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This invention relates in general to xerography and in 
particular to development of a formed image as well as 
- development simultaneous with exposure. This is a con 
tinuation in part of my prior ?led application Serial No. 
6l3,333,-?led October 1, 1956, now US. Patent 2,968,552. 

In my copending applications, Serial No. 613,333, now 
U.S. Patent 2,968,552, and 718,693, now US. Patent 
2,968,553, there are disclosed systems and apparatus of 
xerography in-which images are formed by coating a 
xerographic plate with a substantially uniform layer of 
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insulating developer particles and then while a ?eld is , 
:applied across the plate, exposing the plate to a light image 
pattern. A conductive sheet or layer is positioned against 
the particle layer and the insulating particles move to this 
conductive sheet or layer under the in?uence of ?elds of 
force as controlled by the pattern to which the plate is 
exposed. v 

This invention constitutes an improvement over the 
aforesaid copendingpatent applications and embodies 
particle movement in a selective fashion from a sub 
stantially uniform layer of conductive particles on the 
surface of the plate either during exposure or after ex 
posure and to an insulating surface. By conductive parti 
cles it is meant particles relatively more conductive than 
‘the conductivity of the plate member, and generally this 
includes particles having a resistivity less than about 1012 
ohm-centimeters. Conductivity also means conductivity 
in the usual sense and involves resistivities generally in 
the range of 10—4 ohm-centimeters which typically would 
be the resistivity of metals and the like. . By providing a 
technique and apparatus for image formation. in xerog 
raphy employing conductive materials, the choice of ma 
terial to be‘employed is greatly expandedand by trans 
ferring to an insulating layer rather than a conductive 
layer as in my previous inventions, the choice of material 
to which the particles are transferred is substantially 
broadened. 

It is accordingly an object of this invention to devise 
new systems of image formation in xerography. 

It is a further object of this invention to de?ne new 
systems of image formation employing conductive particles 
as the developer particles in the xerographic process. 

It is a further object of this invention to de?ne new and 
novel systems of simultaneous image development during 
exposure in the art of xerography. 

It is astill further object of this invention to define novel 
apparatusto improve the art of xerography. 

It is a still further object of this invention to de?ne novel 
image'development apparatus in xerography. 

It is a still further object of this invention to de?ne novel 
xerographic apparatus to form developed images simul 
taneous with exposure. . 

For a better understanding of the invention and for 
additional objects thereof, reference is hadto the follow 
ing description to be read in conjunction with the drav - 
ings, wherein: 
FIG. 1 is a representation of the loading of a plate 

according to this invention; 
FIG. 2 is a diagrammatic representation of charging 

of a plate prepared in accordance with FIG. 1; 
FIGS. 3-A and 3-13 are diagrammatic representations 

of an embodiment of exposure and image development 
in accordance with this invention; 

FIGS. 4—A and 4-B illustrate another embodiment of 
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exposure and development in accordance with this inven 
tion; and, 

FIG. 5 is an embodiment of an automatic xerographic' 
apparatus in accordance with this invention. 

Referring now to FIG. 1, there is illustrated schemati 
cally a method of preparing a plate generally designated 
i1 comprising a photoconductive insulating layer 12 over 
lying a conductive backing member 13 for exposure in 
accordance with this invention. Plate 11 is being coated 
with a uniform layer of conductive developer particles 15 
fed thereto in aerosol form from nozzle 16 and powder 
cloud generator 17. Particles of this aerosol should be 
small in size and generally less than about 2% microns in 
diameter to permit high quality image formation. If con 
tinuous tone copies are to be formed, a particle size of 
about 5 .microns or less is generally preferred. The 
particles should also be non-toxic, non-corrosive and pref 
erably non—hygroscopic. Many powders meet these re 
quirements. Powdered charcoal has been found tov be 
particularly useful. Alternatively, other conductive par 
ticles, such as metallic particles and the like may be used. 
The aerosol of powder 15 is fed from nozzle 15 and 
powder cloud generator 17 for a sufficient time to at least 
mask, through the deposition of particles thereacross, the 
surface of photoconductive insulating layer 12. The 
interest should be that of depositing a substantially uni 
form layer rather than a particular amount of particles 
and this may be accomplished by moving plate 11 ‘through 
the aerosol at a uniform speed for either one or a number 
of passes to accomplish uniform loading or, as shown, by 
placing an entire plate within a uniform aerosol. 

Platelll may comprise any of the well known xero 
graphic plates. Thus, and for example, it may comprise 
a commercially available xerographic plate comprising 
a layer of amorphous selenium overlying a conductive 
aluminum backing member. It may also comprise the 
commercially available plate which plate comprises a 
layer of zinc oxide in an insulating binder overlying a 
paper support base. The photoconductive insulating 
layer may also comprise various other known photo 
conductive insulators such as anthracene, selenium tel 
lurium mixtures, various photoconductive materials sup 
ported in insulating binders, and the like. The backing 
.member may comprise any conductive layer, but prefer 
ably includes a transparent material. Such a base may 
comprise a layer of glass carrying a conductive coating 
such as NESA glass or the like, as is well known in the 
art. The plate may be rigid or ?exible, and the choice of 
whether rigid or flexible will depend on the desired sub~ 

~ sequent utilization. 
It is to be realized that the representation in FIG. 1 

is only for illustrative purposes, since many modi?cations 
and alternatives exist which may be used for depositing a 
substantially uniform layer of powder on a plate 11. For 
example, powder particles may be cascaded across the 
surface of layer 12 of plate 11, or plate 11 may be im 
mersed into a container of powder or a mixture of pow 
der and coarse granular carrier or such a mixture may 
be poured over the surface of layer 12 of plate 11. A 
liquid mixture may also be fed across photoconductive 
insulating layer 12 to result in powder deposition on the 
surface of photoconductor 12. The powder may be al 
lowed to settle thereon as from a shaker or the like. 
Typically, powder 15 which will remain in position on 
surface 12 of plate 11 will be held in position by van der 
Waals forces, and in ‘fact, although other techniques em— 
ploying other forces such as electrostatic or the like caus 
ing powder to remain in position exist, it is preferred 
that these other techniques be avoided in order that the 
powder remain bound to the surface with only minimum 
forces. If, however, electrostatic binding or the like is 
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employed to deposit the powder across the surface, then 
the electrostatic forces causing the particles to remain 
bound in position may be compensated for throughout 
the remaining steps in carrying out this invention so that 
the-results sought in this invention are not distorted by 
these binding forces. 

Referring now to FIG. 2, there is illustrated charging 
in accordance with this invention. Plate 11 comprising 
photoconductive insulating layer 12 overlying conductive 
backing member 13 is positioned with backing member 
13 grounded. Across the surface of photoconductive 
insulating layer 12 there are particles 15 deposited in a 
substantially uniform layer in accordance with the illus 
tration in FIG. 1. Positioned above plate 11 is corona 
discharge electrode 25 comprising shield 26 and corona 
discharge wire 27?. As illustrated, shield 26 is main 
tained at ground, and discharge wire 27 is connected 
through lead 28 to the high voltage source 18. Corona dis 
charge electrode 25 is fastened to sleeve 21 which rides 
on screw drive shaft 20, driven by motor 22. Typically, 
in operation corona discharge electrode 25 would start 
along drive shaft 20 at a point adjacent to motor 22. 
With rotation of shaft 20, discharge electrode 25 is moved 
to the other extreme of shaft 20 and then, as shown, back 
toward motor 22. At motor 22 there is illustrated a 
microswitch 23 which is depressed by discharge electrode 
25 when it returns back to the extreme of shaft 20 at 
motor 22. The microswitch, when depressed, will elec 
trically disconnect the voltage from voltage source 18 as 
well as stop rotation of shaft 20. High voltage source 
18 supplies to discharge wire 27 a corona generating po 
tential and causes corona discharge to take place about 
wire 27. Because of the electric ?elds of force existing 
between discharge electrode 25 and the grounded backing 
member 13 of plate 11, ions of the corona discharge ?oat 
toward plate 11 and deposit on particles 15 across the 
surface of photoconductive insulating layer 12; Because 
these particles are conductive and exist on an insulating 
layer 12, substantially no charge flows between these par 
ticles and photoconductive insulating layer 12, while layer 
12 is maintained in darkness. 

It is to be realized that other techniques to accom 
plish charging may be used with this invention. Thus, 
and for example, radioactive charging or the like may 
be employed. Also, in this embodiment charging is il 
lustrated as deposting positive charges across particles 
15. However, negative charges may be used and the 
choice of whether positive or negative charges are em 
ployed will generally depend on the particular photocon 
ductive insulating layer 12 of plate 11. 

Referring now to FIG. 3, particularly FIG. 3-A, there 
is illustrated exposure in accordance with an embodiment 
of this invention. In this embodiment, plate 11 compris 
ing photoconductive insulating layer 12 overlying conduc 
tive backing member 13 and bearing across the surface 
of photoconductive insulating layer 12 a substantially 
uniform layer of particles 15, which have been electro 
statically charged as illustrated by the positive signs across 
particles 15, in accordance with the illustration of FIG. 
2, is positioned in respect to lens 33 and copy 31) to focus 
copy 30 on photoconductive insulating layer 12 through 
conductive backing 13. As should be apparent, conduc 
tive backing 13 is transparent in this embodiment to al 
low the light image pattern to reach photoconductor 12. 
Copy 30 is illuminated by lamps 31 which are shielded 
by shields 32 to prevent light radiation from lamps 31 
from reaching plate 11 directly. In discussing plate 11 
previously, it was mentioned that backing member 13 
could be a solid, nontransparent material. As shown in 
this ?gure, exposure takes place through backing 13. 
Also, in this ?gure, exposure is to a light pattern, and 
when exposure is to a light pattern backing member 13 
must be transparent, or substantially so. However, pho 
toconductive insulating layer 12 is also photosensitive 
when exposed to X-rays and other radiation type energies, 
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and materials which are not transparent to light are gen~ 
erally transparent to such energies. Thus, and for ex 
ample, an aluminum backing could be employed when 
exposing through the backing to an X-ray image pattern. 
Also, when energy which penetrates light opaque mate 
rial is employed it is not necessary to expose through 
the backing, but exposure could be directed ?rst through 
the charged particles and then to photoconductive insulat 
ing layer 12. 

Referring now to FIG. 3—B, there is shown plate 11 
comprising photoconductive insulating layer 12 overlying 
conductive backing member 13 following exposure as il 
lustrated in FIG. 3—A. To illustrate the effect of ex 
posure on the charged and sensitive plate following FIG. 
2, there is shown a charged area 43 within the particle 
layer on the surface of plate 11 and at the left side 
of the plate as illustrated in this ?gure. This situation 
would result if all areas except image areas 43 are ex 
posed to light, thus resulting in dissipation of the charge 
placed across particles 15 during the charging step shown 
in FIG. 2. In those areas not exposed to light such as 
image areas 43, charge remains in position on particles 
15. In this embodiment in effect, image 43 corresponds 
to areas of black in the original copy, whereas all dis 
charged areas correspond to areas of white in the original 
copy. On the right-hand side of plate 11 there is shown 
an image area 45 of substantially no particles. In prac 
tice, whether or not particles would remain on the plate 
surface would depend upon the amount of particles orig 
inally deposited as, for example, through a loading step 
as illustrated in FIG. 1. If a thick load of particles 15 
had been placed across plate 11, then although particles 
transfer from the particle layer and from plate 11, in all 
likelihood an image would not be clearly discernable on 
the plate as illustrated in this ?gure, only because su?i 
cient contrast would not exist between the areas from 
which particles were transferred and those areas from 
which particles did not transfer. However, of course a 
developed image would exist on sheet 41. 

In this t?gure and in this embodiment a roller, gen 
erally designated 46, comprising a conductive core 40 
and an outer covering layer 38 of conductive material. 
is being rolled against the back of sheet 41. Core 40 
of roller 46 is connected through lead 37 to power sup 
ply ‘36 and in this embodiment there is applied from pow 
er supply 36 and to roller 46 a bias of about ground. 
By applying a substantially ground potential to roller 46 
as roller 46 rolls sheet 411 into and out of contact with 
the layer of particles ‘15 across the surface of plate 11, 
those particles 15 which still retain charge after exposure 
as, for example, image 43, transfer to the surface of sheet 
41 as shown by image 42 including particles 15. Ac 
cordingly, as roller 46 continues to roll sheet 41 into 
contact with particles :15 on plate .11 as it passes from right 
to left, image 43 of charged particles on plate 11 will 
transfer to sheet 41. Image transfer in this embodiment 
takes place due to the charges on particles 15 on the sur 
face of plate 11 and due to an electric ?eld applied be 
tween ithese particles and through sheet 41. In this il 
lustration transfer of the charged particles is illustrated. 
However, it is to be realized that originally neutral con 
ductive particles in an electric ?eld, and sandwiched be~ 
tween two surfaces, each contacting the particles, and each 
in electrical circuit, will result in particle movement to 
the more insulating surface. Thus, through the applica— 
tion of a potential to roller 46 to create a neutral electric 
?eld in the charged image 43 areas ‘and a ‘?eld about the 
uncharged particles 115 on the surface of plate 111 a photo 
graphically reversed image of image 42 shown transferred 
will result on sheet ‘411. Thus, one can through the se 
lection of the applied potential, transfer a photographi 
cally positive image 42 as illustrated, or a photographi 
cally negative image leaving behind those particles of im 
age 42 indicated to be transferred. Sheet 41, in order 
to bring about transfer in accordance with this invention, 
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should be an insulating sheet and generally it should be 
more insulating than the insulating qualities of photocon 
ductive insulating layer 12. For some applications, how 
ever, this invention will operate with materials a few or 
ders of magnitude less resistive as longas they would be 
classi?ed as insulating. Thus, and ‘for example, if sheet 
41 has a low resistivity and su?icient time were allowed 
to elapse ‘while image 42 is in contact'against sheet 41 
and while electrical connection exists for sheet 41 at im 
age 42 as through roller 4d it is to be expected that the 
charge on image 42 would be neutralized and the parti 
cles would tend to move back to insulating layer 12 since, 
charges induced into the conductive particle between the 
facing surfaces will cause movement to the more insulat 
ing surface whereat charge ilow andcharge neutralization 
in the particle are prevented to a large extent. Accord 
ingly, if movement of roller 46 is sui?c-iently rapid across 
the back of sheet 41, so that charges cannot be induced 
into the transferred particles to causethem to transfer 
back and only. because sheet d1 would be‘ considered an 
insulator in the usual sense, then, as a matter of fact, 
sheet member 41 may comprise a more conductive mate 
rial than insulating layer 12. In practice it is preferred 
to use layer materials such as polyethylene or polyethyl 
one coated paper or the like.‘ These surfaces have re 
sistivities in the order of ‘more than 1016 ohm~centime 
ters. Following movement of roller 46 across the sheet 
41 bringing sheet 41 into physical contact across the, en 
tire particle layer across the surface of photoconductive 
insulating layer '12 there results image formation of trans 
ferred particles on the surface of sheet 41 in accordance 
with the original being reproduced. ' 

Refer-ring now to FIGS. 4~A and 4-—B,.there is illus 
trated particle transfer and image formation simultane 
ous with exposure. Referring ?rst to FIG. 4—A, it is 
noted that the arrangement for exposure is quite similar 
to that shown in FIG. 34A. In particular, there is posi~ 
tioned copy 30 relative to lens 33 and'plate 11 to'project 
a re?ected image created by lamps 31 positioned behind 
shields v3:2 directed to copy 39 to photoconductive in 
sulating layer '12 which overlies transparent backing mem 
ber 13. Across :the surface of photocond-uctive insulat 
ing layer >112 there are positioned particles 15 in a charged 
condition following charging as illustrated 'in'FIG. 2. In 
addition, there is positioned across the charged particles 
transfer member 47 comprising insulating layer 43 backed 
by a conductive electrode 5-9. Conductive electrode 50 is 
connected through lead 51 to potential source 52. A 
bias is applied to electrode Sti as transfer member 47 is 
positioned across the charged particles 15 on plate 11 to 
avoid electric ?elds of force between the charged parti 
cles and insulating layer lib’. Thus, and for example, if 
a potential of about 600 volts is ‘across charged particles 
15 on plate 11, a potential of about 600- volts or a poten 
tial which prevents ?elds is applied through lead 51 from 
potential source 52 to electrode 56. In practice it has 
been found that more than the measurable potential 
across the surface to which the electrode is being applied 
must be applied to the conductive electrode 5% and typi 

' cally it would be expected that a potential in the range of 
about 860 to 1200 volts should be applied toavoid elec 
tric ?elds of force between a particle layer carrying a 
charge of about 600 volts and insulating layer 48. This 
additional voltage is necessary to overcome capacitance 
effects and the like as transfer member 47 is brought to 
plate 11. This applied potential'from potential source 
52 is maintained during exposure and as areas of ‘plate 
11 are exposed'to light there results dissipation of charge 
across particles 15 on the surface of photoconductive in 
sulating layer 12 in accordance with the light energy 
striking photoconductive insulating layer 12. Areas of 
particles 15 which are discharged then exist in an electric 
field of force.’ These particles move to insulating layer 
48. ‘If desired, one can also cause transfer of those par 
ticles not exposed to light. This may be accomplished by 
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(-5 
controlling the potential applied from potential source 
52 to electrode 50 to vary in accordance with the light 
decay characteristics of photoconductive insulating layer 
12. Decay curves are known for photoconductive insu— 
lating layers. Such curves are discussed and disclosed 
in copending patent applicationSerial No. 796,809 and 
one could, for example, form a resistive element 
and including a sliding contact to move thereacross which 
is'actuated with exposure of plate 11 to cause the bias 
applied from potential source 52 to vary in accordance 
with the decay curve of the plate to maintain the condi 
tion of no?eld between areas being exposed and insulat 
ing layer 48. At the same time, an electric ?eld of at 

Y tractive force between particles '15 in areas not exposed 
15 and insulating layer 48 would exist and there results 

transfer of the charged particles 15- in areas not exposed. 
Layer 43 of transfer member 47 should, as in the pre 
vious embodiment, comprise an insulating material, pref 

' erably above the range of insulating qualities of photo 
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conductive insulating layer 12. When transfer in this 
embodiment is of particles corresponding to areas of 
plate 11 exposed to light, then the requirement of more 
insulating than photoconductive insulating layer 12 is con 
trolled by the light resistive characteristics of photocon- I 
ductive insulating layer 12 ‘as long as transfer member 
47 is separated from plate 11 soon after exposure and 
preferably immediately following exposure. This resis 
tivity is about 3 orders of magnitude less than the dark 
resistivity of the photoconductor and generally is above 
about 1013 ohm-centimeters. .It is noted that when par 
ticles corresponding to areas of the plate exposed to light 
are transferred during exposure as just described, there 
results a stronger attraction for the particles to transfer 
than in any of the other embodiments discussed. This 
occurs because of the conductivity of the photoconductor 
in the areas of the particles which are to transfer result 
ing in induction of additional charges into the particles 

. to cause increased attraction of the particles to transfer 
member 47 as compared to all situations where charges 
cannot ?ow as readily. 

‘In FIG. 4~B there is shown separation of transfer 
member 447 comprising conductive layer 50 and insulat 
ing layer 48 ‘from plate 11 comprising photoconductive 
insulating layer 12 overlying conductive backing mem 
ber ‘13 following exposure as illustrated in FIG. 4—A. 
As shown in this ?gure, potential source 52 remains con 
nected through lead 51 to conductive backing layer 50 
of transfer member 47, and the bias applied as exposure 

f is completed is maintained during separation, Thus, and 
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for example, if a bias is applied to transfer those areas 
which are exposed to light which is the same bias which 
neutralizes any ?elds between the charged particle layer 
on plate E11 and transfer member 47 as trans-fer member 
47 is placed across plate ‘M, ‘then this same bias ‘is. main 
tained during separation and removal of transfer member 
47 from plate 11. Similarly, if the bias is varied during 
exposure in accordance with the light decay of the plate, 
then the'potential?nally reached at the ‘completion of ex 
posure is maintained during separation. In such a case 
the transferred image would be photographically reverse 
of image 53 made up of particles about void 5-5. 
As shown in this ?gure, transfer member 47 comprises 

an insulating layer 48 backed by a conductive layer 50. 
It is :to ‘be realized‘that various layers might be used as, 
for example, ‘a conductive material having an insulating 
surface coated thereon or an insulating sheet may be po 

’ sitioned against a conductive sheet and following separa 
tion of transfer member 47 from plate 11 the conductive 
sheet may be separated away from insulating layer 48. 
Other equivalents will readily occur to those skilled in 
the art, and such equivalents are intended to be incorpo 
rated herein. It is also to be realized that this invention 
may also be carried out by depositing a layer of charge 
across the back of insulating layer 48 but it is preferred 
to use a conductive solid member. 
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Referring now to FIG. 5, there is illustrated a machine 
for intermittent or sheet feed operation to produce copies 
of letters, documents and the like, according to the pres 
ent invention. Generally illustrated within a light-tight 
cabinet 129 is a xerographic cylinder 13% comprising a 
conductively coated support cylinder such as, ‘for exam 

_ ple, a cylinder of NESA glass or the like. In an image 
area comprising a 18f)“ segment of the cylinder surface, 
the xerographic cylinder is coated with a photoconduc 
tive insulating layer 131 such as a layer of selenium or 
the like, and in the remainder of the surface area the 
cylinder is substantially transparent. The cylinder is suit 

’ ably rotatably mounted and provided with drive means 
such as, for example, an electric motor or the like, or 
optionally manual drive mechanism to cause the cylin 
der to be rotated. ' 

Positioned at an appropriate point around the circum 
ference of the xerographic cylinder is an exposure sta 
tion 132. There may be, ‘for example, suitable lighting 
means such as ?uorescent tubes r133 mounted within the 
cylinder at the exposure station. Light shields 134 are 
positioned to protect the photosensitive portion of the 
drum from undesired exposure to the light of the ex 
posure light source. ' 
Mounted outside the cylinder 13% at the exposure sta 

tion is a roller 136 adapted to be moved in and out of 
position in contact with the xerographic drum surface. 
Preferably, a suitable cam 1137, operating through rocker 
arm 138 moves the roller 136 into contact with the drum 
through 180° of rotation so as to bring the roller into 
contact only at those points which are not coated with 
the photoconductor. 
Mounted within the cylinder is a suitable optical sys 

tem adapted to focus a light projection image of the 
original onto the opposite surface of the cylinder at a 
position removed from the exposure zone by 180°. This 
optical system may, for example, comprise a roof mirror 
or prism 139, a reversing mirror 14%, and a lens 141 so 
aimed and adjusted as to project and focus the image at 
the desired point. An original ‘142 to be copied may 
be fed between the cylinder and the drum and is carried 
through the exposure station by the rotating cylinder and 
‘roller in co-‘action. Suitable paper feed means 143 is 
operably positioned to feed the sheets of the original into 
roller 136 and cylinder ‘131). 

:Positioned adjacent the circumference at a point 180° 
from the exposure station is an image formation station 
generally designated 144. At this station is a suitable 
roller \145 having a soft, resilient surface such as, for ex 

‘ ample, a thick sponge rubber layer 146 which is electri 
cally conductive. Conductivity may be imparted to other 
wise non-conductive material by impregnation with a con 
ductive material such as, ‘for example, a graphite disper 
sion. A suitable cam and rocker arm combination 148 
is positioned and adapted to move roller ‘145 into and 
out of contact with the xerographic cylinder essentially 
simultaneously with roller 136. A suitable copy paper 
147 is adaptedto be fed between and ‘in contact with the 

' sponge rubber roller .145 and the xerographic cylinder 
and to be carried through simultaneously with and in re 
verse direction from the original being copied. The copy 
paper may, if desired, be sheet fed or may, as illustrated, 
be web ‘fed {from feed roll 149 to take-up spool 150. 
The copy paper should be insulating as previously dis 
cussed and preferably has a resistivity greater than about 
1016. The entire copy paper 147 may be so insulating 
or, if desired, the surface in contact with cylinder 130 
may be coated with an insulating material since it is this 
surface which must at least be insulating to the level 
described rather than the entire'copy paper layer. 
An exposure frame or slit 151 is de?ned by shield edges 

152 and 153, these edges being adjustable in position so 
as to control the width of the exposure slit opening. Thus, 
as the original is being fed against the surface of the 
xerographic cylinder, at one point an image thereof is 
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being focused onto the opposite surface of the cylinder 
through the optical system and slit at a position 180° 
removed from the original. 

Positioned along the path of rotation of cylinder 130 
is a developer supply means 61 comprising, for example, 
a rotatable brush 62 hearing a supply of ?nely divided 
developer material optionally maintained in supply by 
brushing against a developer feed hopper 63 which is 
adapted to supply additional developer material thereto. 
Developer. material fed to brush dzcornprises a conduc 
tive material relative to the conductivity of the photo 
conductive insulating layery131. Thus, it generally will 
have a resistivity in the order of less than 101,3 ohm cen 
timeters and may, if desired, be as conductive as l0—5 
ohm centimeters.‘ The brush is movably mounted to be 
brought into and out of contact with the rotating cylinder 
With suitable cam and rocker arm 61adapted to move 
the brush into contact only with the photoconductor coated 
portion of the cylinder. Positioned also along the cir 
cumference of cylinder 130 and shielded from both the 
exposure light source and the projected image is charging 
station 54. ‘At this charging station is positioned suitable 
charging means such as, for example, a corona discharge 
electrode 55 supplied with high potential to generate a 

' corona discharge. 

Optionally, there is positioned a ?ood light source such 
as, for example, a fluorescent tube 58 mounted within a 
light shield 59 adapted to shine light through the xero 
graphic cylinder onto the photoconductive insulating 
layer. I 

In use and operation the machine of FIG. 5 is adapted 
to produce copies of suitable sheet-by-sheet originals. The 
desired original is fed between roller 136 and cylinder 
13d, and simultaneously appropriate copy paper is fed 
between rollers 145 and cylinder 13f). As these rollers 
are moved by the cams into contact with the cylinder they 
draw the original and the copy paper simultaneously 

- through the exposure and image formation station at 

40 

‘ conductive layer. 
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identical rates of speed. While the two are being drawn 
through the machine, the light image of the original is 
being forcused through slit 151 and through the trans 
parent conductive support of the cylinder onto the photo 

Prior to movementof the photocon 
ductor to the exposure station, it is loaded with developer 
and at the image formation station a developed visible 
image is placed on the copy paper in accordance with the 
description appearing in connection with FIGURES 1, 2 
and 4. The copy paper is then passed through suitable 
?xing apparatus such as, for example,v a solvent vapor 
chamber or a heating oven 64 including heat sources such 
as heat lamps 65 or the like. By operation of this ma 
chine the series of operations illustrated in FIGURES 1, 
2 and 4 are sequentially repeated on the photoconductive 
layer. Thus, the loading of the photoconductor with a 
substantially uniform layer is carried out by the developer 
deposition means 61, followed by charging by charging 
electrode 55. Next, exposure and particle transfer is 
carried out simultaneously at the exposure station and the 
image formation station whereby copy paper is fed to the 
image formation station and a light image is produced by 
feeding the original at the exposure station. Lamp 53 
may be used to release charge before recycling the drum. 
As should be apparent, variations and modi?cations in 

procedure and apparatus may be made within the scope 
of this invention. For example, although the apparatus 

> shown in FIG. 5 shows simultaneoustransfer of particles 
with exposure in accordance with the description in con 
nection with FIG. 4, it should be apparent that exposure 
may take place ?rst and transfer subsequently as shown, 
for example, in FIG. 3 and that such a modi?cation of the 
apparatus in FIG. 5 is intended to be encompassed within 
the scopeof this invention. Also, as should be apparent, 
although the plate in the apparatus of FIG. 5 comprises 
a half-transparent cylinder and a‘ half-photoconductive 
insulating layer coated cylinder an entire drum compris 
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ing a continuous layer of photoconductive insulating ma 
terial overlying a transparent NESA glass cylinder may 
be employed and the light image may be fed through the 
glass portion of the cylinder to the photoconductor 
through an optical system including mirrors and the like, 
thereby producing a continuous automatic machine result 

. ing in continuous exposure of the drum as well as con— 
tinuous printing and output from the drum. In such a 
continuous machine printing may be simultaneous with 
exposure or, if desired, exposure may ?rst take place and 
then subsequently the transfer sheet of insulating material 
may be fed to the previously exposed drum carrying a 
uniform layer of selectively charged particles for transfer 
selectively of an image to the transfer member. Also, 
although the present invention has been described with 
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reference to document copying it is to be understood that a 
it is of general application to the reproduction or copying 
of any photographic image including three-dimensional 
objects, scenes and the like. Similarly, by offering new 
possibilities of‘developer materials and web materials to 
which the image is transferred to orformed on, it is seen 
that many new utilizations of the art of xerography exist. 
For example, it now becomes more feasible to consider 
using magnetic materials in the developer particles. Mag 
netic materials tend to make the developer too conductive, 
for normal uses in xerography. However, many uses of 
magnetic images exist. In accordance with this invention 
magnetic particles may be used for image development. 
Other bene?ts which will be readily apparent to those 
skilled in the art follow from this invention, and varia 
tions and modi?cations which are obvious to those skilled 
in the art and can be made without ‘departing from the 
scope of this invention are intended to be encompassed 
within the appended claims. ‘ 
What is claimed is: _ . - 

1. The method of producing a powder image on an 
insulating transfer surface which comprises, in sequence: 

forming a substantially uniform layer of charged pow 
der particles on the surface of a photoconductive 
insulating layer supported on a conductive base; 

placing the transfer surface in contact with said layer 
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of charged particles with an electrical ?eld externally 

‘ applied behind and across said transfer surface, said 
?eld of direction and magnitude to oppose movement 
of the charged particles toward said transfer surface 
and to create a condition of no ?eld between said 
insulating surface and the charged particles; 

exposing said photoconductive insulating layer to a pat 
tern of light and shadow to selectively vary the con 
ductivity through said photoconductive insulating 
layer, and, simultaneously therewith, reducing said 
electrical ?eld in accordance’with the varying con 
ductivity through the areas of the photoconductive 
layer exposed to light to maintain a condition of no 
?eld between said insulating surface and the particles 

,, on said areas exposed to light; ' 

whereby a powder image is transferred to the insulating 
transfer surface from the non-exposed areas in accord 
ance with the shadow areas of said pattern. 

2. The method of claim 1 in which the electrical resis 
tivity of said powder particles is no greater than 10*4 
ohm-centimeters. 
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