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The present invention relates generally v.to the docu 
ment copying art and more particularly to an improved 
method and apparatus for applying toner to a surface hav 
ing an electric charge pattern thereon corresponding to 
the visual information on a master document being 
copied. , 

As will be understood by those skilled in the art, a well 
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known process of copying documents comprises the use > 
of a photoconductor formed ‘to de?ne a continuous re 
cording medium, such as a drum or a belt, which is moved 
withrespect to a plurality of stations. At a ?rst station, 
the photoconductor is exposed to an electric ?eld and 

’ assumes-a uniform, relatively high potential. The photo 
;conduc'tor then moves past a second station where a light 
image-of the master document being copied is projected 
on the photoconductor. The photocon-ductor now has a 
‘charge-pattern thereon corresponding to the visual in 
formation on the master document. At the next station, 
a toner material is applied over the entire photoconductor 
regardless of the fact that only some areas of the photo 
conductor remain at a relatively high potential. The ten 
er is either dropped or cascaded over the photoconductor 
or agitated in a suitable chamber so that particles of the 
toner are suspended in the chamber atmosphere through 
which the photoconductor must pass. In theory, the 
toner particles cling and adhere to those areas of the 
photoconductor which are at a relatively high potential to 
create a toner image corresponding to the master docu 
ment. This toner image is then transferred to a suitable 
support at the succeeding station to de?ne a copy of the 
master document. ’ Thereafter, the photoconductor moves 
to a cleaning station where any remaining toner is re 
moved and then to the ?rst or initial charging station 
where the process is begun‘ again. 
While the above described copying process is widely 

employed at the present time, it is subject to certain prob 
lems which have somewhat limited the application there 
'of. The pulverulent and powder-like toner comes in di 
rect contact with all areas of the photoconductor—includ 
ing those areas which are at a relatively low potential. 
A relatively low potential remains on the photographical 
1y exposed areas of the photoconductor which have been 
illuminated with a large amount of light and represent the 
background. A certain amount of the toner, and partic 
ularly the smaller size particles thereof, is attracted and 
held to these areas. This toner is transferred to the suit 
able support along with the toner representing the visual 
information on the master document and a copy is pro~ 
vided which appears dirty due to streaks or smears in 
the background. This background “noise” detracts from 
the quality and overall appearance of the copy, as should 
be readily apparent. The above problem has long been 
recognized in the art butvno completely satisfactory solu 
tion has been proposed». ' ' 

Briefly, the present invention relates to method and 
apparatus for applying toner to a surface having a charge 
pattern thereon ‘corresponding to the visual information 
‘on a master document which is being copied. The toner 
is applied only to the areas of the surface representing 
the visual information and does not contact the remain 
ing areas of the surface. In the illustrated embodiments 
of the invention, a thin layer of toner is positively held 
and maintained in spaced relation with respect to the‘sur 
face. The relatively high potential of certain areas of the 
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surface exert electrostatic forces of suf?cient intensity to 
overcome the forces holding the toner in the thin layer 
and toner particles are attracted to these areas. The elec 
trostatic forces exerted by the remaining areas of the sur 
face are insufficient to overcome the forces maintaining 
the toner in a thin layer and these areas do not receive 
any toner. Background noise, such as streaks and 
smears, is eliminated on the copy since toner does not 
come in contact with the areas of the surface correspond— 
ing to the background areas of the master document. 
The density of the ?nal copy is easily and accurately 

controlled. This is accomplished by providing means for 
adjusting the spacing or distance between the charged 
surface and. the thin layer of toner. In one embodiment 
of the invention, a thin layer of toner is held by electro 
static forces to a toner backing material and the copy den 
sity can also be controlled by varying the potential on the 
toner backing material. 

It is ‘the primary or ultimate object of the invention to 
provide method and apparatus for copying wherein toner 
material is applied only to selected areas of a surface 
having a charge pattern thereon corresponding to the 
visual information on (a master documentbeing copied. 
A thin layer of toner is maintained in spaced relation with 
respect to the surface and only those areas of the surface 
which have a potential sufficient to exert electrostatic at 
tractive forces capable of overcoming the forces main 
taining the layer of toner in spaced relation receive the 
toner. The remaining areas of the surface do not receive 
toner so that background noise does not appear in the 
?nished copy. 

Another object of the invention is the provision of 
method and apparatus for copying wherein the density of 
the ?nished copy can be accurately controlled and easily 
adjusted. This is accomplished by varying the spacing 
between the charged surface and the thin layer of toner 
and/or varying the forces tending to maintain the toner 
in the thin layer. Such density control is accomplished 
without in any way altering or changing any other step in 
the copying process and is simple to implement. 
A further object of this invention is to provide meth 

od and apparatus for copying wherein the toner is stored 
in an improved form and the replenishment of the toner 
supply in a copy machine is greatly simpli?ed. In a sec 
ond embodiment of the invention, a thin layer of toner 
is held on a toner backing material by a suitable adhesive. 
The toner coated backing material is stored in the copy 
machine in roll form. To replenish the toner supply in 
a copy machine it is only necessary to remove a used roll 
and insert a new roll. Such replacement is a relatively 
clean and simple operation which contrasts sharply with 
the time consuming and messy job presently encountered 
by a service man in pouring toner powder in the hopper 
or trough holding this powder in prior art machines. 
A still further object of the invention is the provision 

of method and apparatus of the type above described 
which are characterized by their extreme simplicity and 
high reliability. The toner coated backing material is 
‘advanced at a slow rate with respect to the charged photo 
conductor by conventional drive means. Also, the means 
guiding the toner coated backing material is easily moved 
towardsand away from the photoconductor surface to 
control the density of the ?nished copy. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments 
of the invention as illustrated in the accompanying draw 
ings. 

In the drawings: 
FIGURE 1 is a schematic side view showing copying 

apparatus constructed in accordance with and embody 
ing the teachings of the present invention. 
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FIGURE 2 is an enlarged view of a portion of the ap 
paratus shown in FIGURE 1: illustrating speci?cally the 
apparatus employed for adjusting the spacing between the 
toner coated backing material and the charged photocon 
ductor; and 
FIGURE 3 is a schematic side view similar to FIGURE 

1 showing a second embodiment of the invention. 
Referring now to the drawings, and initially to FIG 

URE 1 thereof, the reference numeral 10 designates gen 
erally a copy machine comprising a drum 11 having an 
outer surface 12 of any suitable photoconductor, such as 
a layer of photoconductive insulating selenium. It should 
‘be understood at the outset that the teachings of the pres 
ent invention are not limited to the use of any particular 
photoconductor. The drum Ill is rotated in the direction 
indicated by arrow 13 by motor 14 acting through a suit 
able drive connection 15, such as a belt. 

Disposed around the circumference of the continuous 
photoconductor surface 12 are a plurality of spaced proc 
essing stations. In order of operation, the ?rst of these 
stations is a charging station 17 comprising, for example, 
a corona discharge device. This device may include one 
or more ?ne corona generating wires 18 mounted within 
a shield 19 and connected by lead 20 to an appropriate 
high voltage corona discharge source, not shown. The 
wire is maintained at a corona generating potential (ap 
proximately 7000 volts for selenium) with respect to 
shield 19 so that the photoconductor is charged to a uni 
form and relatively high potential. 
The next station in the direction of rotation of the drum 

11 is an exposure station 22. The exposure station shown 
comprises an exposure slit 23 and lens 24 and is adapted to 
focus an image of a master document, not shown, ap 
pearing at slit 23 on the surface of the photoconductor. 
The disclosed exposure station is representative only and 
any of a Wide variety of systems capable of forming an 
image of the master document on the photoconductor can 
be employed. The areas of the photoconductor which re 
ceive the greatest amount of illumination, representing the 
lighter document background, are discharged to a greater 
extent than the areas of the photoconductor which are il 
luminated to a lesser extent. The photoconductor has an 
electrostatic charge pattern thereon with a potential dif 
ference existing between those areas representing the 
background and those areas representing the visual in 
formation of the master document. 

Positioned next in the direction of rotation of the drum 
11 is a toner station 26 to which the electrostatic image 
on the photoconductor is presented. This toner station is 
particularly important in accomplishing the objects of the 
present invention and comprises a roll of toner backing 
material 27 mounted on a supply reel 28. The toner back 
ing material is a thin material arranged in such a man 
ner that an electrostatic charge will distribute itself es 
sentially evenly over its surface. A preferred embodi 
ment would be an insulating paper with minute parallel 
conductive paths running the length of the paper. The 
toner backing material is fed from the supply roll to a 
take-up reel 29 via a pair of guide rolls 3%) and 31. The 
take-up reel 29 is driven by a motor 32 and the guide rolls 
30 and 31 can also be driven if desired. It is preferred 
that a‘ back tension device, such as a friction slip brake, 
not shown, be provided for supply reel 28 so that the toner 
backing material is maintained in tensioned relation With 
respect to the guide rolls 30 and 31. 
The guide roll 30 is received in nesting relation in a 

U-shaped trough 35 Which contains a quantity of toner 
36. The toner may be of the pigmented or dyed electro- ' 
static powders well known in the art. The arrangement 
is such that the toner backing material 27 is caused to 
move through the trough 35 and comes in intimate con 
tact with the toner 36. An electric charge is placed on the 
outer surface of the toner backing material 27 unwound 
from the supply roll by suitable apparatus schematically 
indicated as comprising a lead 38 and an adjustable poten 
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A. 
tial source 39. The polarity of the charge placed on the 
outer surface of the toner backing material is opposite 
the polarity of the electrostatic image on the photocon 
ductor 12. For example, if the photoconductor has a 
negative charge thereon, then the toner backing material 
receives a positive charge as represented by the plus and 
minus signs in FIGURE 1 of the drawings. The polarity 
of the electrostatic image on the photoconductor will de 
pend on the particular photoconductor employed and this . 
determines the polarity of the charge induced on the sur 
face of the toner backing material. The electrostatic 
charge on the toner backing material 2'7 causes particles 
of the toner to be attracted and held to this backing mate 
rial as the same passes around roll 30 and into con 
tact with the toner 36 in trough 35. As shown in FIG 
URE 2 of the drawings, a thin layer of toner 40 of sub 
stantially constant thickness and density is attracted and 
held to the outer surface of the toner backing material. 
The backing material 27 having a thin layer of toner 

40 thereon moves about guide roll 31 in closely spaced 
relation with respect to the photoconductor 12 on drum 
11. It is important to note that a small air gap 42 exists 
between the coated backing material and the photocon 
ductor. As previously explained, the charge on the outer 
surface of the backing material 27 has a polarity oppo 
site the polarity of electrostatic image on the photocon 
ductor. The charge on the outer surface of the backing 
material tends to hold the layer of toner 4t) on the back 
ing material. Within the small air gap 42, the areas of 
the photoconductor which are at a relatively high poten 
tial create an electrostatic ?eld which is su?icient to cause 
particles of the layer of toner 40 to jump across the gap 
and become attached to these areas of the photocon 
ductor. However, the remaining areas of the photocon 
ductor do not cause an electrostatic ?eld suflicient to over 
come the electrostatic forces holding the toner to the 
backing material. Toner is attracted to and held on the 
areas of the photoconductor which are at a relatively 
high potential and represent the visual information on the 
master document. The toner does not come in contact 
with the remaining areas of the photoconductor so that 
background noise never appears in the ?nal copy. 7 

Only a small portion of the available toner on the back 
ing material is transferred to the photoconductor at any 
one time. It is preferred that the toner coated backing 
material be advanced at a slow rate with respect to the 
speed of rotation of the drum. This can be accom~ 
plished by proper selection and control of the motors 14 
and 32 driving the drum 11 and the take up reel 29, re~ 
spectively. In this manner, more effective utilization of' 
the toner coated backing material is achieved. 
The amount of toner attracted to the selected areas of 

the photoconductor and, as a result, the density of the 
copy, is controlled within limits by varying the size 
of the air gap and/ or the electrostatic potential applied 
to the outer surface of the toner backing material. As 
most clearly shown in FIGURE 2 of the drawings, the 
guide roll 31 has the ends of its mounting shaft 44 jour 
naled in bearings 45 which in turn are movable in longitu 
dinal slots 46 formed in end plates 47. Rods 48 are 
threadably received in the end plates and control the posi 
tion of the'guide roll 31 with respect to the photoconduc 
tor surface 12 of the drum. The bearings 45 are main 
tained against the forward ends of the rods 48 by a 
pair of compression springs 49. By adjusting either the 
position of the guide roll 31 by turning rods 48 or adjust 
ing potential source 39, the forces occurring in air gap 
42 tending to attract the toner to the photoconductor 
surface can be accurately controlled. These adjustments, 
either singularly or in combination, regulate the amount 
of toner deposited on the areas of the photoconductor 
which are at a relatively high potential. It should be 
noted that these adjustments are made at the toner station 
and the operation of the initial charging and exposure 
stations 17 and 22 is not altered in any manner. 
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4 An optional arrangement with respect to the apparatus 
shown in FIGURE- 1 of the ‘drawings is to employ a 
toner backing material 27 which is an insulating material, 
such as. “Mylar,” certain paper or the. like,‘ and deposit 
an electrostatic charge‘ on the surface of guide roll 31 by 
a separate corona discharge device shown in broken lines 
and ‘indicated by ‘reference numeral 50. A charge of op 
posite polarity to that on the backing material is placed on 
the guide roll 3-1 and has the effect of decreasing the 
attractive ‘force between-the toner and the backing ma 
terial. This decrease allows the toner particles to be 
attracted to the areas of the photoconductor where rela 
tively-high potential exists. The advantagetof this ar 
rangement is that the charge placed on the backing 
material v27 may have a potential which is somewhat 
independent of the charge on the photoconductor 12 and 
the size of the air gap 42 and sufficient to insure that the 
toner positively stays on ,the backing material as the 
backing material moves from the toner trough 35 to the 
guide roll 31'. Also, the‘potentialplaced on the guide 
roll _31_ by discharge device 50 can be adjusted to provide 
yet another means for controlling the density of the ?nal 
copy. When insulating toner backing material 27 is 
employed, as in this optional arrangement, the initial elec 
trostatic charge may be deposited onthe backing mate 
rial'by an adjustable corona discharge device 57‘ shown 
by broken lines in FIGURE 1 or" the drawings. The dis 
charge deviee 157 would replace lead '38 and source 39 in_ 
this case. ‘ _ _ _ I 

‘Positioned next in the direction of rotation of the drum 
is a transfer station 51. At this station the toner image 
is transferred to a web 52 of paper or other suitable ma 
terial which is moved in a desired path by guide ‘rolls 53 
from ‘supply roll 54 to take up roll 55. A corona dis 
charge device 56'is positioned opposite the point of con 
tact‘ between the web 52 and the drum to aid. in the 
transfer of the image to the web. The web is moved to a 
?xing station where the toner image is permanently af?xed 
to the web. This may comprise an infrared radiating 
lamp 57 adapted to project su?icient heat on the surface 
of the web 52 to melt the toner thereon. Other ?xing tech 
niques ‘can be employed as will be apparent to those skilled 
in the art. 
The last station in the operational cycle of the copy ma 

chine is a cleaning station 60 comprising a rotating brush 
61 of suitable ?brous material. The brush is rotated by 
drive motor 14 and is adapted to remove any residual 
toner left on the'photoconductor which was not trans 
ferred to the web 52 at the transfer station 51. 
A second embodiment of the invention is shown in 

FZGURE 3 of the drawings and, to avoid unnecessary 
repetition in the speci?cation, component parts which are 
similar to those disclosed in connection with the ?rst em 
bodiment are indicated by corresponding primed reference 
numerals and will not be further described. The main 
difference in the apparatus shown in FIGURE 3 is the 
arrangement of the toner station 70. A toner backing 
material 71 is coated with a suitable adhesive and then 
a thin layer of toner is applied thereto. The toner is held 
to the outer surface of the backing material by the ad 
hesive so that the apparatus for applying an electrostatic 
charge on the outer surface of the backing material and 
a supply of toner in loose powder form are not required. 
The toner coated backing material 71 is fed from a 

supply roll 72, past the guide roll 31' and to take up roll 
73. The electrostatic forces in the area gap 42' exerted 
by the areas on the photoconductor which are at a rela 
tively high potential are sufficient to pull the toner free 
from the adhesive on the backing material to these areas. 
However, the adhesive exerts a suf?cient force to prevent 
the toner from being pulled to the other areas of the 
photoconductor. This embodiment has a signi?cant ad 
vantage in that no toner in loose powder form is used in 
the copy machine. To replenish the toner supply in the 
machine it is only necessary to remove a used take up roll 
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of toner coated backing material and insert a new supply 
roll. This operation is extremely simple and clean when 
comparcdwith the operations required in serving ma 
chines where the loose toner is maintained in a hopper 
or trough.’ The density of the‘copy is ‘controlled in this 
case by adjusting the position of guide roll 31’ to vary the 
size of the air gap ‘42'. I ._ 

It should now be apparent that the objects initially set 
forth have been accomplished. Of particular importance 
in. the provision of method and apparatus for vcopying 
Where the toner comes in contact only with the areas on a 
charged surface corresponding to the visual information 
on a master document being copied. This eliminates back 
ground noisewhich characterizes copies produced by prior 
art copy machines of the disclosed type. 
While the invention has been particularly shown and de 

scribed with reference to preferred embodiments there 
of, it will be understood by those skilled in the 'art that 
the foregoing ‘and other changes in form and details may 
be made therein without departing ‘from the spirit and 
scope of the invention. ' 
What is claimed is: a h 

1. Apparatus for creating a‘copy of a master document 
comprisingr ’ ' ~ ' ' ‘ '_ Q 

‘a photoconductor and a plurality of processing stations; 
5 means to effect relative movement between said photo 

conductor and saidstations; _‘ _ <' 

" a ?rst of said stations comprising means for establishing 
a uniform electrostatic charge of one polarity on said 
photoconductor; ' _ ‘ p 

' a second of said stations comprising means for pro 
jecting an image of said master document on said 
photoconductor to create an electrostatic charge 
pattern having areas of relatively high potential of 
said one polarity corresponding to the visual in 
formation on said document; _ 

a third of said stations comprising a thin layer of toner 
material spaced from ‘said photoconductor solely by 
an air gap; ' ' 

means for maintaining said thin layer of toner material 
' in spaced relation ‘withir'e's'pect to said photocon 

ductor; and 
only said areas of relatively high ‘potential of said 
‘ vone polarity on said photoconductor exerting suffi 

cient electrostatic forces to overcome said means for 
maintaining and causing said toner material to move 
across said air gap to said area's whereby toner ma 
terial ‘does not come in contact with the remaining 
areas of said photoconductor and a toned image 
corresponding to said visual information on said mas 
ter document is created on said photoconductor. 

2. Apparatus according to claim 1 further character 
ized by: 

said means for maintaining said thin layer of toner 
material in spaced relation with respect to said pho 
toconductor comprises a toner backing material; 

means’ for establishing an electrostatic charge of the 
other polarity on said toner backing material; and 

said electrostatic charge on said toner backing material 
tending to hold said thin layer of toner material to 
said toner backing material. 

3. Apparatus according to claim 1 further character 
ized by: 

said means for maintaining said thin layer of toner ma 
terial in spaced relation with respect to said photo 
conductor comprises a toner backing material; and 

an adhesive on said toner backing material tending 
to hold said thin 'layer of toner material to said toner 
backing material. 

4. Apparatus for creating a copy of a document com 
prising: 

a surface having an electrostatic pattern of one polarity 
thereon corresponding to the information on the 
document being copied; - 
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said electrostatic pattern having areas of relatively high 
potential and the remaining areas being at a rela 
tively low potential; 

7 means for transferring toner material to said surface 
to create a pattern of toner material on said surface 
corresponding to said electrostatic pattern and said 
information on said document being copied; 

said means for transferring comprising a supply of 
toner material spaced from said surface solely by 
an air gap; 

means for maintaining said supply of toner material in 
spaced relation with respect to said surface; 

said areas of relatively high potential of said electro 
static pattern exerting electrostatic forces of su?i 
cient magnitude toovercome said means for main 
taining and causing toner material to move across 
said gap to said areas of relatively high potential; 
and 

said remaining areas exerting electrostatic forces which 
are insu?icient to overcome said means for main 
taining whereby toner material does not move across 
said air gap and come in contact with said remaining 
areas. 

5. Apparatus according to claim 4 further character 
ized by: ‘ 

said means for maintaining comprises electrostatic 
means. ‘ 

6. Apparatus according to claim 4 further character 
ized by: 

a toner backing matterial; and 
said means for maintaining comprises an adhesive on 

said toner backing material. 
7. Apparatus according to claim 4 further character 

ized by: 
means to adjust the size of said gap between said sup 

ply of toner material and said surface to control the 
amount of said toner material deposited on said areas 
of relatively high potential. 

8. Apparatus for creating a copy of a document com 
prising: 
a surface having an electrostatic charge pattern of one 

polarity thereon corresponding to the information 
on the document being copied; 

said electrostatic charge pattern having areas of rela 
tively high potential and the remaining areas being at 
a relatively low potential; 

means for transferring toner material to said surface 
to create a pattern of toner material on said sur 
face corresponding to said electrostatic charge pat 
tern and said information on said document being 
copied; 
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said means for transferring comprising toner backing 
material having a layer of toner material thereon; 

means for maintaining said layer of toner material 
on said toner backing material; 

means for positioning said toner backing material with , 
said layer of toner thereon in spaced relation with 
respect to said surface to de?ne an air gap betweenv 
said layer of toner material and said surface with 
only said air gap separating said layer of toner and 
said surface; 

said means for positioning comprising means to move 
said toner backing material in a path of travel which 
brings said toner backing material in said spaced 
relation with said surface; 

means for depositing an electrostatic charge on said 
toner backing material at a point along said path. 
of travel in advance of said gap; 

- said electrostatic charge deposited on said toner back 
ing material having a polarity which is opposite to 
the polarity of said electrostatic charge pattern on 
said surface; and 

a quantity of powder-like toner material disposed along 
said path of travel at a- point intermediate said ?rst 
?rst mentioned point and said gap whereby said 
electrostatic charge on said toner backing material 
causes a thin layer of said toner material to adhere 
thereto. 

9. Apparatus according to claim 8 further character 
ized by: 

said means for positioning comprises a support adjacent 
said gap about which said toner backing material 
having said layer of toner material thereon passes; 
and 

means for depositing an electrostatic charge on said 
support having a polarity opposite to» the polarity 
of said electrostatic charge on said toner backing ma~ 
terial. 
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