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[5 7] ABSTRACT 

A system for imparting charge to a chargeable member 
wherein corona discharge electrodes each having an as 
sociated auxiliary electrode are disposed on alternate sides of 

v the member. A voltage of ?rst polarity is applied exclusively to ‘ 
all corona discharge electrodes on one member side and to all 
auxiliary electrodes on the other member side. A voltage of 
opposite polarity is applied to all other corona discharge elec- , 

I trodes and auxiliary electrodes. The system is further dis 
closed in preferred charging apparatus having said electrodes 
insulativelysupported therein and incorporating a passage for 
transport oth'said chargeable member through the apparatus. 
Circuit means is shown for providing dissimilar potentials for 
the auxiliary electrodes and the corona discharge electrodes. 

13 Claims, 5 Drawing Figures 
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DOUBLE DISCHARGE SYSTEM AND DEVICE THEREOF 

This invention relates to a charging system and device for 
imparting an electrostatic charge to a photosensitive sheet 
member in electrophotography, particularly in an electrofax 
system. ' 

In the prior art electrophotographic process of the elec 
trofax system, means have been provided for imparting an 
electrostatic charge to a photosensitive member comprising a 
coating of photoconductive material on a support member. In . 
this prior art system, the surface of the support member of the 
photosensitive member is placed in contact with a grounded 
conductive base plate and an electrostatic charge is imparted 
to the thin photoconductive layer by corona discharge. In ac 
cordance with other prior art such as disclosed in U.S. Pat. 
No. 2,922,883 issued to E. C. Giaimo Jr. on Jan. 26, 1960, two 
corona discharge electrodes are placed opposite each other, 
conductive shield members, each surrounding the associated 
corona discharge electrode and electrically isolated therefrom 
are grounded, and high voltages of respectively opposite 
polarities are applied to the corona discharge electrodes to 
produce double corona discharge for bombarding one surface 
of a photosensitive member inserted therebetween with nega 
tive ions and the opposite surface of the member with positive 
ions, respectively. In the ?rst-discussed prior art system it is 
necessary that the support member of the photosensitive layer 
have relatively high conductivity during the initial stage of 
charging the photosensitive member, and furthermore, non 
uniformity of charge is apt to be produced as the degree of 
contact between the conductive base plate and the support 
member of the photosensitive layer varies. In the second 
discussed prior art system, it is unnecessary that the support 
member be conductive during charging and it is also unneces 
sary that the base plate be conductive. However, a much 
higher voltage supply must be provided than in the ?rst 
discussed system which goes against the desired minimization 
of high voltage requirements. There results a bulky and expen 
sive high voltage supply which is difficult to maintain. 
An object of the invention is to provide an improved charg 

ing system and device using double corona discharge. 
A further object of the invention is to provide an improved 

charging system and device using double corona discharge 
provided with corona discharge electrodes and auxiliary elec 
trodes wherein it is unnecessary to use grounded shield plates. 
An additional object of the invention is to provide an im 

proved charging system and device using double corona 
discharge in which voltages applied to corona discharge elec 
trodes are relatively low. 
A still further object of the invention is to provide an im 

proved charging system and device using double corona 
discharge wherein charge may be controlled by adjusting volt 
age applied respectively to the corona discharge electrode and 
the auxiliary electrode. 
The charging device of this invention comprises corona 

discharging electrodes provided respectively adjacent op 
posite surfaces of a photosensitive member comprised of a 
thin photoconductive layer on a support member, and auxilia 
ry electrodes associated with each corona discharging elec 
trode are electrically insulated therefrom. High voltages of 
‘respectively opposite polarity are applied to the corona 
discharging electrodes on alternate sides of the member. High 
voltage of opposite polarity to that applied to each corona 
discharging electrode is applied to the auxiliary electrode as 
sociated therewith. The voltage of the corona discharging 
electrodes can be kept higher than or equal to the voltages of 
the auxiliary electrodes. The charging device thus imparts 
negative corona discharge to one of the surfaces of the 
photosensitive. member, and at the same time imparts positive 
corona discharge to the other surface to electrostatically 
charge the photoconductive layer. 
According to the present invention, one of the corona 

discharge devices produces a negative corona bombarding of 
one surface, of the photosensitive member with negative ions, 
while the other corona discharge device produces a positive 
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2 
corona bombarding of the opposite surface of the member 
with positive ions. With this arrangement, the opposite sur 
faces of the photosensitive member are oppositely charged so 
that, effectively, a zero potential plane is formed in the interi 
or of the photosensitive member without using a conductive 
base plate, and therefore, there is no fear of non-uniformity of 
charge heretofore caused by changes in the contact between 
the surface of the photosensitive member and the conductive ' 
base plate. In accordance with the invention, the support 
member of the photosensitive layer may be insulating or con 
ductive which is advantageous in that electrostatic charges 
can be imparted to the member under relatively low humidity. 
Furthermore, it is important to note that according to the 
present invention, since voltage of a polarity opposite to that 
applied to each corona discharge electrode is applied to the 
auxiliary electrode associated therewith, the voltage applied 
to the corona discharge electrode for generating corona is sig 
ni?cantly lowered in comparison with the prior art systems, 
which results in a desirably compact and less expensive elec 
trophotographic device. 
The present invention will be more apparent from the fol 

lowing detailed description of the embodiment thereof shown 
in the drawings in which: 

FIG. 1 is a perspective view of an illustrative embodiment of 
the present invention; 

FIG. 2 is a lateral cross-sectional view of the embodiment of 
FIG. 1; 

FIG. 3 is a vertical cross-sectional view of the embodiment 
of FIG. 1; 

FIG. 4 is a partial perspective longitudinal view of the em 
bodiment of FIG. 1 in which the upper portion of the case is 
removed; and 

FIG. 5 shows a corona discharge circuit used for the em 
bodiment of the invention as shown in FIG. 1. 

Referring to FIG. 1 cases 1, l’ constitute a housing for the 
illustrated charging device and are composed of insulating 
materials such as bak'elite, and the cases can be separated on 
line A. Slot 2 is a lateral slot for receiving a photosensitive 
member. Leads 3 and 3’ and 4 and 4’ connect corona 
discharge electrodes 5 and 5' and the auxiliary electrodes 6 
and 6' to high voltage electric source 7, and are connected to 
the terminals of the respective electrodes on the sides of the 
cases. 

FIG. 2 through FIG. 4 show the details of the internal ar~ 
rangement of the device of FIG. 1, in which 5 and 5' are 
corona discharge electrodes each comprised of three tungsten 
wires stretched within the cases I, 1' along the lengthwise 
direction of a photosensitive member passing through lateral 
slot 2. Each of both ends of the wires are stretched by springs 
8, 8' toward electrode supporting conductive plates 10 and 
10’ which are ?xed by screws 9 and 9’ onto cases 1, l’. Elec 
trode supporting plates 10 and 10' have terminals 11 and 11' 
connected respectively to conductors 3 and 3'. Auxiliary elec 
trodes 6 and 6', shaped almost semicircularly and composed 
of aluminum or copper, are ?xed to the case by screws 12 and 
12', respectively, so as to surround the associated corona 
discharge electrodes 5 and ,5’. Auxiliary electrodes 6 and 6' 
extend parallel to the electrodes 5 and 5’, respectively, and 
are electrically isolated therefrom. At each end of the auxilia 
ry electrodes 6, 6' is formed a terminal 13, 13’, connected 
respectively to conductors 4 and 4’. 

It is preferable to make the space between the corona 
discharge electrodes 5 and 5’ equal to or a little less than the 
spaces between the corona discharge electrodes 5 and 5' and 
the auxiliary electrodes 6 and 6', for effectively utilizing the 
corona discharge. 

Referring to FIG. 5 in using the charging device having the 
above-described structure, corona discharge electrode 5 is 
connected to the positive high voltage terminal of high voltage 
electric source 7 by conductor 3, and electrode 5' is con 
nected to the negative high voltage terminal of high voltage 
electric source 7 by conductor 3'. Auxiliary electrode 6 is con 
nected to the negative high voltage terminal of high voltage 
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electric source 7 by conductor 4 through resistor 14, and elec 
trode 5' is connected to the positive high voltage terminal of 
high voltage electric source 7 by conductor 4' through resistor 
14’. Resistors l4 and 14’ are for adjusting the voltage applied 
to the respective auxiliary electrodes 6 and 6’, and may be 
?xed or variable resistors. They are adjustably set indepen 
dently or interlocked to each other, if necessary. Element 15 is 
a photosensitive member having a thin photoconductive layer 
17 on a support member 16. 

In such a structure as above, the thickness of the tungsten 
wire of corona discharge electrodes 5 and 5' is selected to be 
from 0.05 to 0.1 mm., and the space between electrodes 5 and 
5’ is determined to be from 10 to 20 mm. A positive voltage 
from three to four kv. is applied to corona discharge electrode 
5, and a negative voltage from three to four kv. is applied to 
electrode 5' by means of high voltage electric source 7. A 
negative voltage from 1.5 to 2 kv. is applied to auxiliary elec-‘ 
trode 6 by adjusting resistor 14, and a positive voltage from 
1.5 to 2 kv. is applied to electrode 6' by adjusting resistor 14' 
by means of high voltage electric source 7. In this state, 
photosensitive layer 17 of photosensitive member 15 is 
directed towards electrode 5' and member 15 is inserted into 
slot 2 of cases 1, l’, and photosensitive member 15 is ad 
vanced to a position intermediate corona discharging elec 
trodes 5 and 5’ by appropriate means not shown in the draw 
ing. In this position, photosensitive layer 17 of the photosensi 
tive member is charged in the negative by receiving the nega 
tive ions because of the negative corona discharge of elec 
trode 5', and simultaneously support member 16 receives the 
positive ions caused by the positive corona discharge of elec 
trode 5, and is charged in the positive. 

Thus, both surfaces of photosensitive member 15 are 
charged simultaneously by positive and negative double 
corona discharge, and therefore both surfaces of the 
photosensitive member are charged in opposite polarity, and a 
zero potential interface is effectively formed inside the 
photosensitive member. In carrying out the charging opera 
tion it is not necessary to use a conductive base plate. Where a 
conductive base plate is used, non-uniformity of electrostatic 
charge, attributable to the change in contact between the con 
ductive base plate and the surface of the photosensitive 
member, is not brought about, and the whole surface of the 
photosensitive layer can be uniformly charged, and ad 
vantageous electrostatic charges attained by double corona 
discharge are provided. 

Further, in this invention, almost semi-circular auxiliary 
electrodes 6 and 6’ are provided around the corona discharge 
electrodes 5 and 5' and are electrically insulated from said 
corona discharging electrodes, and a voltage of opposite 
polarity, equal to or a little less than the voltage applied to the 
corona discharging electrodes, is positively applied to the aux 
iliary electrodes associated therewith, and therefore there is 
such an effect that the distribution of the electric ?eld 
becomes remarkably uniform, and the generation of corona 
becomes easy, and the corona generating voltage becomes 
suf?cicntly low. 

In other words, when this invention is compared with the 
prior art systems with other conditions almost equal, a voltage 
of from ?ve to six kv. is required in the prior art systems to be 
applied to the corona discharge electrodes when the interval 
between the photosensitive member and the electrodes is 
selected to be from 10 mm. to 20 mm. and the tungsten wire 
thickness is from 0.05 mm. to 0.1 mm. But according to this 
invention, a voltage of from three to four kv. is applied to the 
corona discharge electrodes and a voltage of from one to two 
kv. is applied to the auxiliary electrodes, and sufficient corona 
can be generated. Therefore, the electric source voltage is 
reduced by about 30 percent when compared with the prior 
art systems, and the voltage applied to the auxiliary electrodes 
can be supplied by appropriate voltage drop from the same 
electric source as used for the corona discharge electrodes, 
and therefore the high voltage electric source can be 
minimized and economized, which is especially desirable in 
electrophotographic devices. 
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4 
When the voltage applied to the electrodes is adjusted to be 

the same as the voltage of the conventional devices, and when 
the same corona discharges are generated, the diameter of the 
wire of the corona discharge electrodes can be made thicker, 
and the attachment of the wires to the charging device 
becomes easy, and the charging device becomes stronger, and 
the manufacturing and the maintenance of the charging 
device is remarkably simpli?ed. 

Moreover, according to this invention, the voltage applied 
to the auxiliary electrodes can be very easily adjusted by 
change of the resistor connected to the same circuit, and 
therefore the amount of electrostatic charge applied to the 
photosensitive layer can be optionally selected by adjusting 
the relative voltage of the auxiliary electrodes as against 
corona discharging electrode voltage. 

Thus, this invention has such an effect that the adjustment 
can be easily done even when half tone is reproduced, or when 
the thickness of photosensitive member, or the resistor or the 
like is greatly changed. 
The form of the auxiliary electrode is not restricted to the 

form given in the illustrative embodiment, but the auxiliary 
electrodes of this invention can be obtained by parallel 
stretching of a plurality of conductors on the periphery almost 
coaxial with the corona discharge electrodes with appropriate 
spacing interval, or may be of semi-cylindrical form composed 
of mesh-like conductors, and these modi?cations are included 
in the'scope of the auxiliary electrodes of this invention as 
de?ned in the appended claims. 
What is claimed is: 
1. A system for charging a chargeable member comprising: 
a. voltage supply means providing high voltages respectively 

positive and negative relative to ground potential; 
b. ?rst and second electrode assemblies respectively 

disposed on opposite sides of said member, each elecs 
trode assembly including a corona discharge electrode 
disposed adjacent said member and a further electrode 
insulatively supported with respect to and partially encir 
cling said corona discharge electrode and further spaced 
from said member; and 

c. circuit means applying said high positive voltages to the 
corona discharge electrode of said ?rst electrode as 
sembly and the further electrode of said second electrode 
assembly and applying said high negative voltages to the 
corona discharge electrode of said second electrode as 
sembly and the further electrode of said ?rst electrode as 
sembly. , 

2. ‘The system claimed in claim 1 wherein said chargeable 
member is a photosensitive member. 

3. The system claimed in claim 1 wherein each of said 
further electrodes is substantially semi-circular in cross sec 
tion and de?nesan opening facing said chargeable member. 

4. The system claimed in claim 1 wherein said voltage 
supply means provides ?rst and second positive voltages and 
first and second negative voltages, said ?rst voltages being of 
greater magnitude than said second voltages, said circuit 
means applying said ?rst positive and said first negative volt 
ages respectively to the corona discharge electrodes of said 
?rst and second electrode assemblies and applying said second 
positive and said second negative voltages respectively to the 
further electrodes of said second and ?rst electrode assem 
blies. ' 

5. The system claimed in claim 1 wherein said supply means 
provides voltages of equal magnitude and wherein said circuit 
means comprises conductive members of equal electrical re 
sistivity connecting said electrodes and said voltage supply 
means. 

6. The system claimed in claim 1 wherein said supply means 
provides voltages of equal magnitude and wherein said circuit 
means comprise ?rst conductive members of equal electrical 
resistivity connecting said corona discharge electrodes and 
said voltage supply means and second conductive members of 
electrical resistivity greater than that of said ?rst conductive 
members connecting said further electrodes and said voltage 
supply means. I 



5 
7. The system claimed in claim 6 wherein said second con 

ductive members are of variable electrical resistivity. 
8. The system claimed in claim 7 wherein said second. con 

ductive members are interlocked in variable electrical re 
sistivity. 

9. The system claimed in claim 1 wherein the, corona 
discharge electrodes of said ?rst and second electrode assem 
blies are spaced apart by a distance equal to or less than the 
distance between the corona discharge electrode and further 
electrode of each electrode assembly. - 

10. Apparatus for charging a photosensitive member com 
prising: 

a. an insulative case having a transverse‘ central opening 
therethrough for passage of said photosensitive member; 

b. ?rst and second corona discharge electrodes respectively 
secured insulatively in said case on opposite sides of said 
opening; 

c. third and fourth electrodes respectively secured insula 
tively in said case on opposite sides of said opening and 
spaced a greater distance from said opening than said ?rst 
and second electrodes, said ?rst and third electrodes 
being positioned on the same side of said opening; 
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d. a high voltage power supply having ?rst and second out 

put terminals respectively providing a voltage positive 
relative to ground potential and a voltage negative rela 
tive to ground potential; 

e. ?rst circuit means connecting said ?rst and fourth elec 
trodes to said ?rst power supply terminal; - 

f. second circuit means connecting said second and third 
electrodes to said second power supply terminal. 

11. The apparatus claimed in claim 10 wherein said third 
and fourth electrodes are substantially semi-circular in cross 
section, partially encircle said ?rst ' and second electrodes 
respectively and de?ne openings facing said transverse central 
opening. 

12. The apparatus claimed in claim 10 wherein said ?rst cir 
cuit means includes a high resistance member connecting said 
fourth electrode and said ?rst ‘power supply terminal and 
wherein said second circuit means includes a high resistance 
member connecting said third electrode and said second 
power supply terminal. 

13. The apparatus claimed in claim 12 wherein said high re 
sistance members are variable resistances. 
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