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Abstract: The thermal characteristic modeling of silicon carbide (SiC) power devices is a key aspect in their

design and development. The structure function method is crucial for characterizing the devices’ thermal characteristics,
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focusing on acquiring the time-constant spectrum of input data
via deconvolution algorithms. However, the environmental
noise inevitably affects actual tests, thereby demanding more
sophisticated deconvolution algorithms for the structure
function. Therefore, a deconvolution structure function
algorithm based on improved Wiener filtering is proposed,
effectively addressing the noise problem in the measurement
data during the transient thermal analysis. First, a structure
function model based on Wiener filtering deconvolution is put
forward, and the algorithm’s effectiveness is validated through
analyzing the TDIM-Master benchmark problem. Second,
different levels of noise are added to the benchmark problem
to explore the signal quality and peak thermal resistance of the

time-constant spectrum across various noise conditions. The
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accuracy and superiority of the improved method when dealing with noises are verified through a comparison with the conventional

algorithm. Finally, the transient thermal resistance of two different types of SiC power devices were measured under conditions

with or without thermal silicone grease, and the structure function analysis was also performed, thus verifying the stability and

applicability of the proposed algorithm under real measurement environment.

Keywords: Structure function; SiC power device; transient thermal characteristic; Wiener filtering deconvolution; noise

suppression

S5 RG PREI R D) R A N AR R BRI 3 5 4
PrvE TR, FER R AT . B
5 RS O S AR R Tz Y 4
PRSI A 1 S B () D R B BRI 1, ARA L T
N, PR B AR TR AR e . AR
REFRAS B a5 R pR A 200 S TR o
Bhgk, IapTasE N o IR AL ANERE, Rt
PVRFE IR R 5B HRHMRIE

BT sRECE I SRR E S T i R v, Sl
R A BAE 0 SRGHT A BUE, 15 3R]
RO, SR SR A R B . Bk, R
ARG R PR BT ZER, e T
F&A R as B bE . BAT, AEM G
DL i 7 52 4 ARk A SRR i sf (1) 5 50 v (6 FH S5y 1
2R BRI, BN AMEE T L 5 e
HEAT TI% 24 % ., Schweitzer Z5PIHFSY T R A 4558
FRELI 5 7 30 T A BB X 5 48] R S B4, T
WA ), OB T e VA AR sl 45 58 BB 154 2 T T
TR, IS A T 251 K% ; Pareek
AU D 34 2 35 ARk R HL I S 8 Bk A 485
HEAT T IREERINT, @ A AL, T D
H 2 A5 R Tk ARUBE Ak B A L e 5 R v
DB R IR I B 1 A [ 5 0 23 SR iy LAY
s XS AU 2 Rl R AKUE
B AR AR AR A SR I S RO
TITHRGE, FEUEILAR I T & XA [y A 1 B
FERCERUT @I, SR, SEPRDIRE I e
PR L AR, i a8 5 F R SE SAA A 0 3
AN AT S A b A DU RSO | AR D S
PAE T RCERURTT , 5200 2540 pR AR BT 25 SR 1
HEBPE

EIXHZmIE, ARSCHEH T 1 FhET et gl g
W SAETRIZE R sREC T T, AR T RS

SrHTHIN S MR R, TR, LR T
TDIM-Master SAEMCECHE , Gl i) H BE AL 1)
PRAINZ, SRS R AR s TERRERE R A
ANFEE MRS, XA, S A SO AR
AT R HERR AL A 5 B s, HE T C2M0080
120D F4E K H WF B RN, SiE A
SCITHR T A SR ) A e () A A

1 HHENRERESRERS ST

1.1 ZHREEREE

SEAREE 1 APAEREIR I, B
SR TE 2 LA 1) T R B R e I A B A B A% 38 1Y
W, R A R . A A
Foster B {H 2 | Cauer BT [RIEE | Foster Hi7%Y
I Cauer BRI B RUR A ) 7 B
BT S50 R R 22 o 2544 BRECT Y Foster
BRI 5 Cauer BARIINP 1 BRI, B, R A
BH; C, WA Z(s) AEEMIEZT 2 R A H
[EEMSSIER

C, Cy (0N C
Z(s) R, R, R, R
<
(a\ il BT ~otaekds 1]
\a) N2 USWI R
1 2 R R,
[og J_ | J_ | J_ {1 "'f:'—
Z(s) TCI TCZ —" G —"Cu
O

(b) H %I Cauerfbi Rl
B 1 LHMEHFH Foster $REIFN Cauer #EY
Fig. 1 Foster and Cauer modelsin structure function
FTC(Foster to Cauer)”Z#eit f2r, B ILHK
Foster R Y AABHHTHATHS (] 4000 . 2R Fe S8 AR
R AR R e, 15 B IABH B0 I E] Y-S %



1

Pletr, . ST UGN IR AT SiC ARSI pRBCERIRT 5T 3

da(z)/ dz . i) 0% R(z) FIALE KBV, (2) =%
ERIE, R
da(z)
dz

=R(z)@W,(2) (1)

HAREIBERUE UG 4 da(z) / dz AT G
e, ] R(z) " LIS Caver BRI TG R, F1C,, ,
P =35 0 EE s il a5 R B th 4. A
I, FTC A8 B v, B B 205 S AR # f& Cauer
BRI R BH AR AR, 2 S B F pR RO 1Y G
W, BT B HIE 5 Y Foster 4 5 Cauer
BB B0 T 095 I (n—o0) , I 8] 5 B0 T LLA A
1 FRIESEIMZE R(2) , W 2 Fis. B, o Rt
OB s AR

R(TA

|
|
|
|
|
|
|
— oo |
|

B2 ZELERIREE G

Fig. 2 Spectrum of continuous time-constant
1.2 HHEMIRE RERTIE

SRAERIE FIE A PR FTC A8 i 0] 7 £k
TR AR AR OB o F AT 2 0 T2 A T 5
TR SRR T AT 8 B S A AR AN DL 27 S 4 A
5o LM S B Y SC B R AR 5 | AR
IR TENEIL PREL, X AR R A TR AL B, U
N, e [ AR 30 308 0 PR RS 0 1T SE B I BEJE 2
ANSH, Pl AT B E G . i
W R AR e T DU B s ATk, i
XERIGER TG , ZBGEAHER T—ME AL
B, B WA RIRE IR FLSE, B B
SR BRI ] R o

R el MR T P 1) K S, AR SR
1 FHEETAEANIE IS P SHR— BEEE
SRR DT 125, FEALAS 2 A I I 3 s B4 5 8¢
M54 DUT(device under test)#& b ML, 4E47E
e P A Bk i i i DR A R A A 5 T
M AfG S Z 2R R H i M, 2B T XA

G PR TS R ST

BIXT I MRS, HMAGES hx(r), RE
AR R h(r) , RS p(0) , TIPERER
n(t) , WIRGE R AT IR

() = x(t) ® h(?t) + n(t) (2)

N T M2 F A E S v() TR E R
WBES x(t) . BT L AR Bk s S
e Rl b s, H)

Y(N)=X(NHH()+N) (3)
L, V() . X)) . HO)FNG) B30 v@) .
x(1) < h(t) F n(e) 38 {8 HL AR AR O 2K

X()=W(OHY(f) FEHIEARG S, W)
RAEANIEIEE RO 2 7E B S AR STk
MESEITERE E[| X () = X() PSS N
LSRR W (f) RN

e

WXf):|H(fﬂ£iLSR
A, NSROIIRME(FH, HEBUEA/NE T 3§
WA R B s ] AR R ] R 43
B REXTHUE F A,

T4, A SCARHR 24 H8) R B PE B ft F T A SRR
Wik a i, HRRDHSERIRERIT,
G B RIS A 1 z i st T B IS R A e
i) H FIOE RE I AR A ARIR AR 38 R AN ALy e,
BB AR a FVR G 1 ] DAl

a=t—t, (5)

Y1) =x(1) ® h(a) + n(?) (6)
K, o, ABTTHAR R AEAE

Hk, GBI P E AT B B() , H
RAEIE SRS I, PR M B —— B BR 7
ghilrh, PARRIMIEEGE, BT RGBS T
x(t), IFIRA

B = o) ()

[y (£ (f) ] H ()

X(O) =iy (W () H(@B(@) (8)
e Z,,(0) 7 DUT FadSHHAS 1 #BHG B 5 ¢
JAS Gt a MO

(4)




Eie o524 %

s

1.3 EEWIE

Shy 65 UE A SC T Ty v Xof st () 50 oK A 1 v
Wik, £1%} TDIM-Master 7~ 5 O SABHBLEAE , K
3 35 A SO AR B B 8] B0 R 3 25 4 eR B
(25 TDIM-Master 785 H 845358 70 25 S0k 4 7
XFEE

TDIM-Master 7~ 7] 1 /&7F DUT ) 2 FlRfRZE(IK
TR AT IR PR R AAGE NS R TG AEERR ) T 43 K A st
() B PR S 2548 R, MR 1 e 2 itk
BT MHEHBTIL, K 3 PR, EIER -, R
FHAS SCR 43 )45 3 i A KICHE 1 B ] 3 50 5
ST EEF PR, AR SR BT E, ANl 4 R
RO S TSRS, K 4(a)rT L, A3
AT B A I ) B0 SR 1 5 R AR 25/ N T
100 ps. WREAHRRAIXTIRZE/NT 2%; HE 4(b)
AL, ASCEEAR R BT S5 H R B 7R ) 1 R 4h

8

— TR
| — AR

N

FPH/K-W )

1 1 1 1 1 1 1
10° 107 10* 107 102 10" 10° 10" 10?
i ik/s

E 3 1 2 FfER TR 2%
Fig. 3 Thermal impedance curves of Example lin

two cases

2O R R TR R R SR

—JRIE A REIR (R T735:)
1.6 - I TGRERS RIS H)
-~ JRIE A RERR RIS S

10° 10 107* 107 102 107" 10° 10" 10?
it /s

(a) IR I B xd be

10?
- - - R TCREAR R 45 5)
10'F - - - R A AR GRS

R/ K

— JRTE JCREAR (AT 1)
— R AR (AT )

0 2 4 6 8
B HFAK W)
(b) B> &5 H o8 Bt 2 X Lo
B4 AXFEETH 1HERTE
Fig. 4 Comparison of results obtained using proposed

method with theresultsin Example 1
REEATES, LUHIRUEA SCR A O 5 50 T Al
DAAS 2 R S R 1 70 B

2 BUEMNIRR R EREETRRE
ST

SEPRBES SR . P SR, T ik
# . W AREEAEAER gl , M A5 R P e s
T, A R R ARG I o A SCER M Y
U AE AN DRI B R RE A — e R EE Bl I
MR, ORI G MR E , A5
LR Ry T B S A A M P st e ) o
Bk , {4l TDIM-Master 7% {51 - JGRE S 10 st ) 44
FEHTHIZ , AR IIASTRI R B2 1 s 7 W P e 58
WA, EHANESIASMIERE AT, X A SR A
PG ETEAR LIPS T AR FREE R, i 5 PR, H
rf, SR B AT JE 19 (519 L SNR(signal-to-noise
ratio) {53 £, B

P
SNR =101g > 9)

n

Kf: PAESIERIDIE,; PO P T,
ANIE SNR T 5 5 B i PP A AR i . DY
SNR KT 10 dB i, {55 JL P 2 2 5,
AR E R ICEA A ; @24 SNR 7E 10~20 dB
Z I, (55 Z RS E T, G5 ReiD
ME; 324 SNR 1E 20~30 dB {E NI, 155 %



5513

Pletr, . ST UGN IR AT SiC ARSI pRBCERIRT 5T 5

BT OB , L S TR G — KT @
SNR 75T 30 dB i, {555 JL A T4, (575

FaE M ITEs . 24 SNR FRE] 20 dB B, 144
BVETFIR P BH S A B, Al SR A7 B R

JFE R FE (MR RS T, A SO B AT B A o i L I ]
] — wWEOEZ ., 24 SNR k%] 10 dB )5, E4E%E
— =
200 SNR_30 9B FEERG SN, i A RS T H R A2 B KRR Y M
——SNR=20 dB

|5k SNR=10dB by

10107 10 107 102 107" 10° 10" 107

T, ANSCHR e A s 1 S 2
FAGHRUERTAA T 22 , (EATISEASOR B 1 A [
TR AR . TSR, A 2 FhRETE 5 KGR
S AT P RN LR T XL, I3 1, IFRlH R0
(7 6 DEIEAL P PBHIE LR 20 W3 1 PR LIE L,
W AESHEME LY 10 dB B, RSO E R E

15 a)/s
(@) feBERL RFFE 19.84 dB, 14507 MIKIR FI#ZE 9.64 dB,
= SO EAE S 2 RO R T S0%DI L.
2“‘?&%? b, FEVFEERR, 2 FOP BRI A NI
NR= B

I, AR IR A FR B2

F1 AEREFT 2#AESBENMEEHILESHERL
Tab. 1 SNR of time-constant spectral signals obtained
using two methods under different noises

107 1025 10* 107 107 107 10° 10" 10? dB
I )5 LN ERER ] AIOTERE ARG
(0 A S Gdts Gidts Giats
B 5 EHELESAXHMHEEIERRRETH 36.6. 36.5. 38.1. 434,451,442,
B i8] 3 it SNR=40 357, 338 44.1, 442
Fig. 5 Time-constant spectra obtained using conventional SNR=30 294,327,293, 347,345,339,
algorithm and theimproved algorithm in this paper under 323, 32.0 337, 342
different noises SNR-20 25.7, 258,243, 21.0, 220, 22.1,
MIE S sl LI Y, 4 SNR 4 30 dB J% 40 dB 270, 23 22 21
’ 189, 21.1, 19.6. 9.7, 9.6, 9.8,
I, PG S AR SO T A S b B SNR=I0 188, 208 9.1, 10.0
2 AEMERETA T EEE R 8 E H0L Rl b X Bz 4 PR B X b
Tab. 2 Comparison of thermal resistance values corresponding to peak of time-constant spectral wave obtained using
proposed method under different noises
WAETHY S LU SR 2RI R 3NIIERY SR AR R SANIIERT A 6 DMRIERY
{5Me Lt/dB PPL/EKW Y HPAKW Y KW KW BBAKW ) HREH(KW )
TEMEFE T 0.027 0.069 0.482 5.842 0.569 3.87x10*
SNR=40 0.025 0.067 0.464 5.867 0.594 4.05x10*
SNR=30 0.026 0.075 0.465 5.824 0.633 3.61x10*
SNR=20 0.044 0.055 0.513 5.713 0.635 3.39x10*
SNR=10 0.275 0.432 0.387 5.641 0.281 2.55x10*

XF e FREA T I, S 0F A AR BRI e
SRR P AR TR, S Rl e AR Y

B U A, FESEBRRLI T, S M
J&T 1R BRI RIS o 1M Y A vl T



6 L 5

E 4 %524 %

FEAE AR A I P 0 DX R 45 R A A B
AR o AR LM IR SR L AN 6 B

1.5

SHUK-T)

R
——SNR=40 dB
——SNR=30 dB
——SNR=20 dB
1 1 1 1 SN}{I:lo d$

10° 107 10 107 102 107" 10°
i} [a)/s
E6 ARREERSTIMHNSHMmE
Fig. 6 Derivative curves under varying degr ees of

1
10" 10

noise inter ference
3 590 o8 FH A GE 50k B B B SR g A [ e 7
TR B e R0, AR 7 B
Bl 7(a)F rT AR, ARG T DS 4
ARG, G R AR X — i 2 s A 4

_ (=

7
— SNR=40 dB
0.4F — SNR=30dB

— SNR=20 dB/\:
SNR=10 dB

1 1 1 1 1 1 1

10° 10 10* 10° 102 107 10° 10" 10?
i /s
(a) H25 5%

— JolE
— SNR=40 dB Y
- — SNR=30dB -

SNR=20 dB
SNR=10 dB

10 10° 10* 10° 102 100 10° 10" 10?
i /s
(b) AT PG

7 AEEE T HIR EE TRt
Fig. 7 Comparison of time-constant spectra under

different noises

T, MM B AN, I E R Z SNR
AbT 10~40 dB ISR A5 21 A 18] 752 35
KMEFRRTIE, 2 TR S R BUE L,
TR THER 2 A MRS 1 T 5 ASSCHOA T oR 1S
(4 4 BRfE B0 F AR RS EEA TR T L,
MRBCREB I, W TSGR RE )

3 SEIIGIE

Ry itk — 20 B R AR SRR AR S PR ) R g
PR PE A R A /E T, LA Cree C2M0080120D
1200 V—31.6 A SiC ¥4 [ 1200 V—150 A SiC H
WD RS el T, B AP AR
BN 8 7R, Bk T AR SOk SR I EA T 45 1) R AL
G3HT

;L;i  o ﬁﬁ\
R T\ (] . =)
wg:m \Jﬁ
MOSFET % B
MSICHE e ——
LRT A
E8 XBTA
Fig. 8 Experimental platform

SR BB AS SCR L E A TI AE, BIAE—A
SiC #fF B HF T S IR IR SRR , 75— A IREK,
TEARIA T 0 A b, gl X 52 5% 20b 58 o422
fir, SZEFR, Cree C2M0080120D 1200 V—31.6 A
PRSI RN 25 mA L PN 10 A, E BT
1200 V—150 A D eyl f il 25 mA | fin
P 15 A, LL SiC MOSFET A& —H5 iis
W SEL, ERIES IR IR A R8s, H
DABR AL it A v 4 fin A i R X R o fR T
I PR R BRI AL T OCHWRIRAS
JEAE MOSFET BMEMK (Bt hn-3 v i %, LA
RWrge o A e e, PR K Y R
B SR B W70 e 273 P 3 o =1 1 2 E i | L R



1

Pletr, . ST UGN IR AT SiC ARSI pRBCERIRT 5T 7

RA “ A RIE R BV, , SV AR AR
T IR, SRR P AR R, SRARRE
It Ry v, , I K RECK v, FesOiR S
B, AR R AP AT SRS 20
ot 2 an & 9 Fior.

1.0
— JRTE JCRERR
— JRE A RER
% 0.5F
=
i
0
10° 107 10™* 107 102 107" 10° 10" 10?
isf 1R)/s
(a) Cree C2M0080120D 1200 V—31.6 A Fif
0.40
— JRIH T RER
03k I A RERR
024
é 0.16
£
e 0.08
0

10° 107 10* 107 102 10" 10° 10' 10?
it /s
(b) A1 200 V—150 AT B

B9 2=t S
Fig. 9 Derivative curvesfor two devices
PR FR LS , S HIA SO $ 05 10 5 4K
PG T RERITR, 152 2 RSO0 T AR H %L
2B SR, - 10 A 11
FiRo Mo a s Rnl R, FESER i, b T
PR, 2 PR T A T2 AR o B R S B

1.2
— JRE T RENR
— JRE AR
09
N
= 0.6F
03
O <
10107 10* 107 102 107" 10° 10' 10*

1) /s
(a) Cree C2M0080120D #fL4%

035
— JI R

028 — IRIATTER
_021F
o
<

0.141

0.07F

0

10107 10™* 107 102 107" 10° 10" 10%
st [)/s

(b) AP EALR

10 2 FARR 14 A0 R 1) AT fh £k
Fig. 10 Time-constant spectra curvesfor two devices

107

— JRE TCRERE
|
= 10
&
;’5; 10"
BR
10
10007 T4 21 28 35 42
ZIF /K - W
(a) Cree C2MO080120D HL4F
10°
— JRE TCRERE
|
i 10°
%
Z 1
0
BR
10
107 05 10 15 20 25

(=)

FUHHEEAK - W)
(b) FIBFHIARALR

B 11 2 SEs e FR o G540 iR S th 2%

Fig. 11 Integral structure function curvesfor two devices
/NEREST S, AHIFARRMRRIRS R HER . A |
TCRERR T W g BB 23 B AT e T, iE
— IR T AN SCR SR R R, R
A AT A R B R I, B —E S E

4 L5k

BERT LR RSO S A PR T W P U A TR



8 LN

E 4 %524 %

ASCEE 1 BN RIS BE FUT 12 07 A E
RS MU A5 5 R A G R 22 5%
FHTER(E, B DR AE MG T T XTS5+ R ESGHEA TRS
5381 57 JE TDIM-Master Je#fl, %o} FbAS SO 3 F 3L
WELE R, 25 RRH, TR TR, AU IR
FI| ] i 5 TDIM-Master K7 191 1 45 5 (4940
i Z/NTF 100 ps. BE{EAEARAXIRZE/NT 2%,
B UE T AR SCRIRAE O MRS 1 B0 1T LIRS 2] 2 5 1
B HTEE A AR T S T4, 76 SNR
7930 dB. 40 dB I, R4 A AEY
TSRV BON R . RUE TR, 24 SNR T
F#) 20 dB B}, fEGAIFin R B k8l , 4
Mrah Rz ) T RO B M s T3, ASCel it Bk
AT ie ke i B ) G h 2 >4 SNR 1A% 10 dB
J& , BT E RS, R Rl E RO R
FREESZMETS T, AT A 55 A B 42
T 50%Lh o IAZE K& MER 4R, 7E SNR 40T
10~40 dB P, A SCHGHE RS AL RN
HH T S AR RCR , BAIE T A SR R A A
7 ) B P R B o AR SCHFFE T AR B Fe vy
P ST A —ESH M E.

S 3 -

[1] Székely V. Enhancing reliability with thermal transient
testing [J]. Microelectronics Reliability, 2002, 42(4-5):
629-640.

[2] Schweitzer D, Pape H, Chen Liu. Transient measurement
of the junction-to-case thermal resistance using structure
functions: Chances and limits [C]// 2008 Twenty-fourth
Annual IEEE Semiconductor Thermal Measurement and
Management Symposium. San Jose, CA, USA, 2008:
191-197.

[3] EIRM, Fad, MR, REPINEBARL 1 H R =

SRR ITIAD]. IRAAR, 2024, 22(3): 30-37.
Wang Zhaoping, Xin Jinlei, Du Mingxing. Construction
of hybrid thermal network model and estimation method
for its junction temperature [J]. Journal of Power Supply,
2024, 22(3): 30-37. (in Chinese)

[4] SHTEEK, RABK, EREMS, . DIAEE 3 S
BORBFEERR]. HLIRFR, 2024, 22(3):118-126.

Huangfu Yigeng, Song Shaolin, Wang Xiaopeng, et al.
Review of research on active thermal control technologies
for power modules [J]. Journal of Power Supply, 2024,
22(3):118-126. (in Chinese)

(5] #iRR, &, R, %5 DRSS EERR T o KL

ALTRIE )], B T H AR Z:4R, 2024, 39(18): 5732-5741.
Hu Zhen, Cui Man, Wu Xiaohua, et al. Active control and
optimization strategy of junction temperature for power
devices [J]. Transactions of China Electrotechnical Society,
2024, 39(18): 5732-5741. (in Chinese)

[6] Faria de Souza D, Santos Greff D, Luiz Rech Vidor D.
Estimation of IGBT module degradation using foster’s
model and structure function [C]// 2023 IEEE 8th Sou-
thern Power Electronics Conference and 17th Brazilian
Power Electronics Conference (SPEC/COBEP). Floria-
nopolis, Brazil, 2024: 1-7.

[7] EF, HuR, &b, % 2G5 EMERS I SIS

Z I P07 A RENE TP PABE R 4R AR ], W T
FARAR, 2024, 39(6): 1806-1817.
Guo Xuan, Xiao Yunhao, Li Chi, et al. An accurate
thermal resistance network model for magnetic elements
considering thermal anisotropy of materials and various
heat transfer ways [J]. Transactions of China Electro-
technical Society, 2024, 39(6): 1806-1817. (in Chinese)

[8] Luo Yafei, Kajita Y, Hatakeyama T, et al. Thermal
transient test based thermal structure function analysis of
IGBT package [C]/ 2014 International Conference on
Electronics Packaging (ICEP). Toyama, Japan, 2014:
596-599.

[9] Schweitzer D, Pape H, Chen Liu, et al. Transient dual
interface measurement—A new JEDEC standard for the
measurement of the junction-to-case thermal resistance
[C)/ 2011 27th Annual IEEE Semiconductor Thermal
Measurement and Management Symposium. San Jose,
CA, USA, 2011: 222-229.

[10] E24E. FETEERETEM 4 SiC DRATHBH $ L

[D]. TFR: AR, 2021,
Wang Xinghua. Thermal resistance extraction of all SiC
power module based on structure function method [D].
Jinan: Shandong University, 2021. (in Chinese)

[11] Pareek K A, Grosse C, Sternberg M, et al. Effect of



5513

Pletr, . ST UGN IR AT SiC ARSI pRBCERIRT 5T 9

different deconvolution methods on structure function
calculation [C]// 2020 26th International Workshop on
Thermal Investigations of ICs and Systems (THER-
MINIC). Berlin, Germany, 2021: 97-104.

[12] =%, i, EAEl, 55, DI3g A 45
B BUEE T[], HLAHLES), 2023(5): 119-129.
Deng Erping, Yang Ying, Wang Yanhao, et al. Research
on deconvolution methods for thermal network of power
devices [J]. Electric Drive for Locomotives, 2023(5):
119-129. (in Chinese)

[13] Szekely V. Identification of RC networks by decon-
volution: Chances and limits [J]. IEEE Transactions on
Circuits and Systems I: Fundamental Theory and Applic-
ations, 1998, 45(3): 244-258.

[14] Lagonotte P, Soulier F, Thomas A, et al. The differences
between equivalent foster and cauer -circuits and
factorised impedance [J]. Advances in Theoretical &
Computational Physics, 2022, 5(1): 314-323.

[15] A—MRL. HeT0iu& I | A9 IE I Rk i MR R AR Y

W), S EHHE(E, 2018, 20(6): 238.
Zhu Yifan. Research on image restoration technology
based on inverse filtering and Wiener filtering algorithm
[J]. China New Telecommunications, 2018, 20(6): 238.
(in Chinese)

[16] Chen Jingdong, Benesty J, Huang Yiteng, et al. New
insights into the noise reduction Wiener filter [J]. IEEE
Transactions on Audio, Speech, and Language Processing,
2006, 14(4): 1218-1234.

[17] Benesty J, Chen Jingdong, Huang Y A, et al. Study of the
Wiener Filter for Noise Reduction [M]. Speech Enhance-
ment. Berlin/Heidelberg: Springer-Verlag, 2005: 9-41.

[18] Hussien M N. Automatic estimation of noise to signal
powerspectrum ratio in Wiener filtering technique for
computed tomography images [D]. Selangor, Malaysia:
University Putra Malaysia, 2013.

[19] Biswas P, Sufian Sarkar A, Mynuddin M. Deblurring
images using a Wiener filter [J]. International Journal of
Computer Applications, 2015, 109(7): 36-38.

[20] RAIIE, JEINE, PR, S5 BET{5ME LRI o3
JRE T ek ) SR AR WA SEDPR S A I 7 i (0], AR B
PrHiAR, 2024, 39(5): 97-100.

Xu Libing, Zhou Xu, Tian Falin, et al. RF receiving
channel state detection method based on SNR and noise
power density measurement [J]. Electronic Information

Warfare Technology, 2024, 39(5): 97-100. (in Chinese)

{E&EE T

et (1988— ), Z, B,
Pz, WIS R 2 R
BEE ik . E-mail: lilongnv@tiangong.
edu.cn,

XIJEME(1999— ), B, W5
Ao BFSETT 8] s DI RER R TS
#" E-mail: email0257@163.com.

RiFaa(1989— ), 5, flid, Fl#
o W HACRE YA
fifk. E-mail: zhugaojia@tiangong.edu.cn.

FANE(1999— ), B, Wit B
FEITT) s DA R R A B R T FE
W FAiw il o E-mail : zhangsongmao0804
@163.com,

M= HE(1985— ), 55, WEHEIE
oMy, WEEE, WAL, .
W57 B ae e TR
F4%}, B-mail: meiyunhui@tiangong.edu.cn,

(PTGl ko)



