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Abstract

This paper begins by constructing a thermal conductivity testing system based on the 3-omega me-
thod and developing an instrument control program using LabVIEW software. In the test circuit,
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an INA128P instrumentation amplifier chip is employed to amplify the potential difference across
the sample’s two ends, ensuring accurate measurement of the alternating current signal. Subse-
quently, utilizing the one-dimensional heat transfer model based on the 3-omega method, the sys-
tem is employed to measure the in-plane thermal conductivity of SiO; thin films on Si substrates.
The obtained thermal conductivity of the SiO; film is 1.3444 W-m-1-K-1, validating the accuracy of
the measurement system for alternating current signals and laying the foundation for further ex-
periments. However, the one-dimensional heat transfer model fails to meet the requirements for
measuring the thermal conductivity in different crystal directions in actual high-quality epitaxial
films. Therefore, this study develops a two-dimensional heat transfer model suitable for such de-
mands. Based on the design of heating wires with different widths, a narrower heater can adjust
the transport of in-plane Joule heat, thereby obtaining the in-plane thermal conductivity. Using
this two-dimensional heat transfer model, the experiment measures the thermal conductivity of

AIN thin films on Al,03 substrates in the [1010], [2110], and [0001] directions. The experiment
yields thermal conductivities of 7.32 W-m-1-K-1, 9.57 W-m-1-K-1, and 1.1612 W-m~1:K-1 for the AIN
film in these three directions, respectively. Additionally, the experiment undergoes cross-validation
through simulation using COMSOL software.
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Figure 1. 3-omega method experimental schematic diagram
1. 3-omega ;AL R EE

I

AC

[ ey
Rl
+
=2
o INA128P A
g
amplifier lock-in
amplifier
R, 3 SR830
g
.@ 5
(o]
s
=)
g
-

Figure 2. Circuit diagram
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Figure 3. Software flow chart of measuring Uz,
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Figure 4. (a) The resistance temperature relationship of metal wires on AIN/Si and SiO,/Si; (b) The temperature fluctuation
of AIN/Si and SiO,/Si in the natural logarithmic relationship of AC angular frequency
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VAW SCHR, DRI H 1Y SIO, WA 3 255 G SCER TR 1) STO, M A # T 2 Y I [9] [10] [11], BRUE T4
T HE 2R (1) 3-omega YR R Ge 1 o] Sk o [A) i Jd ot (] 4(b) [RIRETH AR 21 AIN/SI A 54 1 500 nm JEFE AIN

DOI: 10.12677/app.2024.143009 63 S A B


https://doi.org/10.12677/app.2024.143009

WRIARH, 21k

IR T R, GERFRIER 1.

Table 1. Cross-plane thermal conductivity from experimental
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Figure 5. (a) XRD 2Theta testing of AIN/AI,O;z (obtained [0001] and defined as z-direction); (b) XRD phi testing of

AIN/AI,O3 (obtained [1010] and defined as the x-direction); (c) XRD phi test of AIN/AI,O; (obtained [5110] and defined as
y-direction); (d) The AIN crystal orientation is represented on the sample

B 5. (a) AIN/ALO; [ XRD 2theta Il it (4 2[0001] 35 XL 2 77 1) (b) AIN/AL,O; () XRD phi Wl (£ £[1010] 7 5&
SR X D () AINJALO; 19 XRD phi Jilit (£ 51[211013 5 XAy J71): (d) AIN &I 7ERE S 305

1R 3-omega ik 1 AERVE SRURAS A0 T AN R T AR, T ) <R 2 FA 2% 98 2 50 pm.
N T R RS A AR T R, ASCR R TIEAF TG SR IE, AT 3 um £ 100 pm
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Figure 6. (a) The relationship between ATy and AC frequency under different heater widths (for calculating thermal conduc-
tivity); (b) The relationship between ATg and AC frequency with 50 pm width heater (for reference)
6. (a) FEIMARTEET AT EXRBINERNXRABFIHERSE); (b) 50 um FEMAFH AT SRBINE

HXZRESE)
Table 2. Anisotropy thermal conductivity of AIN thin film
2 2. AIN BEE SRS E
ST 4R[0001]77 1A #4-3  kz P VR 2 IR 77 1A
1.1608 W-m K ~1.1738 W-m K 7.60 WmtK~7.02 WmtK? [1010]#4 5 3 k,
11574 W-m K ~1.1671 W-m K™ 9.81 Wm K913 WmtK? [2110]44 5% k,

FANAWTHINE T COMSOL BAF 07 HAE . BRI 7(a)y &1 7(b). AIE 7(b) i A5 R AT AT
FEFRERSCR IR, TR ORI AR B IR G IR AT K, X5RIB P IEHAME. R R
FRAS B (I ARG R L AT BB /e SR 2 15 SePr st i S 2 BE 2 A A 1, k% COMSOL #f7
TR 7 g R A, &5 3-omega 234 5 2 MRS B0 AT T 38 LRI .
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Figure 7. (a) Temperature distribution diagram of COMSOL software experimental simulation; (b) Temperature oscillation
under different heater widths by COMSOL software simulation (same AC power)
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