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UNIFORM CHARGING METHOD AND APPARATUS 
USING AN ARRAY OF NEEDLE ELECTRODES 

This invention relates to electrostatic charging apparatus 
adapted for use in electrophotography, and particularly to an 
improved arrangement for uniformly charging with corona 
discharge using needle electrodes. 

Generally speaking, the electrostatic charging devices with 
corona discharge known in the prior art are classi?ed into the 
categories, one using corona and the other using needle elec 
trode. The device using corona wire is easier to manufacture 
but, at the same time, has many drawbacks such as a higher 
required potential, more glow from wire, uneven discharge 
along the wire resulting in ununiform electrostatic charging , 
particularly especially in the case of negative corona discharge 
and lower charging efficiency induced by shield plates 
required between the corona wires if plural wires are em~ 
'ployed, as for example, in order to increase the charging 
speed. Also such device requires larger volume when the 
number of corona wires are increased. On the other hand the 
device with needle electrodes, though requiring a plurality of 
electrodes to be arranged in a row and therefore involving 
more complicated mechanical works, enables using a lower 
charging potential and reduces the total glow of corona 
discharge. 
The arrangement of needle electrodes repeated at a certain 

interval generally result, however, in an electrostatic potential 
distribution which is not uniform but rather shows repeated 
pattern corresponding to the arrangement of said electrodes. 
More detailedly such pattern appears in streaks along the 
direction of movement of the surface to be charged with 
respect to said needle electrodes. It is ‘described in British Pat. 
No. 1,063,913 that such streaking potential ?uctuation can be 
reduced by choosing the moving direction of the surface to be 
charged so as not to be perpendicular with respect to the line 
of needle electrodes. Such a method is sometimes undesirable 
in the machines in which succeeding steps such as exposure or 
processing are carried out automatically, however, since the 
devices for such steps which are usually arranged perpendicu 
larly to said moving direction will result in the deviation of 
time in different portions of said surface from said electro 
static charge to said succeeding steps if said electrodes are ar 
ranged obliquely with respect to said moving direction. Also 
such method requires larger space for charging device in such 
automatic machine. Nevertheless uneven charging such as ex 
plained above should be strictly prevented in case of 
reproducing images containing continuous tone or wide area 
of uniform optical density since this will deteriorate signi? 
cantly the quality of reproduced image. 

It is therefore a primary object of the invention to improve 
needle electrodes. 

It is also an object of this invention to provide an electro 
static charging device using needle electrodes utilizing all the 
advantages thereof effectively and preventing the drawbacks 
associated with the wire electrode to achieve a high efficiency 
which could not be reached with prior devices. 

In the following is explained details of the general charac 
teristics of a charging device with corona needle electrode in 
particular reference with the attached drawings in which: 

FIG. I and FIG. 3 are side views showing electrostatic 
charging respectively, with one and two needle electrodes; 

FIG. 2 and FIG. 4 are plan views showing charge distribu 
tion obtainable respectively in ‘FIG. 1 and FIG. 3; 

FIG. 5 is a perspective view of a device for displacing the 
surface to be electrostatically charged in a direction perpen 
dicular to a line of plural needle ‘electrodes; 

FIG. 6 is a plan view of arrangement of needle electrodes 
according to this invention and velectrostatic potential distribu 
tion obtained therewith; 

FIG. 7 shows electrostatic potential distribution obtained by 
another arrangement of needle ‘electrodes according to this in 
vention; 

FIG. 8 is a plan view representing an example of a 
mechanism for switching the polarity of applied potential; and 
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2 
FIG. 9 is a plan view of still another arrangement of needle 

electrodes. 
In FIG. 1 which shows electrostatic charging with one nee 

dle electrode shown is a pointed needle electrode 1, an insu 
lating rod 2 for supporting the electrode 1, a material or sur 
face to be charged 3 such as electrophotographic photosensi 
tive sheet or electrostatographic recording sheet, a metal sup 
port 4 for said material and working also as an electrode, a 
direct current high-voltage source 5 and an electroconductive 
wire 6 for applying a high electric potential between the nee 
dle electrode 1 and the metal support 4. The direction of the 
electric field between the point of the electrode I and the 
metal support 4 is shown by the lines 7. Electrostatic charging 
on the surface 3 is commenced by corona discharge, and after 
the application of electric potential is terminated there 
remains electrostatic charge in nearly circular shape on sur 
face 3 which can be electrophotographically developed to give 
visible distribution of said electrostatic charge, as shown in 
FIG. 2. The center 8 of the circle in this figure is located below 
the needle electrode 1 in FIG. 1 and the radius is determined 
by many factors such as applied potential, charging period, the 
distance between the needle electrode 1 and the surface 3, the 
diameter of point of said electrode 1 etc. If the electrode 1 is 
not perpendicular to the surface, the center 8 so circular is no 
longer located below the electrode 1 but displaces according 
to the inclination of said electrode. 

FIG. 3 shows the electrostatic charging with two needle 
electrode. In this case the repulsion appearing between the 
electric fields induced by electrodes 1 and l’ of the same 
potential gives a distorted charge pattern as shown in FIG. 4. 
The repulsion becomes more apparent when two electrodes 
are relatively close to form a boundary region 9 with no or lit 
tle charge on a plane perpendicular to said electrodes and 
along the bisecting plane thereof, as shown in FIG. 4, in which 
charge pattern consists of two symmetric hemicycles with the 
centers 8 and 8' respectively below the electrodes 1 and 1'. 
This pattern becomes undistorted circles if the electrodes are 
sufficiently distant from each other or the potential applied is 
suf?ciently low, and the potential gradient in the distorted 
portion in FIG. 4 is much larger than that in FIG. 1 or FIG. 2. 
Thus, when material 3 is displaced in the direction of the ar 
row, a narrow band corresponding to the region 9 remains 
uncharged. Consequently in case of FIG. 5 in which plural 
needle electrodes are arranged in a row at fixed spacing from 
each other and from the surface and the material is displaced 
in a direction perpendicular to said row, electrostatic charging 
is realized in stripes of which number corresponds to that of 
the electrodes, leaving uncharged narrow zones therebetween. 

In order to remove such drawback it has already been 
proposed, in .lap; Pat. Pubn. 18311/66, to provide grounded 
shield plates on both sides of said row of electrodes. 

It has been found, however, that such method cannot give 
sufficient effect since discharge current is mostly dissipated to 
the shield plate, leaving only a slight portion effectively utiliza 
ble for electrostatic charging and thus resulting in undesirably 
low charging efficiency to lose the advantage of a needle elec 
trode. Also, it is proposed, in British Pat. No. 1,063,913 to ar 
range the row of electrodes obliquely with respect to the mov 
ing direction of said surface. This method has proved to be 
somewhat effective, but understandably requires a larger 
space for such charging device. 

In accordance with this invention, a novel electrostatic 
charging device using needle electrodes is provided capable of 
providing a uniform electrostatic charge. 

FIG. 6 shows, corresponding to FIG. 4, a plane view of 
charge distribution obtained according to this invention, in 
which marks‘8 and 8’ respectively indicate the positions below 
high potential needle electrodes and low potential needle elec 
trodes which are grounded or applied with lower bias poten 
tial. The line 10 shows the boundary of electrostatic charge 
obtainable when charging is carried out when the surface to be 
charged is kept standstill with respect to said electrodes. 
Boundary 10 is made unclear because the high potential elec 
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trodes 8 give peripheral charge region of relatively low poten 
tial 11 due to the presence of lower potential electrodes 8’. 

In FIG. 7 there is shown in the distribution of charge poten 
tial in a direction parallel to a row of needle electrodes con 
sisting of alternatively arranged high and low potential elec 
trodes, obtained on the surface'to be charged when said sur 
face is displaced perpendicularly with respect to said row. If 
charging is carried out while said material to be charged is 
reciprocated with inversed potential difference in forward and 
backward movement, the periodic charge distribution in for 
ward movement shown in solid line w and that in backward 
movement shown in broken line y are added, compensating 
each other, to give a uniform charge distribution as shown by 
the top line 2 in FIG. 7. 

FIG. 8 is a plan view of an electrostatic charging device in 
which high potential electrodes and low potential electrodes 
are switched automatically in forward and backward move 
ment. In this ?gure an insulative electrode support 20 is pro 
vided with two sets of electrodes marked with “." and “x,” 
respectively, arranged alternatively and with substantially 
equal spacings. Support 20 is also provided with elastic arms 
21, which are respectively provided with two brushes 22, 22’, 
23 and 23’. A set of electrodes marked with “x" is electrically 
connected with the brushes 22 and 23' whereas another set 
“.” being' connected with the brushes 22 and 23’ whereas 
another set “.” being connected with the brushes 22' and 23. 
Electroconductive guide rails 24 and 24’ are installed with a 
distance shorter than that between the extremities of brushes 
22 and 23’ or 22' and 23, and are respectively connected to a 
high voltage source 25 and to a suitable bias potential or to 
ground. In this device, when the support in the starting posi 
tion is displaced in the direction of the arrow, the arms 21 are 
bent as shown in the operating position making electric con 
tacts between the brush 22' and guide rail 24 and between 23' 
and 24, leaving brushes 22 and 23 uncontacted. Thus the elec 
trodes marked “x” are applied with a high potential whereas 
those marked “.” are applied with a low potential or 
grounded. Application of potentials is interrupted when the 
support 20 proceeds further to pass through said guide rails. 
Then the arms 21 are bent in opposite direction when the sup 
port is displaced backwards, making contacts of the brush 22 
and guide rail 24 as well as between 23 and 24', thereby apply 
ing higher potential to the electrodes marked with “x" and 
lower or zero potential to those with “.". Thus this device ena 
bles obtaining the result shown in FIG. 7. 

Naturally the switching of potentials is not limited to this 
method but can be realized by appropriate relays or switches. 
It is also possible to apply two pulsive potentials with a 180° 
phase difference respectively to the two sets of electrodes. 

FIG. 9 shows the general distribution of needle electrodes 
according to this invention, in which the electrodes are placed 
on the lattice points 30, 31, 32, 33 of two-dimensional oblique 
lattice composed of two basic translation vectors a and b, and 
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4 
at least one electrode placed on the lattice points of the basic 
lattice is grounded or applied with a low potential while the 
remaining electrodes are applied with a high potential. During 
the charging, the electrodes and the surface should be dis 
placed, with respect to each other, so that the electrodes pass 
the surface at least two times. The number of said passes is 
preferably even in order to invert the potential in half of such 
passes, but can also be odd when said number is fairly large. 
Two passes or one reciprocation are sufficient for most pur 
poses. 
As thus far explained, it will be appreciated that the charg 

ing device of this invention is capable of fonning uniform elec 
trostatic charge while still fully utilizing the advantages of 
prior devices with needle electrodes. 
What is claimed is: 
1. Charging apparatus for applying a uniform electrostatic 

charge to a surface comprising 
a linear array of needle electrodes uniformly spaced and ex 

tending perpendicular to a surface to be charged, 
means for causing relative movement between said elec 

' trodes and the surfaceto be charged, and . _ 
circuit means for coupling a source of relatively high DC 

electric potential to alternate ones of said electrodes and 
an electric. potential substantially at ground to the 
remaining electrodes, 

said means for causing relative movement operates to 
reciprocate the electrodes past the surface to be charged, 
and ‘ 

said circuit means is operative to inverse the different 
potentials coupled to alternate ones of the electrodes 
upon each pass. 

2. Charging apparatus for applying a unifonn electrostatic 
charge to a surface comprising 

an array of needle electrodes arranged in lattice form over 
lying a surface to be charged, 

a source of relatively high DC electric potential coupled to 
alternate rows of said electrodes and electric potential 
substantially at ground coupled to the remaining rows of 
said electrodes, ‘ 

means for causing reciprocal passing movement between 
said electrodes and the surface to be charged, and 

circuit means for switching potentials of said electrodes on 
each pass. 

3. A method of uniformly charging a xerographic surface 
comprising the steps of 

alternatively arranging needle electrodes coupled to a rela 
tively high source of DC potential and an electric poten 
tial substantially at ground in overlying relation to a sur 
face to be charged, 

moving the electrodes relative to the surface to be charged 
in reciprocating scanning movements, and 

interchanging the potentials coupled to the electrodes in ap 
proximately half of such movements. 

* * * * * 


