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[57} ABSTRACT

An improved printing head for forming electrostatic
images on a dielectric surface by controlling the rela-
tive ion concentration in a gas stream moving through
a slot and directed upon said dielectric surface. Appli-
cation of an electric field across selected pairs of an
array of spaced electrodes in the slot enables the
stream to vary in ion concentration so as to cause the
formation of a desired linear charge configuration on
the dielectric. Selective application of low voltage elec-
tric fields to selected arrays of the electrodes causes
formation of desired image charge configurations on
the dielectric surface.
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1
ELECTRO-IONIC PRINTING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention.

2

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1 of the drawings, there is shown

The invention relates broadly to the control of the 5 an ion generating chamber 1, similar to the one shown

ion concentration in a gas stream, and more particu-
larly to the formation of an image on a dielectric sur-
face by directing thereon a controlled concentration of
ions borne by the gas stream.

2. Description of the Prior Art

The present invention is an improvement upon the
printing head shown and described in U. S. Pat. Appli-
cation Ser. No. 153,718, filed June 16, 1971, by R. E.
McCurry, and assigned to a common assignee.

The most pertinent prior art is found in U. S. Pat No.
3,594,162 issued to W. Simm et al. in which latent
image formation is produced as a result of corona dis-
charge through a gap provided with control electrodes.
This reference neither shows nor suggests the use of
pressurized ionized gas, nor does it have the advantage
of the present invention in utilizing low voltages for
control purposes.

SUMMARY OF THE INVENTION

The present invention provides an ionic printing head
which utilizes a plurality of pairs of electrodes located
on opposite sides of a common slot through which an
ionized gas stream is moved, energized by relatively
low voltages to cause image formation upon a dielectric
surface.

Accordingly, it is the principal object of the invention
to provide an improved apparatus for controlling ion
concentration in a moving gas stream.

Another object is to provide a relatively simple and
inexpensive apparatus for forming latent images on a
dielectric surface.

Yet another object is to provide a relatively simple
and inexpensive means for forming latent images on an
image receiving surface by controlling ion concentra-
tion in a moving gas stream directed on said surface.

Still another object is to provide electrostatic images
of a high quality and resolution on a dielectric surface.

Another object of the invention is to provide an ion
printer head capable of writing “block” style charac-
ters rather than “dot” or “matrix” style characters.

Another object is to provide an improved ionic print
head which is easier and more economical to manufac-
ture.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular descripton of a preferred embodi-
ment of the invention, as illustrated in the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an improved ion head assembly;

FIG. 2 is a schematic illustration showing 3 channels
of the head assembly of FIG. 1 interconnected between
a DC power supply and a character pulsing means;

FIG. 3 is a schematic arrangement of a printer utiliz-
ing the head assembly of FIG. 1; and

FIGS. 4a, 4b, and 4c¢ show schematically the 7 control
channels of a serial print head as shown in FIG. 1 and
the pulse patterns for forming images of the alphabetic
characters E and H, respectively.
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and described in a copending application, Ser. No.
69,647, filed Sept. 4, 1970, titled “Method and Appa-
ratus for Generating Electrostatic Images”. A gas, for
example, air under pressure, is admitted into the ion
chamber by way of an inlet 2 and the ions are generated
in the manner described in said copending application.
The gas exiting from chamber 1 is laden with a very
high concentration of ions. Chamber 1 communicates
with a slot in the print head assembly 4. This slot is di-
vided, electrically, into a plurality of ion channels.
Each channel comprises a pair of electrical conducting
electrodes, such as 541 and 5b1, separated from adja-
cent electrodes by insulating spacers such as 63a and
63b. The head assembly 4 is held together and attached
to the ion chamber by any suitable means not shown.
The head assembly 4 provides a plurality of longitudi-
nal ion flow channels which are physically common but
are electrically insulated from each other to provide a
plurality of individual ion streams, each of high ion
concentration. The cross-section of each channel may
be any suitable configuration, for example, square,
rectangular, or any other desired cross-section. At-
tached to the top and bottom electrodes are electrical
lines 154-15g, 16a-16g. Lines 16a~16g are connected
in common to a DC power supply, while the lines
15a-15g are individually controlled by differentially
timed pulses issued by a character pulsing means.

As the gas streams pass through their respective elec-
trical channels, ion concentration decreases as a result
of recombination and neutralization at the channel
walls. The ion loss through a conductive wall may be
substantially increased by superimposing an electrical
field across opposng channel walls, for example, the
top and bottom electrodes. Application of a sufficiently
large electrical field will remove substantially 100 per-
cent of the ion concentration in the gas stream of the
particular channel. Conversely, the reduction of this
electrical field reduces the extent of recombination and
neutralization; thus by reducing the electrical field to
substantially zero, the maximum concentration of ions
may be transmitted through the channels. The concen-
tration of ions and, hence, the electrical charge trans-
mitted through each individual channel is controlled by
an appropriate electrical field applied transversely to
the direction of stream flow. The electrical field is in-
duced by application of an electrical potential through
the lines 15a-15g connected to the opposing electrodes
of the channels shown in the drawing of FIG. 1. the
“write” state of a channel is attained when a low or
zero transverse electrical field is applied, and the *“‘off”
state is attained with the application of a greater biasing
electrical field to remove more ions from the gas
stream. In the case of a printing application, the varia-
tion of the electrical potentials to produce character
printing is controlled by the character pulsing means.

The application of desired electrical fields to a write
head is schematically illustrated in FIG. 2. In this sche-
matic arrangement, the write head is partially shown
schematically with three capacitors, representing three
of the seven channels shown in FIG. 1. The plates 5al,

5°b1, of the capacitors, correspond to the top and bot-

tom electrodes repectively. Each capacitor is seen con-
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nected between the character pulsing means by way of
iines 184-15g and the DC power supply, the latter
being adjusted to a desired poteniial V, for example, 15
volts, to obtain the desired ion output. The character
pulsing means supplies pulses of appropriate polarity
and magnitude substantially equal to the potential V of
the power supply. During the interval of time that a
“write’’ operation is desired, the field across the capac-
itors (the channel) is reduced to enable the ion concen-
tration to attain its maximum concentration and be di-
rected against an image receiving surface for the for-
mation of a desired image configuration.

An application of this type or ionic control is seen in
FIG. 3 which shows schematically a printer arrange-
ment for forming a latent electrostatic image upon a di-
electric medium 28 moving from right to left under-
neath a precharging unit 21 that precharges the me-
dium 29 with a desired potnetial with polarity opposite
the ion polarity. The prechurged dielectric medium
moves underneath a write head 4'' similar to that de-
scribed above. The write head communicates with ion
generator 1’. By controlling the individual channels of
the write head with suitable voltage pulses, a latent
electrostatic image of alphabetical characters is formed
upon the precharged dielectric surface of medium 20.
The medium 29 with its latent image passes through a
developer 22 and thereafter through a fixer 23, both of
which are well known in the art. After passing through
the fixer, the developed and fixed latent image provides
a visible permanent image comprised of two alphabetic
characters E and H. The character pulse means as men-
tioned herein above, may provide any desired combina-
tion of electrical pulses to the individual channels of
the write head image on provide any desired configured
latent image on the dielectric surface of medium 28.

Ion transmission is turned on by applying a pulse of
the polarity and amplitude as the bias voltage to the
electrode on the other side of the slot in the region
where osie wants the transmission to occur. Hence, if
one wants to write a straight line parallel to the long di-
rection of the slot, all 7 electrodes are pulsed simuita-
neously, thus permitting ion transmission through the
entire slot cross section for a short time. To write a line
perpendicular to it, one applies a long pulse to one
electrode, and as the “paper” moves by, a line is writ-
ten — the length of the line depending on paper speed
and the length of the writing pulse. The two lines above
will be perpendicular if the long direction of the slot is
accurately at 90° to the direction of relative motion. If
this condition is not met, “sloping” characters will be
written. The formation of alphabetical characters by
means of printer arrangement of FIG. 3 may be de-
scribed with reference to FIGS. 4a, 4b, and 4c.

The schematic arrangement of FIG. 4a shows a line
arrangement of 7 capacitors representing the 7 chan-
nels of the write head. The left sides, 5a1-5a7 of the ca-
pacitors, are connected to —15 volt DC supply whereas
the right sides, 5b1-5b7 of the capacitors, are con-
nected to the character pulsing means, not shown, that
selectively pulses the right sides of these capacitors to
cause formation of the desired latent image on the di-
electric medium 20. From an inspection of FIG. 4b it
may be appreciated that in the formation of the image
of the character E, the vertical segment of the charac-
ter E is formed during the interval AT during which
there is no electrical field present across the channels
of the write head; and during this interval AT, the char-
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acter pulsing means supplies —15v pulse potential to
the appropriate electrodes of all channeis. From a fur-
ther inspection of FIG. 4b, it is seen that the upper and
lower horizontal lines, as well as the central horizontal
line, of the character E are formed during the applica-
tion OF —15v potentials to the electrodes 541, 5b1,
5a4, 5b4, and 547, 5b2 &, as respectively shown in FIG.
4a for approximately five time intervals. At the end of
the first time interval AT, the character pulsing means
applies zero voltage to electrodes represented by 552,
5b3, 5b5, and 5b6. These electrodes are maintained at
zero potential for the duration of the character forma-
tion. The —15v potential on electrode 5b4 is main-
tained on for four time intervals. It is understood that
the latent image is being formed on the dielectric me-
dium as the latter moves from right to left under the re-
spective channels of the write head.

From an inspection of FIG. 4c, it can be appreciated
that the pattern of pulses applied to the respective
channels is consistent for the formation of the alpha- -
betical character H. The factor which permits block
type of characters to be formed is that when adjacent
electrodes are at the same electrical potential and near
the same potential as the opposite electrodes, ions will
be transmitted through the channel between the elec-
trodes and also through the region of the gap between
electrodes, provided the geometry is chosen judi-
ciously.

While the invention has been particularly shown and
described with reference to a preferred embodiment
thereof, it will be undeérstood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention. '

1 claim: :

1. An electro-ionic printing apparatus comprising, in
combination,

a source of gas-carried ions comprising a pressurized
gas source and means for generating a high concen-
tration of ions therein,

an eclongate rectangular slot connected to said
source, said slot having a substantial depth in the
direction of ion flow therethrough,

a plurality of electrodes associated with said slot, said
electrodes being arranged in pairs on opposite sides
of said slot and spaced at intervals along said slot,
said electrodes extending for substantially the
depth of said slot,

and means for selectively energizing one or more
pairs of opposing electrodes with a voltage substan-
tially less than the breakdown voltage of said pres-
surized gas.

2. An electro-ionic printing apparatus as claimed in
claim 1, in which said electrodes comprise a plurality
of electrically conductive plates separated by plates of
insulation, and having interior edges opposing the op-
posite electrode edge in said siot.

3. An electro-ionic printing apparatus as claimed in
claim 1, in which said slot is formed by a first and a sec-
ond set of electrodes extending the depth of the slot,
the respective electrodes in said sets being located op-
posite each other within said slot, and electrical insulat-
ing spacing plates separating said electrodes.

4. An electro-ionic printing apparatus as claimed in
claim 3, in which all of the electrodes on one side of
said slot are commonly connected to a bias voltage sup-
ply.

5. An electro-ionic printing apparatus as claimed in
claim 3 in which the electrodes located on one side of
said slot are selectively energized to affect the ion flow

from said slot.
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