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[5 7] ABSTRACT 
An improvement of an electrophotographic copying 
machine is provided in which a plurality of grounded 
grid electrodes are interposed between image forming 
means and surface of a photosensitive member of the 
type comprising an electrically conducting support, a 
photoconductive layer and an insulating layer. 
wherein the image forming means includes a device 
for focusing a light image and simultaneously dis 
charging the charged surface of the insulating layer. 
The perfect discharge of the surface of the photosensi 
tive member can be attained with this apparatus an 
image having a high contrast, excellent tone reproduc 
ibility and uniform sensitivity may be reproduced 
without being adversely affected by the environmental 
conditions. 

7 Claims, 11 Drawing Figures 
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ELECTROPHOTOGRAPHIC COPYING MACHINE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to an electro 
photographic machine and more particularly an im 
proved electrophotographic copying machine of the 
type which imparts a charge to or effects a d-c or a-c 
corona discharge upon thesurface of a photosensitive 
member having an insulating surface, and simulta 
neously therewith projects a light image on that surface 
so that an electrostatic latent image having high con 
trast may be uniformly formed. 

U.S. Pat. No. 3,438,706 owned by the same assignee 
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discloses an electrophotographic process in which a 1 
photosensitive member comprises three layers consist 
ing of an insulating layer, a photoconductive layer and 
an electrically conductive layer; or an insulating layer, 
a photoconductive layer and an insulating layer; or four 20 
layers consisting of an insulating layer, a photoconduc 
tive layer, an insulating layer and a conductive layer. In 
the first step, the surface of the insulating layer of the 
photosensitive member is imparted with a charge of 
positive polarity when the photoconductive layer is of 
N type material or, with a charge of negative polarity 
when the photoconductive layer is of P type material so 
that a charge with the polarity opposite to that of the 
charge imparted upon the surface of the insulating 
layer is bound in the vicinity of the interface between 
the photoconducting layer and the insulating layer. In 
the second'step, simultaneously with the projection of 
the light image of an original upon the surface of the 
charged surface of the insulating layer, the a-c corona 
discharge or d-c corona discharge with the polarity op 
posite to that of the charge imparted in the first step is 
imparted to the surface of the insulating layer so that 
the charge pattern on the surface of the insulating layer 
varies depending upon the black and white or bright 
and dark pattern of the copy. In the third step, the pho 
tosensitive member is uniformly illuminated by or ex 
posed to the light blanket exposure so that the charge 
in the vicinity of the interface between the insulating 
layer and the photoconductive layer in the areas corre 
sponding to the black or dark areas of the copy is re 
leased. Therefore, the electrostatic latent image whose 
contrast is so high that it may be detected as a variation 
in surface potential may be formed upon the surface of 
the photosensitive member. The electrostatic latent 
image thus formed is then developed into a visible 
toner image with charged pigment particles, and the 
toner image is transferred onto a recording medium, 
which is generally paper, under the effect of the inter 
nal or external electric ?eld. The toner image trans 
ferred onto the recording paper is fused and ?xed to 
the paper by heating with an infrared lamp. After the 
developed toner image has been transferred onto the 
recording paper, the surface of the photosensitive 
member is cleaned to remove the remaining developing 
agent for reuse. In the process described above, the 
charge imparted onto the surface of the photosensitive 
member will not be discharged only by the exposure to 
the light or by the corona discharge so that the photo 
sensitive member must be discharged simultaneously 
by the light exposure and the corona discharge im 
parted to the surface of the photosensitive member. 

In the‘electrophotographic process described above, 
it is very important that the surface potentials at the 
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2 
bright and dark areas have the same magnitude when 
the light image is projected simultaneously with the 
discharge of the surface of the photosensitive layer in 
the second step. The potential difference between the 
unilluminated or dark and the illuminated or bright 
areas adversely affects the contrast of the electrostatic 
latent image. Therefore, it is preferred that the poten 
tial difference is minimized so that a high contrast may 
be obtained. However, the prior art corona discharging 
device which has been used in the second step of pro 
jecting the light image and simultaneously imparting 
the charge with the opposite polarity, or discharging 
the surface of the photosensitive member, is not satis 
factory for attaining the above described condition. 

DESCRIPTION OF THE PRIOR ART 

In order to facilitate an understanding of the prob 
lems encountered in the prior art electrophotographic 
copying machines and of the advantage of the present 
invention, the prior art device for projecting a light 
image and simultaneously imparting a charge with a po 
larity opposite to that of the chargeimparted by the 
first step or the a-c corona discharge will be brie?y de 
scribed with reference to FIG. 1 prior to the description 
of the preferred embodiments of the present invention. 

A corona discharge wire of tungsten or the like is ex 
tended between a pair of spaced apart auxiliary elec 
trodes 2 and 2’ which de?ne an optical aperture at the 
upper ends and an opening for corona discharge at the 
lower ends and which are generally grounded. A photo 
sensitive member 3 having an insulating layer, the sur 
face of which must be charged or discharged, is dis- , 
posed in opposed relation to the opening for discharge 
of the device, and the high a-c voltage or the high d-c 
voltage with its polarity opposite to that of the charge 
on the surface of the insulating layer is applied to the 
corona wire. The uniform discharge of the surface of 
the photosensitive member 3 is effected when the latter 
is moved past the corona discharge electrode 1 and the 
auxiliary electrodes 2 and 2’. The lower opening serves 
not only for imparting the charge to the surface of the 
photosensitive member 3 but also for defining an opti 
cal slit through which the light image is projected onto 
the surface of the photosensitive member. The prior art 
device has the advantages that it is simple in construc 
tion and that it may discharge the surface of the photo 
sensitive member without making contact with it, but 
it has the defect that when a d-c voltage is applied, the 
discharge of the surface of the photosensitive member 
becomes very difficult, and the surface of the photosen 
sitive member is charged with the opposite polarity 
when the discharge speed is high. When an a-c voltage 
is applied, the surface of the photosensitive member 
may be discharged to zero volt but the variations in the 
surface potential after the discharge, the discharge 
speed, the discharge speed variation rate, and the dis 
charge width are adversely affected by the environmen 
tal temperature and humidity and the variation in sup 
ply voltage. In the electrophotographic process of the 
type described above, in addition to the problem of the 
surface potential after the discharge, the above defects 
adversely affect the characteristics such as contrast, 
tone reproducibility, and uniform sensitivity, etc. of the 
electrostatic image. Therefore, the image formation 
factors tend to change so that the adjustment of the 
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electrophotographic copying machine becomes ex 
tremely difficult. 

SUMMARY OF THE INVENTION 

One of the objects of the present invention is there 
fore to provide an improved electrophotographic copy 
ing machine capable of reproducing the image with the 
high contrast, the better tone reproducibility and the 
uniform sensitivity. 
Another object of the present invention is to provide 

an improved electrophotographic copying machine in 
which the discharge or charging in the second step of 
the electrophotographic process described above for 
projecting the light image and simultaneously charging 
or discharging the surface of the photosensitive mem 
ber can be accomplished in an ideal manner so that a 
better image may be reproduced. 
Another object of the present invention is to provide 

an improved electrophotographic copying machine in 
which a plurality of grounded grid electrodes are dis 
posed in the proximity of the charging or discharging 
opening of the device used in the above-described sec 
ond step of the electrophotographic process so that a 
better image may be reproduced. 
Another object of the present invention is to provide 

an improved electrophotographic copying machine in 
which the arrangement of and especially the spacing 
between the grid electrodes disposed in the proximity 
of the charging or discharging opening of the device 
used in the second step are so adjusted that the better 
image may be reproduced. ' 
Brie?y stated, according to the present invention, a 

plurality of grounded grid electrodes are disposed in 
the proximity of the charging or discharging opening of 
the device used in the abovedescribed second step, and 
the spacing between the adjacent grid electrodes is ad 
justed so that the rate of variation of the discharge 
speed, the discharge speed, the discharged potential, 
and the relation between the discharge width and the 
exposure width may be controlled, thereby eliminating 
the defects encountered in the prior art electrophoto 
graphic machines described above. 
According to one aspect of the present invention, the 

surface of a photosensitive member, consisting of a 
conductive support or base, a photoconductive layer 
and an insulating layer which constitutes the surface of 
the photosensitive member, is imparted with a positive 
or negative corona charge depending upon whether the 
photoconductive layer is of N or P type material, and 
in the second step when the light image is projected 
upon the surface of the photosensitive member, the 
surface thereof is imparted with a charge with the po 
larity opposite to that of the charge imparted in the ?rst 
step by the d-c corona discharge or imparted with a a-c 
corona discharge. In a device used in the second step, 
a plurality of grid electrodes are interposed ‘between 
the discharge means of the device and the surface of 
the photosensitive member. In the third step, the whole 
surface of the photosensitive member is illuminated or 
exposed to the blanket light. When the as or d-c co 
rona discharge is made in order to remove the charge 
held on the surface of the insulating layer of the photo 
sensitive member, the surface potential of the insulat 
ing layer approaches the grounded potential of the grid 
electrodes so that the discharge may be much en 
hanced. When the grid electrodes are not provided, 
the bright areas have surface potentials other than zero 
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4 
volt because the bright areas have electrostatic capaci 
tances higher than those at the dark areas so that the 
developing agent is apt to adhere to the bright areas, 
thus causing fogs. 
The above and other objects, features and advan 

tages of the present invention will become more appar 
ent from the following description of the preferred em 
bodiments thereof taken in conjunction with the ac 
companying drawing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a sectional view of a prior art device for 
projecting a light image and simultaneously discharging 
the surface of a photosensitive member; 
FIG. 1b is a perspective view thereof; 
FIG. 2 is a schematic side view of an electrophoto— 

graphic copying machine in accordance with the pres 
ent invention; 
FIGS. 3a and 3a’ are sectional views of a device for 

projecting a light image and simultaneously discharging 
the surface of the photosensitive member; 
FIG. 3b is a perspective view thereof; 
FIGS. 4a and 4a’ are sectional views of a device for 

projecting a light image upon and simultaneously dis 
charging the surface of the photosensitive member by 
the a-c corona discharge; 
FIG. 4b is a perspective view thereof; 
FIG. 5 is a graph illustrating the surface potential 

characteristic curves of the prior art electrophoto 
graphic copying machine and the photocopying ma 
chine in accordance with the present invention incor 
porating the grounded grid electrodes; and 
FIG. 6 is a graph illustrating the effect of humidity 

variation on the surface potentials of the surface of the 
photosensitive member after the step of projecting the 
light image upon and simultaneously discharging the 
surface of the photosensitive member. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring ?rst to FIG. 2, a photosensitive drum 4 
which rotates in the direction indicated by the arrow 
has a photosensitive layer formed around the outer pe 
riphery thereof and consisting of an insulating layer 5, 
a photoconductive layer 6 and an electrically insulating 
layer 7. Around the photosensitive drum 4 are disposed 
a ?rst charger 8 for imparting the charge with a desired 
polarity upon the surface of the photosensitive drum 4, 
and a device 9 which imparts a charge with a polarity 
opposite to that of the charge imparted by the first 
charger 8 or impart the corona charge imparted by the 
first charger 8, or imparts an a-c corona when a light 
image of a copy is projected thereupon to form an elec 
trostatic latent image. (The device 9 will be referred to 
as “a simultaneous-image-projection-and-charging de 
vice” hereinafter for brevity.) A grounded electrode 
grid is disposed in the lower opening of the device 9 in 
opposed relation to the drum 4. Next to the simultaneo 
us-image-projection-and-charging device 10 is dis 
posed a device for illuminating the whole surface of the 
photosensitive drum 4 so that the contrast of the elec 
trostatic image may be improved. Next to the device 10 
there is disposed a developing device 1 1 which is shown 
as comprising a dry process developing device having 
a magnetic or fur brush, but any wet process develop 
ing device of the type in which the photosensitive drum 
is partially submerged into a developing liquid solution 



3,797,927 
5 

or a developing liquid solution may be sprayed over the 
photosensitive layer, may be employed. Next to the de 
veloping device 11 is disposed a developed or toner 
image transfer device or roller 12 to which is applied 
a bias voltage with the polarity opposite to that of the 
developing agent or toner so that a high efficiency is ex 
pected in transferring the toner image onto a recording 
medium P which is generally a sheet of paper. The re 
cording paper P which is transported by a feed roller 13 
and a guide 14 is pressed against the toner image upon 
the drum 4 by the transfer roller 12 so that the toner 
image may be transferred upon the recording paper P. 
In addition to the paper, the plastic sheets, the printing 
masters and the like may be used as the recording me 
dia. Next to the image transfer roller 12 is disposed the 
recording medium separating device which separates 
the recording paper P from the'drum 4 so as to be fed 
through guide plates 15 into a heating-?xing device 16 
where the toner is fused and ?xed to the recording 
paper P. The copy is then discharged out of the photo 
copying machine. 
The toner still remaining upon the surface of the pho 

tosensitive drum 4 after the image transfer may be 
cleaned by a cleaning device 17 which is shown as com 
prising a fur brush in the instant embodiment, but may 
be of any suitable type such as a rubber doctor blade. 

FIGS. 3a and 3a’ show sectional views FIG. 3b shows 
and a partly exploded perspective view of the simultan 
eous-image-projection-and-charging device which is 
denoted by 9 in FIG. 1. As illustrated the the grid wires 
22 may be equally spaced as shown in FIG. 3a, or their 
spacing may be varied as shown in FIG. 3a’, wherein 
the distance between the wires is decreased in the di 
rection of movement of the layer 24, thus gradualizing 
the equalization of the surface charges. Corona dis 
charge wires 19 are supported by supporting members 
19, and a pair of vertically spaced apart auxiliary elec 
trodes 20 and 20' are disposed above and below the 
corona discharge wires and form an opening for dis 
charge and an optical aperture through which the light 
image is projected upon the drum. The optical aperture 
is closed with a transparent electrode 21, and grounded 
grid electrodes 22 are disposed between the surface of 
the drum 4 and the discharge opening and are sup 
ported by supporting members 23. 
The spacing between the grid electrodes 22 and the 

surface of the photosensitive layer 24 is preferably one 
to three milimeters; the spacing between the grid elec 
trodes 22 and the corona discharge wires 18, 8 — 15 
milimeters; and the spacing between the adjacent grid 
electrodes 22, two milimeters. The grid electrodes 22 
may be disposed in equidistantly spaced apart relation 
or in such a manner that the spacings between the adja 
cent grid electrodes may be gradually reduced as 
shown in FIG. 3b in order to improve the discharge ef 
fect because the discharge speed is faster as the spacing 
between the adjacent grid electrodes 22 is wider 
whereas the surface potential of the photosensitive 
layer 24 approaches toward zero as the spacing be 
comes narrower. In the process in which an electro 
static latent image is formed only when a light image is 
projected simultaneously when the discharge is ef 
fected, the efficiency in light image projection may be 
enhanced when the discharge speed is faster so that the 
sensitivity may be improved. Furthermore, - the dis 
charge time may be reduced so that the dark decay of 
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6 
the photosensitive layer may be decreased whereby the 
contrast of the image may be enhanced. Experiments 
conducted by the inventors show that a contrast of 460 
volts was attained when the grid electrodes were not 
provided but when the latter were provided, the con 
trast wasimproved to 490 volts. Since the discharge 
opening also serves as an optical slit so that the length 
of the grid electrodes must be substantially equal to 
that of the optical slit. 

In a simultaneous-light-image-projection-and 
discharge device of the type shown in FIGS. 4a, 4a’ and 
4b, an a-c voltage is applied to the corona discharge 
wires so that the discharge efficiency may be much im 
proved. Again, the spacing between the grid .wires may 
be equal or varied as shown respectively in FIGS. 40 
and 4a’, and the device thus shown is similar in con 
struction to that shown in FIG 3 except that the auxili 
ary electrodes are covered with an insulating member 
25. In the device shown in FIG. 4, the auxiliary elec 
trodes 20 and 20' are grounded and a high voltage is 
applied to the corona discharge wires 18 from an a-c 
voltage source so that the positive voltage of a half 
cycle of the ac high voltage produces a positive corona 
discharge. As a result, the photosensitive layer 24 and 
the insulating member 25 are positively charged. The 
negative half cycle produces a negative corona dis 
charge so that the electric ?elds produced around the 
corona discharge wires 18 and the insulating layer 25 
become higher than when only the auxiliary electrodes 
20 and 20' are provided because the insulating layer 25 
has been charged ‘positively in the preceding positive 
half cycle. In this case, the positively charged insulating 
layer 25 is neutralized by the negative corona discharge 
and then negatively charged. The negatively charged 
insulating layer 25 improves the positive corona dis 
charge in a manner similar to that described above. The 
above positive and negative corona discharge opera 
tions are cycled and the efficiency in corona discharge 
can be much improved as compared with the device 
having no insulating layer 25. It is preferable to use a 
high frequency power source as the a-c power source 
for the simultaneous-image-projection-and-discharge 
device of the type shown in FIG. 4. In the device of the 
type shown in FIGS. 3a and 3a’, the auxiliary elec 
trodes 20 and 20’, may be made solely of insulating ma 
terial in order to increase the efficiency in a-c corona 
discharge. Since the effect of the grounded grid elec 
trodes 22 can be attained as described here‘inbefore 
with reference to FIG. 3, the efficiency in discharge 
may be much improved and the zero potential dis 
charge may be accomplished in an ideal manner. 
As described above, according to the present inven 

tion, the operation and efficiency of the discharge may 
be remarkably improved. The advantages of the simult~ 
aneous-image~projection~and discharge devices in ac— 
cordance with the present invention may be summa 
rized as follows: 

I. The discharge operation is reliable and dependable 
even if the environmental conditions and especially 
temperature conditions are varied. 

2. The contrast of the image may be improved. 
3. Irregular discharge due to the contamination and 
flaws of the discharge electrodes. 

Next referring to FIG. 5, the advantages of the elec 
trophotographic copying machine of the present inven 
tion incorporating ‘the simultaneous-image-projection 
and-discharge device will be described with relation to 
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the prior art photocopying machine. The data of the 
variation in surface potential of the photosensitive 
layer was obtained by the electrophotographic copying 
machine of the present invention and by the prior art 
photocopying machine of the type in which a photosen 
sitive layer including an insulating layer is ?rst charged 
by a ?rst charger and charged again with the polarity 
opposite to that of the ?rst charging, or by an a-c co 
rona discharger, simultaneously when a light image is 
projected, whereupon the whole surface of the photo 
sensitive layer is illuminated. When the prior art simult 
aneous-image-projection-and-discharge device is used 
after the surface of the photosensitive layer has been 
uniformly imparted with the high voltage charge of the 
order of 2,400 volts so that the areas representing white 
areas of the copy of the electrostatic latent image may 
be discharged to zero volt, the areas representing the 
black areas of the copy are discharged somewhat to the 
opposite polarity. So far it has been impossible to dis 
charge both the bright and dark areas to a predeter 
mined level. However, by the simultaneous-image 
projection-and-discharge device in accordance with 
the present invention provided with the grounded grid 
electrodes, both bright and dark areas may be uni 
formly discharged to zero voltage. In the prior art ma 
chine, the contrast in voltage of the electrostatic latent 
image is low after the charge has been eliminated in the 
proximity of and from the interface between the photo 
conductive layer and the insulating layer by the whole 
surface exposure, because of the potential difference in 
the bright and dark areas after the second step, that is, 
the simultaneous-image-projection-and-discharge. 
However, when the simultaneous-image-projection 
and-discharge device having the grounded grid elec 
trodes in accordance with the present invention is used, 
both the surface potentials at the dark and bright areas 
are discharged to zero volt so that the electrostatic la 
tent image after the whole-surface illumination step 
may have the improved high contrast tone. 
F IG. 6 illustrates the effect of environmental humid 

ity upon the surface potential at the white area after the 
simultaneous-image-projection-and-discharge step, 
and prior to the whole-surface illumination. In the prior 
art machine. the effect of the humidity on the discharge 
efficiency is remarkable, but according to the present 
invention, the effect of the humidity may be negligible 
and the discharge efficiency is stable over the wide 
range of humidity variation. 
From the foregoing description, it is seen that the 

electrophotographic copying machine in accordance 
‘ with the present invention can reproduce copies at a 
high speed, with high contrast tone and uniform sensi 
tivity. Since the effect of the humidity variation are 
minimized, the electrophotographic copying may be 
advantageously used in the areas of high temperatures. 

The present invention is not limited to the embodi 
ments described above, and various modi?cations and 
variations may be effected without departing the true 
spirit of the present invention. 
We claim: 
1. An electrophotographic copying machine com 

prising a photosensitive member having an insulating 
surface; - 

a ?rst charger means for uniformly imparting a ?rst 
charge upon the surface of said photosensitive 
member; 
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8 
simultaneous-light-image-projection-and-discharge 
means for projecting a light image of an object to 
be copied upon the surface of said photosensitive 
member and simultaneously imparting a second 
charge to discharge said ?rst charge imparted by 
said ?rst charger means, said simultaneous-light 
image-projection-and~discharge means comprising 
corona discharge electrodes, auxiliary electrodes 
surrounding said corona discharge electrodes and 
de?ning an optical aperture and an opening for dis 
charge, and means for equalizing the surface 
charges including grounded grid electrodes dis 
posed in the proximity of said discharge opening 
de?ned by said auxiliary electrodes; and 

means for blanket exposing the whole surface of said 
photosensitive member. 

2. An electrophotographic copying machine as set 
forth in claim 1 wherein 

said auxiliary electrodes are made of an electrically 
conducting material and are grounded. 

3. An electrophotographic copying machine as set 
forth in claim 1 wherein - 

said grid electrodes comprise a plurality of wire elec 
trodes. 

4. An electrophotographic copying machine as set 
forth in claim 1 wherein 

the spacing between the adjacent wire grid electrodes 
are made narrower in the direction of the move 
ment of said photosensitive member relative to said 
simultaneous-light-image-projection-and-discharge 
means. 

5. An electrophotographic copying machine com 
prising a photosensitive member having an insulating 
surface; 

a ?rst charger means for imparting a uniform first 
charge upon the surface of said photosensitive 
member; 

simultaneous-light-image-projection-and-discharge 
means for projecting a light image upon the surface 
of said photosensitive member and simultaneously 
effecting an a-c corona discharge onto ‘the surface 
of said photosensitive member. said simultaneous 
light-image-projection-and-discharge means com 
prising corona discharge electrodes, grounded aux 
iliary electrodes surrounding said corona discharge 
electrodes and de?ning an optical aperture and an 
opening for discharge, an insulating member dis 
posed over each of said auxiliary electrodes in op 
posed relation with said corona discharge elec 
trodes, and means for equalizing the surface 
charges, including grounded grid electrodes dis 
posed in the proximity of said discharge opening; 
and 

means for illuminating the whole surface of said pho~ 
tosensitive member. ' 

6. An electrophotographic copying machine as set 
forth in claim 5 wherein 

said grounded grid electrodes comprise a plurality of 
wire electrodes. 

7. An electrophotographic copying machine as set 
forth in claim 6 wherein 

the spacing between the adjacent wire grid electrodes 
are made narrower in the direction of the move 
ment of said photosensitive member relative to said 
simultaneous-light-image-projection-and-discharge 
means. 
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described-—; ' 

Column 4, line 26, "by the" should read ——with an--; 

Column 4, line 51, after "charger 8" insert -—,—-; 

Column 4, lines 51/52, delete "or impart the corona 
- charge imparted by the first 

charger 8,"; . 

Column 4, line 52, afterv "corona" insert ——discharge to 
the photosensitive layer of the drum 4, 
simultaneously-—; . 

Column 4, line 59, after "device" delete "l0"; 

Column 4, line 60, after "device" insert ——l0—-; 

Column 5, line 28, after "views" insert -'-—and--; 

Column 6, line 63, after "electrodes" insert ——may be 
' eliminated--; ‘ 

Column 8, line 26, "in-claim 1" should read ——in ‘claim 3--. 

Signed‘ and sealed this 30th day of July 1971+. 

(SEAL) 
Attest: 

MCCOY M. GIBSON, JR. C. MARSHALL DANN 
Attesting Officer Commissioner of Patents 


