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[ 5 7] ABSTRACT 

A developing technique and apparatus is provided 
wherein an insulator having thereon an electrostatic 
latent image is positioned across a gap from an elec 
tric ?eld controlling insulator. The gap is provided 
with developing particles, charged with the same po 
larity as the electrostatic latent image. The electric 
?eld controlling insulator is designed to have a surface 
potential characteristic similar to the insulator upon 
which the electrostatic latent image is formed, and is 
charged to the same level and with the same polarity 
as the image. As a result, the electric field controlling 
insulator will have a ?eld variation compensation ef 
fect relative tovv the electric potential otherwise gener 
ated by the electric ?eld controlling insulator. 

10 Claims, 2 Drawing Figures 
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REVERSAL DEVELOPING METHOD USlNG 
PHOTOCONDUCTIVE DEVELOPlNG ELECTRODE 

This is a division, of application Ser. No. 210,883, 
?led Dec. 22, 1971 is now US. Pat. No. 3,800,744. 
This invention relates to electrostatographic develop 

ment methods and apparatus and particularly to a de 
velopment method and apparatus for the reversal de 
velopment of electrostatic latent images. 
Devices and development techniques are known in 

which electrostatic latent images are formed on an in 
sulator, such as a photoconductive insulating layer, in 
the form of a variation in electric charge patterns. Such 
electrostatic latent images are developed by applica 
tion of charged developing particles thereto. The rela 
tive charges of the image and particles are such that the 
quantity of developing particles attracted to the image 
containing insulator surface will vary inversely with the 
quantity of charge forming the electrostatic latent im 
age. In other words, the portion of the surface having 
maximum electric charge will have little or no develop 
ing particles attracted thereto, whereas the portion of 
the surface having a lesser charge will have correspond 
ingly greater amounts of developing particles adhered 
thereto. Such techniques may be referred to as reversal 
development. 
As is known in conventional electrostatographic re 

versal development, when developing particles having 
a polarity identical to the latent image are directed to 
wards an electrostatic latent image on an insulator, the 
particles are not attracted to that portion of the image 
having a charge of the same polarity as the particle but 
rather to the portion of the image having an electrical 
charge of relatively opposite polarity. Adherence of de 
veloping particles occurs principally in areas of electric 
?eld gradients and relatively few particles adhere to 
that portion of the image having a uniform charge den 
sity level. 
One known technique of eliminating the foregoing 

disadvantage is to provide a developing electrode with 
an externally applied DC voltage equivalent to the 
charge retention portion of the image surface, that is, 
the surface electric potential of the electrostatic latent 
image portion which has the maximum clectric charge 
density. The charge dissipating or image portion is thus 
characterized by an electric ?eld, between the develop 
ing electrode and the image storing insulating layer, 
proportional to the difference between the maximum 
charge density of the image and the developing elec 
trode. This method however suffers from certain decre 
mental effects. Particularly, the insulator material con 
taining the latent image has a surface potential charac 
teristic resulting in the electrostatic latent image por 
tion of an insulator decaying during dark or non 
imaging periods with the passage of time. This time de 
pendent decremental dark decay will vary markedly in 
accordance with the type of insulator employed and 
with ambient conditions, and it is extremely difficult to 
vary the voltage applied to the development electrode 
to compensate for each decremental variation of the 
image strength. 

Further, when the insulating medium containing the 
image is flexible, it is difficult to control development. 
Particularly, in reversal development, variation in dis 
tance between the ?xed development electrode and the 
image will alter the ?eld characteristics and thus the 
degree of particle adherence. As a result, unwanted de 
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2 
velopment variation may be observable in the devel 
oped image. 

It is therefore the prime object of this invention to . 
provide a novel and unique method and apparatus per 
mitting charged particle development with a particle 
adherence distribution necessary for development. 

It is a further object of this invention to provide a 
novel and unique method and apparatus for permitting 
charged particle development which will take image 
decremental effects into account. 

It is another object of this invention to provide a 
novel and unique reversal development method and ap 
paratus which will prevent developed image variation 
as a result of variations occurring in the distance be 
tween the development potential applicator and the 
image surface. 

It is a still further object of this invention to provide 
a novel and unique apparatus for developing an elec 
trostatic latent image formed on an insulator by the use 
of charged development particles. 
The foregoing objects are achieved by a method and 

apparatus wherein an insulator having thereon an elec 
trostatic latent image formed as a pattern of charged 
and discharged areas is positioned across a gap from an 
electric field controlling insulator which is, in turn, 
charged to the same level and polarity as the image 
charged area. The gap is provided with developing par 
ticles, also charged to the same level and polarity as the 
electrostatic latent image pattern charged areayThe 
electric field controlling insulator is designed to have a 
surface potential characteristic similar to the insulator 
upon which the electrostatic latent image is formed. As 
a result of the foregoing arrangement, the electric ?eld 
controlling insulator, which replaces the prior art de 
veloping electrode, provides a continuous ?eld varia 
tion compensation effect relative to the electric poten 
tial otherwise generated by the electric field controlling 
insulator since both the insulator and image surface will 
provide similar variations to their respective charge 
levels due to any variation resulting from the physical 
characteristics of the respective layers. 

In electrophotographic methods by reversal develop 
ment, particularly employing a ?exible layer with elec 
trostatic latent images, it is dif?cult to maintain the cor 
rectdistance from the image layer to the developing 
electrode. As a result, the development may have a 
tonal non-uniformity corresponding to any distance 
variation. The present invention overcomes the forego~ 
ing problem by replacing the ?xed external voltage 
source supplying a developing electrode with the elec 
trostatically charged ?eld controlling insulator which is 
provided with the desired charge level but since the 
?xed external source is absent, it will compensate for 
distance variation between the latent image surface and 
the development electrode, and thereby produce devel 
oped images of higher quality. 
The foregoing objects and brief description of the 

present invention, as well as further objects, advantages 
and features will become more apparent in view of the 
following more detailed description and appended 
drawings wherein: 
FIG. 1 is a front elevation illustrating the operative 

principle of the invention, and, 
FIG. 2 schematically represents a front elevation 

view of a preferred embodiment in accordance with the 
invention. 
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Referring to FIG. 1, electrically photosensitive pa 
pers 1 and 3 having the same composition are shown, 
each having uniformly charged photoconductive insu 
lating surface layers on the facing sides thereof, and 
each contacting conductive plates 2 and 4 respectively 
on the other side thereof. After both papers have been 
uniformly charged to the same polarity, paper 1 is ex 
posed to the image to be reproduced to form an elec 
trostatic latent image thereon. The photoconductive 
insulating layers of both of the electrically photosensi 
tive papers 1 and 3 are positioned to face each other 
across a gap having a relatively small ?xed dimension, 
and each of conducting plates 2 and 4 is grounded. 
With the foregoing construction, the maximum charge 
density portion, i.e., the non~image portion of the elec 
trostatic latent image of electrically photosensitive 
paper 3 corresponds approximately to the uniform 
charge density portion of electrically photosensitive 
paper 1. When a charge pattern corresponding to an 
image is formed on paper 1, an electric ?eld in propor 
tion to the difference between the image charge pattern 
and the maximum charge density portion of paper 3 
will be generated in the gap or developing space be 
tween said photosensitive papers 1 and 3. 
Developer is supplied to this developing space by 

means of a developer supplying nozzle 9. The form of 
developer can, for example, be an insulating liquid such 
as kerosene having dispersed therein fine carbon black 
powder as developing particles. The mixture may in 
clude electric charge stabilizers and dispersant stabiliz 
ers. 

Where an electrostatic latent image is to be formed 
by negative charge, developing particles are negatively 
charged beforehand. The developing particles thus sup 
plied to said developing space adhere, by electrostatic 
attraction, to the lesser charge density portion which 
forms the electrostatic latent image and do not adhere 
to the portion having maximum charge density. 
Thus, the electrically photosensitive paper 1 contain 

ing the image to be developed is exposed to a charged 
electrically photosensitive paper 3 which is of the same 
composition as the photosensitive paper 1. By replac 
ing the prior art developing electrode and its externally 
applied fixed voltage source with a charged photosensi 
tive layer of the same composition as the layer contain 
ing the electrostatic latent image, any variation in char 
acteristic of the image surface due to ambient or decre 
mental effects will be compensated by a corresponding 
change in the characteristic of the electric ?eld con 
trolling insulator 3. Development is thus realized under 
optimum conditions, since the surface electric poten 
tial of the photosensitive surface 3 and the maximum 
charge density portion of the electrostatic latent image 
on photosensitive surface 1 are equalized at all times. 

In general, where an electrostatic latent image is 
formed by exposing the uniformly charged photosensi 
tive paper 1 to a light image, the maximum charge den 
sity portion of the paper 1 is more or less reduced when 
compared with that prior to image exposure, and the 
electric ?eld thus generated between such surface and 
the photoconductive insulating layer of the photosensi 
tive paper 3 acting as the electric ?eld controlling insu 
lator will result in fog. To prevent the fog condition, the 
photoconductive insulating layer of the photosensitive 
paper 3 may be uniformly exposed or charged to the 
desired degree beforehand, and such fog can be pre 
vented. 
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In prior methods wherein a ?xed voltage is applied 

from an external source to a developing electrode, it 
has been found that desired differences in density are 
dif?cult to achieve, particularly with an image devel 
oped under conditions of uncontrollable differences of 
distance from the electrode to the photosensitive image 
surface or paper. If the distance between the develop 
ing electrode and the photosensitive paper becomes 
relatively smaller, the electric ?eld becomes stronger, 
resulting in more developing toner applied during de 
veloping and consequently a variation in tone is ob 
tained. The ?eld strength increases since the voltage at 
the developing electrode from the outside power 
source is maintained stable at all times. 
The foregoing disadvantage is obviated by the pres 

ent invention wherein an electric ?eld controlling insu 
lator 3 is charged to serve as the developing electrode, 
and no ?xed external power source is employed. Where 
a stronger ?eld exists, the quantity of toner for adher 
ence would tend to increase at an early stage since the 
electric ?eld would be increased where the distance be 
tween the photosensitive paper and electric ?eld con 
trolling insulator is smaller than at other portions. How 
ever, in the absence of a ?xed external source, the ex 
cess electrostatic energy accumulated on the electric 
?eld controlling insulator is consumed by the early ad 
herence of particles, resulting in a decrease of the elec 
tric ?eld potential at that area. As a result, the quantity 
of toner subsequently attracted for adherence at that 
area is reduced, and any non-uniformity which would 
otherwise be generated by this distance variation is au 
tomatically controlled by this self-compensating effect. 
The arrangement shown in FIG. 1 is presented only 

as an explanation of the principles according to this in 
vention. In actual use, it is somewhat uneconomical to 
actually perform development by means of the struc 
ture as shown therein, primarily because of the need for 
obtaining face-to-face registry of two sheets of electro 
photosensitive paper. Further, there is a dif?culty in 
supplying developer to the developing space between 
two sheets of paper. 
Accordingly, FIG. 2 illustrates a preferred embodi 

ment which employs the principle of the invention 
while eliminating the above dif?culties. An electrically 
photosensitive paper 1 having an electrostatic latent 
image thereon is conveyed in the direction of the arrow 
18 by means of a pair of developing rollers 10 and 10', 
and a pair of supporting rollers 17 and 17’. Rollers l0 
and 10' and supporting rollers 17 and 17 ' are rotated 
in the directions of the arrows 20 and 20’ and 19 and 
19’ respectively, by an appropriate power source, 
which is not shown. One of the rollers may of course be 
actuated by friction derived by the rotation of the other 
roller. 
The pair of developing rollers 10 and 10' which may 

be of a metal construction are provided thereon with 
surfaces comprising electric ?eld controlling insulators 
11 and 11'. In compliance with the rotation of rollers 
10 and 10', these electric ?eld controlling insulators l 1 
and 11’ are cleaned with cleaning brushes 16 and 16’ 
and the charge thereon is removed by alternating cur 
rent corona discharge electrodes 13 and 13’ provided 
with voltage from alternating current high voltage 
power sources 15 and 15’. These sources may, by way 
of example, provide an AC voltage in the range of from 
Z-IOKV. Thereafter, in the direction of rotation, the 
insulators 11 and 11' are provided with voltage by di 
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rect current high voltage sources 14 and 14'. These 
sources may by way of example, provide DC. voltage 
in the range of 2~lOKV. Thereafter, the insulators 11 
and 11' are charged by corona discharge current from 
corona discharge electrodes 12 and 12’. The polarity of 
charging is designed to be same as that of the charge 
which forms the electrostatic latent image. 
Developer is supplied by nozzles 9 and 9’ to the por 

tion or area where the charged electric ?eld controlling 
insulators 11 and 11', and electrically photosensitive 
paper 1 are facing each other. In this embodiment, the 
latent image on the photosensitive paper 1 is positioned 
to directly contact the electric ?eld controlling insula 
tors l1 and 11’. ln general however, electrically photo 
sensitive papers are designed, for example, with a sur 
face layer comprising a mixture of photoconductive 
zinc oxide powder in a resin binder applied to the paper 
in a thickness of 5-20 microns. Normally the roller po 
sitions would allow substantial contact along the com 
mon line of passage of the paper 1 with the rollers 10 
and 10’ but because of irregularities due to the coating 
on the paper surface, complete contact is not realized. 
Further, the surface results in the formation of an insu 
lating liquid ?lm thereon, and as a result, the surface is 
retained without contacting the electric ?eld control 
ling insulators, thereby maintaining the desired spac 
ing. Since the electric field controlling insulators l1 
and 11’ are however normally non-electroconductive, 
there is no otherwise undesirable effects relative to the 
electrostatic latent image even though the insulators 11 
and 11' contact, in appearance, the latent image on 
photosensitive paper 1. 
The electrostatic latent image gradually approaches 

the'electric ?eld controlling insulators 11 and 11' by 
means ‘of the rotation of developing rollers 10 and 10’. 
Development is effected as the photosensitive paper 1 
converges toward a line of apparent contact with the 
insulators 11 and 11', ?nally contacts the insulators in 
appearance and then moves away from the insulators. 

In many cases, one cycle of the above procedure is 
insufficient for development, and therefore it is pre 
ferred to repeat the cycle more than the two times 
shown, particularly in cases where additional develop 
ment is necessary or gradational control is desired. 
The direct current corona discharge mechanism 

charges the insulators to a level at which toner will ad 
here to the electrostatic image, or in’ other words, a 
charge level equivalent to the portion of the image hav 
ing the highest electric potential. Such potential would 
generally be in the range of 30 to 200 volts, however 
a range of from several to 800 volts may be employed 
depending upon the photosensitive paper to be used. 
When the latent image portion of the paper subjected 

to development advances to further development by 
developing roller 10’, after having been developed by 
a developing roller 10, sufficient time will have passed 
for the electric potential of the electrostatic latent 
image to decrease due, for example, to the dark decre 
ment described above. Therefore, the charging of the 
electric ?eld controlling insulator 11’ by direct current 
corona discharge may, of necessity, be designed to be 
effected at a level less than that of the electric ?eld 
controlling insulator 11, thereby maintaining the de 
sired charge difference. 

In practice, the electric ?eld controlling insulators 
used according to this invention will be subjected to re 
peated use. Accordingly, it is advantageous that the in 
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6 
sulators be free from electroconductivity effects and it 
is therefore preferable that the insulation be designed 
so as to have an electrical surface characteristic which 
will correspond to the image surface while in liquid de 
veloper, particularly in regard to dark decrement ef 
fects. For example, in the case where a photosensitive 
paper is employed having a photoconductive insulating 
layer mainly comprising a mixture of photoconductive 
powder and insulating resin, the main component of 
the electric ?eld controlling insulator should be made 
of an identical mixture in order to correspond to the 
property of the paper while in the liquid developer. The 
resistance is preferably controlled by an appropriate 
low resistance element, and a bulking agent. The elec 
tric ?eld controlling insulator thus obtained can, by 
comparison, easily withstand repeated use. Slight varia 
tions in surface characteristics such as the property of 
decrement in the dark between the insulator having the 
electrostatic latent image thereon and the electric ?eld 
controlling insulator may be disregarded, since the re 
sults will still be satisfactory-If however, correction is 
desired, the difference in decrement property of the in 
sulator having the electrostatic latent image thereon 
and the ?eld controlling insulator can be compensated 
by charging one relative to the other to the desired 
level in a uniform manner, whereby the best develop 
ment may be carried out at all times. For example, if 
the decrement of electric potential of the electric ?eld 
controlling insulator should be less than that of the 
charge on the photosensitive layer, it is still possible to 
prevent fog by decreasing, prior to development, the 
charge quantity of the electric ?eld controlling insula 
tor. 

Any residual electric charge on the photosensitive 
insulator may be eliminated prior to the next charging 
cycle by uniformly exposing said insulator to light prior 
or subsequent to cleaning by cleaning brushes 16 and 
16’, or by use of a photoconductive insulator with the 
property of being resistant to charge after repeated use 
as the electric ?eld controlling insulating layer, for ex 
ample, a selenium evaporated metal layer. 
Since the electric ?eld controlling insulator is prefer 

ably charged to a level equivalent to that portion of the 
electrostatic latent image having a high electric poten 
tial as mentioned above, the use of a plurality of devel 
oping rollers allows the charge quantity of desired rol 
lers to be successively decreased, thereby controlling 
gradation. 
The rotating speed of the outside periphery of a de 

veloping drum is preferably designed to coincide to the 
moving speed of the photosensitive paper, primarily to 
enable the utilization of the self-compensating effect as 
described above, and also to prevent streaking in the 
developed image which would result from different rel 
ative speeds. 
A conveying belt or other drive means may be used 

in place of retaining rollers 17 and 17'. The require 
ment is only for a means of conveying the image sur 
face to the developing drum. The developing drum may 
not only be cylindrical but the two drums shown may 
be combined into one, with both end portions having 
a slightly larger diameter than that of the middle por— 
tion, with a spacing from the image surface of at least 
1 mm. If the space is too large, development becomes 
dif?cult due to edge effect. 
While we have illustrated and described particular 

embodiments of our invention, it will be understood 
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that various modi?cations may be made therein with; 
out depa'rtingfrom the spirit of the invention. 
What is claimed is: - 

1. A method for performing reversal development of 
an electrostatic image comprising the steps of forming 
a latent image upon a ?rst grounded photoconductive 
insulator as a pattern of charged and discharged areas, 
charging a second grounded photoconductive insulator 
spaced from the ?rst photoconductive insulator, to the 
same level and polarity as said ?rst photoconductive 
insulator charged area, and applying liquid developing 
particles to the space between said insulators, said liq 
uid developing particles charged to the same level and 
polarity as said ?rst photoconductive insulator charge 
area. 

2. A method according to claim 1 comprising provid 
ing a ?rst insulator and a second insulator having simi 
lar electric surface characteristics. 

3. A method according to claim 2 wherein the ?rst 
and second insulators are electrically photosensitive 
papers. 

4. A method according to claim 1 further comprising 
recharging said second photoconductive insulator to 
the same level and polarity as a subsequently intro 
duced photoconductive insulator to provide reversal 
development of an electrostatic image upon said subse 
quently introduced photoconductive insulator. 

5. A method according to claim 4 comprising expos 
ing said second insulator to light prior to recharging to 
eliminate residual electric charge remaining from the 
previous cycle. , 

-6. A method according to claim 1 further comprising 
subjecting said ?rst photoconductive insulator having 
a latent image formed thereon and developed by apply 
ing liquid developing particles to the space between 
said first and second photoconductive insulators, to at 
least one additional application of liquid developing 
particles in the space between said ?rst photoconduc 
tive insulator and a subsequent photoconductive insu 
lator, said subsequent photoconductive insulator being 
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8 
charged to the same level and polarity as said ?rst pho 
toconductive insulator. 

7. A method according to claim 6 comprising charg 
ing said subsequent insulator by direct corona dis 
charge at a level less than that of said second insulator 
to compensate for the decrease of the electric potential 
of the electrostatic latent image developed in the previ 
ous cycle. 

8. A method according to claim 6 comprising succes 
sively decreasing the charge level on subsequent insula 
tors spaced from said ?rst insulator to maintain a 
charge level on said subsequent insulators equivalent to 
that portion of the electrostatic latent image having a 
high electric potential on said ?rst insulator, thereby 
controlling gradation. 

9. A method for performing reversal development of 
an electrostatic image comprising uniformly charging a 
?rst grounded photoconductive insulating layer and an 
electric ?eld controlling second photoconductive insu 
lator to the same level and polarity; forming an electro 
static latent image upon said ?rst grounded photocon 
ductive insulating layer as a pattern of charged and dis_ 
charged areas; positioning said imaged ?rst photocon 
ductive insulating layer across _a gap of small ?xed di 
mension from said second photoconductive insulator, 
said second photoconductive insulator and said imaged 
layer having an approach converging toward a line of 
apparent contact but spaced therefrom at passage; and 
applying developing particles in the gap between said 
insulators, said developing particles charged to the 
same level and polarity as the imaged ?rst photocon 
ductive insulating layer. 

10. A method according to claim 9 comprising apply 
ing developing particles in the gap between said imaged 
?rst photoconductive insulating layer and at least one 
additional electric ?eld controlling photoconductive 
insulator charged to the same level and polarity as the 
imaged ?rst photoconductive insulating layer. 
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