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ABSTRACT OF THE DESCLOSURE 
Electrographic toner developers or inkers are dis 

closed employing a relatively open clean-up electrode 
structure in the form of one or more slat-shaped electrodes 
or a metallic screen disposed over the charge image bear 
ing surface of the recording medium being developed such 
medium being, for example, a strip of electrographic 
paper. A second electrode, in the form of a plate or the 
like, is disposed opposite the clean-up electrode structure 
on the other side of the recording medium. An electrical 
potential is applied to the clean-up electrodes to estab 
lish an electric field adjacent the image bearing side of 
the recording medium to pull charged toner particles 
from the inked surface of the recording medium which 
are not electrostatically bound to the charge image to 
be developed, thereby reducing the background. 

arms 

Description of the prior art 
Heretofore, channel type toner developers or inkers 

have been employed to apply charged toner particles to 
charge images to be developed. Typical of such inkers 
is a channel member extending across the charge image 
bearing surface of an electrographic paper to be de 
veloped. The channel has a slot in one side adjacent 
the paper which permits the toner particles, suspended 
in a stream of insulative air or liquid, to come into fluid 
communication with the charge image to be developed. 
The charged toner particles are electrostatically attracted 
out of suspension and electrostatically bound to the 
charge image pattern thereby developing same. Increas 
ing the concentration of toner particles in the suspension 
from a few percent by weight to higher concentrations 
permits faster development speeds. For example, for paper 
pulling speeds of 5 to 10 inches per second employing 
a liquid toner, the toner particle concentration is prefer 
ably increased to about 15% to 30% by weight of the 
liquid toner. However, with such high concentrations of 
toner particles, it is found that substantial amounts of 
the toner particles are left on the paper in the regions 
where they are not electrostatically bound to the charge 
image to be developed. Therefore, they produce an un 
wanted background "fog' on the developed image. 

Therefore, development electrodes, in the form of one 
or more plates disposed with their flat sides facing the 
image bearing surface being developed, have been em 
ployed to control the rate at which toner particles are 
deposited upon the charge image being developed. Such 
electrode structures are relatively closed in that the toner 
particles do not readily pass through the structure. Toner 
is supplied by a stream directed between the electrode 
structure and the image being developed. In a high speed 
inker or developer, such a closed electrode structure 
interferes with an adequate supply of the toner particles 
to the image, thereby leaving the image underdeveloped. 
Such development electrode structures are described in a 
text entitled, Electrophotography, published in 1965 by 
The Focal Press of London and New York at pages 
32-34 and 152. 
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Summary of the present invention 

The principal object of the present invention is the pro 
vision of means for reducing or eliminating background 
"fog” on toner developed electrostatic images. 
One feature of the present invention is the provision 

in an electrographic toner developer or inker of a rela 
tively open clean-up electrode structure for producing 
an electric field over the image bearing surface of the 
recording medium for pulling charged toner particles off 
the background image areas where they are not electro 
statically bound to the charge image being developed, 
whereby unwanted background "fog” is removed from 
the developed image. 
Another feature of the present invention is the same 

as the preceding feature wherein the clean-up electrode 
structure includes an elongated slat-shaped electrode di 
rected across the recording medium with its thin edge 
facing the image bearing surface of the recording medium, 
whereby, an intense clean-up electric field is produced 
adjacent the image bearing surface. 
Another feature of the present invention is the same 

as any one or more of the preceding features wherein 
the inker includes a hollow channel member directed 
across the image bearing surface to be developed and 
Such channel including an apertured side adjacent the 
image to be developed for passage of the charged toner 
particles to the image and wherein at least a portion of 
the clean-up electrode structure is disposed at the trail 
ing marginal edge of the apertured channel for cleaning 
up the background as the recording medium is caused 
to traverse the channel. 
Another feature of the present invention is the same 

as any One or more of the preceding features wherein 
the clean-up electrode structure includes a grid disposed 
across the mouth of the apertured side of the hollow 
inking channel. 
Other features and advantages of the present inven 

tion will become apparent upon a perusal of the fol 
lowing specification taken in connection with the ac 
companying drawings wherein: 

Brief description of the drawings 
FIG. 1 is a schematic perspective view of an electro 

graphic device employing the prior art developer, 
FIG. 2 is an enlarged sectional view of the structure 

of FIG. 1 taken along line 2-2 in the direction of the 
arrow, 

FIG. 3 is a view similar to that of FIG. 2 depicting 
the clean-up electrode structure of the present invention, 

FIG. 4 is an enlarged detail view of a portion of the 
structure of FIG. 3 delineated by line 4-4, and 
FIG. 5 is a view similar to that of FIG. 3 depicting 

an alternative embodiment of the present invention. 
Description of the preferred embodiments 

Referring now to FIG. 1, there is shown one example 
of a prior art electrographic device 1. In this example, 
an elongated hollow inking channel or developer 2 is 
employed for applying liquid toner to charge images 
3 deposited upon the charge retentive surface 4 of electro 
graphic recording paper 5. The charge images 3 are de 
posited by a moving electric stylus 6 carried by a con 
ductive cable 7 and moved back and forth across the 
recording paper 5 by means of a conductive drive pulley 
8 and an idler pulley 9. The drive pulley 8 is driven from 
the output shaft of the reversible rebalance motor of a 
self-balancing potentiometric recorder circuit, not shown. 
The transverse position of the stylus 6 on the recording 
paper 5 is determined by the amplitude of the signal 
to be recorded by the recorder 1. 
A negative writing potential as of -500 v. is applied 

to the stylus 6 from a source 11 via the conductive pulley 
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8 and cable 7. A grounded plate-shaped auxiliary writing 
electrode 12 is disposed beneath the stylus 6 on the op 
posite side of the recording paper 5. The potential dif 
ference across the gap between the end of the stylus 6 
and the plate-shaped auxiliary electrode 12 is sufficient to 
produce a line-shaped charge image pattern upon the 
charge retentive coating 4 of the recording paper 5. The 
recording paper 5 actually includes a conductive paper 
backing layer with the dielectric charge retentive layer 
formed thereon. In this manner, the very thin, i.e., 
4-micron thick, charge retentive layer can be adequately 
Supported. 
The recording paper 5 is pulled past the inking channel 

2 by means of a pair of friction drive wheels comprising 
an idler wheel 13 and motor driven drive wheel 4. The 
inking channel 2 comprises a hollow channel member 15, 
as of Lucite plastic. The bottom side wall of the channel 
15 is provided with a longitudinally directed slot 16, as 
of 0.250' wide, extending nearly the entire length of the 
channel 2 and nearly across the width of the recording 
paper 5, as of 4' to 11' wide. An input pipe 17 and an 
output pipe feed a stream of electrographic toner through 
the inking channel 2 from a reservoir of toner, not shown. 
The electrographic toner comprises a colloidal suspen 

sion of charged toner particles in an insulative liquid ve 
hicle. Although the toner particles may have either a posi 
tive or a negative charge they are positively charged in 
preferred embodiment. 

Also, in a preferred embodiment, the toner liquid in 
the inking channel 2 is at less than atmospheric pressure 
such that the paper 5 is pushed by atmospheric pressure 
up against the marginal edges of inking slot 16 sealing 
same against escape of liquid toner and assuring that the 
charge image is brought into intimate contact with the 
toner liquid within the channel 2, see FIG. 2. As the 
paper 5 is drawn past the inking slot 16, the positively 
charged toner particles are attracted out of suspension 
and electrostatically bound to the negative charge image 
3 to be developed on the charge retentive surface 4 of the 
recording paper 5. When relatively high concentrations 
of toner particles are used for high speed inking or de 
velopment as, for example, 15% to 30% by weight of the 
liquid toner, it is found that some of the positive toner 
particles are left on the non-charge bearing surfaces, i.e., 
background areas of the image to be developed. These 
particles produce an unwanted background "fog.” 

Referring now to FIG. 3, there is shown a clean-up 
electrode structure 21 for removing the unwanted back 
ground "fog.' The clean-up electrode structure 21 com 
prises an array of parallel directed slat-shaped elec 
trodes 22 which extend lengthwise of and across the ink 
ing slot 16 from one end to the other. The slat-shaped 
electrodes 22 are electrically connected together via lead 
23 which is connected to a source of negative voltage 24, 
as of -250 v., via a switch 25. A segment of the auxil 
iary plate-shaped electrode 12' is spring biased, as indi 
cated by the arrow 26, to force the plate into electrical 
contact with the conductive backing of the recording 
paper 5. Under these conditions, a series of intense elec 
tric fields are produced over the image bearing surface of 
the recording paper 5 within the inking slot 16, as more 
clearly shown in the detail of FIG. 4. These regions of 
intense electric field cause the positively charged toner 
particles which are not electrostatically bound to the 
charge image to be pulled from the background areas of 
the image and attracted to the clean-up electrodes 22. The 
clean-up electrode structure 22 is relatively open. As 
used herein "relatively open' means that the electrode 
structure 22 has a projected area on the image bearing 
surface being developed of less than 50% of the develop 
ment area of the slot 16, i.e., the area of the image bear 
ing surface exposed to the toner. The thin edge portions 
27 of the clean-up electrodes 22 are preferably slightly 
recessed, as by for example, 0.002', from the marginal 
edges 28 of the slot 16 to prevent the accumulation of 
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4. 
charged toner particles, on the electrodes 22 from being 
carried away by the paper 5 as it is pulled past the 
electrodes 22. 

In a typical example, the slat-shaped clean-up elec 
trodes 22 are 0.010' thick. The spacing between adjacent 
ones of the electrodes 22 should be sufficiently large as 
of, for example, 0.15' to permit an adequate flow of 
toner to the image bearing surface 4 of the recording 
paper 5. As can be readily appreciated, the trailing edge 
electrode 22' is the most efficient in that with the other 
electrodes additional background can be deposited after 
they have performed their cleaning function. Accord 
ingly, adequate performance is obtainable by use of only 
the trailing clean-up electrode 22. A particularly ad 
vantageous electrode arrangement employs only a lead 
ing edge electrode 22' and the trailing edge electrode 22. 

In operation, the clean-up potential is preferably ap 
plied only during development of charge images in order 
to prevent building up excessive accumulations of charged 
toner particles on the clean-up electrodes 22. Accord 
ingly, the switch 25 may be switched to a grounded posi 
tion 31 during non-development times to prevent such 
accumulations and to permit previously accumulated 
toner particles to be dispersed from the electrodes 22. 
Alternatively, the potential applied to the second position 
-of the switch 25 may be positive to help drive off the ac 
cumulated particles. In a continuously operating devel 
oper 2, the switch 25 may be switched to position 31 pe 
riodically. The switching cycle may be determined by a 
timer, not shown, or by a device such as a cam carried 
on or geared to the paper pulling friction drive wheels 13 
and 14. 

Referring now to FIG. 5, there is shown an alternative 
clean-up electrode structure 32. In this case, the apparatus 
is essentially identical to that of FIG. 4 except that the 
clean-up electrodes 22 are replaced by a grid of conduc 
tive wires 33 parallel to the longitudinal axis of the chan 
nel 2. A few support wires may be employed traversing 
the slot 16 which wires are preferably not parallel to the 
direction of motion of the recording paper 5. The grid 33 
is relatively open and the unwanted background toner 
particles are pulled from the paper 5 to the grid which 
is affixed over the mouth of the inking slot 16. 

Although the inker 2 with the clean-up electrode struc 
ture of the present invention has been described as em 
ployed in conjunction with an electrographic strip chart 
recorder 1, it may be employed to advantage in any elec 
trogrophic device, such as for example, a microfilm 
printer, oscilloscope camera or the like, where it is desired 
to prevent unwanted background "fog” on the developed 
images. 

Since many changes could be made in the above con 
struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative 
and not in a limiting sense. 
What is claimed is: 
1. In an electrographic apparatus, means for depositing 

an electric charge image to be developed on a charge 
retentive surface of a recording medium, a hollow elon 
gated development channel member directed across the 
image bearing surface of the recording medium and hav 
ing an apertured side adjacent the image bearing surface 
of the recording medium for applying a suspension of 
charged toner particles in a fluid medium to the charge 
image on the recording medium thereby developing same, 
said channel member defining a development area wherein 
the charge image is contacted by the fluid toner, said 
apertured side of said channel forming a fluid passageway 
through which the toner particles flow from said channel 
to the charge image to be developed, means for supplying 
the fluid toner to the hollow interior of said channel mem 
ber, a clean-up electrode structure having portions dis 

  



5 
posed immediately adjacent the development area of the 
image bearing surface of the recording medium, said 
immediately adjacent clean-up electrode structure having 
a projected area on the development area of less than 
50% of the development area, means for applying an 
electrical potential to said clean-up electrode structure of 
such a magnitude to produce an electric field for pulling 
the charged toner particles from the backgroundsurface 
of the recording medium where the toner particles are not 
electrostatically bound to the charge image to be devel 
oped, said clean-up electrode structure including a slat 
shaped electrode turned on its edge such that the thin 
marginal edge portion of the electrode faces the charge 
image bearing surface of the recording medium to 
produce a relatively intense clean-up electric field. the 
improvement comprising, means for causing said record 
ing medium to pass said apertured side wall of said chan 
nel member to define leading and trailing marginal side 
edges of said apertured side wall of said channel member, 
said side edges of said channel being spaced apart in the 
direction of movement of said recording medium past 
said channel with said trailing edge being spaced from 
a leading edge in the direction of movement of said 
medium, and said clean-up electrode structure including 
a slat-shaped clean-up electrode disposed at said trailing 
marginal edge of said channel member. . 

2. The apparatus of claim 1 wherein said liquid toner 
is supplied to said hollow channel at less than atmos 
pheric pressure, and wherein the recording medium is a 
Web which is pushed by atmospheric pressure against the 
marginal edges of the apertured side wall of said hollow 
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channel thereby sealing same against escape of liquid 
toner. 

3. The apparatus of claim 1 wherein said clean-up 
electrode structure includes a plurality of elongated elec 
trically conductive slat-shaped members disposed across 
the fluid passageway in the apertured side wall of said 
channel, said elongated , conductive members being di 
rected in the direction of the longitudinal axis of said 
channel member and across said recording web. 

4. The apparatus of claim 1 wherein said recording 
medium includes a conductive backing portion and a 
dielectric charge retentive surface, and wherein said means 
for supplying the liquid suspension of toner supplies a 
positively charged colloidal suspension of such toner 
particles, and wherein said means for applying an elec 
trical potential to said clean-up electrode structure sup 
plies a potential to a portion of said electrode structure 
disposed on the developed side of said charge image which 
is negative relative to the potential applied to the conduc 
tive backing portion of said recording medium. 
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