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1. 

DEVELOPMENT UTILIZNG ELECTRIC FELDS 

BACKGROUND OF THE INVENTION 

This invention relates to developing latent images 
with toner and, more particularly, to a development 
method and apparatus utilizing a toner-laden donor 
member to apply toner particles to a surface bearing an 
electrostatic latent image thereon. 

In reproduction processes, such as in xerography, 
wherein a latent image is first formed on a surface and 
then made visible, or developed, with a powderous ma 
terial commonly called toner, it is necessary to provide 
a means for bringing the toner material adjacent the 
surface so that it can be attracted to the surface in a 
pattern conforming to the latent image thereon. One 
manner in which this is carried out is by the employ 
ment of a donor member. The donor member, which 
can take the shape of a roller, endless belt or other con 
venient form, is first loaded with toner and then 
brought into close proximity to the surface being devel 
oped. The toner is attracted from the donor member 
onto the surface in conformance with the electrostatic 
latent image thereby creating a visible image. 
A number of measures can be taken to improve the 

operation of a donor member used in this development 
mode. For instance, if the toner layer is spaced from 
the surface being developed so that it does not touch 
it, there is a less likelihood that toner supplied by the 
donor member will deposit in the non-image areas. This 
is because the toner on the donor member does not 
touch the surface and the non-image areas will not at 
tract the toner. 
This technique is described in U.S. Pat. No. 

3,232,190 wherein a thin layer of toner is positively 
held and maintained in a spaced relation to the surface 
being developed. The high potential areas of the charge 
pattern exert electrostatic forces of sufficient intensity 
to overcome the forces holding the toner on the donor 
member and these toner particles are attracted to 
image areas. However, the electrostatic forces exerted 
by the remaining areas of the surface, the non-image 
areas, are insufficient to overcome forces attracting the 
adjacent toner to the donor member and, conse 
quently, the non-image areas remain relatively free of 
tOne. 

The density of the final copy can be further con 
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trolled by selecting the gap distance between the donor 
member and surface. Since the strength of the electro 
static fields terminating on the surface being developed 
decreases as a function of the distance from that sur 
face, the gap distance between the toner layer on the 
donor member and the surface is very critical. Even at 
relatively modest gap distances it has been found that 
less than complete development takes place. Develop 
ment has been enhanced by placing a potential on the 
donor member itself which tends to aid the toner in 
overcoming the forces attracting it to the donor mem 
ber, but, when such a potential is applied, the toner 
tends to be driven to the surface in random fashion and 
deposited in non-image areas. This condition is known 
as background development and degrades the quality 
of the final copy. 
Another known method for releasing the toner from 

the donor member is described in U.S. Pat. No. 
3,257,223. This patent describes the creation of a 
cloud of toner particles between the donor member 
and the surface being developed. The donor member is 
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2 
a three-layer structure including a conductive base, a 
dielectric layer over the base and a conductive grid on 
top of the dielectric layer. 
During loading of the donor member, a potential op 

posite in polarity to a charge on the toner particles is 
placed on the conductive base thereby attracting toner 
particles to the surface areas between the grid ele 
ments. Then, when development is to take place, the 
potential is removed from the conductive base, or, al 
ternatively, a potential of the same polarity as the 
charge on the toner particles is placed on the conduc 
tive base. Both create a condition which tends to blow 
the toner off the donor member in a cloud and into 
contact with the surface being developed. The overly 
ing conductive grid serves generally to breakup the 
field lines emanating from the conductive backing of 
the donor during loading and blow-off so as to create 
the characteristically strong fringe fields which exist 
over a surface having variable electrical potential. Be 
cause the toner is in the form of a cloud, the possibility 
of random deposition of toner, particularly in non 
image areas, is increased. 
A third type of donor member also involves creating 

fringe fields and this is described in U.S. Pat. No. 
3,203,394. The donor member has a conductive base 
with a poorly insulating layer thereon and then a pat 
tern of good insulating posts as a top layer. This donor 
configuration is used basically to make it easier to load 
toner on the periphery of the donor prior to bringing it 
into the development zone. In operation, the structure 
is electrostatically charged and then brought into the 
loading area. Between the charging station and the 
loading station, the poorly insulating layer loses its 
charge so that the fringe fields are created on the sur 
face between the insulating posts and the poorly insu 
lating intermediate layer. 
As a result of the fringe fields, toner is placed only 

between the insulating posts thereby creating a discon 
tinuous layer of toner on the donor. This is not totally 
desirable because it limits the amount of toner that can 
be brought to the development zone. In addition, the 
position of the piles of toner on the donor relative to 
the image areas on the surface may not always be in 
synchronism. If this is the case, certain of the image 
areas on the surface would not be fully developed for 
lack of toner. 
The present invention relates to a development 

method and apparatus which imposes electrical fields 
on the toner layer and donor member within the devel 
opment zone so that toner is made readily available to 
image areas of the surface being developed yet is not 
randomly deposited on the non-image areas. In one em 
bodiment, the donor member takes the form of an end 
less rotatable belt passing through a toner loading area 
and then adjacent the surface being developed. Toner 
loaded onto the belt is subjected to an electrical field 
which activates the toner on the donor member as it 
passes through the development zone. Those toner par 
ticles are attracted to image areas of the surface during 
activation follow the field back to the donor surface 
where they are removed from the development zone. In 
the development zone, although toner is loosened and 
for separated from the donor due to the electrical field, 
it continues to be under the control of the electrical 
field. This arrangement prevents random deposition of 
toner in the non-image areas thereby reducing back 
ground. This arrangement also allows greater flexibility 
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in establishing gap distance between donor and surface 
without the usual drop off in development quality. 
Accordingly, it is an object of the invention to pro 

vide an improved method and apparatus for developing 
electrostatic latent images. 

It is a further object of the invention to provide an 
improved method and apparatus for providing toner to 
a surface being developed by a donor member. 

It is a further object of the invention to provide an 
improved method and apparatus for providing toner to 
the surface being developed when the toner donor 
member is spaced from the surface. 

It is a further object of the invention to provide an 
improved method and apparatus for the control of 
toner particles in the development zone. 

It is a further object of the invention to provide a de 
velopment system wherein little or no background is 
produced. 

SUMMARY 

The present invention relates to a method and appa 
ratus for developing electrostatic latent images by 
bringing a toner-laden donor member adjacent a sur 
face bearing a latent image and thereupon transferring 
the toner to the surface in conformance with the image. 
The toner is exposed to an electric field in the develop 
ment Zone which activates it as it passes into the devel 
opment zone thereby making it readily-attractable by 
the electrostatic image on the surface. The electric 
field is shaped so that the activated toner which is not 
attracted to image areas of the surface is redeposited 
on the donor member as it leaves the development 
2Oe 

In one embodiment, the toner layer on the donor is 
separated from the surface by a gap and the electric 
field is sufficient to reduce the attraction of the toner 
to the donor or, in the alternative, separate the toner 
from the donor. In a second embodiment, the toner 
layer can be in contact with the surface being devel 
oped and the affect of the field is to control the action 
of the toner in the development zone so that little or no 
toner is deposited in non-image areas of the surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention as well as 
other objects and further features thereof reference is 
had to the following detailed description of the inven 
tion, which is to be read in conjunction with the accom 
panying drawings wherein: 

FIG. 1 is a schematic illustration of the invention in 
a xerographic system. 
FIG. 2 is a detailed view of an embodiment of the in 

vention. 
FIGS. 3 and 4 are detailed views of the electric field 

in the development zone. 
FIG. S is a detailed view of another embodiment of 

the invention. 
FIG. 6 is another detailed view of the electric field in 

the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention can be adapted to any repro 
duction apparatus wherein toner is used to develop an 
electrostatic latent image. For the purpose of this dis 
closure, however, the invention will be described prin 

5 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

4 
cipally within the environment of a xerographic repro 
duction apparatus. 

Referring to FIG. 1, there is shown a schematic view 
of a continuous xerographic copier having a photosen 
sitive member in the shape of a drum 11 on which a la 
tent electrostatic image of the information to be repro 
duced is formed. The rotatable drum 11 is driven about 
shaft 2 by any suitable means so that the drum surface 
passes through stations A-E in a continuous manner. 
The peripheral surface of the drum is covered by an 
electrically conductive material which, in turn, is cov 
ered on its outer surface with a photoconductive mate 
rial such as vitreous selenium. The drum has five pro 
cessing stations located about its periphery which carry 
out the steps of the xerographic process. These stations 
include charging station A, exposing station B, devel 
oping station C, transfer station D, and cleaning station 
E. 
An electrostatic latent image is formed on the drum 

11 by passing its surface through charging station A 
and exposure station B. Charging station A can include 
any suitable means for placing a uniform charge on the 
photoconductive layer such as a corona charging de 
vice. Exposing station B can include any suitable device 
which projects and focuses a light pattern on the drum 
conforming to the image to be reproduced by the xero 
graphic system. The light image projected onto the 
charged photoconductive layer of the drum is synchro 
nized with the movement of the drum and causes selec 
tive charge dissipation on elemental areas of the drum 
to form an electrostatic latent image thereon. 

After the formation of the electrostatic latent image 
by passing the drum through stations A and B, the drum 
carries the latent image through developing station C. 
Within the developing station, a suitable developer ma 
terial (hereinafter referred to a toner), such as a pig 
mented resinous electroscopic powder, is deposited on 
the drum in imagewise configuration according to the 
teachings of this invention. A more detailed description 
of the development station follows. 
After the development step, the drum carries the 

toner image through transfer station D where the toner 
image is transferred from the drum surface to any suit 
able support material such as a sheet of paper, continu 
ols web, or any other form of substrate which can be 
used to receive toner images. Transfer of the toner 
image onto the copy sheet is carried out in any suitable 
manner such as by electrostatically attracting the toner 
image from the drum onto a sheet of paper with a co 
rona discharge device. 
After the toner image has been transferred to the 

copy sheet and the copy sheet has passed through the 
transfer station, a fixing device or other suitable pro 
cessing station fixes the toner image. Any suitable fix 
ing device which makes the toner permanent on the 
copy sheet is suitable. 
The final station shown is cleaning station E. Station 

E can include any suitable cleaning device, such as fur 
brush, which contacts the photoconductive surface of 
the drum. The cleaning station is utilized to remove any 
residue toner particles from the photosensitive surface 

65 

after transfer occurs and before another cycle is begun. 
It is within the confines of the development station C 

that the present invention is utilized. As can be seen in 
FIG. 1, toner 18 picked up from reservoir 17 by donor 
member 12 is brought adjacent the drum 11 at station 
C. The donor member is shown in the form of an end 
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less belt and rotates in the clockwise direction. The 
toner particles adhere to the belt and pass around roller 
13 and field producing device 3 where they are trans 
ferred to the drum to develop the image thereon. As 
the belt transports the toner towards the development 
zone, the toner can be sprayed electrostatically by co 
rona charging device 16 to assure that all toner parti 
cles have the same charge. 
FIG. 2 provides a more detailed view of the donor 

member. The belt 12 may be insulating and may be 
made of a material which when rubbed with toner pro 
duces a triboelectric action making the toner attractive 
to it. However, loading of the belt may be carried out 
without regard to its triboelectric relationship to the 
toner. In such a case, loading may be aided by ground 
ing roller 13 and vibrating reservoir 17 by any suitable 
eaS 

A number of different loading systems could be car 
ried to load toner on the donor member. For instance, 
the donor member could be made of a material having 
a suitable triboelectric relationship to toner particles so 
that toner could be cascaded along with carrier beads 
over the surface of the donor, the toner adhering to the 
donor member in traditional cascade development 
fashion. Another known way of placing toner on a 
donor member would be to expose the member to a 
charged cloud of toner particles which would be at 
tracted to the donor member surface. 
After loading toner on the belt for transport to the 

development station the toner layer 19 may optionally 
be sprayed with a uniform charge such as by corona de 
vice 16. This provides good attraction between the 
toner and image areas of the drum during development. 
The charge sprayed on the toner layer will be selected 
based on the development system used. For instance, 
it is common to charge a xerographic to a high positive 
potential and then expose the non-image areas to light 
which reduces the potential on those portions of the 
drum. In this case, if the high potential areas are to be 
developed, the toner would be charged negatively. 
However, if the low potential areas were to be devel 
oped, the toner would be charged positively. 

Field producing apparatus 3 includes ground plate 15 
and biased plate 14. Ground plate 15 is placed behind 
belt 12 and forms the surface upon which belt 12 rides. 
Plate 15 may extend from the development zone 
through the charging area as shown. The other portion 
of field-producing apparatus 3 is bias plate 14 which 
can also form the surface upon which the belt rides as 
it exits the development zone. Plates 14 and 15 are not 5 
in electrical contact because it is the combination of 
these two members which creates the electrical field 
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through the development zone to be described in more 
detail in FIGS. 3 and 4. In FIG. 1 there is provided an 
air space 30 between members 14 and 15 for electric 
insulation while in FIG. 2 insulating plate 31 provides 
proper insulation between the plates. 
The potential applied to plate 14 will depend on the 

charge of the toner particles and is opposite thereto in 
polarity. As described in FIG. 2, if a negative charge is 
sprayed on to the toner layer by corona device 16, the 
bias on plate 14 will be positive. On the other hand, if 
the positive toner is used, plate 14 will be biased to a 
negative polarity. The combination of biased plate 14 
and grounded plate 15 generate an electric field be 
tween the two plates and toner in the development 
zone will be attracted towards plate 14. 
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FIGS. 3 and 4 show a more detailed view of the de 

velopment zone. Due to the fact that member 15 is 
grounded and member 14 is at a positive potential, a 
fringe field effect will be created between these two 
members in the vicinity of the development zone. This 
electric field extends through donor member 12 and 
toner layer 19. The lines of force in the fringe field is 
indicated by broken lines passing between members 14 
and 15. 
The purpose of the field is to activate the toner while 

it is in the development zone so that it is readily attract 
able by the electrostatic image on the drum. The term 
'activation' as used herein includes, in the alternative, 
reducing the forces that attract the toner to the donor 
or reversing the forces to separate the toner from the 
donor. In out-of-contact systems wherein the toner 
layer is separated from the drum by a gap, as shown in 
FIGS. 3 and 4, the electric field can be of such force as 
to actually dislodge and separate toner particles from 
the belt in the development zone. In other systems, 
such as wherein the toner layer is in contact with the 
drum, the attraction of the toner to the donor is merely 
lessened or reduced to zero so that the image areas of 
the drum can attract it to the drum. 

In out-of-contact systems, it is desirable to separate 
the toner particles from the donor sufficiently so that 
the particles are easily attractable to the image areas on 
the surface being developed. However, it is equally im 
portant not to lose control of these activated toner par 
ticles since this encourages spurious deposition on the 
non-image areas of the drum. 

In FIG. 3, the pluses indicate the image areas of the 
drum, the balance of the drum being the non-image ar 
eas. Toner which is activated by following the electric 
field created by plates 14 and 15 is free to be attracted 
to the image areas. However, since an image area is not 
adjacent the donor at the moment shown, the activated 
toner does not cross the gap to the surface being devel 
oped. Instead, the toner particles complete their jour 
ney in conformance with the electric field generated by 
plates 14 and 15 and are reattracted onto the donor 
member due to the electrical field produced by mem 
ber 14. 

Referring to FIG. 4, there is shown the condition 
when an image area is more clearly in the development 
zone and is available for the receipt of toner from the 
donor member. In this case, the fields created by the 
image areas of the drum attract activated toner as 

0 needed across the gap and onto the drum surface to de 
velop the image. Any activated toner not so attracted 
completes its journey through the development zone in 
conformance with the electric field created by the 
donor member and is redeposited onto the surface of 
member 15. 
As can be seen from the above description, although 

all toner on the development member may be acti 
wated, there is complete control over the movement of 
this toner at all times. This control operates to prevent 
deposition of toner on the non-image areas which is 
quite usual in those systems wherein blow-off fields are 
used to drive the toner across the gap onto the surface 
being developed. In addition, all toner on the donor is 
subject to activation since it must pass the field produc 
ing means. This affords the fullest opportunity for com 
plete development of the drum even in out-of-contact 
systems. 
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In addition to preventing the random deposition of 
toner in background areas, the present invention also 
allows a good deal of flexibility in the spacing of the 
donor member from the surface being developed. One 
problem in previously known apparatus has been that 
it was not always. possible to have sufficiently strong 
fields from the image areas of the drum to reliably re 
move toner from the donor member at larger gap dis 
tances. In the present invention, gap spacing is not as 
critical and larger spacing is readily permitted. This is 
because the electric field which activates the toner 
frees the toner from its adhesion to the donor member, 
thereby reducing the electrostatic force required to at 
tract toner to the drum. 
FIG. 5 discloses another embodiment of the inven 

tion. Here an endless belt such as insulating belt 20 is 
supported and driven about rollers 21 and 22 in a coun 
terclockwise manner. The external surface of the belt 
picks up toner particles 7 from vibrating toner reservoir 
26. To aid the deposition of toner on the external sur 
face of belt 20, a grounded electrode 23 is placed over 
the hopper 26 and extends toward the development 
zone. Toner particles 28 picked up by the belt are 
brought into the development zone of drum 29 by the 
moving belt. In the development zone and behind the 2 
donor belt 20, a structure similar to that of the embodi 
ment in FIG. 2 is shown. Plate 23 which is electrically 
grounded is also electrically insulated from plate 25 by 
insulating material 24. Plate 25 has a polarity opposite 
that of the toner particles. W 
As can be seen from FIG. 6, the electric field gener 

ated in the development zone across plates 23 and 25 
is similar to that described in conjunction with FIGS. 3 
and 4. When image areas in FIG. 6 pass through the de 
velopment zone, activated toner particles which are 
following the electric field between plates 23 and 25 
are free to be attracted to the image areas on drum 11. 
Any activated toner particles which are not attracted to 
the drum are deposited onto the belt as it exits the de 
velopment zone, and are not left in an uncontrolled sit 
uation within the development zone. 

It should be understood that a number of alternatives 
to the system are available which would fall within the 
scope of the invention. For instance, the charge on the 
toner particles delivered by the donor member can be 
positive or negative depending upon the nature of the 
charge in the image areas. The configuration of the 
donor member is not necessarily limited to an endless 
belt. For instance, the donor could take to the shape of 
a roller or a continuous web. Also, in an endless belt ar 
rangement, it may be desirable to remove the residue 
toner from the belt before it is reloaded with toner to 
avoid history effects. This can be carried out by any 
suitable cleaning device such as brush 4 shown in FIG. 
2. 
The developing method and apparatus disclosed can 

be used as part of any larger reproduction apparatus 
where it is desired to develop an electrostatic latent im 
age. Thus, in addition to xerographic systems, other 
electrostatographic imaging systems can utilize this 
process including other electrophotographic and elec 
trography systems. 

In addition to the apparatus outlined, many modifica 
tions and/or additions to this invention will be readily 
apparent to those skilled in the art upon reading this 
disclosure and these are intended to be encompassed 
within the invention disclosed and claimed herein. 
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What is claimed is: 
1. A method of developing an electrostatic latent 

image carried by a surface, said method comprising the 
steps of: 

5 bringing a toner-laden donor member adjacent said 
surface in a development Zone, and 

subjecting the toner to an electric field shaped to first 
separate toner from the donor member as the toner 
enters the development zone and to then redeposit 
toner not attracted to the surface onto the donor 
member as the toner leaves the development zone, 
whereby the toner in said development zone is con 
trolled but still readily, attractable to said surface in 
conformance with the image thereon. 

2. The method according to claim 1 further including 
15 a preliminary step of loading toner on the donor mem 

ber. 
3. The method according to claim 1 further including 

a preliminary step of charging the toner to a given po 
larity prior to its passing through the development 

20 ZOle. 
4. The method according to claim 1 wherein all the 

toner on the donor member is subjected to the electric 
field as it passes through the development Zone. 

5. A method of developing an electrostatic latent 
image carried by a surface as said surface moves 

5 through a development zone, said method comprising 
the steps of: 

transporting toner to the development zone by a web, 
and 

subjecting the toner and web to an electric field 
30 shaped to separate toner from the web as the toner 

enters the development zone and to redeposit the 
toner not attracted to the surface onto the web as 
the toner leaves the development zone, whereby 
toner is available for development of said image 

35 and excess toner is removed by said web from said 
development zone. 

6. The method according to claim 5 wherein the web 
is an endless belt adapted to continuously pass through 
the development zone and further including the prelim 
inary step of loading toner onto the belt. 

7. The method according to claim 6 further including 
the additional step of cleaning unused toner from the 
belt. 

8. In a method of developing an electrostatic latent 
image carried by a surface, said method including the 

45 step of bringing a toner-laden donor member adjacent 
said surface in a development zone; the improvement 
comprising the additional step of: 

subjecting the toner to an electric field shaped to re 
duce the attraction of the toner to the donor mem 

SO ber as the toner enters the development zone 
whereby the toner is readily-attractable to the sur 
face in conformance with the image thereon and to 
increase the attraction of the toner to the donor 
member as said donor member leaves the develop 
ment zone whereby toner not attracted to said sur 
face is removed from said development zone. 

9. In a method of developing an electrostatic latent 
image carried by a surface, said method including the 
step of transporting toner to the development zone by 
a web; the improvement comprising the additional step 

60 of 
subjecting the toner and web to an electric field 
which activates the toner as it enters the develop 
ment zone whereby the toner is readily-attractable 
to the surface in conformance with the image 

65 thereon and which reattracts the activated toner 
not attracted to the surface onto the web as it 
leaves the development zone. 
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