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Abstract

The drive controller of outdoor units for inverter air conditioners is evolving towards high-frequency,
integrated miniaturization, and high-power solutions. Meanwhile, the frequent occurrence of extreme
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high-temperature weather further exacerbates the heat dissipation challenges for high-power, high-
heat-generating components. Thermal management has become a critical research topic affecting the
reliability and lifespan of inverter air conditioner controllers. Particularly in high-power, high-fre-
quency power factor correction (PFC) circuits, traditional polyimide (PI) films—although possessing
good electrical insulation and thermal conductivity—can no longer meet the heat dissipation require-
ments of iron-case insulated gate bipolar transistors (IGBTSs). This paper compares the characteris-
tics of various insulating and thermally conductive materials, and experimentally verifies that using
aluminum oxide ceramic sheets can effectively resolve the overheating issue of iron-case IGBTs in in-
verter air conditioner controllers, significantly enhancing the reliability of power devices and extend-
ing product service life.
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Table 1. Performance parameters of fiberglass cloth and PI film thermally conductive insulating gaskets
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Figure 1. IGBT thermocouple layout and experimental environment
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Table 2. IGBT temperatures corresponding to two types of insulating thermally conductive gaskets: fiberglass cloth and
PI film

2. WIBAHER FRAEE A P BEEGSABRRIN IGBT RIFEE

BT e A PI fift
L/ R BN HLE(V) HIAHTL(A)
IGBT FeARIEE(°C)

il 1 A 50°C 165 7.2 107.2 100.4
Hil¥4 L fifir 50°C 264 55 96.6 89.8
RRHIA 143°C 176 7.1 100.6 92.9
BRHIA 143C 253 6.5 100.5 93.4
KA 243°C 176 7.3 100.4 92.3
BAHIA 243C 253 6.5 97.8 90.5
RHIA 343°C 176 7.4 106.4 97.8
RHIA 343°C 253 5.1 91.5 85.8

FESEBR G R, O IR I T ENE, R R A 1R PR, G AT LAE RS PI
RGN AE Bk IGBT HUHA T 2O N B A AL B B AHEL T PLIR, SRR, 2B PIRH) S 4
PERE, IF HARE IR SRPERE AR ZE R, XA MR E B R A S BRI R = . 238
[F]—# PLIETC TS AN 1 AR IE S, AR A Rl 6 1 i 1 PLE R HIE N 1 1.6°C/W .
Table 3. Comparison of thermal conductivity performance parameters between PI film with adhesive backing and PI film

without adhesive backing
T3 PLREERSTERSAMES KL

o, RS PEE AT i B2 A TR P2 A A AT ¥4 A ARG P B PR R TR R e R R . L R R R B

LRER T . . .

(©) (©) (C) (W) (W) W)y (mm? (PSI) (mm) ('C/W) K(W/mk)
Pl LB 51.08 68.11 3405 7.576  6.609  7.093 707 14 298 48019 0.8351
Pl EATRE 5191 6861 3520 5212 5212 5212 707 14 3.02 64102 0.6384

Table 4. Typical performance parameters of PI films commonly used in inverter air conditioners
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Figure 2. Typical saturation voltage drop characteristic curves of IGBT

[& 2. IGBT HBYiEA0E PE4FIE LR

JFRAFE, 4R IGBT fEJT M SRR F 0 OB R T8 P, bl 3 AR i I e A A2 e i 2R )
BK. 5ESFEAR, ENRFEAENREIIFE, 2 MBSk tat, HER/NRZMKRE T
TR . AP Biae A 2O8:

f,)sw = (Eon +Eoﬂ)xf;w (2)
X, E, NITIBAFE, E,, NRWHRFE, f,, NI (R EETHm  IRIIT R854, JEHRE R Wi de
PR 2 8 IGBT SR i) « L Jfitdti e ” BLR S/ 5 (3], Kk, B IGBT JF IR IIFETE, JFRHFE

DOI: 10.12677/aepe.2026.145025 247 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2026.145025

HIhE, xRS

K.
4. BEERBR K

t RS 3 T IGBT ke iRk ol 1, 7E 5 RUCE A=, PFC HIThRE KR, R E)LF
AP PFC HLEE IR IGBT HF At — P12+ & 60~70 kHz, T3 IGBT HIHFERIRSE . FHE
REBLUFIF PI IR CA AR &2 IGBT BUAFE R, EZ N KM TALT IGBT MIse iR Clid 115C, o/™E
M%) IGBT HIfd F 5 iy o RIh. slib G 8k IGBT Ak i b ik AR89 IR 1) 8 2 e M3 il 28 4E
P b N B . SR B i S A RE I 48 S B AR A AR R TR ] AR

% IPM. W% IGBT #4275 ] DLEHER R4 2 T B BHE AR PLIR,  REREESfif v R 4
W, M RERC AT A I A, SEILE SR o s R A AR, IPM. 4%k IGBT SR FH (1 HEAR0E & N
AR . FEAEERE L 96%~99% A LR N JERE, £ il e 2 i B M e . BRI
T PIBE, mJ3k 20~30 W/m-K, #2050 E MRt A, HIERefaE, HaK[4]-[6]. (HAMA
TERIHINGE, 7552 B & ) B2 R I 25 G 2410 1]

BRI E R, &SRB HEEALO:). B (BeO). FALAL(AIN). FALTE(SING)
HEZFMEL. K 5 AANFEMER RS I RESHOT LS.

Table 5. Comparison of characteristic parameters of ceramic thermally conductive gaskets

F 5. ESHRERIFES I

RS SisN4 AIN ALO;3 BeO
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TFER 2 2x10™ 3x10™ 3% 1074~1x 107 3x 107
H1BH#/Q ' m >10"2 >10"2 >1012 >1012
&% 5/(kV-mm ) 10~25 14~35 10~35 27~31
FHR/(W-mK ™) 40~90 120~180 20~30 209~330
5 il 38 /MPa 600~900 250~350 300~380 >250
) KA 8/GPa 200~300 300~320 300~370 330~400
W44/ (MPa-m'/2) 4~7 2~3 3~5 1~2.5
CTE/(mm-mK ") 2.7~4.5 4.2~7 7~9 7~8.5
AT RS B AL A R A AMB (4) DBC (4), AMB (7) DBC (4) DBC (%)

FERRBEM B, AP % SRR RENLE, E il T ok BA R A s &, H T = 2N
THEIYUE. R MU RAAMERE. R RmEerimE. L, JihfREEimis
U SHE R EILE R AR R, DOV R PRI ERAR 7], B % 3 208 T 47
FERIZIREN S o i) ToU 5. MILEZR, AR BRI TR BUR T IR ARRRL, Bz e 2Rk
WRE(PT) R . R H A B AR I T L2 e, PRITAE Ao T 3445 382 N

LA EIEU R, AR A BRI B 5T R AR A A I W I PRC FLBR Th 8k IGBT S8k
B A AR R T [

AP RERE . AR DAL D3R8 I BN A D738, SEIUPRERS o oW A7 AR MR AR,
BB AN, A RE AR, e R, AEERAR T S (8], TN, AR
PCER PR EE R WU PR IR, I S AR AR AW S B, HE AR Il I MR AT B[] 5 e S5
PR FUT e Tl S Th R A F 2 18], Al 3 pos.

DOI: 10.12677/aepe.2026.145025 248 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2026.145025

IR, MR

\\
IGBTIhEAR

e =R
S < SRS
SRS
Bihas

Figure 3. Assembly schematic diagram of alumina ceramic gasket for power devices
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Figure 4. Installation schematic diagram of alumina ceramic thermally conductive gasket
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Table 6. Temperature rise comparison test between alumina ceramic thermally conductive gaskets and PI film thermally con-
ductive gaskets

6. BLEMESARRS Pl ESAE R BAXT LMK
PI fif AALER R %
EH T I NHIE(V) N HIR(A)
IGBT 52 {KIR % (C)
il 1 44 50°C 165 13.7 108.7 87.6
#il¥8 3L Ffir 50°C 264 9.9 90.7 79.5
RRHIA 143°C 176 15.5 109.6 90.9
RRHIA 143°C 253 13.4 96.6 84.5
KA 243°C 176 15.6 113.0 93.7
BoRHIA 243C 253 13.5 107.9 87.2
BORHIA 343°C 176 14.6 115.8 92.6
AR 343C 253 11.4 105.5 88.9
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