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In this paper, we propose to adopt time-frequency analysis using the spectrogram to analyze electrostatic discharge
events. The time-frequency analysis enables to analyze the local frequency distribution of current waveform. As the
application of this spectrogram, we analyze the waveforms of discharge currents from the charged human body.
Body potential is from +2kV to £10kV. The trends in the discharge from the charged human body are that most of the
waveforms have fast rise and large peak value at the wavefront, when the body potential is lower than +4kV. It is
found that the high frequency component is included in the wavefront of the discharge current by using the
time-frequency analysis. Especially, in the case of the waveforms for +4kV, most wavefront of the discharge current
contains the frequency component over S00MHz. When the body potential is higher than +6kV and negative,
frequency component is even in the maximum around 200MHz. Frequency component from DC to 20MHz with
larger power is included behind the wavefront of the discharge current.
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Fig.3 Waveforms of typical positive discharge currents.
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Fig.4 Spectrograms of typical positive discharge currents.
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Fig.5 Waveforms of typical negative discharge currents.
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Fig.6 Spectrograms of typical negative discharge currents.



i L 7o AR & O BB BRI O Wy — B M i (B D)

SEH 33 FIEFERE V. E2 E—r DO H EASYIEEE D, I,
B D B PUVME L 7e o TN DS, HEBEBEENEVIEL,
FE2E—7 DML ENVIBE D, A REL otz

33 E—VBREARY MOYTSLEOER

X 8 124 ' — 2 B OFIE L HEEEOBRZ T, =
DOREY, HWEMECEDLT, WEEBED LR LI, &
2E— Ui, B3 E—7ER T ER LTS ZER
oG, KABIOR S hobnrd ko, FH1v—r &R
iy W KEFERARIRATT D 72D, HEBIE & OMBIMEIXR.
iz, ERERHCIE, HEBEENSKV 2D EHE 1 B—
JEWL LV B2 - ER L BKREL 8D, AERC
1%, WEEENAV 2D E, | LV D L PREL D,
ZORER LAY ha T AEOXIRND, HEBEIZHAG
LTH2- 3 —/BRMPREL b &, EIZDC~20MHz
FEEE DR E R Sy 8NS5 2 & W5,

4. F&O

AT har T BT K D W — R T A VD 2 &
IZ&Y, LUTIOR S5 BB BT O R CRIERY 72K
FERAR & 2 O E D A B Gy & OBIRDMENT T
&, IR — BB IR B RN E RS O ST N TR )
ThdrLnz s,
OEICEREROSE 1 =27 12BWTC, b ERY 3 iy
— 27 b OMEEREEAHBEL, 208 1 ©—7 T
S00MHz F2EE F TOmV VAR & SRR O 2.
QWEEEICIHILTH 2, H3 = EBRNSRKE <Y
%1 2 — 7 LIBOEFEA K & VEEE S TlE, DC~20MHz
FREE DR BRI R NVEF LTV D,
GEEMEBEDHNILE LR VIBRERRE L, SRS EETe
JEEEW S RET S.

SER

D AlsE, B - BERTEEE, 28, 6, pp. 310315
(2004)

2) A.G Bailey, JM. Smallwood and H. Tomita: Inst. Phys. Conf.
Ser., No.118, Section 2, pp.101(1991)

3) A REs, MIRHE]. BEIFSEMBES W,
pp.29-30(2002)

4)  FEIOLHE, EHHZEE, I HEKEE LR
LARD T A, pp.79-84(2004)

5) EIOUEE, HHFE, WA ERTSERES
#, pp.5-8(2005)

6) AHE®: % 15 8 EOSESDEMC ¥ > R¥ T A,
Pp.83-90(2005)

7 AWE, FHERE, R RKEEE, FRZEE,
K2R, MiNYEE: 55 15 [8] EOS/ESD/EMC ¥ > iRY
2,pp.91-95(20053)

8) BEIER: ETIEHRIBEEFSIMGEB, VolIss-B, No.ll,
pp2048-2058 (2001)

9 AHEE: ETHREBEMEFSIE, VL8, No9,

117 (35)
0.5

@ Rise speed of 1st peak, D1
- 04 - B Rise speedof 2ndpeak. D2 | - — — — — — J} - — — — - — — - — — — _
g O Rise speed of 3rd peak, D3
el
>3
5]
o
@
2
o~

-10kV  -8kV  -6kV  -4kV -2kV  +2kV +4kV +6kV +8kV +10kV

Charged voltage
X7 HEBEGROSL S FEAY0 MEREEOFE & E
FEIEDBILR
Fig.7 Relationship between average rising speed of
discharge currents and charged voltage.

35
so L - __________ O Ist peak current, il |
_ B 2nd peak current, i2
<25 F@F----—————— =~ 0 3rd peak current, 3
Soo M --W------ -
=}
315 F---@--————-—-———"—"—————————————
2
S0 H@---M--®--—----------]]--
a

-10kV  -8kV  -6kV  -4kV  -2kV +2kV +4kV +6kV +8kV +10kV
Charged voltage

B8 5 —7 BHOVIE & AT O RER
Fig.8 Relationship between average peak currents and
charged voltage.

Pp.849-850(1995)

10) =W ik R EEF
pp.311-312(1980)

11) /AMEk—4T: MATLAB ~> K7 v 7 FRL X T L,
pp.188(2004)

BT HRBEE R,

18k RRY 0TS AIZ &k BEME—BREMEN

WEBETITEO & O ED X 5 AWk S 7" E £
NTWDHOD, Fiz, W& IRTEREERG R ED X 91Tk
{EL T OEFRIT 272012, RFFETIEIALY ha s
T I TR — IR ET 21T > 7. Bl LT, X 9@
R TRE B IR ORFRIE K32, A7 hLVEIK 9B
AN b 7T BEE Y OITART .

27 vaz T AL, B 10 W ORT IO L—2%
ReAMIC 7 b L, EREFROHITT L—AIZx LR
77— =B (FFT) %179 2 & TAAY VORI E
BOMHTETH Y, HL< DD, FFROFRINIREDIEEL
BOSHTHNORTWEFE I ThHs. Avnra—TF
NOBELNAHERERTOY 7Y AR (B TVE
) % f[Hz] (Be7nk) Ldnl, o7 7Es
£V, ZoOEEESICE EN D BRSO BRI,
Som S fi 12 THD. ZOKE, A7 bu T AOREEK
SFFREAS [HzllZ, FFT 21T 9 BROSTROY Ttz N
[V Tned25E, Af = f./N TORShD. £, 20
N[V TINDGH 7 L—LORRIEIE, T=N/f, &£72%.
W T, AW RRELZ B DT DIIIN ZREL T HHME



118 (36) ERTREE HIE 35 (2007)

500

—. 400
<
= 300
[
o
£ 200
>
o
100 "
0 I I I I I I |
0 100 200 300 400 500 600 700 800
Time [ns]
(a) Discharge current
80
o
S
o
e
2
a
S
<<
20 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 50 100 150 200 250 300 350 400 450 500
Frequency [MHZz]
(b) Spectrum
500
N
T 400
=
~. 300
[¢)
& 200
>
o
© 100
-

o

0 100 200 300 400 500 600 700 800
Time [ns]
(¢) Spectrogram

K9 AL hLERARRT hasT AOH

Fig.9 Example of spectrum and spectrogram of dischar

ge current.
NHDHMN, NeRELTHZLICE VoI 7 L—L20RHE
T BREL Y, RESREIXRT 5. 02045 R,
FAIC T2 WfR1 S fRRE & RN o0 fRAE 2 TN S & 5 728, FFT
B2 D557 L— b NIZFTL D JE B RREN S DL 52
FICRELSFEEL, TONHT L— LD RTHICERO B
RONTRGRT — 2 NV TNNNY N TBER LT
BIRAL, 20D ZEEZIC0 DEARAL, FEHS 7
REAMERR L7c BT, BREIMICE 0 ffRE 2 1) L X872,
7335, AEOERIC L HBIET—#1% 5GSks 72D T, FFT
THONCE DEMEHMEIX, DC~25GHz 725, Lo,
FiaAa—7O7Fa 7w 500MHz THHDT, DC
~500MHz OB Z 3t ot 5. 207, Ak
BorfiRREZ MBS L, FET &7 9 BRO 7 L— 4 N % 16384
YT (R28us), INTRIGRT — & N'%& 5128 7/1 (102ns)
ICRREL, RS IREE 03MHz THONEIT-7-. £1=, B
RASIRREIE, ST 7 L—ARBITZ T, S 7 L—ans 7
FEICHEBEZIT L0, ZONT7 L—LADY T T
RGBT =L B ND 1S5 L7225 10297V 24ns) &L
TMATLABIC T 0 7T A a{ERk L, SH&EiT-7-.
DAY ha T AN L BB, b b IRE
1, fERTHR b DO Th D720, —IIZIZHEAL dB & LT

Target waveform

Amplitude

Time

le—>] - | Target frame (N’ samples) |
o
[e—>]

: (Repeat) Framing

[] -+ [Frame shift |

Amplitude Amplitude ..

| Analysis frame (N samples) |

P\ |
!

Amplitude

(Zero padding) ~ Sample
FT

ﬁ

Frequency

@ Conversion from value to color
3 :

i

Amplitude

Frequency

10 2~ hasTAOERFIE

Fig.10 Method of spectrogram analysis.
AT 5. ZOBROEEM (0dB) 1%, SO
R, FHEFECIVET D720, HEXRIZRERETIT 0.
LAL, BEIOARY ha 7T LT, mstraiichi
0 [FIFE D —ERFERE O & 25t — L THW TR ST 217
S TSIz, BHEBREIENO/ONDL AR tasT
LOFERPBEREI TE 5. 2L 2T, T 2R OER
W10 ERR D56, AT hu 7T AOHTIfEIE 20dB D7
ELTHIND. Fiz, AT brJ T AT, SRR, AR
HINLE TOMEBRR B R IME R LTS L BN
5.



