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[57] ABSTRACT 

In a corona discharge device for charging the surface 
of a body, for example a photosensitive element uti 
lized in the art of electrophotography, the corona dis 
charge current is controlled to vary at a predeter 
mined rate at the commencement and termination of 
corona discharge so as to ensure uniform deposition of 
electric charge on the surface of the element. 

8 Claims, 9 Drawing Figures 
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METHOD AND APPARATUS FOR CHARGING BY 
CORONA DISCHARGE 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus for 
depositing electric charge on a surface of relatively 
large area by means of corona discharge, and more par 
ticularly to a method and apparatus for uniformly de 
positing electric charge in a short time on the surface 
of the photosensitive element of an electrophoto 
graphic apparatus on which an electrostatic latent 
image is to be formed. 

In the art of electrophotography or the like wherein 
it is necessary to charge the surface of a body to be 
charged, e.g. a photosensitive element having a rela 
tively large area, it has been the practice to provide a 
corona discharge device including a plurality of corona 
discharge wires confronting the image forming surface 
of the element and to move the corona discharge de 
vice in parallel with and relative to the image forming 
surface. The corona discharge device utilized in this 
method is usually constructed such that at least two co 
rona discharge wires pass by respective points on the 
image forming surface during the corona discharge in 
terval so as to prevent non-uniform distribution of the 
deposited charge and to prevent the formation of the 
shadows of the discharge wires, but where a large quan 
tity of charge is to be deposited in a short time there is 
a defect in that non-uniform distribution of the depos 
ited charge in the form of stripes parallel to the corona 
discharge wires often results. We have found that this 
defect is caused for the following reason. More particu 
larly, it has been well known that when a high voltage 
is impressed upon an ordinary image forming surface, 
a large charging current ?ows instantaneously through 
the photosensitive ‘element at the time of commence 
ment of charging irrespective of the position of the co 
rona discharge device. For this reason, portions of the 
image forming surface which were confronting the co 
rona discharge wires at the time of commencement of 
discharge receive more charges than those remote 
therefrom, thus resulting in nonuniform charge distri 
bution. Although the operation at the time of termina 
tion of the deposition of charge on the image forming 
surface is not yet theoretically established, we have 
‘noted that there is a substantial difference between the 
quantities of the charges deposited on the portions im 
mediately beneath the corona discharge wires and on 
the portions remote therefrom when the deposition of 
the charge is interrupted while the corona discharge 
device is moving along the image forming surface or is 
maintained stationary. We have noted that these phe 
nomena of nonuniform charge distribution occurring 
both at the time of commencement and interruption of 
the corona discharge are enhanced when the voltage 
impressed upon the corona discharge device is in 
creased for the purpose of increasing the quantity of 
the charge to be deposited. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of this invention to pro 
vide a new and improved method and apparatus for 
uniformly depositing electric charge on a surface of a 
relatively large area, such as the image forming surface 
of a photosensitive element utilized in electrophotog 
raphy. 
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2 
According to one aspect of this invention there is 

provided a method of charging the surface of a body to 
be charged by corona discharge wherein the surface is 
charged by means of a corona discharge device sub 
stantially covering the entire surface of the body and by 
relatively moving the body and the corona discharge 
device, characterized in that the current ?owing 
through the body is varied at a predetermined rate dur 
ing the period of commencement of the corona dis 
charge until a predetermined current value is reached 
and that the current is gradually decreased from the 
predtermined current value during the period of termi 
nation of the corona discharge. 
According to another aspect of this invention there 

is provided apparatus for charging a body to be charged 
by means of corona discharge of the type comprising a 
corona discharge device substantially covering the sur 
face of the body, a source of power for energizing the 
corona discharge device, and means for moving the co 
rona discharge device relative to the body in a direction 
substantially parallel to the surface of the body, charac 
terizedin that there is provided control means for con 
trolling the corona discharge current of the corona dis 
charge device, and that the control means includes 
means for varying the corona discharge current at a 
predetermined rate at the time of commencement of 
the corona discharge until a predetermined current 
value is reached and means for gradually decreasing 
the corona discharge current from the predetermined 
current value at the time of termination of the corona 
discharge. 
The control means may be an electrical control cir 

cuit or a mechanical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention can 
be more fully understood from the following detailed 
description taken in conjunction with the accompany 
ing drawings in which: 
FIG. 1 is a diagrammatic representation showing an 

arrangement of a conventional corona discharge device 
and a photosensitive element; 
FIG. 2 is a graph showing the waveform of the cur 

rent ?owing through the grounded plate of the corona 
discharge device shown in FIG. 1; 
FIG. 3 is a graph showing the waveform of the cur 

rent ?owing through the photosensitive element shown 
in FIG. 1; 
FIG. 4 is a block diagram showing one example of the 

control device utilized to carry out the invention; 
FIG. 5 is a graph similar to FIG. 2 and shows the cur 

rent waveform obtained by carrying out the method of 
this invention; 
FIGS. 6, 7, and 8 are graphs similar to FIG. 3 and 

show current waveforms of the current ?owing through 
the photosensitive element when the method of this in 
vention is applied; and 

FIG. 9 is a diagrammatic perspective view showing a 
modi?ed embodiment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To have better understanding of the invention, prior 
art method and apparatus will ?rst be described with 
reference to FIG. 1. The body to be charged by corona 
discharge shown therein comprises a photosensitive el 
ement 30 utilized in electrophotography and including 
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an insulative layer 2, a photosensitive photoconductive 
layer 3 and a grounded electrode layer 1 which are 
bonded together into an integral structure. According 
to certain types of electrophotography, the insulative 
layer 2 is used as an image forming surface and is de 
posited with electric charges by means of a corona dis 
charge device 4 spaced apart a short distance from the 
insulative layer 2 and moved in parallel with the surface 
thereof. The corona discharge device 4 has a size suf?~ 
cient to cover the entire surface of the insulative layer 
2 for the purpose of depositing charge in an extremely 
short time and includes a grounded conductive sub 
strate 5, a plurality of equally spaced corona discharge 
wires 6 insulated from the substrate 5 and a plurality of 
parallel conductive vanes 7 each interposed between 
adjacent discharge wires 6 and electrically connected 
to the substrate 5. In some types of electrophotog 
raphy, a light image is projected upon the photocon 
ductive layer 3 through the corona discharge device 4 
in which case the substrate 5 is made of a conductive 
glass plate such as Nesa Glass (registered trade mark) 
or takes the form of a rectangular frame. In another 
type of electrophotography, a light image is projected 
through the electrode layer in which case the electrode 
layer 1 must be transparent to light. The corona dis 
charge wires 6 are connected to the negative or positive 
terminal of a DC source 9 via a switch 8 depending 
upon the conductivity type of the photosensitive ele 
ment 30. The opposite terminal of the source 9 is 
grounded as shown. ’ 

To deposit a charge of negative polarity, for example, 
on the insulative layer, the switch 8 is closed to create 
corona discharge between corona discharge wires 6 
and vanes 7 and or substrate 5 while the corona dis 
charge device 4 is being moved at a constant speed in 
parallel with the surface of the insulative layer 2 
thereby depositing negative charge thereon. A prede 
termined interval later, switch 8 is opened and the 
movement of the corona discharge device 4 is stopped 
thus completing the deposition of the charge. The cur 
rent ?owing through the grounded substrate 5 of the 
corona discharge device 4 during this interval is shown 
by the graph shown in FIG. 2 in which to represents an 
instant at which the corona discharge was commenced 
and t1 an instant at which the corona discharge was ter 
minated. As shown, the current is maintained at a con~ 
stant value between instants t0 and [1. The graph shown 
in FIG. 3 shows the variation in the current ?owing 
through the photosensitive element 30 during the inter 
val between instants t‘, and [1. As shown, a large charg 
ing current I0 ?ows through the photosensitive element 
30 at the instant to when the corona discharge is initi 
ated and the current gradually attenuates to a small 
value I, at the instant II at which the corona discharge 
is terminated. Thereafter, the current rapidly decreases 
to zero. The reason that the current does not instantly 
decrease to zero at instant :1 is caused by the fact that 
it takes a certain time for deionization. 
These curves show the result of the following experi 

ment. In this experiment, the photosensitive photocon 
ductive layer was omitted and a body to be charged was 
comprised by a polyester resin ?lm having a thickness 
of 16 microns and an area of 300 X 300 mm and the 
electrode layer consisted of an aluminum layer vapour 
deposited on the rear surface of the polyester resin 
?lm. Each corona discharge wire had a diameter of 
0.06 mm, the spacing between the corona discharge 
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4 
wires and the polyester resin ?lm was selected to be 7 
mm. The corona discharge device was moved at a 
speed of 100 mm/sec, and operated for 0.5 sec. under 
an applied voltage of —4,60OV and a total current of 60 
mA. When the charge deposited on the surface ur the 
insulative layer was developed or visualized by sprin 
kling a toner which is used to develop electrostatic im 
ages in the art of electrophotography over thhe surface 
of the polyester resin ?lm, clearly de?ned stripes were 
noted on the portions of the polyester resin ?lm which 
were positioned immediately beneath the corona dis 
charge wires at the times of commencement to and ter 
mination of the corona discharge t1, showing nonuni 
form distribution of the deposited charge. 
From the result of this experiment, we have noted 

that such a nonuniform distribution of the charge can 
be prevented by controlling the current ?owing 
through the member to be charged at the times of initi 
ation and termination of the corona discharge. 
FIG. 4 shows a connection diagram of one example 

of a current control device that can be used in combi 
nation with the corona discharge device shown in FIG. 
1. This control device comprises a driving circuit 10 
which operates to move the corona discharge device 4, 
FIG. 1, at a constant speed in parallel with the surface 
of the insulative layer 2 in response to an input signal. 
During movement, the corona discharge device 4 oper 
ates a ?rst microswitch, not shown, included in a syn 
chronizing circuit 11 for energizing a current regulator 
12 which is connected to a time controller 13 including 
a plurality of variable resistors R1, R2 and R3. Variable 
resistor R1 is used to control the build-up rate of the co 
rona discharge current between an interval of IO — [2, or 
the inclination angle 0, until a current of a de?nite 
value I (see FIG. 5) is reached at the commencement 
of the discharge. Variable resistor R2 is used to main 
tain the current I at the constant value until an instant 
I3 is reached, whereas the variable resistor R3 is used to 
control the rate of build-down of the corona discharge 
current between an interval [3 — t.,, that is the inclina 

tion angle 62. Thus, by the suitable adjustments of vari 
able resistors R1, R2 and R3 it is possible to obtain any 
desired current waveforms as well as the discharge per 
iod. 
The output from the current regulator 12 is applied 

to a source of high voltage 14 so as to apply a variable 
voltage to the corona discharge device 4 to deposit a 
charge of the desired polarity (in this case, negative) on 
the surface of the insulative layer. The current ?owing 
through the photosensitive element 30, or a body to be 
charged, is shown in FIG. 6, thus assuring uniform 
charge on the surface of the insulative layer as will be 
described later. When the corona discharge terminates 
at t.,, a signal is fed back from the output of current reg 
ulator 12 to synchronizing circuit 11, thereby deener 
gizing current regulator 12, high voltage source 14 and 
corona discharge device 4. At this time the corona dis 
charge device 4 actuates a second micro-switch, not 
shown, for deenergizing the driving circuit 10 for the 
corona discharge device 4. 

In the control circuit shown in‘ FIG. 4, the parameters 
for the corona discharge device and of the body to be 
charged were selected to be the same as the experiment 
described above and angles 61 and 62 were varied vari 
ously by adjusting variable resistors R1, R2 and R3. In 
this experiment, the time scale on the abscissa was se- - 

lected to be 0.1 sec/cm, the current scale on the ordi 
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nate to be 20 mA/cr‘n, the interval between to and :2 to 
be 0.08 sec, and'the' current during this interval was 

. varied uniformly from zero to 60 mA. The interval be 
tween t2' and :3 was selected to be 0.12 sec. and the cur 
rent was maintained at a constant value during this'in 
terval. Further, the interval between :3 and L, was se 
lected to be 0.3 sec. and during this interval the current 
was varied uniformly from 60mA to zero. Under these 
conditions, it was noted that the surface of the insula 
tive layer was charged uniformly when angle 0, was se 
lected to be more than 15° and angle 62 to be less than 
45°, and that the current ?owed through the insulative 
layer has varied as shown in_ FIG. 6. As can be noted 
from the graph shown in FIG. 6” there is no spike in the 
current wave. I ' I 

In another experiment, the speed of the corona dis 
charge device was set to ‘l 50 mm/sec.‘ and angles 61 and 
02 were varied under the same conditions as the ?rst 
mentioned experiment. With the same time and current 
scales as described above, no nonuniform charge distri 
bution on the surface of the insulative layer was, noted 
where angle 01 was larger than about 10° and angle 02 
was smaller than 55°. As can be noted from these ex 
periments, it is possible to increase angle 02 where the 
speed of movement of the corona discharge device is 
increased. 

In still another experiment, the control circuit was set 
to obtain an attenuation curve a shown in FIG. 7. With 
the time and current scales described above, it was con 
?rmed that substantially uniform distribution of the 
charge deposited on the surface of the insulative layer 
can be obtained when the inclination angle 62 during 
current attenuation was adjusted to lie between about 
45° and 50°. Further, no nonuniform distribution of the 
deposited charge was noted when the control circuit 
was set to obtain an attenuation curve b shown in FIG. 
7. 

Further, with the time and current scales described 
above, an experiment was performed in which the at 
tenuation angle of the current wave ?owing through 
the grounded substrate of corona discharge device was 
set to 45° and the current was interrupted at an inter 
mediate point of attenuation, as shown in FIG. 8. It was 
found that when the ratio of current B at the time of in 
terruption to the maximum current A was larger than 
l:3, a stripe shaped nonuniform distribution of the de 
posited charge was noted and that substantially uni 
form distribution of the deposited charge was obtained 
when the ratio was selected to be less than one-third. 

Further, in accordance with this invention it is also 
possible to obtain a current waveform shown in FIG. 6 
which is necessary to assure uniform charge distribu 
tion by varying the distance between the corona dis 
charge device and the surface of the body to be 
charged while maintaining at a constant value as shown 
in FIG. 2, the current ?owing through the grounded 
substrate of the corona discharge device. 
FIG. 9 diagrammatically shows the charging device 

utilized in this modi?ed method. As shown in this ?g 
ure, opposite ends of a pair of stationary parallel shafts 
15 and 16 are pivotally connected to a corona dis 
charge device 18 through parallel arms 17. The corona 
discharge device 18 may have the same construction as 
that of device 4 shown in FIG. 1. One end of a rope 19 
is connected to one end of the corona discharge device 
.18 and the opposite end of the rope 19 is connected to 
a drum 21 rotated by a motor 20. A spring 22 is inter 
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6 
posed between the stationary portion of the copying 
machine and the opposite end of the corona discharge 
device 18 for biasing the same to the left as viewed in 
FIG. 9. 
After disposing a body to be charged or an insulative 

layer 23 beneath the corona discharge device 18 and 
spaced apart therefrom a little and parallel therewith, 
motor 20 and drum 21 are rotated in the counterclock 
wise direction. Then the corona discharge device will 
be swung about stationary shafts 15 and 16 to bring the 
corona discharge device 18 closer to the surface of the 
body to be charged 23 while maintaining them in paral 
lel with each other. When current of a de?nite value is 
passed through the corona discharge device 18 during 
this movement, it begins to discharge to commence de 
position of charge of a given polarity on the surface of 
the insulative layer. Upon further rotation of the drum 
21, the arms 17 assume the vertical position thereby 
decreasing to a minimum the distance between the co 
rona discharge device 18 and the insulative layer 23. 
Further rotation of the drum 21 increases the distance. 
During this stroke, the operations of the corona dis 
charge device and motor are terminated. Then, the 
spring 22 pulls the corona discharge device 18 back to 
the original position. In this method of charging, the 
charging current ?owing through the insulative layer 
assumes a waveform as shown in FIG. 6, thus assuring 
substantially uniform charging. 
With the arrangement shown in FIG. 9 an experiment 

was performed by using a minimum distance of 7 mm 
between the corona discharge wires and the surface of 
the insulative layer and a distance of 20 mm between 
them at the commencement and termination of the co 
rona discharge, other conditions being the same as in 
the ?rst experiment. The result of this experiment 
showed that current having a waveform similar to that 
shown in FIG. 6 ?owed through the insulative layer and 
that the charge distribution was substantially uniform. 
Although in the foregoing description, the corona 

discharge device was moved relative to the body to be 
charged, it will be clear that it is also possible to move 
the body to be charged relative to the corona discharge 
device as in the case of a rotary drum type electropho 
tographic copying machine. Further, although the body 
to be charged was shown as a three layered photosensi 
tive element in one case and as an insulative layer in the 
other case it will be clear that the method and appara 
tus of this invention are applicable to any application 
requiring uniform charging by corona discharge. The 
current control circuit shown in FIG. 4 may by re 
placed by a voltage control circuit for controlling the 
voltage of a high voltage source for the corona dis 
charge device. As has been pointed out hereinabove, 
the polarity of the charge is not limited to being nega 
tive. 
We claim: 
1. In a method of charging the surface of a body to 

be charged by means of a corona discharge device in 
cluding a plurality'of spaced corona discharge wires 
and substantially covering the entire surface of said 
body by relatively moving said body and said corona 
discharge device substantially parallel with each other, 
and wherein charging current tends to increase at a 
high rate through said body at the commencement of 
the corona discharge and tends to decrease at a high 
rate at the termination of the corona discharge, the im 
provement which comprises the steps of controlling the 
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rate of increase of said charging current to a rate lower 
than said high rate of increase at the time of com 
mencement of the corona discharge until a predeter 
mined current value is reached, and controlling the rate 
of decrease of said current from said predetermined 
current value to a rate lower than said high rate of de 
crease at the time of termination of the corona dis 
charge so as to prevent non-uniform charging of said 
surface caused by said corona discharge wires. 

2. The method according to claim 1 wherein said cur 
rent is maintained at said predetermined value for a 
predetermined interval before it is decreased. 

3. The method according to claim 1 wherein the rate 
of current increase is made to be higher at the time of 
commencement than the rate of current decrease at the 
time of termination of the corona discharge. 

4. ln apparatus for charging the surface of a body to 
be charged by means of corona discharge of the type 
comprising a corona discharge device including a plu 
rality of spaced corona discharge wires and substan 
tially covering the surface of said body, a source of 
power for energizing said corona discharge device, and 
means for moving said corona discharge device relative 
to said body in a direction substantially parallel to the 
surface of said body, and wherein charging current 
tends to increase at a high rate through said body at the 
commencement of the corona discharge and tends to 
decrease at a high rate at the termination of the corona 
discharge, the improvement which comprises control 
means for controlling the rate of increase of said charg 
ing current to a rate lower than said high rate of in 
crease at the time of commencement of the corona dis 
charge until a predetermined current value is reached 
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8 
and for controlling the rate of decrease of said corona 
discharge current from said predetermined current 
value to a rate lower than said high rate of decrease at 
the time of termination of the corona discharge so as 
to prevent nonuniform charging of said surface caused 
by said corona discharge wires. 

5. The apparatus according to claim 4 wherein said 
control means further includes means for maintaining 
said predetermined current value for a predetermined 
interval before said decrease of the corona discharge 
current. 

6. The apparatus according to claim 4 wherein said 
control means comprises an electric control circuit 
connected to said source of power, said electric control 
circuit including a plurality of variable resistors, a ?rst 
one thereof determining the rate of increase of said co 
rona discharge current, a second one determining the 
rate of decrease of said corona discharge current and 
a third one determining said predetermined current 
value. 

7. The apparatus according to claim 5 wherein said 
control means comprises mechanical means for driving 
said corona discharge device toward the surface of said 
body during the period of commencement of the co 
rona discharge and awayfrom said surface during the 
period of termination of the corona discharge while 
said corona discharge device is being moved relative to 
said body in a direction substantially parallel to the sur 
face of said body. - 

8. The apparatus according to claim 7 wherein said 
mechanical means comprises spaced parallel arms for 
suspending said corona discharge device. 

* =l< * * >l< 


