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The Hurst Exponent Analysis of Current Waveforms
in the Toner Jumping Method
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The toner jumping method is a method to measure the adhesion forces of toner particles on a metal
surface by utilizing electric field. The toner jumping starts at a threshold voltage where the electric forces
acting on the toner particles overcome the adhesion forces. The currents induced by the toner jumpings
are typically spike-like or non-differentiable. We have applied Hurst exponent analysis in order to
characterize the non-differentiable current, and obtained the Hurst exponent of unity, which indicates a
positive long-range correlation in the current. We considered the presence of the toner particles on the top
electrode as a cause of the long-range correlation, and have confirmed it experimentally.
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Fig. | Toner jumping method.
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Fig. 2 TForces acting on an electroconductive toner parti-
cle.
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Fig. 3 Schematics of the current waveforms for the toner
adhesion distribution measurement.
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Fig. 4 Measurement equipment for toner adhesion force.

=¥ =, T WMERCEIEHEPCIZ L VRS T
%, HIEF — & iF ActiveX™ X 7 Y 7 b % Fi v T GPIB
HEEs 2 M U € Microsoft Excel™ [ZBU D AA TS, BEAR
A —=X—EHVZ >0k, 0Ves 1L4kV ORTHD
BE*—CEERETCHRI T2 TE5, RAERR
01VORBECERBCRET S ENTE S, £, W5l
SEE AI1E25mV/s, 50mV/s, 100mV/s, 250 mV/s, 500
mV/s, 1.0V/s @ 6 Bgn & BINTE 2, HEHAERIET
WV E =y ABT, B 41X 500 pm, EEIERRCES
D v b ARG T — & (Z-272/HOZAN) (JEFE 25 ym)
Wa—=F 47 LThH5.

4.2 EBRAFE

b - IFE B R T TPC-T (FRE 32 pm, H
KA —V v MERESHE) 2 AV, 7Y EEHEE =100
mV/s—E& L, 05 1kV ETERE V() =46 2HMa
BT F—Y v Y FEBREPUE L, N—A MEEEETIZ
A(4) DA77 —) Y ZRETHTWEOT, BHTICES
£ B TEBRDBOFRIIT I BEE LW, &0,

CTCRETHEORREMR T 27012, BFEONEN
SITHEDZED & 5 W HINERE 2 BERC 0T TIHRA I
B LidLiawt, RREEES T 1 EZGEML 7
BEDOBEBREIE 2 HIE L1z,

5. RERHER

5.1 /N—2X MBHMBITRSR

B SwiEARHMEESKY £ TIEEGEML 28
D, HNEE V(1) O LFwxtd 2 BEEER (2048 ,#.i)o)
7 -y %R, AURKAMEBEEREICNT 27 —5 2%
EHEIE LT LUz b DO TRER W, 507 —-9 %
BEEEERT & 272 L2 R/S 7oy 2K 6 IR T,

M6 DEMOMEE L VEREIZDO N — X MagIE H=
LOTH B, £z, FFOEBREMENMREVRL T H OE
BT 10THE I L RER L, LrLlieds, —#ic
iR & & b icw & PR T 2MEAICH 2EFDN—A b
BBIE H=1.0 TH2 D TERENLETH S, © I THIE
DIz, KMTRT &5 RFHORRE LbiIcws &5



288 (32) HEREER $27E Hos (2003)

Te-11

o
N

—_
=

Se-11

Current I [A]

4e-11

3e-11
0 0.2 0.4 0.6 0.8

Applied voltage V [kV]
M5 =Yy rErIgRcBY 3 BREE

Fig. 5 Typical current waveform in the toner jumping

method.
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Fig. 6 The R/S plots for the data of Fig. 5 and that of
Fig. 7.
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Fig. 7 The random time series.
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‘Fig. 8 The autocorrelation functions of the toner-jump
currents shown in Fig. 5 and that of the random
time-series shown in Fig. 7.
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Fig. 9 Current waveform when no toner particles were
sprinkled.
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Fig. 10 Current waveform when toner particles were
deposited on the top electrode coating only.
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Fig. 11 The microscopic images of the bottom electrode
surface. (Left: before the measurement; Right:
after the measurement, the two toner particles
were observed.)
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Fig. 12 The current waveforms for adhesion distribution
measurement without blowing off the toner
particles on the top electrode.
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Fig. 13 The current waveforms for adhesion distribution
measurement when the toner particles on the top
electrode were blown off each time.
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Fig. 14 The adhesion distribution without blowing off
the toner particles on the top electrode.
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