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57) ABSTRACT 

An electrostatic line printer incorporating a mul 
tilayered particle modulator comprising a layer of in 
sulating material, a continuous layer of conducting 
material on one side of the insulating layer and a seg 
mented layer of conducting material on the other side 
of the insulating layer. At least one row of apertures is 
formed through the multilayered particle modulator. 
Each segment of the segmented layer of conductive 
material is formed around a portion of an aperture 
and is insulatively isolated from every other segment 
of the segmented conductive layer. Selected potentials 
are applied to each of the segments of the segmented 
conductive layer while a fixed potential is applied to 
the continuous conductive layer. An overall applied 
field projects charged particles through the row of 
apertures of the particle modulator and the density of 
the particle stream is modulated according to the pat 
tern of potentials applied to the segments of the seg 
mented conductive layer. The modulated stream of 
charged particles impinge upon a print-receiving 
medium interposed in the modulated particle stream 
and translated relative to the particle modulator to 
provide line-by-line scan printing. 

22 Claims, 14 Drawing Figures 
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1. 

ELECTROSTATICLINE PRINTER 
This invention relates to a new and improved electro 

static line printer suitable for facsimile reproduction, 
copying, printing, computer output, and similar appli 
cations. 

It is an object of the present invention to provide a 
new and improved non-contact electrostatic line 
printer capable of producing continuous grey scale and 
capable of operating noiselessly at rates faster than 
mechanical printers. 
Another object of the invention is to provide a non 

contact electrostatic line printer suitable not only for 
facsimile reproduction, copying, and printing, but also 
as a computer output for computer readout and com 
puter graphics. . 

In order to accomplish these results the present in 
vention in its preferred embodiment contemplates 
providing a multilayered particle modulator comprising 
a layer of insulating material, a continuous layer of con 
ductive material coated on one side of the insulating 
layer, and a segmented layer of conductive material 
coated on the other side of the insulating layer. Each 
segment of the segmented conductive layer is insula 
tively isolated from each other segment in the layer. At 
least one row of apertures is formed through the mul 
tilayered modulator so that a segment of the segmented 
conductive layer surrounds each aperture, 
According to the invention, selected electrical 

potentials are applied to each of the segments of the 
segmented conductive layer according to the pattern of 
lines to be reproduced, while a fixed potential is ap 
plied to the continuous conductive layer. An overall 
electrical field is established between electrodes for 
projecting charged particles from a particle source 
through the apertures of the particle modulator, and 
the density of the particle stream is modulated accord 
ing to the pattern of potentials applied to the segments 
of the segmented conductive layer. A print-receiving 
medium is interposed in the modulated particle stream 
and translated relative to the particle modulator for 
continuous or sequential line-by-line or line scanning 
reproduction as a function of the potentials applied to 
the segments of the segmented conductive layer on the 
particle modulator. 
According to one aspect of the invention, electric 

potentials are applied to each of the segments of the 
segmented conductive layer along a plurality of electri 
cal lead wires connected respectively to the segments 
and controlled, for example, by logic circuitry for com 
puter print-out or computer graphics. 
According to another embodiment of the invention, 

each segment of the segmented conductive layer is con 
nected by means of an electrical lead through a 
photoconductor element to ground potential, or to 
some other fixed potential. At the same time an electri 
cal power supply is connected to each segment through 
a resistance. Thus, the electrical potential applied to 
each segment is a function of and proportional to the 
light falling on the photoconductor connected in the 
electrical circuit with the conductive segment. In this 
manner, an image to be reproduced can be scanned 
line-by-line along the row of photoconductors or, each 
of the apertures and corresponding photoconductors 
can be individually addressed by, for example, fibers 
optics. Such arrangements permit image intensity to be 
effective at one line or field of location and, simultane 
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15 

2 
ously therewith, projection or printing may take place 
at a different location, even remote from the exposure 
or intensity determining station. This feature enables 
reduction or enlargement of printing areas compared 
to image areas. 
The multilayered particle modulator contemplated 

by the present invention selectively regulates and 
modulates the flow of toner particles through the aper 
tures by means of fringing blocking and enhancing 
electrical fields established within the apertures of the 
particle modulator. In this respect, the invention incor 
porates to its unique combination techniques disclosed 
in the electrostatic printing systems and methods set 
forth in United States patent applications Ser. Nos. . 
673,499, now U.S. Pat. No. 3,625,604, and 776,146, 
assigned to the assignee of the present case. According 
to these disclosures there is provided a multilayered 
apertured screen including in at least certain embodi 
ments a conductive layer and an insulative layer on 
which an electrostatic latent image is formed for modu 
lating the flow of charged toner particles or other print 
ing particles through the apertures of the screen. The 
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screen, comprising preferably at least an insulative 
layer and a conductive layer, permits the development 
of a double layer charge on the opposite sides of the in 
sulative layer for selectively producing fringing 
blocking and enhancing fields (negative through Zero 
to positive) within the apertures of the screen. Thus, 
the double layer charge can be selectively developed to 
substantially completely block the passage of charged 
particles through certain apertures, enhance and ac 
celerate the passage of charged particles through other 
apertures, and control the density of the particle stream 
through other apertures along a continuous range in 
between, thus providing a modulated flow of toner par 
ticles corresponding with the image to be reproduced. 
The modulated stream of toner particles or other 
charged particles is transferred by means of an overall 
applied electrostatic projection field across an air gap 
to a print-receiving medium. The image may thereafter 
be fixed according to known techniques. 
The present invention differs from the subject matter 

of these patent applications in that an electrostatic 
latent image is not established on a screen. The present 
invention contemplates an electrostatic line printer in 
which selected fields are individually established within 
the apertures of one or more rows of apertures in a 
multilayered particle modulator as heretofore 
described. The invention thus contemplates sequential 
or continuous line-by-line printing or printing by line 
scanning utilizing selected potentials applied directly to 
conductive segments surrounding a row of apertures in 
the particle modulator. An electrostatic latent image is 
not formed on the modulator. Rather fringing blocking 
and enhancing fields within the apertures are 
established between the continuous conductive layer 
and the segmented conductive layer at each side of the 
apertures. 

In operating the electrostatic line printer, selected 
potentials are applied to the segments surrounding the 
row of apertures in a pattern according to the lines to 
be printed. At the same time, the continuous conduc 
tive layer on the opposite side of the particle modulator 
is maintained at a substantially fixed potential. The 
consequent double layer charge establishes fringing 
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fields within the apertures of the particle modulator. 
This double layer charge can be used to provide not 
only blocking fields at the apertures of the modulator 
but also enhancing fields to actively project particles 
through the aperture. By means of enhancing fields as 
well as blocking fields, the quality and control of con 
tinuous tone grey scale non-contact printing is in 
creased. The enhancing field electrically enlarges the 
apertures beyond their physical dimension by fun 
nelling particles through each aperture with an enhanc 
ing field in a stream, which expands in cross section on 
the output side of the modulator. Enhancing fields are 
generated by establishing within an aperture, fields of 
direction and polarity opposite that of the fields within 
a blocking aperture. White to gray to black printing is 
therefore possible by varying the electrical potential 
applied to the conductive segments from negative to 
positive with respect to the fixed potential applied to 
the continuous conductive layer, and vice versa ac 
cording to the charge of the particles. Positive or nega 
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tive printing can be accomplished by reversing the ap 
plied voltages. An overall electrical field is applied 
between electrodes for propulsion of charged particles 
through the apertures of the particle modulator and the 
overall applied field is adjusted so that it is insufficient 
to overcome fringing electrical fields established within 
apertures intended to completely block the flow of 
charged particles. In this respect, the thickness of the 
insulating layer and the diameter of the apertures are 
selected to provide a satisfactory thickness to diameter 
ratio to produce a substantially completely blocking 
field within the aperture. The conductive layers serve 
the additional purpose of shielding the fields 
established within apertures and tend to dissipate the 
charge of particles deposited on the conductor portion 
of the particle modulator. 
A feature and advantage of the present invention is 

that continuous and sequential non-contact line print 
ing can be accomplished by projecting ink particles 
such as toner particles or aerosols directly through the 
particle modulator onto a print receiving medium con 
tinuously translated relative to the particle modulator. 
Thus, printing on irregular surfaces is possible. 
Another feature of the invention, however, is that in 

stead of directly passing ink or toner particles through 
the particle modulator, a stream of charged particles 
such as ions can first be modulated by the apertures in 
accordance with the pattern to be reproduced for 
impingement upon the print receiving medium to 
establish an electrostatic latent image which can 
thereafter be dusted and developed according to 
known techniques. According to this aspect of the in 
vention, a plurality of corona discharge points are 
aligned in a row with the apertures of the particle 
modulator, or, a corona wire can be aligned with the 
row of apertures to generate a stream of ions projected 
by an overall applied electrical field through the aper 
tures for density modulation in accordance with a pat 
tern to be reproduced. In this embodiment of the inven 
tion, the print receiving medium must include a dielec 
tric or insulator layer capable of supporting the electro 
static latent image created by the modulated stream of 
ions. The image is then developed by dry or liquid elec 
trostatic toner methods which are well known. An ad 
vantage of the user of ions for image formation rather 

25 

4. 
than the direct use of ink particles is that it eliminates 
the problem of toner accumulation upon the particle 
modulator. 
Other objects, features and advantages of the present 

invention will become apparent in the following specifi 
cation and accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a fragmentary plan view of a particle modu 

lator embodying the present invention; 
FIG. 2 is a side cross-sectional view in the direction 

of the arrows on line 2-2 of the particle modulator ill 
lustrated in FIG.1; 

FIG. 3 is a diagrammatic presentation of the electro 
static line printer; 

FIG. 4A is a diagrammatic presentation of another 
electrostatic line printer utilizing corona discharge 
points; 

FIG. 4B is a plan view of the particle modulator 
showing the position of the corona points; 

FIG. 5A is a diagrammatic presentation of another 
electrostatic line printer utilizing a corona discharge 
wire; 
- FIG. SB is a plan view of the particle modulator 
showing the positioning of the corona wire; 
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FIG. 6 is a diagrammatic plan view of an optically ad 
dressable particle modulator for electrostatic line print 
ling; 

FIG. 7 is a diagrammatic plan view illustrating the 
layout of another particle modulator using parallel off 
set rows of apertures to provide full coverage; 

FIG. 8 is a diagrammatic plan view of a particle 
modulator formed with an elongate slot. 
FIGS. 9 and 9A are perspective views respectively of 

particle modulators using electrode rings or rims for 
controlling the stream of particles through a row of 
holes; and 
FIGS. 10 and 11 are diagrammatic views respectively 

of two different optically addressable particle modula 
tors. 
The multilayered particle modulator 10 illustrated in 

FIGS. 1 and 2 consists of a central insulative layer 11 
made from a dielectric material such as plastic, ceram 
ic, or glass. Coated on one side of the insulative layer 
11 is a continuous conductive layer 12 consisting of a 
thin layer of metal or other good conductor. Coated on 
the opposite side of insulative layer 11 is a segmented 
conductive layer 14 consisting of a plurality of insula 
tively isolated conductive segments also referred to by 
the numeral 14. A row of apertures or holes 15 is 
formed through the multilayered modulator 10 and the 
apertures and conductive layer segments 14 are formed 
so that a conductive segment 14 surrounds each aper 
ture 15. To reduce arcing between conductive seg 
ments, the dielectric material of the insulative layer can 
be projected between the segments, or a layer of insu 
lating material can be formed over the entire seg 
mented layer of conductive material lining the in 
terstices 16 between segments. 
For general application in facsimile reproduction, 

copying, printing and computer readout, a resolution of 
as low as 50 to 70 lines per inch thereby requiring 50 to 
70 apertures per inch in the particle modulator may be 
acceptable. In forming a particular modulator of this 
resolution, the multilayered screen can first be formed 
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by lamination or deposition and the apertures 
thereafter mechanically drilled. For higher resolutions 
requiring as much as 500 or 1,000 lines per inch and 
greater, thin film etching techniques and laser burning 
techniques can be used in forming the multilayered 
apertured particle modulator. An aperture diameter in 
the range of 1 to 15 mils with a thickness for the insula 
tive layer of approximately one-half to two times the 
aperture diameter has been found satisfactory. The 
thickness of the thin films is not critical. At these 
dimensions, a few hundred volts potential between the 
conductive layers is sufficient to establish the fringing 
blocking and enhancing fields necessary for modulating 
a flow of particles through the apertures. As a general 
rule, the larger the aperture, the greater the potential 
required. Thus, an aperture having a diameter of 1 mil 
may require approximately a 50 volt differential 
between the continuous and segmented conducting 
layers while a 10 mil diameter hole may require ap 
proximately 300 volts difference for establishing 
satisfactory fringing blocking and enhancing fields. In 
each of these examples, an overall applied electrical 
field for propelling the charged particles through the 
modulator of approximately for example 5,000 volts 
per inch is contemplated. When using ink particles 
directly, whether dry or liquid, a particle size of ap 
proximately one-eighth the aperture diameter is desira 
ble but satisfactory results are achieved over a wide 
range of particle size. 
The electrostatic line printing system utilizing the 

particle modulator illustrated in FIGS. 1 and 2 is set 
forth diagrammatically in FIG. 3. According to this 
system, an elongate toner supply 20 provides charged 
toner particles according to well known techniques and 
an overall electrical field is applied between the toner 
supply 20 and a back electrode 21, having a polarity 
suitable for projecting charged toner particles in the 
direction of the electrode 21. Interposed in the path of 
the toner stream is a particle modulator 10 as described 
above with reference to FIGS. 1 and 2. A plurality of 
lead wires 22 in number equal to the number of seg 
ments in the segmented conductive layer 14 are con 
nected respectively to each of the segments 14 of the 
segmented layer. A single lead wire 23 is connected to 
the continuous conductive layer 12 for applying a fixed 
potential such as, for example, a ground potential to 
the conductive layer 12. The plurality of leads 22 are 
connected to the addressing source which may be, for 
example, logic switching circuitry for providing com 
puter readout or computer graphic print-out. 
The elongate toner supply 20 has a length commen 

surate with the length of the particle modulator and the 
lines to be printed. Charged particles emitting from the 
slit opening 24 in the toner supply 20 are accelerated in 

10 techniques. 

6 
ments 14 along the row of apertures in the particle 
modulator by means of the lead wires 22 at a rate cor 
related with the speed of relative translation of print 
medium 25 so that density modulated linear arrays of 
toner particles are applied continuously or sequentially 
to the print-receiving medium according to the lines to 
be printed. The toner particles which impinge and rest 
upon the print medium 25 are thereafter fixed as, for 
example, by heating according to well-known 

Addressing of the apertures 15 of the particle modu 
lator by means of the lead wire 22 can be accomplished 

15 

by direct parallel connection to a "line at a time" out 
put device, or sequential addressing may be accom 
plished by attaching each lead wire to a tapped delay 
line, thus permitting a single source continuous input 
that produces a television-like image as the receiving 
substrate or print medium 25 is translated relative to 
the particle modulator. Alternatively, a ring or sleeve 
(with lead affixed) may bound a portion of each aper 
ture internally or externally to comprise the segments, 
thereby permitting even closer spacing of apertures. 

. Further, the apertures may comprise ring capped insu 
25 
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the direction of electrode 21. The linear stream of par 
ticles is density modulated upon passage through the 
row of holes 15 formed in the particle modulator and 
the density modulated stream thereafter continues in 
the direction of electrode 21. Interposed in the path of 
the modulated stream of particles is a print-receiving 
medium 25 which is translated by apparatus not shown 
relative to the particle modulator in a longitudinal 
direction. Alternatively, the particle modulator can be 
translated relative to the pint-receiving medium. 
Selected electrical potentials are applied to the seg 

60 
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lative sleeves spaced in proximity in or on a conductive 
plate, mesh or matrix because it is the sandwiched insu 
lator construction which enables the double layer 
charge to be established in selected magnitudes and 
polarities, in turn to produce the fringingfields. 

Instead of directly modulating a stream of inked par 
ticles, whether dry or liquid, the particle modulator can 
be utilized to modulate a stream of ions for impinge 
ment on a dielectric print-receiving medium or a sub 
strate having an insulative layer capable of supporting 
an electrostatic latent image. As shown in FIGS. 4A 
and 4B, a row of corona discharge points 30 is aligned 
with the particle modulator so that each corona 
discharge point 30 is aligned with an aperture 15 of the 
particle modulator 10. An overall applied field between 
the corona discharge point 30 and electrode 31 
generates an ion stream in the direction of electrode 31 
which is modulated according to the potentials applied 
to the segments of the segmented conductive layer of 
the particle modulator as heretofore described. The 
modulated ion stream continues in the direction of 
electrode 31 and impinges upon a printing medium or 
substrate 32 translated relative to the particle stream. 
The print medium or substrate 32 must be a dielectric 
material or include a dielectric layer upon which the 
ions may impinge to establish an electrostatic latent 
image. The line-by-line electrostatic latent images 
established on a print medium 32 are thereafter 
developed by dusting or other known techniques and 
fixed. The electrostatic line printer system illustrated in 
FIGS. 5A and 5B is similar except that a corona 
discharge wire 35 is substituted for the row of corona 
points 30. Advantages of the use of ions as the image 
forming particles are that it affords simplicity of con 
struction and eliminates the problem of toner accumu 
lation on the particle modulator. Other aspects of elec 
trostatic printing by means of modulating an ion stream 
are set forth in United States patent applications Ser. 
Nos. 709,578 and 709,660, both assigned to the as 
signee of the present case. 
For printing on non-dielectric materials, for printing 

on irregular surfaces, and for multiple overprinting 
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without intermediate fixing and drying, direct marking 
toners such as dry powder toners or aerosols are used. 
The multilayered apertured particle modulator is ad 

dressed optically by the arrangement illustrated in FIG. 
6. According to this arrangement, each of the conduc 
tive segments 14 of the segmented conductive layer of 
particle modulator 10 is connected by an electrical lead 
through a photoconductor cell 40 to a ground potential 
41 or other fixed potential as hereinafter described. At 
the same time, an electrical power supply is connected 
by way of lead 42 through resistances 43 to each of the 
segments 14 of the segmented conductive layer. 
The photoconductor cells 40 can be addressed by 

sweeping an image continuously across the row of 
photoconductor cells or sweeping an image line-by-line 
across the row photoconductor cells. Sequential 
scanning by a single modulated light source along the 
row of photoconductors can also be used. In any of 
these examples the image or light source can be swept 
relative to the modulator, or the modulator can be 
moved relative to the image or light source. As another 
example, fiber optic tubes can be used to individually 
address each photoconductor cells 40. The electrical 
potential applied to a particular segment is thus a func 
tion of and proportional to the light falling on the 
photoconductor associated with the segment. Other ar 
rangements optically responsive for applying selected 
potentials to the segments can also be used. 

. In order to provide within the apertures 15 of the 

8 
shown therein consisting of a layer of insulating materi 
al and a continuous conductive layer coated on one 
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30 
particle modulator 10, fringing enhancing fields for ac- . 
celerating and broadening the stream of particles 
passing through the apertures in addition to fringing 
blocking fields for preventing the passage of particles 
therethrough, fields of opposite direction and polarity 
must be established within the apertures. In order to ac 
complish this in the electrostatic line printing system il 
lustrated in FIG. 3, the continuous conductive layer 12 
can be maintained at ground potential while electrical 
potentials varying from negative to positive are applied 
to the lead wires 22 depending upon whether blocking 
or enhancing fields are required. In addition, the con 
tinuous conductive layer 12 can be maintained at a 
fixed potential other than a zero potential and the elec 
trical potential supplied by lead wires 22 to the conduc 
tive segments of the segmented conductive layer varied 
on either side of the potential at the conductive layer 
12. In order to provide both blocking and enhancing 
fields for the optically addressable particle modulator 
illustrated in FIG. 6, the lead wire 41 from the 
photoconductor cells 40 is connected to an electrical 
potential of polarity opposite the voltage source ap 
plied to lead 42. As another example the potential ap 
plied to the continuous conductive layer can be ad 
justed. By this expedient, both the direction of polarity 
and the strength of the field can be varied according to 
the lightfalling upon the photoconductor elements 40. 
Reversal of polarity and field direction with the aper 
tures permits switching from positive to negative print 
ing and vice versa. 

In order to provide closer spacing of the apertures of 
the particle modulator for accomplishing better control 
of full marking coverage, a pair of rows of apertures 
can be provided in the multilayered particle modulator, 
offset with respect to each other as illustrated in FIG.7. 
A fragmentary portion of a particle modulator 50 is 
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side thereof as heretofore described. On the opposite 
side of the insulator layer from the continuous conduc 
tive layer, two rows of conductive segments 51 and 52 
are provided forming a segmented conductive layer. 
The two rows of segments 51 and 52 correspond to two 
rows of apertures 53 and 54 formed through the mul 
tilayered particle modulator. Each of these segments 
51 and 52 is insulatively isolated from every other seg 
ment. Furthermore, each of the segments 51 is formed 
around an aperture 53 while each of the segments 52 is 
formed around an aperture 54. The rows of aperture 53 
and 54 are formed 180 at a phase so that the edges of 
one hole 53 coincide with or overlap the edges of the 
nearest holes 54. By means of the offset rows of aper 
tures 53 and 54, complete coverage of the area behind 
the particle modulator and control of printing on the 
printing medium or substrate translating relative to the 
particle modulator is provided. 
The multilayered particle modulator contemplated 

by the present invention can be embodied in forms 
other than the examples set forth above. Thus, the con 
ductive layers on either side of the insulating layer can 
both be segmented with selected potentials as a func 
tion of material to be printed applied to the segments of 
the segmented layer on one side and generally fixed 
potentials applied to the segmented layer on the other 
side. And, each segment need not necessarily surround 
an aperture but can partially surround an aperture or 
beformed in separate parts which abut against opposite 
edges of an aperture. 
As another example, illustrated in FIG. 8, instead of 

a row of apertures, an elongate opening or slot 60 can 
be formed through the multilayered particle modulator 
61 for passage of particles therethrough. At least one of 
the conductive layers on one side of the modulator is 
segmented with parts of each segment 62 abutting 
against opposite edges of the slot in rows along the slot 
for establishing a plurality of separately controllable 
electrical fields within the slot. As in the previous ex 
ample, a generally fixed potential is applied to the con 
ductive layer on the other side of the particle modula 
tor while selected potentials as a function of an image 
to be reproduced are applied to the rows of conductive 
segments 62 along the slot. By this construction, a row 
or linear array of separately controllable electrical 
fields can be established within the slot for modulating 
a linear stream of charged particles passing through the 
elongate opening. The conductive layer on both sides 
of the particle modulator can be segmented in rows 
along the slot, or one layer can be segmented and the 
other continuous. 

FIG. 9 shows a particle modulator 70 formed of a 
layer 71 of insulative material and a layer 72 of conduc 
tive material such as a metal layer formed on one side 
thereof. A row of holes 73 is formed through the layers 
71 and 72 by, for example, drilling. Within each hole 
73 is fitted in insulating sleeve 74 which extends 
through the hole with a rim 75 of metal or other con 
ductive material retained at one end of the sleeve 74 
against the insulative layer 71 of the particle modula 
tor. An electrical lead 76 is connected to each conduc 
tive rim or ring 75. Selective potentials can be applied 
to each of the rims 75 along the row of holes 73 in the 
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particle modulator while a ground or common poten 
tial is applied to the metal layer 72 for selectively 
modulating a stream of toner particles passing through 
the row of holes 73. Positive and negative printing can 
be accomplished by varying the potentials applied to 
each of the metal rims 75 from plus to minus with 
reference to the common potential applied to metal 
layer 70. 

In the modulator shown in FIG.9A, each insulating 
sleeve 74 with the rim 75 of metal or other conductive 
material affixed at one end is attached at its other end 
to a metal plate 77 having a row of holes 78 formed 
therethrough. Each insulative sleeve 74 is affixed over 
a hole 78 to form an aperture through which toner 
passes. A stream of toner particles is modulated by the 
application of selected potentials at lead wires 76 at 
tached to the conductive rims or rings 75 while a com 
mon or ground potential is applied to the metal plate 
77. 
The embodiment of the invention illustrated in FIG. 

10 is similar to that shown in FIG. 6 providing aparticle 
modulator 80 having an insulative layer 81 with a row 
of holes 82 formed therethrough. On one side of insula 
tive layer 81 each of the holes 82 is surrounded by a 
conductive segment 38 insulatively isolated from each 
of the other segments 83, and each of the segments 83 
is connected to a photoconductive element 84. In the 
modulator 80 of FIG. 10, however, each of the seg 
ments 83 is connected through a photoconductive ele 
ment 84 to a voltage supply line 85. Each of the 
photoconductive elements 84 functions as a resistance 
in series with the voltage source to thereby supply a 
selected potential to each of the segments as a function 
of the light falling on the respective photoconductive 
elements 84. A common or ground potential is applied 
to a layer of metal or other conductive material on the 
opposite side of the insulative layer 81. 
Another optically controlled particle modulator 90, 

which permits positive to negative printing is illustrated 
in FIG. 11. As in the previous examples, the modulator 
90 consists of an insulative layer 91 having formed 
therethrough a row of holes 92, each hole surrounded 
on one side of the insulative layer 91 with a segment 93 
of metal or other conductive material insulatively iso 
lated from every other segment 93. In this embodiment, 
however, each of the segments 93 is connected through 
a first photoconductive element 94 to a first voltage 
supply line 95 and a second photoconductive element 
96 to a second voltage supply line 97. The photocon 
ductive elements 94 and 96 connected to each segment 
93 are optically isolated from each other by light baf 
fles 98. The opposite side of insulative layer 91 is 
coated with a layer of metal or other conductive 
material to which is applied a common or ground 
potential. Voltage supply line 95 can be connected to a 
voltage source which is, for example, positive with 
respect to the common potential, while voltage supply 
line 97 can be connected to a voltage source which is 
negative relative to the common potential applied to 
the metal layer on the opposite side of the insulative 
layer 91. A blocking field or an enhancing field can be 
established within each of the apertures 92 depending 
upon whether light is incident upon photoconductive 
element 94 or 96 corresponding to each respective seg 
ment 93. Thus, both strength and polarity of the fields 
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10 
established within apertures 92 are optically controlla 
ble. 
As used herein and in the following claims the phrase 

"formed around' with reference to the conductive 
layers is intended to include the configurations of sur 
rounding, partially surrounding, and abutting against 
portions of the edge of the aperture or other opening in 
the particle modulator. Furthermore, the phrases"rela 
tive translation" and "translating ... relative to" is in 
tended to include both translation of the print receiving 
medium relative to the particle modulator and vice ver 
S. 
What is claimed is: 
1. An electrostatic printer comprising: 
a multilayered particle flow modulator comprising a 

layer of insulating material, a first layer of conduc 
tive material on one side of said insulative layer 
and a segmented second layer of conductive 
material coated on the other side of said insulative 
layer, each segment of the segmented conductive 
layer being isolated from each other segment, said 
multilayered modulator having at least one row of 
apertures therethrough, a segment of the seg 
mented conductive layer being disposed around 
each aperture; 

means for selectively applying electric potentials 
between said segments of the segmented layer of 
conductive material on the one side of the insula 
tive layer and the first layer of conductive material 
on the other side; 

means for projecting charged particles through the 
particle modulator apertures whereby flow of par 
ticles therethrough is modulated according to the 
potentials applied between the segments of the 
segmented conductive layer and the first layer of 
conductive material; 

and means for positioning a print-receiving medium 
in the path of flow of particles and for providing 
relative translation between said print-receiving 
medium and the particle modulator. 

2. An electrostatic printer as set forth in claim 1 
wherein the means for selectively applying comprises a 
plurality of leads respectively connected to the seg 
ments and further comprising a plurality of photocon 
ductor cell means whereby the potential at each seg 
ment of the segmented layer is a function of the light 
falling on the photoconductor cell corresponding to the 
respective segment. 

3. An electrostatic line printer comprising: 
a multilayered particle flow modulator comprising a 

layer of insulating material, a continuous layer of 
conductive material coated on one side of said in 
sulative layer and a segmented layer of conductive 
material coated on the other side of said insulative 
layer, each segment of the segmented conductive 
layer being insulatively isolated from each other 
segment, said multilayered modulator having at 
least one row of apertures formed therethrough, a 
segment of the segmented conductive layer being 
formed around a portion of each aperture; 

means for applying electric potentials between each 
of said segments of the segmented layer of conduc 
tive material and the continuous layer of conduc 
tive material whereby a plurality of potential dif 
ferences of selected magnitude and orientation are 
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established in the apertures of the particle modula 
tor between the segments of the segmented layer 
and the continuous layer; 

means for projecting charged particles through the 
particle modulator apertures whereby the density 
of the particle stream is modulated according to 
the pattern of potentials applied to the segments of 
the segmented conductive layer; 

and means for positioning a print-receiving medium 
in the modulated particle stream. 

4. An electrostatic line printer comprising: 
a multilayered particle flow modulator comprising a 

layer of insulating material, a first layer of conduc 
tive material coated on one side of said insulating 
layer, said layers having at least one row or aper 
tures formed therethrough, and a segmented 
second layer of conductive material coated on the 
other side of said insulating layer, each segment of 
said second conductive layer formed around an 
aperture through the modulator, each segment 
being non-continguous with any other segment; 

means for applying selected potentials individually to 
each of said segments of the segmented second 
conductive layer on the one side of the particle 
modulator and means for establishing a substan 
tially fixed potential at the first layer of conductive 
material on the other side of the particle modula 
tor whereby electric fields of selected magnitude 
and orientation are established within the aper 
tures between the segments of the segmented layer 
and the first conductive layer, 

means for projecting charged particles through 
selected apertures of the particle modulator ac 
cording to the pattern of potential differences ap 
plied between said segments of the segmented con 
ductive layer and the first conductive layer; 

and means for positioning a print-receiving medium 
in the particle stream passing through the particle 
modulator, and further means for translating said 
print-receiving medium relative to the particle 
modulator. 

5. an electrostatic line printer as set forth in claim 4 
wherein said means for applying selected potentials in 
dividually to each of the segments of the segmented 
second conductive layer comprises a plurality of 
photoconductor elements, one corresponding to each 
segment, a plurality of electrical lead means connecting 
each segment through a photoconductor element to 
ground potential, electrical power supply means and 
resistance means connected through the power supply 
means and each said segment. 

6. An electrostatic line printer as set forth in claim 4 
wherein said means for applying selected potentials in 
dividually to each of the segments of the segmented 
second conductive layer comprises a plurality of elec 
trical lead wires connected respectively to the segments 
for applying potentials respectively thereto and a single 
electrical lead wire connected to the first layer of con 
ducting material for applying a fixed potential thereto. 

7. An electrostatic line printer as set forth in claim 6 
further comprising a plurality of photoconductor cell 
means each of said segments of said second conductive 
layer being connected through a separate one of said 
photoconductor cell means to ground potential, a plu 
rality of resistance means, and each of said plurality of 
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2 
lead wires being connected through a separate one of . 
said resistance means to electrical power supply means. 

8. An electrostatic line printer as set forth in claim 4 
wherein said means for projecting charged particles 
through the particle modulator comprises a particle 
source forming a first electrode on one side of the parti 
cle modulator, and a second electrode in circuit 
therewith via a power source and at a polarity opposite 
the first electrode on the other side of and spaced from 
said particle modulator. 

9. A multilayered particle modulator comprising a 
layer of insulating material, a first layer of conducting 
material on one side of said insulating layer, said layers 
having at least one row of apertures therethrough and a 
segmented second layer of conducting material on the 
other side of said insulating layer, each segment of said 
second conductive layer disposed around at least a por 
tion of an aperture through the modulator and being 
non-contiguous with any other segment, and means for 
applying selected potentials individually between to 
each of said segments of the segmented second conduc 
tive layer of the particle modulator and the first layer of 
conducting material whereby electric fields of selected 
magnitude and orientation are established within the 
modulator apertures. 

10. A multilayered particle modulator as set forth in 
claim 9 further comprising photoconductor cell means, 
and separate circuits, each of the segments of the seg 
mented layer of conductive material being connected 
in a separate circuit with photoconductor cell means 
whereby the potential at each segment of the seg 
mented layer is a function of the light falling on the 
photoconductor cell corresponding to the respective 
segment. 

11. A multilayered particle modulator comprising a 
layer of insulating material, a continuous layer of con 
ductive material coated on one side of said insulative 
layer and a segmented layer of conductive material 
coated on the other side of said insulative layer, each 
segment of the segmented conductive layer being insu 
latively isolated from each other segment, said mul 
tilayered modulator having at least one row of aper 
tures formed therethrough, a segment of the segmented 
conductive layer being formed around each aperture 
and 
means for applying electric potentials between each 
of said segments of the segmented layer of conduc 
tive material and the continuous layer whereby 
electric fields of selected magnitude and orienta 
tion are established within the aperture of the 
modulator between the segment of the segmented 
layer and the continuous layer. 

12. A multilayered particle modulator as set forth in 
claim 11 wherein is provided means for optically vary- . . 
ing the potentials applied to the segments of the seg 
mented conductive layer. 

13. An electrostatic line printer comprising: 
a multilayered particle modulator comprising an in 

sulative layer having at least one opening forming 
an elongate line for passage of particles 
therethrough and layers of conductive material 
coated on each side of the insulative layer along 
said line at least one conductive layer segmented 
into insulatively isolated segments for establishing 
a plurality of separately controllable electrical 
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fields within said at least one opening for modulat 
ing a stream of charged particles passing through 
said opening; 

means for applying electric potentials between each 
of said segments of the segmented layer of conduc 
tive material on the one side of the modulator and 
the layer of conductive material on the other side; 

means for projecting charged particles through the 
particle modulator apertures whereby the density 
of the particle stream is modulated according to 
the pattern of potentials applied between the seg 
ments of the segmented conductive layer on the 
one side of the insulative layer and the conductive 
layer on the other side; 

and means for positioning a print-receiving medium 
in the modulated particle stream, and for provid 
ing relative translation between said print-receiv 
ing medium and the particle modulator. 

14. An electrostatic line printer comprising: 
a multilayered particle modulator comprising an in 

sulative layer and conductive layers coated on 
each side of the insulative layer, said modulator 
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having an elongate opening forming a line for . 
passage of particles therethrough, at least one of 
the conductive layers on one side of the modulator 
segmented with parts of each segment abutting 
against opposite edges of the elongate opening in 
rows along the opening for establishing a plurality 
of separately controllable electrical fields within 
the opening; 

means for applying electric potentials between each 
of said segments of the segmented layer of conduc 
tive material on one side of the modulator and the 
conductive layer on the other side; 

means for projecting charged particles through the 
particle modulator apertures whereby the density 
of the particle stream is modulated according to 
the pattern of potentials applied between the seg 
ments of the segmented conductive layer on the 
one side of the modulator and the conductive layer 
on the other side; 

and means for positioning a print receiving medium. 
in the modulated particle stream, and for provid 
ing relative translation between said print receiv 
ing medium and the particle modulator. 

15. A multilayered particle modulator comprising: 
an insulative layer having at least one opening form 

ing an elongate line for passage of particles 
therethrough and layers of conductive material 
coated on each side of the insulative layer along 
said line at least one conductive layer. segmented 
into insulatively isolated segments for establishing 
a plurality of separately controllable electrical 
fields within said at least one opening between the 
segmented conductive layer on the one side of the 
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modulator and the conductive layer on the other 
side for modulating a stream of charged particles 
passing through said opening. 

16. A multilayered particle modulator as set forth in 
claim 15 wherein is provided means for applying elec 
tric potentials between each of the segments of the seg 
mented layer of conductive material on the one side of 
the modulator and the conductive layer on the other 
side and means for optically varying the potentials ap 
plify'Sigifparticle modulator comprising an 
insulative layer and conductive layers coated on each 
side of the insulative layer, said modulator having an 
elongate opening forming a line for passage of particles 
therethrough, at least one of the conductive layers on 
one side of the modulator segmented with parts of each 
segment abutting against opposite edges of the elongate 
opening in rows along the opening for establishing a 
plurality of separately controllable electrical fields 
within the opening between the segments of the seg 
mented layer on one side of the modulator and the con 
ductive layer on the other side. 

18. A multilayered particle modulator as set forth in 
claim 17 wherein is provided means for applying elec 
tric potentials between each of the segments of the seg 
mented layer of conductive material on the one side of . 
the modulator and the conductive layer on the other 
side and means for optically varying the potentials ap 
plied to said segments. 

19. An electrostatic printer comprising in combina 
tion, a particle flow modulator comprising spaced apart 
conductive means and insulative means spacing the 
conductive means defining an array of apertures each 
aperture bounded by said spaced apart conductive 
means, addressing means for individually and selective 
ly establishing fringingfields between said spaced apart 
conductive means in said apertures, means for project 
ing charged particles through apertures of the particle 
flow modulator whereby flow of particles therethrough 
is modulated in accordance with the magnitude and 
orientation of said fringing fields, and means establish 
ing relative movement between the particle modulator 
and a print-receiving medium for receiving the flow of 
particles through the modulator. 

20. The printer of claim 19 wherein one of the con 
ductive means comprises a plurality of separate con 
ductive segments each conductive segment disposed 
substantially around an aperture of the array defined by 
said spaced apart conductive means. 

21. The printer of claim 20 wherein the addressing 
means comprises individual leads connected to the seg 
mentS. 

22. The printer of claim 21 wherein the addressing 
means comprises a plurality of optically responsive re 
sistance devices connected respectively in said leads. 
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