
3,122,634 P. F. KING Feb. 25, 1964 
CONTROLLED CHARGING IN XEROGRAPHIC COPYING APPARATUS 

3 Sheets-Sheet 1 Filed April 4, 1962 

/9 

" 22 

EXPOSURE 
STAT ION 

DEVELOPMENT 
STATION 

2/ 

2: 

FIG. 2 

INVENTOR. 
PAUL F. KING 

2 QQQ 
A 7' TORNE)’ 



Feb. 25, 1964 P. F. KING 3,122,634 
’ CONTROLLED CHARGING IN XEROGRAPHIC COPYING APPARATUS 

Filed April 4, 1962 3 Sheets-Sheet 2 

4—0 I - 

FIG. 3 

52~ 

2s 

TRANSFER 

24- C\OR°TRON 

CURRENT 2°‘ 
MICROAMPERES 

l6 

l2 
SENSITIZING 
COROTRON 

8.. 

4_ 

c I I I I I I I 

3.5 4 4.5 5 5.5 a 5.5 1 man 
V°LTA°E PAUL F. KING 

(K I LOVOLTS) 

.FIG. 4- ' Qak 
A T TORNEV 



Feb. 25, 1964 P. F. KING 3,122,634 
CONTROLLED CHARGING IN XEROGRAPHIC COPYING APPARATUS 

Filed April 4, 1962 ' 3 Sheets-Sheet 3 

INVENTOR. 
PAUL F. Kl NG 

ZMFBQQ 
A TTORIVEY 



United States Patent O?ice 3,122,634 
Patented Feb. 25, 1964 

1 

3 122,634 
CGNTRGLLED CHA’RGTNG IN XEROGRAPHHC 

QGFYING APPARATUS 
Paul F. King, Webster, N.Y., assignor to Xerox 
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New York 

Fiied Apr. 4, 1962, Ser. No. 185,050 
4 Qlaims. (Cl. 259-495) 

This invention relates to xerography in general and, 
more particularly, to the sensitization of Xerographic 
plates. 

In xerography a uniform electrostatic charge is depos 
ited on the surface of a xerographic plate comprising a 
photoconductive insulating layer supported by a conduc 
tive backing layer. Exposure to an optical image selec 
tively dissipates the charge in the light-struck areas, thus 
producing an electrostatic charge pattern in image con 
?guration. An appropriate development process, such as 
dusting with an electroscopic powder which adheres to 
the charged areas, renders the latent image visible. This 
powder image may then be transferred to a material such 
as paper by placing the material in face-to-face contact 
with the powder image and applying electrical charge to 
attract the powder to the material surface. This copy 
may then be rendered permanent by fixing such as by 
heat fusing. 
The general process described has been successfully 

adapted to a system of continuous xerographic copying 
comprising a number of sequential steps. Apparatus for 
this system includes a cylindrical drum, made up of a 
conductive backing having coated thereon a photocon— 
ductive insulating layer, which is rotated on its longitu 
dinal axis so that a particular surface of the drum will 
pass, respectively, a charging station, an exposure sta 
tion, a developing station, a transfer station, and ?nally 
a cleaning station. It has been found that an electrostatic 
charge can be applied at the sensitizing and transfer sta 
tions in a number of ways. However, the most success 
ful technique is to apply the charge by means of corona 
discharge from a wire, or a wire array, maintained at a 
high potential relative to the backing member supporting 
the photoconductive layer. 
One of the general types of corona discharge units, 

called the corotron, and disclosed in Vyverberg US. 
Patent No. 2,836,725, consists of a ?at sided U-shaped 
channel, having inwardly bent lips, and a single corona 
wire strung between insulating blocks mounted on either 
end of the channel. Normally, the U-shaped channel, or 
shield, of this unit is maintained at ground potential. 
The wire is fed from a high voltage source and the 
xerographic plate is moved relative to the wire at a uni 
form rate of speed to place an electrostatic charge on the 
plate. 

Since the deposition of developer powder is sensitive 
to small variations in the potential on the photoconduc 
tive insulating layer and undesired variations can be 
caused by a non~uniformity in the initial charging, it is 
essential that the electrostatic charge be uniform through— 
out when the plate is sensitized in order to provide good 
quality in the ?nished copy. Lack of uniformity in the 
initial potential results in a streaky copy or other un 
desirable variations when the photoconductive layer is 
dusted with developer powder. This defect is particu 
larly noticeable in the reproduction of continuous tone 
subjects such as photographs. 
Even though considerable effort may be made to pre— 

vent charge irregularities by, for instance, assuring a con 
stant rate of travel of the plate relative to the charging 
device, eliminating variations in the photoconductive 
layer itself, or by eliminating the effect of non-uniformity 
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2 
in the corotron wire by moving the corotron with respect 
to the Xerographic plate in two or more directions, varia 
tions of the high voltage feeding the corotron may never 
theless cause charge irregularity. Accordingly, some 
means of voltage regulation is generally necessary to 
adequately minimize these power supply variations. This 
has generally been attempted through the use of addi 
tional circuit components which necessarily increase the 
overall cost and complexity of the xerographic copying 
apparatus. 
On the other hand, the need for uniformity of the 

charge laid down by the corotron at the transfer station 
is not critical. A comparatively wide range of variation 
does not deleteriously aifect the quality of the xerographic 
copy. 

It has been found that a corotron can be designed so 
that it will display a very steep current-voltage character 
istic. Thus, a small increase in voltage causes a dispro 
portionately large increase in current ?ow. Basically, 
this invention utilizes the electrical characteristics of an 
appropriately designed corona discharge device as a 
means to maintain the voltage fed into the sensitizing 
corotron nearly constant. As herein described an appro 
priately designed transfer corotron is connected in par 
allel with the sensitizing corotron in such manner that 
variations in supply voltage will mainly affect the trans 
fer corotron and have only a minimal effect on the sensi 
tizing corotron. This invention, at the same time, obvi 
ates separate power supplies for the transfer station and 
the sensitizing station. 
The principal object of this invention, therefore, is to 

provide a means to economically obtain better print qual 
ity by reducing the effect of variations in power supply 
voltage on the sensitizing corotron. 

It is another object of this invention to provide for the 
elimination of one power supply in a system for continu 
ous xerographic copying. 

It is still another object of this invention to provide a 
means to reduce the likelihood of damage to a xerographic 
plate by overcharging. 

Additional and further objects of this invention will be 
obvious to those skilled in the art and will be apparent 
from the following speci?cation and the drawings in 
which: 
FIGURE 1 illustrates schematically a preferred em 

bodiment of a xerographic apparatus adapted for contin 
uous operation; 
FIGURE 2 is an isometric view of a corotron of the 

type comprising the sensitizing station and transfer sta 
tion of FIGURE 1; 
FIGURE 3 shows a side view of the xerographic drum 

and the corotrons comprising the sensitizing station and 
transfer station shown in FIGURE 1; and, 
FIGURE 4 is a graph showing the difference in cur 

rent voltage characteristics of two corotrons. 
The present invention may be used in conjunction with 

a continuous xerographic copying apparatus shown in 
FIGURE 1. A xerographic plate including a photocon 
ductive layer 11 is coated on a conductive backing 12 
and formed in the shape of a drum, generally designated 
by numeral 19. Drum 10 is mounted on a shaft (not 
shown) journaled in a frame (not shown) to rotate in 
the direction indicated by the arrow to cause the drum 
surface sequentially to pass a plurality of xerographic 
processing stations described functionally as follows: 
A sensitizing station, generally designated by the numer 

a1 39 and to be described in greater detail below, at which 
a uniform electrostatic charge is deposited on the photo 
conductive layer 11 of the Xerographic drum Ill; 
An exposure station 9, at which a light or radiation 

pattern of copy to be reproduced is projected on the 
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photoconductive surface 11 to dissipate the charge in the 
exposed areas; 
A development station 3, at which electroscopic powder 

is applied to the drum surface by means of a magnetic 
brush or, for instance, by cascading toner particles over 
the drum surface whereby the powder particles adhere to 
the photoconductive layer in image con?guration; 
A transfer station shown as a'discharge electrode gen 

erally designated 40, at which the powder image is electro 
statically transferred from the drum surface to a transfer 
material such as paper; and, 
A cleaning station 7, at which residual toner particles 

are removed by brushing, for instance. 
In commercial appartus designed to function according 

to this description, it is usual for the sensitizing station 
and transfer station to consist of corotrons identical in 
all respects which are activated by separate power sup 
plies. 
rFlGURE 2 shows a corotron suitable for operation 

according to the present invention as part of the sensitiz 
ing station or the transfer station. This assembly com 
prises two insulating terminal blocks 22 positioned at 
either end of the assembly and joined together by a con 
ductive ground shield 23. A ?ne conductive strand 21 
is mounted on the insulating terminal blocks and runs 
lengthwise of the assembly from one block to the other 
under the ground shield 23. This wire strand forms the 
corona discharge electrode and is conductively connected 
to a high voltage power source. 
The sensitizing-transfer network comprising this in 

vention is shown in its relationship to the xerographic 
drum 10 in FIGURE 3. At the sensitizing corotron 
generally designated 30, a corona wire 32 is centered with 
in a grounded corona shield 31 and is supported by in 
sulating blocks 33 and 34. Similarly, the transfer coro 
tron 40v is made up of a shield 41 surrounding corona 
wire 42 which is supported by insulating blocks 43 and 
44. High positive charging voltages are fed to the charg 
ing corotron and transfer corotron by branches 52 and 
53, respectively, of lead 56 which is connected to the 
plus terminal of the power supply. Resistive circuit 
components are indicated by numerals 54 and 55. 

In accordance with this invention a corotron possessing 
a very steep current-voltage ‘or low dynamic resistance 
characteristic is employed as a‘ transfer corotron. Such 
a corotron in the circuit of FIGURE 2 operates as a 
voltage regulator with respect to the sensitizing corotron 
in the sensitizing transfer network. Speci?cally, when 
such a corotron is used, if the power supply voltage rises, 
a disproportionate rise in the current ?ow to the transfer 
corotron will also occur and thereby cause a greater volt 
age drop across resistive circuit component 55. This 
greater voltage drop across resistive circuit component 55 
keeps the sensitizing corotron voltage more nearly con 
stant thus maintaining uniformity in the potential applied 
to the sensitizing corotron. This results in a uniform 
output of corona discharge from the sensitizing discharge 
electrode and, in turn, uniform charging or sensitizing of 
photoconductive layer 11 coated on conductive and 
grounded backing member 12 of Xerographic drum 1t}. 

Steep current-voltage characteristics may be imparted 
to the transfer corotron in a variety of ways. One way 
is to operate the transfer corotron with the corona 
wire 42 positioned very close to conductive backing mem 
ber 12 as compared with the space between corona wire 
32 and conductive backing member 12, as shown in FIG. 
5. However, a more practical method and the preferred 
method herein of achieving this desired current-voltage 
characteristic is through the use of a larger diameter wire 
42 in the transfer corotron unit, as illustrated in FIG. 6. 
sensitizing corotrons having corona wires .0035 inch in 
diameter are typically used in commercial systems. In 
such systems, a transfer corotron having a corona wire 
42 of diameter in the range of about .0065 to .0090 and 
preferably .0075 inch will achieve the desired result. 
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4 
A comparison of the diiference in current-voltage 

characteristics or dynamic resistance between the two 
corotrons so constructed is illustrated graphically in 
FIGURE 4. The appreciably steeper current-voltage 
curve relating to the transfer corotron clearly indicates its 
suitability for utilization in the network shown in MG 
URE 3. As illustrated by this curve, the voltage drop 
across the transfer corotron would remain nearly constant 
even though appreciable variations in current flow were 
to occur. Effective voltage regulation is thus afforded the 
sensitizing corotron branch which is connected in parallel 
with the transfer corotron and fed from the same power 
supply. 
As described above, resistive component 55 serves to 

convert the changes in current drawn by transfer corotron 
46 into changes in potential to maintain the sensitizing 
corotron potential uniform. Substantial changes in trans 
fer corotron current are to be expected with this invention, 
but transfercurrent, unlike sensitizing current, is not criti 
cal. Although the transfer corotron has a lower dynamic 
impedance than ,the sensitizing corotron, it is generally 
operated at a potential higher than that desirably applied 
to the sensitizing corotron. Resistive circuit component 
54- may optionally be included as shown'to lower the 
potential applied to the sensitizing corotron from that 
applied to the transfer corotron. As is known, this re 
sistive component will also make the sensitizing corotron 
current less dependent upon the transfer corotron poten 
tial which is inherently quite uniform in view of this 
invention. Resistive circuit components 54 and 55 may 
be selected in accordance with the characteristics of the 
particular power supply and corotrons which are to be 
used, and element 54 may be omitted in some cases. 
Typical values for use with the illustrated corotrons are 
70 megohms for element 55 and 15d megohms for ele 
ment 54. Sensitizing plate potentials obtained with these 
components as compared with the conventional arrange 
ment whereby a plate is sensitized by a corotron directly 
connected to its individual power supply shown in the 
table. 

Unregulated Regulated 

Input to Power Supply 
Plate Change, Plate Change, 

Voltage percent Voltage percent 

Normal input voltage ______ __ 6G0 ________ . _ 600 ________ __ 

90% of normal input voltage. _ 440 —27 550 -—8. 3 
110% of normal input voltage- 740 +23 650 +8. 3 

It can be seen that with prior arrangements the Xero 
graphic plate potential varied much more rapidly than the 
input voltage to the power supply. In accordance with 
this invention, however, it can be seen that the plate 
potential varies even less rapidly than the input voltage 
to the power supply. 

Limitation by the speci?c embodiments of the invention 
described herein is not intended. Rather, it is intended 
that the invention be covered broadly within the spirit 
and scope of the appended claims. 
What is claimed is: 
1. In a continuous Xerographic copying apparatus in— 

cluding a Xerographic plate the combination comprising 
a ?rst sensitizing corona device in operative relation with 
said plate for depositing sensitizing charge thereon, a sec 
ond corona device in operative relation with said plate, 
said second device having a lower dynamic impedance 
than said ?rst device, said second device being connected 
electrically in parallel with said ?rst device, a high volt 
age D.C. power supply, and resistance means connected 
between said power supply and said ?rst and second de 
vices. 

2. The‘ combination according to claim 1 in which said 
?rst and second devices incorporate corona wires and in 
which the wire of said second device is of larger diameter 
than of said ?rst device. 
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3. The combination of claim 1 in which said sec 
ond corona device is positioned closer to the Xerographic 
plate than said ?rst device. 

4. The combination of claim 1 further including an 2,944,147 
additional resistance means in series with said ?rst device. 5 2,932,647 
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