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Numerical Calculation of the Charge Density Distribution in a
Gas Discharge Field of an Electron Beam Printhead
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Numerical calculations were performed to simulate charging characteristics of an electron beam printhead. Because the electric
conduction in the gas discharge field is determined not only by electrostatic potential but also by ionic or electronic charge density, two
coupled partial differential equations, the continuity equation of charge and Poisson’s equation, were numerically solved by the finite-
element method under the boundary condition that the electric field at a discharge electrode is a constant determined by a corona
starting electric field strength. It was demonstrated that the calculated portion of the high charge density corresponds to the observed
luminous and highly degraded portion. The calculation also confirmed that predominant charging particles on the printhead are not

ions but electrons. The present method can be utilized for practical design of the charging process.
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Introduction

A charging process using gas discharge devices is one of
the most important subsystems in electrophotography,!
ionography,?® and electron beam printing systems.’ 7 A
corotron' has been the most widely used charger for elec-
trophotography, and a contact charger roller®° was re-
cently developed and applied for a low-speed electro-
photography machine. An electron beam printhead is an-
other charge device that directly forms electrostatic la-
tent image dots on a dielectric coated drum. Calculation
of the charge density distribution is key to the design be-
cause not only charging characteristics but also degrada-
tion of the photoreceptor and the discharge electrode''?
are highly affected by charge density. Many mathemati-
cal models’'” have been developed in attempts to clarify
how charger performance is affected by parameters of the
charger and the charging system. However, reported ap-
plications of the proposed mathematical models have been
only for electrophotography and no numerical investiga-
tion has been conducted for the electron beam printhead.

In this report, the space charge field in the electron beam
device was calculated by the finite element method. Cal-
culated results were compared with experimental evidence,
and the numerical method was utilized to clarify the charg-
ing mechanism and to improve the performance of the
system.

Modeling

Because electric conduction in a gas discharge field is
determined not only by the electrostatic potential ¢ but
also by the ionic or electronic charge density p, two coupled
partial differential equations govern the unipolar fields.**"’
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D(—wpD(p) =0 (continuity equation of charge), (1)

-g,0%p=p  (Poisson’s equation), (2)
where &, is the permittivity of free space and wis the mo-
bility of ions or electrons. Here, diffusion and convection
of charged particles are neglected. Boundary conditions
with respect to the potential are derived from the fact that
the potential difference between the gas discharge and col-
lecting electrodes is equal to the applied voltage @,.

@= @ at the discharge electrode,
@= 0 at the collecting electrode. (3)

But because the boundary condition for the charge density
is not known, it is assumed in this model that the electric
field strength at the surface of the discharge electrode is
kept at a constant value E, equal to the calculated electro-
static field strength determined by the measured corona
starting voltage in a coaxial electrode configuration.'

E=—0¢=E,(=14.55 x 10° V/m) at the discharge electrode.
4)

Numerical Method

The procedure of the numerical method is (1) two differ-
ential equations corresponding to the charge continuity and
Poisson’s equation are solved with respect to @by the finite
element method with an initial guess of p; (2) distributions
of the electric field strength, E, and Ejg, corresponding to

T A non-impact printing system developed and commercialized by
Delphax (Mississauga, Ontario, Canada) used to be called
“lonography,” because it had been believed that ions generated by a
printhead formed a dot matrix latent image on a dielectric coated
drum. However, after it was discovered that primarily electrons pro-
duce the latent image,'® the term “electron beam” has been used for
this printing system. The charging printhead is one of the most im-
portant components in the electron beam printer.
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Figure 1. Flowchart of numerical method.

two calculated potential distributions, ¢, and ¢;, are calcu-
lated separately; and (3) the calculations are repeated with
the revised charge density distribution p, = p,;(1 + K AE/
E,)AME=E,-E, E,, =(E, + Ep/2, K; relaxation coeffi-
cient, 0.3 ~ 0.9), until 21¢, — @1/ (@ + @) < 107 every-
where, where A and B indicate the charge continuity and
Poisson’s equations, respectively. Figure 1 shows a flow-
chart of the numerical method. The adequacy of the method
was confirmed by comparing numerical solutions with ana-
lytical and experimental ones in a coaxial cylindrical field."

Results and Discussion

The present method was applied to simulate charging
characteristics of the ion beam printhead shown in Fig. 2.
When high voltage is applied between drive and control
electrodes separated by a dielectric glass layer, the air is
ionized at the edge of the control electrode facing the drive
electrode. Charged particles are accelerated by the elec-
tric field between the control electrode and a drum to form
dot matrix electrostatic images on the surface of the di-
electric coated drum. A full-length head consists of sev-
eral thousand dots. The distance between adjacent dots is
about 800um. An insulating layer made of glass prevents
discharge between adjacent control electrodes. Electro-
static potential between the control and screen electrodes
controls electron extraction, which is print or non-print of
the latent image. Electrons are injected to the drum
through holes in the screen electrode. The control electrode
is the discharge electrode, and the drum corresponds to the
collecting electrode in the condition of image printing, and
in turn, the screen electrode is the collecting electrode un-
der non-print condition. The head was manufactured in our
laboratory by means of thick film technology.'* The con-
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Figure 2. Schematic drawing of electron beam printhead. Al-
though a multiplexing scheme is employed in a full-length
printhead, a cut model with two dots is schematically shown in
the figure.
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Figure 3. Mesh pattern for numerical calculation using the fi-
nite element method.

trol and screen electrodes are made of nickel and stain-
less steel, respectively.

Because the system is too small to measure the elec-
trostatic potential or charge density distribution directly,
simulation is useful to improve the system. Figure 3
shows the mesh pattern for the finite element method.
The system is assumed two-dimensional, and according
to the symmetricity, one half of the dot is selected as a
calculation domain. Figure 4(a) is the electrostatic po-
tential distribution without gas discharge (p= 0) and Fig.
4(b) is with gas discharge.

Careful comparison of these two figures allows us to de-
duce the well-known characteristic that gas discharge re-
laxes the field concentration in the vicinity of the
discharge electrode. Figure 4(c) shows the charge density
distribution calculated simultaneously with the potential
distribution shown in Figure 4(b). Clearly, charge density
is high at the edge of the control electrode and the sur-
face of the dielectric layer corresponding to the observed
luminous (Fig. 5) and highly degraded (Fig. 6) parts. Fig-
ure 5 shows luminescence of the gas discharge. The lumi-
nous part corresponds to the screen-toned part of Fig. 1
and the most luminous two parallel lines correspond to
the edges of the control electrode. This experimental ob-
servation supports the adequacy of the calculation, and it
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Figure 4. Calculated distribution of electrostatic potential and
charge density. (a) Electrostatic potential distribution without
discharge (p = 0), (b) electrostatic potential distribution under
discharge operation, and (c) charge density distribution.

is particularly noteworthy that although the boundary con-
dition of the calculation did not assume the gas discharge
at the surface of the dielectric layer, calculated charge den-
sity was self-consistently large at this surface. Note also
that the edges of the control electrode were highly degraded
as shown in Fig. 6, taken after 150 h of operation. Silicon
oxide, one of the most predominant gas discharge prod-
ucts,'? was formed at the degraded parts. Formation of
Si0, at the control electrode edges changes output cur-
rent, and degradation of the dielectric layer results in di-
electric breakdown.

Figure 5. Luminescence during discharge.

Figure 6. Degraded printhead after 150 h of operation.
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Figure 7. Distribution of current flowing into the collecting
electrode.
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Figure 7 shows the distribution of current flowing into
the collecting electrode. The calculated total current us-
ing electron mobility 0.08 m?Vs was 113 nA/dot, which
agreed well with the measured value 120 nA/dot. When ion
mobility 1.9 x 10™ m?%Vs is used to derive the total cur-
rent, it is more than 400 times smaller than the measured.
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Figure 8. Screen electrode. The upper row of three dots were
operated for 150 h and the lower allowed no current passage.
The area of the hole was reduced by corrosion, and this resulted
in decrease of the output current injected to the drum.

The calculation and the experiment confirm that the pre-
dominant charging particles in this system are not ions but
electrons.' Another piece of information deduced from Fig.
7 is that the current density is high near the edge of a screen
electrode hole. This calculated result also coincides with
experimental evidence that the screen electrode becomes
highly corroded at the edge of the hole as shown in Fig. 8.

Although direct comparison of the distribution of the
charge density in this microdevice is impossible, these
results justify the adequacy of the present simulation
method. This method can be utilized for the practical de-
sign of the discharge device and the process. &
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