is the interfacial thermal resistance between the GaN epitaxial layer and the SiC
substrate (~50 m?K/GW). For obtaining the better thermal characteristics of the GaN HEMT, it is crucial to
reduce the GaN/SiC interfacial thermal resistance through interface engineering during the epitaxial growth. In
the meantime, Raman thermometry combined with the finite element thermal simulation is demonstrated to be
an effective method for implementing the thermal characterization of the GaN-based devices and the

constituent material layers, and the principle and procedure of the method are described in detail in the paper.
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