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ELECTROSTATOGRAPHY 

This invention relates to electrostatography and 
more particularly to improvements in the control of de 
velopment in electrostatographic apparatus. 

In one well known form of automatic xerographic re 
production machine, a moving photoconductive plate, 
generally in the form ofan endless surface, such as a 
drum or the like, is ?rst uniformly charged and the sur 
face then exposed to a light pattern of the image sought 
to be reproduced thereby to discharge the charge in the 
areas where light strikes the plate. The undischarged 
areas of the layeer thus form an electrostatic-charge 
pattern in conformity with the con?guration of the 
original image pattern. 
The electrostatic latent image may then be developed 

into visible form by applying a developer material, eg 
a powder, generally referred to as toner, to the plate 
using any one of a number of development means gen 
erally known and used in the art. Subsequent to the de 
velopment operation, the now visible image is trans 
ferred from the plate to a sheet of ?nal support material 
such as paper or the like and suitably af?xed to it 
thereby forming a permanent print. I 

Instead of being developed by means of a powder, the 
latent image may be developed using a liquid develop 
ment system such as is described in US. Pat. No. 

v 3 ,084,043. 

It often occurs that the electrostatic latent image area 
formed is smaller than the area which has been charged 
so that after exposure to the light image edge zones of 
the plate bounding the latent image remain unexposed 
to light and therefore retain the charge. In machines 
having solid area development capability (which is a 
feature of the above-mentioned liquid development 
system) this is a particular problem since when the pho 
toconductive layer is then developed, toner is depos 
ited in these edge zones and consequently produces 
solid areas of toner in these zones. If these regions do 
not come into contact with the copy material then the 
toner deposited in these zones and left behind on the 
plate surface after the transfer operation must be re 
moved or cleaned from the plate surface in some man 
ner before a new imaging cycle can be initiated. Re 
moval of this toner can prove to be a problem in the au 
tomatic xerographic process not only because it is dirt 
producing, but also because where large volumes of re 
sidual toner are involved, these may act rapidly to over 
load the machine’s cleaning system and result in a 
waste of material to the user. On the other hand if these 
edge zones come into contact with the copy material 
then the latter will have solid coloured marginal zone 
along one or more edges, which is unsightly. 
Various what may conveniently be termed edge fade 

out systems have been proposed for the purpose of 
avoiding or reducing wastage of developer material and 
ofeliminating or reducing solid marginal edge zones on 
copies. Thus in US Pat. No. 3,687,538, for example, 
illuminating means disposed in a rectangular frame sur 
rounding the image area is energised to discharge the 
photoreceptor in the areas surrounding the image area. 
In the system described in British Patent Speci?cation 
No. 1,230,526, which is incorporated in a machine em-_ 
ploying ?ash exposure, a lamp extending transversely 
across the path of a photreceptor belt is activated by a 
suitable logic system a short predetermined time after 
de-energisation of the ?ash exposure lamps. In US. 
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2 
Pat. No. 3,685,894, a photoelectrostatic copying ma 
chine is described which has reduction mode copying 
facility and, in reduction mode, portions of the copy 
sheet, which in this case is itself adapted to receive the 
electrostatic latent image and so forms the xerographic 
plate, are not- fully exposed. In order to avoid the pro 
duction of dark or “dirty” edge zones which would oth 
erwise occur in reduction mode of operation a pair of 
lamps are provided over the edge zones which are 
switched in'only when reduced mode is selected so as 
automatically to be energised in this mode and scan the 
predetermined edge zones. 
While allof the machines described above have the 

desirable effect-of reducing wastage of toner and/or of 
avoiding or reducing solid marginal areas on copies, a 
need still exists to be able to predict the production of 
an unwanted solid development area other than under 
speci?c predetermined conditions such as operation in 
reduction mode in the case of US. Pat. No. 3,685,894. 
From one aspect, the present invention provides an 

electrostatographic process including the steps of 
a. applying a uniform electrostatic charge to a photo 
conductive plate, 

b. exposing the charged plate to a pattern of light and 
shadow to produce an electrostatic latent image on 
the plate, 

c. developing charged areas of the plate, 
d. detecting continuous zones of the plate which do 
not receive suf?cient light during exposure step (b) 
to discharge the plate, and . 

e. discharging the plate in said zones. 
From another ‘aspect, the invention provides, in or 

for an electrostatographic apparatus including a photo 
conductive plate, means for applying a uniform electro 
static charge to the plate, exposure means for exposing 
the charged plate to a pattern of light and shadow to 
produce an electrostatic latent image on the plate, and 
developer means for developing charged areas of the 
plate; means for detecting continuous zones of the 
plate which do not receive suf?cient light from said ex 
posure means during exposure of the plate to discharge 
the plate and discharge means controlled by said de 
tecting means for discharging the plate in said zones. 

It is to be understood that by the references to dis 
charging zones of the photoconductive plate made 
herein and in the claims, is meant that the charge on 
the plate will be reduced to a value such that developer 
material will not be attracted thereto. 

Suitably said detecting means comprises one or more 
light sensitive detectors arranged in the optical path of 
the exposure means. The discharge means may com 
prise one or more discharge lamps extending trans 
versely across the plate. 

In a preferred form of the invention for use in a ma 
chine in which, in operation, successive portions of a 
document to be reproduced are exposed through a slit 
onto a moving electrostatographic plate, detecting 
means sensitive to light is provided in the light path de 
fined by the exposure means and one or more discharge 
devices, suitably lamps, are operated as a function of 
the intensity of light received by said detecting means. 
This may be achieved by determining the intensity of 
light required to reduce the plate charge to a value such 

‘ that developer material will not be attracted thereto 
and providing that the detecting means will cause the 
discharge device(s) to be activated only when the de 
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tecting means receives light of less than such intensity 
(including no light). 
The discharge system of this invention may operate 

only to discharge predetermined zones of a photocon 
ductive plate. For example a discharge device in the 
form of a single lamp, or a row of lamps connected to 
operate in unison, may be arranged transversely across 
the plate and a plurality of light-sensitive detectors may . 
be provided transversely across the plate, operation of 
the discharge device only being effected where all de 
tectors receive less than a predetermined intensity of 
light. Such an arrangement would permit the discharge 
of solid or continuous charge zones at opposite ends, in 
the direction of movement of the plate, of the desired 
image area whilst enabling solid area development to 
be achieved within the desired image area. 
With the above arrangement, undesired solid or con 

tinuous charge zones may still be produced at the sides . 
of the desired image area and in order to avoid this, the 
discharge device could be split into three or more sec 
tions, each operated by one, or preferably a trans 
versely extending series of, detectors. The lengths of 
such sections would be chosen according to known pa 
rameters such as paper size, document size or reduc 
tion mode; 

In a further form of the invention a row of lamps ex 
tends transversely across the plate and a detector is as 
sociated with each lamp. Whilst in some circumstances 
the above arrangement will result in the elimination of 
desired ‘solid or continuous charge areas within the 
image area, manual means could be provided for 
switching out the discharge means in these circum 
stances. 

While in some instances, the present invention will 
perform the same functions as are achieved by the 
known devices described above, it provides the signi? 
cant advantage of enabling the elimination of solid de 
velopment areas which cannot or have not been prede 
termined in terms of machine function. Thus, for exam 
ple, in the form described above, in which a lamp 
means is controlled by a plurality of detectors spaced 
across the plate, the elimination of continuous charge 
zones at opposite ends of the image area is effected re 
gardless of their length in the direction of plate move 
ment and without control by any other machine func 
tion. . 

In order that the invention may be more readily un 
derstood, reference will nowbe made to the accompa 
nying drawings, in which: 
FIG. 1 is a schematic view of one form of document 

scanning system for an electrostatographic machine, 
FIG. 2 is a schematic view of one embodiment of de 

velopment control system according to the invention, 
FIG. 3 is a view illustrating the embodiment of FIG. 

2 taken along the line A—A of FIG. 1, ' 
FIG. 4 is a view of a unitary mounting arrangement 

for the embodiment of FIG. 2, 
FIG. 5 is an illustration of a suitable electronic con_ 

trol circuit, 
FIG. 6 is a representation of a document to be copied 

for the purpose of explaining modes of operation of de 
velopment control systems of this invention, 
FIG. 7 is a view like that of FIG. 3 of a second em 

bodiment of the invention, and 
FIG. 8 is a view like that of FIG. 3 of a third embodi 

ment of the invention. 
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4 
To facilitate appreciation of this invention, one form 

of document scanning system for a xerographic ma 
chine in which the xerographic plate is exposed to light 
re?ected from successive portions of a document to be 
copied through a slit will first be described with refer 
ence to the schematic representation of FIG. 1. 
A platen 10 is provided to support the document 11 

to be copied. A scanning mirror system includes two 
moveable mirrors 12 and 13 shown in their extreme left 
and right positions in full and dotted outline respec 
tively. The mirror 13 is arranged to move at half the 
speed of the mirror 11 during scanning to maintain the 
optical distance constant between the document 11 
and a lens 14. A tubular lamp 15 extending across the 
platen 10 parallel to the mirror 12 moves with the mir 
ror 12 in ?xed relation thereto. The lamp 15 is pro 
vided as illumination means to illuminate the document 
11 through the platen 10 during scanning. 
An optical or light path extending from the platen 10 

to the lens 14 continues beyond the lens to be reflected 
in sequence by mirrors l6 and 17 towards a photore 
ceptor drum 18. An optical slit 19, better seen in FIG. 
3, is provided in a cover plate 20. A platen cover 22 is 
provided over the platen so that it will lie on the docu 
ment 11. 

The configuration or shape of the slit 19 is, as shown, 
narrower at its mid-point than at its extremities. This 
shape, as is already known in the art, is to compensate 
for the non-uniformity of light output from the lamp 
across its length. 
The document 11 is scanned by the sweep of the mir 

rors from left to right producing a latent image of the 
information on the document on the photoreceptor 18 
which rotates in synchronism with the movement of the 
mirrors 12 and 13 in the direction of arrow 23. Where 
the underside of the platen cover has a re?ective sur 
face, light striking the platen cover beyond the edges of 
the document will be re?ected along the optical path. 
As illustrated in FIG. 1 a xerographic machine incor 

porating such a scanning system is also provided with 
charging, development and transfer stations C, D and 
T arranged in the relative locations indicated. In this 
embodiment, a liquid development system is employed, 
being represented schematically by an applicator roll of 
such a system, but it should be appreciated that in the 
case of a powder or particulate development system a 
fusing station should be provided following the transfer 
station for securing the toner particles to the copy ma 
terial S in a permanent form. 
The general operation of the machine illustrated is as 

follows. Prior to exposure, the drum surface, which 
comprises a layer of photoconductive insulating mate 
rial which may, for example, be vitreous selenium sup 
ported on a conductive backing such as aluminium, is 
sensitised by means of a corona generating device at 
the charging station C, which is energised from a suit 
able high potential source (not shown). Such generat 
ing device may be an adaption of the type disclosed in 
US. Pat. No. 2,965,756. 
Exposure of the drum to the light image discharges 

the photoconductive layer in the areas struck by light, 
whereby there remains on the drum a latent electro 
static image in image configuration corresponding to 
the light image projected from the document. As the 
drum surface continues its movement the electrostatic 
latent image passes through the developer station D at 
which, in this machine con?guration, a liquid devel 
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oper material is "applied to the drum to produce a visi 
ble image thereon. Following development the visible 
image passes through theimage transfer station T at 
which the visible image is transferred toa 'sheetof copy 
paper, which is fed into contact with'the rotating drum 
in coordinated registration with thearrival of the devel 
oped image at the transfer station. Following transfer, 
a suitable pick-off m_echanism'(not illustrated) sepa 
rates the copy sheet from the drum surface whereafter 
the copy sheet is directed into ‘a suitable copy-holder 
for“ removal by an operator. ' ' I v r ‘ 

After transfer, the xerographic drum surface passes 
through a cleaning'station' (not illustrated) at which‘the 
surface is cleaned suitably by a doctor blade arranged 
in ‘contact; with‘ the drum for doctoring the developer 
.material remaining on the drum surface. 

' ,One‘embodiment of development control system ac 
cordingv to this ‘invention will now be vdescribed with 
particular reference to FIGS. 2 and 3. In the system’il 
alustrated the exposure slit 19 is narrower than the opti 
cal path so that the rays having imaged on the drum at 
X’pass on to a row of photo diodes 31 extending trans 

.; verselyacross the drum. Each photo diode is associated 
witha lamp 32‘controlled as a functionzof the intensity 
pf lightimpinging on the photodiode by a suitable elec 
tronic logic system'Lyin'the following manner; When 
light of less than a predetermined intensity (suf?cient 
to reduce the charge on'the plate to a value such that 
developer material will not be attracted thereto) is im 

, pinging on a photodiode the corresponding lamp is 
energised thus discharging the drum area passing be 
neath it; when light of greater than the predetermined 
intensity impinges upon the photodiode the lamp is not 
energised. The lamp should extinguish or light, as the 
case may be, only after a predetermined time delay de 
pendent upon the circumferential distance between the 
photodiode and the lamp and the rotational speed of 
the drum following detection of a change in intensity by 
the corresponding photodiode. This is necessary since 
the lamp is arranged in'a trailing position (in the direc 
tion of drum rotation) relative to the photodiode. Fila 

. ment lamps will have their own delay characteristic 

. which may provide the required time delay. 
Suitable choice of the extent by which the photodi 

odes extend into the optical path and of the threshold 
value of light intensity to which the photodiodes re 
‘spond, will permit lines on the document of desired 
A width to be reproduced on the copy. The arrangement 
above-described with its separately operable multiplic 

' ity of lamps each acting on only a short transverse sec 
5 tion of the drum enables close control of development 
to be achieved. In order to prevent, or at least reduce 
to a minimum, overlapping effects from adjacent 
lamps, baf?es or shields 33 are provided between the 

; lamps to restrict the area of effect of each lamp, and for 
l the additional purpose of providing a sharp contrast be 
tween those zones of the drum surface which are dis 

' charged by the lamps and those which are not. 
‘ If desired, instead of being switched off completely 
when inoperative, the lamps may be maintained lit at 
‘a low level of ‘ intensity insufficient to discharge the 
drum area therebeneath in the manner described in 

- British patent speci?cation No. 1,230,526. 
FIG. 4 shows a convenient mounting arrangment for 

the development control system described above in 
which the detector/lamp sub-units are mounted in an 
elongate unit extending across the width of the drum 
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6 
and which also includes the necessary control circuitry, 
‘a simplified form of which for a single subunit is illus 
trated in FIG. 5. The operation is‘as‘ follows. When less 
than the predetermined threshold intensity of light is 
falling on the photocell 31 it has an effective high resis 
twice ‘and the voltage across resistor R1 is applied to 
'th’e'emitter of transistor 34 ‘and ‘current ?ows through 
the, lamp 32. When the photocell receives light above 
the threshold intensity its resistance drops causing the 
voltagea'cr'oss Rl'to drop sufficiently to cause the lamp 
current to'drop’ and extinguish the lamp. 
As shown in ‘FIG. 4, the circuits associated with each 

lamp are all'c'onnected to bus-bars 35 leading to a com 
mon supply. In the unit illustrated, each sub-unit is sep 
arated by a light shield or baffle, 33 and the complete 
unit may be incapsulated in a transparent resin. 
This embodiment has particular application to the 

elimination of unwanted solid area development of 
marginal edges zones of a copy sheet which would oth 
erwise occur where the document ‘to be copied is small 
compared with the glass platen size and either the 
platen cover is raised or the document has a substantial 
thickness (e.g. it may be a book) so preventing the 
platen cover from coming close to the platen. In this 
event, light from the lamp 15 which passes through the 
platen in the areas surrounding the document 11 (see 
FIG. 6) will not be re?ected down the optical path and 
the corresponding areas of the drum surface will not be 
discharged during exposure. The development control 
systemdescribed above will operate as follows. Until 
the image of the document edge XIXZ reaches the pho 
todiodes 31, all lamps 32 will be lit and the drum will 
be discharged. As edge X,X2 re?ects light the lamps 
will be extinguished across the portion of the drum be 
‘tween X1 and X2 and an electrostatic latent image of 
the vdocument information will be produced on the 
drum surface. After the Y‘IYZ edge passes the exposure 
slit 19 no further light will reach the photodiodes 31 
and all they lamps 32 will again be lit, discharging the re 
maining area of the drum. The pitch of the photocells 
31 and the lamps 32 will determine the sharpness of the 
XIY, and X2Y2 edges. In the above description of oper 
ation it is presupposed that the document contains only 
line information and no substantial solid dark areas. 
Further embodiments of the invention are schemati 

cally illustrated in FIGS. 7 and 8. In the embodiment of 
FIG. 7 a single tubular lamp 32 is arranged transversely 
across the drum surface and a row of photocells 31 ex 
tend in a row across the drum. The photocells 31 are 
so connected to the lamp 32 that the lamp will only be 
lit when all the photocells receive less than the pre-set 
threshold intensity of light. With this arrangement, in 
the circumstances described above with reference to 
FIG. 6, only those areas or zones of the drum beyond 
the document edges X1X2 and YIYQ will be discharged, 
but solid areas within the image area on the durmwill 
be reproduced. The embodiment of FIG. 8 permits the 
elimination of the undischarged marginal zones along 
the image edges corresponding to XIYI and X2Yz 
which will remain with the embodiment of FIG. 7, with 
out eliminating solid area development within the 
image area, where the width of these marginal zones 
can be predetermined, e.g. as a function of copy size or 
reduction mode of operation of the machine. Here the 
lamp 32 is split into three sections 32a, 32b and 320, 
each associated with its own series of photocells 31. Be 
yond the edges corresponding to X1X2 and YlYz of 
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FIG. 6, all three lamps will be lit but between XlXz and 
YlYz only the outer lamps 32a and 320 which are of a 
length corresponding to predetermined marginal zones 
of the drum, will be lit. 
While particular embodiments have been described 

above, it will be appreciated that various modi?cations 
may be made to the speci?c details referred to herein 
without departing from the scope of the invention. For 
example, instead of being arranged as shown, the pho 
tocells could be arranged across the drum at position 
A indicated in FIG. 2 so as to receive advance informa 
tion of the intensity of light about to fall on the drum. 

Further, it is contemplated that embodiments of this 
invention could be used in conjunction with known de 
velopment control systems, as comprehended for ex 
ample by the prior art described above. 
What I claim is: 
1. In an electrostatographic apparatus including a 

photoconductive plate, means for applying a uniform 
electrostatic charge to the plate, exposure means for 
exposing the charged plate to a pattern of light and 
shadow to produce an electrostatic latent image on the 
plate, and developer means for developing charged 
areas of the plate; 
detecting means comprising one or more light sensi 

tive devices arranged in the optical path of the ex 
posure means for detecting continuous zones of the 
plate which do not receive suf?cient light from said 
exposure means during exposure of the plate to dis 
charge the plate; and, 

discharge means controlled by said detecting means 
for discharging the plate in said zones. 

2. The invention as claimed in claim 1, wherein said 
discharge means comprises one or more discharge 
lamps extending transversely across the plate. 

3. The invention as claimed in claim 2, wherein said 
discharge means is adapted to operate only to dis 
charge predetermined zones of a photoconductive 
plate. 

4. In an electrostatographic apparatus including an 
electrostatographic plate, means for applying a uniform 
electrostatic charge to the plate, and means for dis 
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8 
charging selected portions of the charged plate to pro 
duce an electrostatic latent image on the plate; 

sensing means adapted for detecting continuous 
zones of the plate which are not discharged by said 
means for discharging selected portions of the 

_ plate; and, 
discharging means controlled by said sensing means 

for discharging the plate in said continuous zones. 
5. The invention as claimed in claim 4 wherein said 

discharge means extends transversely across the plate, 
said detecting means comprising a plurality of light 
sensitive detectors, whereby operation of said dis 
charge means is effected only when all detectors re 
ceive less than a predetermined intensity of light. 

6. The invention as claimed in claim 5, wherein said 
discharge means comprises a single tubular lamp. 

7. The invention as claimed in claim 5, wherein at 
least two transversely extending discharge means ar 
ranged end-to-end is each associated with one or more 
light-sensitive detectors. 

8. The invention as claimed in claim 2, wherein a row 
of lamps extends transversely across the plate and a 
light-sensitive detector is associated with each lamp. 

9. The invention as claimed in claim 8, including 
means for manually switching out the discharge means. 

10. Electrostatographic apparatus according to claim 
8 in which, in operation, successive portions of a docu 
ment to be reproduced are exposed through a slit on to 
a relatively moving photoconductive plate. 

11. An electrostatographic process including the 
steps of 

a. applying a uniform electrostatic charge to a photo 
conductive plate, 

' b. exposing the charged plate to a pattern of light and 
shadow to produce an electrostatic latent image on 
the plate, 

c. developing charged areas of the plate, 
(1. detecting continuous zones of the plate which do 
not receive suf?cient light during exposure step (b) 
to discharge the plate, and 

e. discharging the plate in said zones. 
* * * * * 
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