
Electrical Characteristics of the Oscillatory
Toner Sensor for Measuring the

Charge-to-Mass Ratio (q/m)
Keiji Taniguchi*, Yoichi Yamamoto**, Kensuke Fukumoto*, Yutaka Nakano*,

Sadakazu Watanabe*, Takanori Sakai* and Hiroaki Yamamoto*
*Information Science Department, Fukui University, Fukui, Japan

** Product Development Laboratories, Printing and Reprographic Systems Group,
SHARP Corporation, Nara, Japan

c
 

 

t

 
n

o

e

 
 

q
n

n
v

t
u

es.

e

 of

be

nt is
 the
e is
ady

IS&Ts NIP 14: 1998 International Conference on Digital Printing TechnologiesIS&Ts NIP 14: 1998 International Conference on Digital Printing Technologies Copyright 1998, IS&T
Abstract

We will present here more details of the electri
characteristics of q/m toner sensor on the basis of
technique developed in references [1] and [2].

At first, toner particles are placed on the lower side
the parallel electrodes with piezoelectric element. Next,
piezoelectric element is driven by the rectangular pu
Consequently, the dumped oscillation in the form of 
sinusoidal waveform can be caused on the lower electr
We can obtain some information for electrical states of
toner particles whether they can be lifted up from the ce
of the gap between two electrodes toward the upper on
not, from the first half period of the dumped oscillati
waveform.

By analyzing this waveform, we can obtain the value
charge-to-mass ratio (q/m) of toner particles.

Introduction

We have already presented the method for measu
charge �q and mass �m value of toner particles[3,4] and th
observation of the movement of toner particles betw
parallel electrodes[2]. By the experiment shown in refere
[2], we found that the movement of toner particles near
center of the gap between two electrodes depends on
the relationship between the Coulomb force and the gra
one.

In this paper, the electrical characteristics of the 
toner sensor on the basis of the approach show
references [1] and [2] will be presented in more detail.

Theory

Figure 1 illustrates a model for the movement of to
particles between parallel electrodes. Lots of negati
charged toner particles are placed on the inner surface o
lower electrode constructed by the piezoelectric elemen
After that, the piezoelectric one is driven by the rectang
pulse shown in Figure 3.
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Figure 1. Movement of toner particles between parallel electrod

Then, the voltage Vu induced on the upper electrod
may be expressed as follows:

 where
q: charge of a toner particle
d: distance between two electrodes (500�m)
x: distance between the center of the toner particle
 and the inner surface of the lower electrode
�0: permittivity of the gap space

Toner particles are adhered on the inner surface
lower electrode by adhesive forces. At the initial point x0 (x
= 0), the voltage Vi induced on the upper electrode may 
described as follows:

Let us consider the case that the piezoelectric eleme
driven by the rectangular pulse. At the leading edge A of
pulse waveform shown in Figure 3, the piezoelectric on
swung by the dumped oscillation toward the next ste
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point x1 of the negative direction shown in Figure1. At th
trailing edge B in Figure 3, the piezoelectric one has t
accelerated by the dumped oscillation toward the oppos
terminal point x2 of the positive direction shown in Figure 1
Consequently, thousands of toner particles may be thro
up to the center of two electrodes. The dumped oscillationx
on the basis of the initial point x0 may be described as
follows:

x = � x2 � x0 � � e
-� t sin� t (3)

where
� : proper angular frequency of the piezoelectri
 element
� :  dumping coefficient

By substituting Equation (3) into Equation (1)
(1� x�d)�1 is approximated as follows:

(1� x	d )�1 = [ 1 � 
 x2 � x0 � 	 d � e-� t sin� t ]-1

 = [ 1 �  G�e-� t sin� t ]-1 

 
 x2 � x0 � 	 d = G� 
�

� 1 + G�e-� t sin� t

From Equations (1) and (4), the signal voltage Vd of the
dumped oscillation induced on the upper electrod
generated by charged toner particles on the lower one
expressed in following form:

Therefore, the output signal voltage Vo obtained by the
differential amplifier may be expressed in the following
equation:

Switch

Power
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Circuit

Toner Particles

Output
V0(t)

Piezoelectric Element
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- Electrode
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R Ri(t)

Sensing Electrode

A=103

Figure 2. Schematic configuration of the oscillatory toner sensin
system.
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Experimental System

Figure 2 shows the schematic configuration of th
oscillatory toner sensing system. The gap space betwe
two electrodes is 500�m. By pushing the switch-button for
operating the driving circuit of the piezoelectric element, 
rectangular pulse is given to the piezoelectric element in th
lower electrode.

Then, toner particles may be vertically thrown up to th
center of the gap between two electrodes. After that, 
depends on the voltage applied across two electrod
whether the toner particles move toward the upper one 
not. Consequently, the induced voltage i(t)�R is generated
across the sensing resister R and is amplified by th
differential amplifier. The value of output signal Vo(t) is
recorded into the analyzing equipment.
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Figure 3. Rectangular pulse for driving the piezoelectric element
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Figure 4. Output signal voltage waveform without toner particles
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Figure 5. Output signal voltage waveform with toner particles.
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Results

The voltage waveform for driving the piezoelectr
element is a rectangular pulse having 16ms times dura
stepped from zero to 140V amplitude as shown in Figur
Figure 4 shows the output signal voltage waveform with
toner particles on the lower electrode. In this situation, 
can observe that the output signal voltage obtained from
differential amplifier is approximately zero. In the situatio
that toner particles is placed on the lower one, the ou
signal voltage waveform V0(t) of two dumped sinusoida
oscillations in Figure 5 can be observed.

Figure 6 magnifies the output voltage waveform in t
square of dashed line shown in Figure 5. In the circle
dashed line shown in Figure 6, first half period of t
dumped oscillation contains some of information f
electrical states of the toner particles whether they are li
up from the center of the gap between two electro
toward the upper one or not.
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(b). Voltage Applied Across
the Electrodes is 1V.

Figure 6. Magnification of output voltage waveforms obtain
from sensing amplifier.
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Figure 7. Voltage applied across the electrodes versus peak v
of output voltage.

Figure 7 shows the relationship between the volta
applied across parallel electrodes and the peak valu
output signal voltage from the sensing amplifier.
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In the case that the value of the voltage applied acr
two electrodes is changed from 0V to 1V, the peak value
output signal voltage of the sensing amplifier is rapid
changed from 159�V to 187�V. In this experiment, we have
used the toner particles that the mean value of q/m
approximately 20�C/g. From our method in references [3
and [4], the value of q/m is obtained by the followin
equation:

where
q: charge of a toner particle m: mass of a toner particle
g: acceleration of the gravity force (9.8m/s2)
d: distance between two electrodes (500�m)
Ve : voltage applied across the electrodes

F
re

q
u

e
n

cy
 (

A
rb

itr
a

ry
)

0 20 60 40-20-40

q/m [�C/g]

Figure 8. Distribution of the value of the charge-to-mass ra
(q/m).

Therefore, in the case that voltage Ve applied across the
electrodes may have the value of more than 0.245V, mos
toner particles thrown to the vicinity of the center of paral
electrodes must be lifted up to the upper one. Conseque
we can observe that no toner particles are lifted in the c
shown in Figure 6-(a) and some of toner particles are lif
in the case shown in Figure 6-(b). Using these electri
characteristics represented dashed line in Figure 7, we
obtain the value of charge-to-mass ratio (q/m) of ton
particles as shown in Figure 8.

Conclusion

In this experiment, we can get some information f
electrical states of the toner particles whether the to
particles can be lifted up from the center of the gap betw
two electrodes toward the upper one or not, from the f
half period of the dumped oscillation waveform. B
analyzing this waveform, we can obtain the value of char
to-mass ratio (q/m) of toner particles.
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