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Analysis of Switching Noise Time Characteristic and Estimation

of Frequency Spectrum
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Abstract

DC-DC converter and DC-AC inverter in a hybrid electric vehicle (HEV) generate the switching noise. It may be
generated by the reverse recovery operation of the power diode in the switching circuit of the converter or the inverter.
The shape of the reverse recovery region may be determined by both reverse time and recovery time in the diode.
So, in this paper, the frequency spectrum of switching noise was estimated by the shape of the reverse recovery region
and compared with the measured results. It shows that the meaningful region of the frequency spectrum is directly
related with the reverse time.
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Fig. 1. Switching circuit using IGBT.
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Fig. 2. Current waveform of IGBT switching circuit.
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Fig. 3. Diode reverse recovery waveform.

18 38 tjo] ot o 3|H g3 olt} o] &
o B

o & 35 A2 o & ATk, A AT 19
85 A7t b, G 35 A V,2

#4950 9k W
A A 8% A7 Thel 9= o 38 313
S ARsHe 2ololth WA A 8% A7
& 59 ¥4 249 ol LEAX T Tl 90
AzA e o) et 2 S AT WA A
23} 3% A7 Fal thol 0 o 38 sye 7
HoaL, Felol Bdste] Fuis 2AERS 45T
F gt 38 Fie BHOZVH AgHLg
S 2314 telold EMIZ A2 B4A7)E 4
29 9 3% FYL AAE Bl 2EE AAT 4
ek

Co|IE 9 3=

Dol9E] o 38 E49 3y WSS

ZV=33V
R=330Q
R=100Q R=1009Q
ANA- u out
) ol o=
VIO\\' =0V
- Vhigh = +6 V

28 4. tel2Ee o 3% 54 34 32
Fig. 4. Measurement circuit of reverse recovery time in

diode.

641



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 23, no. 5, May 2012.

3te] 1Y 49} 2L FTE TGS AFS

YAtk stol B & A7) 2pgo A AMS-stE I
19 tho] == A7) oY & A% 33V
7}xl~ IN41483} IN5819 E}olgz—g— A3
38 Wslo] o3 Fujg A EF ] W}
13kt

N

w12 rN rﬁ

ot
_l% _Il-u‘.

M 23 2

19 59 # 18 thol Q& IN4I48Y] 8 At =
g Aol

I9 62 Tho] & IN41489) Ful= ~# EFo)
th F2 Fug 74 37 MHz o] sk A3
o] Fut= uhA AJ7F 30 nsZ A4S 333 MHzS}

AR gholth 2 Fukg 7ol d Fup A
Efo] Fe diE Zadhy] AR Fir g9
& A3 Aolth
1" 73 3 2 o LB INSSI99] &Y A &
% Aot
9 82 tho] S = INS8199] Fuby A EHo]
2.0
s 1-5[ s
;E 1.04--
,-6:1 4
" 05
w \
] 0.0
-0.5 ;

0.0 1.0 2.0 3.0 4.0 5.0
Time [s]
8 5 thol = INAI48S AFET 2913 329 7,
Fig. 5. V,u of switching circuit using diode 1N4148.

B 1. tol & IN4I489] o 35 Ash 4 43
Table 1. Measurement result of reverse recovery ti-
me in diode IN4148.
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Fig. 7. Vo of switching circuit using diode IN5819.
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Table 2. Measurement result of reverse recovery time
in diode IN5819.
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Table 3. Comparison of frequency domain characteris-
tic and time domain characteristic of diodes
IN4148 and 1N5819.
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Table 4. Reverse time and meaningful frequency re-
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