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@ A dielectric electrode laminate comprises a mica sheet
(171), and a metallic sheet electrode (175) bonded to a face of
the mica sheet {171} by a layer of pressure-sensitive adhesive
{173). The mica sheet {17 1) may have an electrode bonded to
each side, each electrode (174, 175) being cutaway in a bar-
like pattern. A method of fabricating a dielectric electrode
laminate is also described, comprising coating the mica sheet
(171) with a layer of pressure-sensitive adhesive, bonding a
metallic sheet to the mica sheet {17 1) and selectively removing
portions of the electrode sheet to create an electrode pattern.

Dielectric-electrode laminate.

ACTORUM AG
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DIELECTRIC-ELECTRODE LAMINATE.

The invention relates to dielectric electrode

laminates, particularly those used in electro-

photography and electrostatic printing. The

laminates of the invention may be used to produce

an ion generator, such as is used in electro-

photographic and electrostatic printing apparatus.

The present application is divided out of
European Application 81902352.4, which itself

derives from a PCT Application published as
WO-A-82/00723.

Electrostatic pfihteréﬂand'photocopiers
share a number of common features as a rule,
although they carry out different processes.
Electrostatic printers and photocopiers which.
are capable of producing an image on plain
paper may generally be contrasted in terms
of the method and apparatus used to create
a latent electrostatic image on an intermediate
member. Copiers generally do so by uniformly
charging a photoconductor electrostatically
in the dark, and optically exposing the charged
photoconductor to an image corresponding to
the image to be reproduced. Electrostatic
printers use non-optical means to create a

latent electrostatic image on a dielectric

surface, in response to a signal indicative

of an image to be created. In theory, after
creation of the electrostatic latent image,
the same apparatus could be used to carry
out the common steps of toning the image,
transferring it to plain paper, and preparing
the member bearing the electrostatic latent

image for a subsequent cycle, usually by erasure
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of a residual latent electrostatic image. It
would, in fact, be desirable to standardize
the apparatus to perform these functions.
One commonly employed principle for

5. generating ions is the corona discharge from
a small diameter wire or a point source.
Illustrative U.S. Patent Nos. are P. Lee
3,358,289; Lee F. Frank 3,611,414; A.E.
Jvirblis 3,623,123; P.J. McGill 3,715,762;

10. H. Bresnik 3,765,027; and R.A. Fotland
3.961,564. Corona discharges are used almost
exclusively in electrostatic copiers to
charge photoconductors prior to exposure,
as well as for discharging. These

15. applications require large area blanket
charging/discharging, as opposed to formation
of discrete electrostatic images. Unfortunately,
standard corona discharges provide limited
currents. The maximum discharge current

20. density heretofore obtained has been on
the order of 10 microamperes per square
centimeter. This can impose a severe
printing speed limitation. In addition,
coronas can create significant maintenance

25. problems. Corona wires are small and fragile
and easily broken. Because of their high
operating potentials they collect dirt and
dust and must be frequently cleaned or
replaced.

30. Corona discharge devices which enjoy
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certain advantages over standard corona
apparatus are disclosed in Sarid et al.,
U.S. Patent No. 4,057,723; Wheeler et al.
4,068,284; and Sarid 4,110,614. These
patents disclose various corona charging
devices characterised by a conductive wire
coated with a relatively thick dielectric
material, in contact with or closely spaced
from a further conductive member. A supply
of positive and negative ions is generated
in the air space surrounding the coated
wire, and ions of a particular polarity

are extracted by a direct current potential
applied between the further conductive
member and a counterelectrode. Such devices
overcome many of the above-mentioned
disadvantages of prior art corona charging
and discharging devices but are unsuitable
for electrostatic imaging. This limitation
is inherent in the feature of large area
charging, which does not permit formation

of discrete, well-defined electrostatic
images. This prior art corona device
requires relatively high extraction potentials
due to greater separation from the dielectric
receptor.

The laminates described may be used to
fabricate ion generators which are durable and
resistant to delamination due-to moisture,
and erosion due to ozone, nitric acid and

other environmental substances. Such a



10.

15.

20.

25.

30.

0166494

laminate is physically stable over a wide range
of temperatures, and can carry high peak voltage
RF signals over a long service life.

According to a first aspect of the present
invention, a method of fabricating a dielectric
electrode laminate comprises the steps of:

(a) applying a layer of pressure sensitive
adhesive to a sheet of mica,

(b) Dbonding a face of a metallic sheet
to a face of said mica sheet with pressure
sensitive adhesive, and

(c) selectively removing portions of said
electrode sheet to create an electrode pattern.

According to a second aspect of the invention
a dielectric electrode laminate comprises a
mica sheet; a metallic sheet electrode bonded to
a face of said mica sheet, the bond between the
electrode and the mica sheet being formed by a
layer of pressure-sensitive adhesive.

Preferablyhthe metallic sheet has a thickness
in between 6 and 60 micrometres and the pressure
sensitive adhesive has a thickness of 0.45
micrometres. The mica sheet preferably has a
thickness of 2 to 75 micrometres.

The invention may be carried into practice in
various ways, and a dielectric—electrode laminate
will now be described, by way of example, in the
specific context of its use in an ion generator
such as may be found in electrostatic printing or
photocopying apparatus. Reference will be made
to the following drawings, in which:

Figure 1 is a sectional view of ion generating

apparatus in accordance with the preferred embodiment;
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Figure 2 is a sectional view of the
ion generating apparatus of Figure 1, further
showing ion extraction apparatus and an ion
receptor member;

Figure 3 is a plan view of dot matrix
printing apparatus of the type illustrated
in Figure 2;

Pigure 4 is a schematic sectional view
of a mica foil laminate in accordance with
the invention;

Figure 5 is a partial perspective view
of an electrostatic imaging device in accordance
with an alternative embodiment of the
invention;

Figure 6 is a schematic sectianal view
of the apparatus of Figure 5, further
including ion extraction apparatus and an ion
receptor member:

Figure 7 is a cutaway perspective view
of an alternative version of the imaging
apparatus of Figure 5;

Figure 8 is a cutaway perspective view
of a further alternative version of the
electrostatic imaging apparatus of Figure 5;

Figure 9 is a plan view of matrix
imaging apparatus of the type shown in
Figure 5; '

Figure 10 is a sectional schematic
view of a three electrode embodiment of the

imaging device of Figure 7;
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Figure 11 is a perspective view of an
electrostatic imaging device in accordance
with yet another embodiment of the invention; and

Figure 12 is a plan view of a serial
printer incorporating an electrostatic imaging
device of the type illustrated in Figure 6.

Figure 1 depicts an ion generator 100, which
produces an air gap breakdown between a dielectric
101 and respective conducting electrodes 102-1
and 102-2 using a source 103 of time-varying
potential, illustratively a periodically
alternating potential. When electric fringing
fields EA and EB in the air gap 104-a and 104-b
exceed the breakdown field of air, an electric
discharge occurs which results in the charging
of the dielectric 101 in regions 10l1-a and 101l-b
adjacent the electrode edges. Upon reversal
of the alternating potential of the source 103,
there is a charge reversal in the breakdown regions
101-a and 101-b. The generator 100 of Figure 10
therefore produces an air gap breakdown twice
per cycle of applied alternating potential from
the source 103 and thus generates an alternating
polarity supply of ions.

The extraction of ions produced by the
generator 100 of Figure 1 is illustrated by the
generator-extractor 110 of Figure 2. The generator
110A includes a dielectric 111 between conducting
electrodes 112-1 and 112-2. In order to prevent
air gap breakdown near electrode 112-1, the electrode
112-1 is encapsulated or surrounded by an insulating

material 113. Alternating potential is applied between

the conducting electrodes 112-1 and 112-2 by a source
114A' The second electrode 112-2 has a hole 112-h

where the desired air gap breakdown occurs relative to a

region 111-4 of the dielectrid¢ 111 to provide a source

of. ions.
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The ions formed in the gap 112-h mey be extracted by a
direct current potential applied from a source 114-B td
provide an external electric field between the electrode
112-2 and a grounded auxiliary electrode 112-3. An
illustrative insulating surface to be charged by the lon
source in Figure 2 1s zan electrographic paper 115
consisting Ef a conducting base 115-p coated with a thin
dlelectric layer 115-4.

When a switch 116 i1s switched to position X and.1§
grounded as shown, the electfode 112-2 1s also at grecund
potential and no external rield is p?esent in the region
between the ion generator 110A and the dielectric paper

115. However, when the switch 116 is switched to position

. ¥, the potentizl of the source 114B is applied to the

elecirode 112-2. This provides an electric field between
the ion reservoir and the backing of dielectric paper
115. The ions extracted from the air gap breakdown region
then charge the surface‘of the.dielectric layer 115-d.

A number of materials may be used for the dielectric
layer.lii.'.Poséib;e choices include aluminum oxide, glass
enamels, ceramics, plastics films, and mica. Aluminum
oxide, glass enamels and ceramics present difficuliies in
fabricatingra sufficiently thin layer.(i.ef around 0,025
mm) to avoid undue demands on the ériving potential source
1144, Plasfics films, including pol&imides such as that
known by the Trade.Mark-Kapton, and Nylon, tend to degrade

as a result of exposure to chemical byproducts of the air

gap breakdown process 1ln aperture 112-h {(notatly dzdne
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andAnitric acid). Mica avolds these drawbacks, and is
therefore the preferred material for dielectric 111.
Especially preferred is Muscovite mica, HZK'Al3
(21042 3. |

The generator and ion extractor 110 of Figure 2 1is
readily employed, for example,in the formation of
characters on dielectric paper in high speed electrographic
printing. Devices embodying this principle may be used for
charging and discharging a photoconductor as in the
apparatus ol section II; suitable embodiments are disclosed
in U.S. Patent No. ﬁ,155,093. To employ lon extraction in
the formation of dot matrix characters on dielectric paper,
the matrix ion generator 130 of Figure 3 may be employed.
The generator 130 makes use of a dielectric sheet 131 with
a set of apertured'air_gap breakdown electrodes 132-1 to
132-4 on one side and a set of selector bars 133-1 to 133-4
on the other side, with a separate selector 133 being
provided for each different aperture 135 in each different
finger electrode 132.
;”Wﬁen‘éﬂ'aitééﬁapiné potential s applied betweern any
selector bar 133 and ground, lons are generated ;n

apertures at the intersections of that selector bar- and the

finger electrodes. JIons can only be extracted from an

aperture when both 1ts selector bar 1s energized with a

25.h;gh voltage alternating potentizl and its finger electrode

i1s energized with a direct current potential applied

between the finger electrode and the counterelectrode of
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the dielectric surface to be charéed. Matrix location
13523, for example, is printed by simultaneously applying.
a high freguency potential between.selectoﬁ bar 133-3 and
ground and a direct current potential between finger
electrode 132-2 and a dielectric receptor member's
counterelectrode. Unseiected fingers as well as the
telectric member's counterelectrode are maintained at
ground potential.

By multiplexinig a2 dot matrix array in this manner, the*
number of required voltage drivers is significantly
reduced. If for example, it 1s desired to print a dot
matrix array across an areé 200 mm wide at a dot matrix
resolution of 80 dots per cm, 1600 separate drivers would
be required ir multiplexiné were not employed. By
utilizing the array of Figure 3 with, for-example,
alternating frequency driven tingers, only 80 fingef
electrddes would be required and the total number of

drivers is reduced from 1600 to 100.

In order to prevent air gap breakdown from electrodes
;32-§9 the dielectvicjmember-IBI in regions not associated
with apertures 135, 1t is desirable to coat the edges of
electrodes 132 witﬁ an insulafing material. Unnecessary

air gap breakdown around electrodes 132 may be eliminated

‘by potting these électfodes.

In constructing and operating a matrix ion generator

of this construction, it is desirable that the lon currents

generated at various matrix crossover points be maintained

at a substantially uniform level. "Thickness variations in
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the dielectric layer i31 wiil result in commensurate
variations in the ion current output, in that a lower ion.
current will be produced at an aperture 135 at which the
dielectric 131 is thicker. It is a particuarly
advantagéous property of mica that it has a natural
tendency to cleave along planes of extremely uniform
thickness, making it especially suitable for the matrix ion
generator illustrated in Figure 3. In this regard, the
uniformity of thickness of layer 131 is much more impo}tant
than the actual value of that thickness.

Ion generators qf the type 1llustrated in Figures 2

and 3 may be fabricated using a laygr of mica laminated to
thin sheets of metallic foil, by etching the foll to cfeate
2n array of electrodes on each side of the mica.
Electrodes 102-1 and 102-2 (Fig. 11) are formed sy
laminating:a thin sheet of conductive foil't5 eachk face of
the mica sheet 101. With reference to the sectional view of
Flgure 13, a mica sheet 171 6f uniform thickhess is bonded
to two layers of foil 174 and 175. The bonding 1s ac@ieved
us;pg thin ;ayers of pressure sensitive adhesive 172 and
173.

The preferred dielectric material is Muscovite mica,

HpKAl3(S10y)3. It is desirable to have a sheet of

uniform thickness in the range from about g}{m- 75}4m, most

25.

preferably 19}4m- 15 Mm.  The t@innef mica sheets are
generally harder to handle and more expensive, while the

thicker mica requires higher RF voltages befween electrodes
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102-1 and 102-2 (see Figure 2 ). The mica should be free

of cracks, fractures, and similar defects.

The foill layers 174 and 175 advantageously comprise 2
metal which may be easily etched in a pattern of electrodes
132, 133. Illustrative materials include nickel, copper,
tantalum, and titanium; the preferred material, however, 1s
stalnless steel. A foll having a thicknéss from about 6/<m-
50Mm is desirable, with the preferred thickness being around

25}4m.

4 wide variety of pressure sensitive adhesives are

suitable for layers 172 and 173. A number of

characteristies should be.considered in choosing an

appropriate pressure sensitive adhesive. The adhesive

should be thermoplastic, and be resistant to moisture and
chemicais. It should be 2ble to withstand the high
temperatures resulting from high voltage alternating

potentials, on the order of kxilovolts. The adhesive should

be suitable for bonding of metal to mica. Illustrztive

adhesive formulations which satisfy the above criteria

'inclgaétsolﬁtionsréf orgahoﬁélysiloxane resins, as wéll as

pfessure sensitive adhesivés.

The mlca 1s coated with a pressure sensitive: edhesive
formulation using any well known technique which permits
precise control over the coating thickness. The adhesive
layers desifably pave 2 thickness 1ﬁ'the range 0.§}4m- §fﬁn
,, most preferably in the range 0.6}4m- 2.§Fhu- The
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thickness may ﬁé determined after lamination by subtracting
the known thickness of the mica and foll sheets from the
total thickness of the laminate. The adhesive may be
epplied manually, as by brush ccating, spraying, and
dipping. The preferred method of coating 1s that of
dipping the mica 1into a bath of pressure sensitive
adhesive, followed by withdrawal of the m}ca at a
calibrated speed. Generally, a faster speed of wilthdrawal
results in a thicker pressure sensitive adhesive coating on
each side of the mica sheet 171..

In the preferréd embodiment of the invention, the
pressure sensitive adhesive is applied to the mica in
solution. The resin may be diluted to a désired viscoslty
using a variety of solvents, well known to those skilled in
the art. 1In general, higher viscosity formulations will
result in a thicker layer of pressure sensitive adhesive
for a éiven method of épplication. Advantageously,'the

pressure sensitlve adhesive formulation has a viscosity in

the range fram 1072 - 107! pas (10 cps. — 100 cps.) ' The mixture

édvaﬁtageoﬁglyvi§'fi;tere@'prior to cdaéing onto the milca

sheet 1T71.

The coating of mica sheet 171 preferably involves
dipping‘thgvsheet into the pressure sensitive adhesive bath
to completely cover both sides; it is not'neceésary,
however, to coat the edges of the miéa sheet in the
preferred embodiment, which calls for a separate protective
medium for the edges of the lamination. In lieu of or 4in

addition to a protective coating around the edges of the
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mica sheet 171,.a protective layer of tape may be applied
to the edges of the mica-foil lamination. The tape
provides protection against migration of moisture between
layers of the mica. Alternativély, the tape may be removed

5. after processing of the mica, during which 1t previdas a

protective layer, as further discussed herein. Preferably,

the tape 1s coated on one face with pressure sensitive

adhesive which may be the same type as used to bond the

.

mica-folil layers.

10. In the case of certaln pressure sensitive adhesives,
the adhesive coating is cured in order to cross-link the
formulation and thereby enhance its adhesive character.
This may be done using any suitable technicue for the given

- acdhesive formulation, such.as heat or radiation curing.

15. The foil sheets 174 and i75 are cut to desired
dimensipns, and cleaned prior to application to the mica
sheet 171. Each sheet is placed in registration with one
face of the mica sheet, and then bonded to the mica by
applying pressure evenly over tpe.fpil layers.

20. After  laminastion éf-the roiillayers 174 and 175'to
mica sheet 171, the foil 1is selectively removed to create a
desired pattern, 2s for example the pattern of electrodes
132 and 133 shown in Figure 3. In the preferred
embodiment, the désireé pattern 1s created by a

25.photcetching process. This involves coating the foil with
& photoresistant material; covering the coated foil with a-
photomask to create the desired patterﬁs; eiposing-the

masked laminate to ultraviolet rédiation; and etching the
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irradiated foil in order to remove those portions which
have been rendered soluble during the preceding steps. The
preferred versions of this process uses a positive
photoresist, which is characterized in that those areas
which are exposed to ultraviociet radlation will be rendered
soluble and later dissolved.

In thé case of solvent based photoresist, there is a
tendency of the solvent to leach cut the pressure sensit;ve
adhesive around the edges of the lamination. In adq;ﬁion,
the photoresiét will not coat well due to edge effects,
creating a danger of etch-through. For these reasons, it
is advisable to tape the edges to provide a protective

layer during these processing steps; the tape may be

. removed after etching. Alternatively, one may employ a dry

15.

20.

25.

film photoresist, which will adequately protect the edges
of the lamination if, applied in a thickness of around'3§fﬁm .

In accordance with a particular embodimént, a heat
sink'may~be appended to the.mica;foil laminate. The heat
sink is'apblind‘to;the lamination' face containing seiedtor'
bars 133 in order to absorb heat fesulting from high
voltage alternating potentials. A variety of materials are
sultable as well known in the art; in the case of
electriéaliéncéﬁductive-materials, an insulating layer must
be included to isolate the heat sink from selector bars

133.

In the examples which follow, 2ll proportions given are

by weight unless otherwise noted.
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EXAMPLE V-1

Methylrhenyl polysiloxane resin solution’

220 parts
1 part 2,4 Dichleorobenzoyl peroxide
1 part Dibutyl phthalate

T A pressure-sensitive adhesive composition as set forth

in the above table for formulated, then diluted to 0.09 Pas (90 cps.)
with butyle -acetate. The resulting liquid'wészfiltered'under aﬂpressure
of approximately 206.8428 kPa _ (30 PSI), and poured into a graduate.

The foilowins steps were carried out in a dust-free
environment. A sheet of mica having a2 thickness in-the
range 20-25 jﬂm was cleaned using lint-free tissues and
methyl ethyl ketone (MEK). After drying, the mice sheet
was suspended from a dipping fixture and lowered 1nto'the
pressure-sensitive achesive formulation until all tut two
millimeters was submersed. The mica was then withdrawn
from the adhesive bath at a2 speed of 2 cm/minute, rroviding
a layer. of adhesive approximately 3Mm in thickness. -

The coated mica was stored in a dust-{ree Jjar and placed in
a 150°C. oven for five ﬁinutes in order to cure the
pressure-sensitive adhesive.

Two sheets of stainless steel 25fhn{hid<yene
cut to the desired dimensions and clganed using MEX and
lint-free tissues. One of the sheets was placed in a

registratlon fixture, followed by the coated mica and the

second foil sheet. Bonding was effected by application of
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light finger pressure from the middie out to the edges,
followed by moderate pressure using a rubber roller. Any'
adhesive remaining on exposed mica surfaces was removed
using MEX and lint-free tissues. The edges of the
lamination were then covered with a .6 mm wide XKapton Tape
coated with the above pressure sensitive adnesive
formulation.

The foll layers were respectively etched in the

patterns of electrodes 132 ané 133 (Figure 22) using a-

positive photoresist.

EXAMPLE V=2

. An ion generator was fabricated in accordance with
Example V-1, modified as follows: The bressure sensitive
adhegive was formulated from an acrylic copolymer of vinyl
acetate. The adhesive was diluted to 0.05 Pas (50 cps.) using

buQﬂ.aaﬁxﬁe.

EXAMPLE V-3

S Ad- fom generatob’waS'fabrIcated in accordance with
Example V-I, and placéd in a m&ﬁnting fixture with the
selector bars 23 upwérd. A capacitor glass m;unting block
of dimepsiods compatible with the mica was prepared for -
mounting by application of a layer of silicon adhesive
resin in accordanée with the ;able of Example V-1, followed

by smootging of the adhesive using a metering blade. The
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moﬁnting tlock was clzmped in registration with the
laminate, and any excess adhesive at the edges was remcved

using cotton swabs. The completed structure was set aside

for 24 hours to allow the adhesive to set.

Figure 5 shows in perspective a basic embodiment of
an electrostatilc imaging device which may be utillzed,” for
example, in the printing apparatus of Flgure 4. Print
device 180 includes a series of parallel conductive strips
184, 186, 188, etc. laminated to an insulatihg support 181.
Cne or more dielectric coated wires 193 are transversely
oriented to the conductive sérip electrodes. The wire
electrodes are mounéed in contact with or at a minute
distance above (i.e. less than 50.8 JAm= 3 mils) the strip
electrodes. Wire electrode 193 consists of a conductive
wire 167 (which may consist of any suitable metal) encased
embodiment, theé dielectric 195 comprises a fused glaés
layer; which is fabricated in order to minimize volds.
Other dielectric materials may be used in the place of
glass, such as sinteréd ceramic cecatings. Organic
insulating materials are generally unsuitable for this
application, as most such materialq tend to degrade with

time due to oxidizing products formed in étmospheric

electrical discharges. Although a dieiectric-coated
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cylindrical'wire 1s 1llﬁétrated in the preferred
embodiment,'the electrode 193 is more generally defined as
an elongate conductor of indeterminate cross-seétion, witﬁ
a dielectric sheath.

Crossover points 185, 187, 189, etc. are found at the
intersection of coated wire electrodes 193 and the
respective strip electrodes 184, 186, 188, etc. An
electrical discharge is formed at a2 glven crossover point
as a result of a high voltage varying potential'supﬁlzed by-
a generator 192 between wire 197 and the correspondiﬁg‘

strip electrode. Crossover regions 185, 187, 189, etec. are
preferably positioned between 127 and 508 Mm (5 and 20 mils.)

from.dielectric receptor 200 (see Figure 6).

The currents obtainable from an ion generator of the
type illustrated in Figure 5 may be readily-determined by
mounting a current sensing probewat a small distance above
one of the crossover locations 185, 187, 189, etc. Current
measurements were taken using an 1llustrative AC excitation
potential of 2000 volts peak to peak at a frequency of 1
MHz.; pulse width of 25 microseconds, and repeéition'period
of 500 microseconds. A DC extréctiaﬁﬂﬁoténfiéi of 200 volts

was applied between the strip electrode and a current

sensing prabe spaced 203.2){h1 (8 mils) sbove the dielectric coated

~ wire 193. Currents in the range from about .03 to .08

25.

mlcroamperes were measured at AC excitation potentials
above the air gap breakdown value, which for this geometry

was approximately 1400 volts peak to peak. At excitation
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voltages above the breakdown value, the extraction current

varied linearly with excitaticn voitzge. The extracfion

current varied linearly with extraction voltage, as well. For probe-
wire spacings in the range of 101.6 m to 50§pm (4-20 mils), the
extraction current was lnversely proportiﬁnal to'the Eap
width. Under 101.6 jim (4 mils), the current rose more rapi'dly. r With
the above eXcitation parzmeters, the lmaging device was

found to produce latent electrostatic dot mages 1n perlods

as short as 10 microseconds. .

In the sectional view of Figure 6, lons are extracted
from an ion generator of the type shown in Figure 5 to
form an electrcstatic latent image on dielectric receptor
200. A high voitage alternating potential 192 between
elongate conductor 197 and transverse electrode 184 results
in the generation of a pool of positive and negative ions
as shown at 194. These ions are extracted -to form an-
electrostatic image on dielectric surface 200 by mezns of a
oC extraction voltage 198 between transverse electrode 184
and the'backing electrode- 205 of dielectric receptor 200.

Because of ‘the-geometry of the ion pool 194, the exttracted

lons tend to form an electrostatlic image cn surface 200 in

the shape of a dot.

A further imaging device embodiment 1s 1llustrated in
Figure 7 showing a print head 210 similar to fhat
illustratéd'in Figure 5, but modified as follows. The

dielectric coated Qire 213 1s not located abcve the strip

electrodeé, but instead is embedded in a channel 219 in
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insﬁlating suppért 211. The geometry of this arrangement
may be varied in the separation (if any) of dielectric
coated wire 213 from the side walls 2122 and 212b of
channel 219; and in the protrusion (if any) of wire

electrode 213 from channel 219.

Figure 8 1s a perspective view of lon generator 220
of the same type as that illustrated in Figure 7 with the
modification that the strip electrodes 224, 226, and 228
are replaced by an array of wires. In this embodiment
wires having small diameters are most effective and best
results are obtaineé with wires having a diameter between
25.4f4m and 101.6Km (1 and 4 mils).

The air breazkdown in any of the above embodiments
occurs in a region continguous to the junction of the

-4

dielectric sheath and transverse conducter (see Fig. 6 ).

-4

herefore easier to extract ions from the print heads

of Figs. 5 and 8 than from that of Fig. 5 in that this

v is

ct

region i1s more accessible in the former embodiments. The
ion pool may extend as far as 101.6Am (4 mils) fram the area of
contég;éhanq theqerore may'ééqg}etely surround the
dlelectric speath where the iatéer has a2 low diameter.

In the preferféd embodiment, the transverse conductors
contact the dielectric sheath. As the separation of.thesé
members haé a critical effect on ion current oUtput! they
are placed in contact in order to maintain consistent

cutputs among various crossover points. This also has the

benefit of minimizing driving voltage requirements. It is
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fe;sible, however to separate these structures by as nruch
as 25.4/m to 50.8Am (1-2 mil).

It is useful to characterize all of the above
embocdiments in terms of a "control electrode™ and a "driver
electrode”. The electrode excited with the varying
potentizal is termed the driver electrode, while the

electrode supplied with an ion extraction potential is

[
wn

termed the control electrode. The energizing potential
generically described herein as "varying," referring tb
time-varying potential which provides air breakdown in
opposite directions, and hence ions of both polarities.
This 1s advantageously a periodically varying potentilal
with a frecuency in the range 60 Hz. - 4 MHz. 1In any of
the 1llustrated, preferred embodiments, the coated
conductor or wire ccnstitutes the driver electrode, and the
transverse conductor comprises the control electroce.
Alternatively, the cozated conduqtor couléd be employed as
the control electrode.

rigures 5, 7, and 8 1llustrate variqus embodiments
1nvblv1ng liﬁear:arra&s.of.crossover points or print
loéations. Any of thesé may be extended to a2 multiplexible
two-dimensional matrix by addiﬁg additional dielectric-
coated éonductors, With reference to the plan view of
Figure 9, a two-dimensional matrix print head is shown
utilizing the basic structure shown in Figure 5, with a

multipliéity of dielectric-coated conductors. A matrix

print head 230 1s shown having a2 parallel array of
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dieiectric-coated wires 231A, 231B, 231C etc. mounted above
a crossing array of finger eleétrodes 2324, 232B, 232C,
etc. A pool of ions is formed at a given crossover
location 233x,y when a varying excitation potential is
applieé between coated wire 231X and finger electrode 232Y.
Ions are extracted from this crossover location to form an
electrostatic dot image by means of an extraction potential

between finger electrode 232Y and a further electrode (see

Flgure 6).
In any of the two-dimensional matrix print headé,'
there is a danger of accidentally erasing 21l or part of a
previously formed electrostatic dot 1hage. This occurs in
the lon generator 1llustrated in Figure 9 when a crossover

location 233 1s placed over a previously deposited dot
image, and ‘a2 high voltage varying potential is supplled to
the corresponding coated wire electrode 231. If in such a
case no extractlon voltage pulse is supplled between the
correspondng finger electrode 232 and ground, the
pré%iously established dot image will be totally or
partially erased. Im any of the embodimerts of.FiguEes'Sﬁ-
8, this.phénomeﬁénzﬁé&iﬁe'é&éided by.the inclusiorn of &n
additional, apertured "screen" electrode, located between
the control electrode and the dielectric receptor surface
290- The screen electrode acts to elecfrically isolate)the
potential on' the dielectric receptor 200, and may be - .

additionally employed to provide an electrostatic lensing

action. - )
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Figure 10 shows in section an ion generater 2LC of the
atove-described type. The structure of Flgure is
supplemented with a2 screen electrode 255, which 1s isolated
from control electrode 244 by a dielectric spacer 252. The
dielectric spacer 252 defines an alr space 253 which is
substantlally larger than the crossover region 245 of
electrodes 242 and 244, This is necessary to avoid wall
charging effects. The screen electrode 255 contains an
aperture 257 which i1s at least partially positioned Pn@er
the crossover region 245,

The lon generator 240 may be utilized for
electrographic matrix priﬁting onto a dielectric receptor
258, backed by 2 grounded auxiliary electrode 259. When

the switch 1s closed at position Y, there is simultaneously

an alternating potential across dielectric sheath zli2, a
negative potential Vc on control electrode ‘244, anc a
negative potential Vs'on screen electrode 255. .Negative
ions at crossover region 245 are subjected to an
accelerating field which causes them to form an
The
pfesence of" negative potentizl Vg 6n screen electrzde
255, which 1is chosen so that Vs 1s smaller than Vc in
absolute value, does not prevent the formation of <he
image, which will have a negative potential V, (smeller
than V, in ébsolu;e value). .

When the switch is at X, and a previously crezted

electrostatic image of negative potentizal V4 partizlly
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under aperture 257, a partial erasure of the image would

occur in the absence of screen electrode 255. Screen

pctential Vs, however, i1s chosen so that Vs 1s greater
than V1 in absolute value, and the presence of electrode
255 therefore prevents the passage of positive ions from

aperture 257 to dielectric surface 258.

_ Screen electrode 255 provides unexpected control over
image size, by varying the size of screen zpertures 257.
Using a configuration such as that shown in Figure 10, &
larger screen poten?ial has been -found to produce a smaller
dot dlameter. This technique may be used for the formation
of fine or bold images. It has also been found that proper
choices of Vs and Vc will allow an increase in the
distance between ion generétor 240 and dielectric surface
258 while retaining a écnstant dot image diameter. This 1s
cdone by increasing the absolute value of Vs while keeping
constant the potential difference between V_ and V.-

Image shape may be controlled by using z given screen
electroﬁe overlay. Screen gpertures 257 may, for example,
aséume the shape:qf fuily formed characters which are ‘no
larggr than the corresponding crossover regions 245. Thls
technique would advantageously utilize larger crossover
regions 245, The leﬂsing action provided by the apertured
screen electrode'éener;ily results in improved image
definition, at the cost of decreased ion current output.

Figure 11 1llustrates yet another electrostatic

imeging device 260 for use in a2 high speed serial printer.
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a high rate
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An insulating drum 2€1 is caused to rotate at
Tc

o

of speed, 1llustratively around 1200 rpm. his drum 1is

bonded a dielectric-coated conductor 262 in the form of a
helix. The drum 1is disposed over an array of parallel
control wires which are held rigid under spring tension.
The dielectric-coated wire is maintained in gentle contact
with or closely spaced from the control wire array. By

rotating the drum, the hellcal wire provides a serial

scanning mechanism. As the hellx scans across the wires

with a high frecuency high voltaée excitation applied to
dielectric-coated wire 262, printing is effected by
épplying an extraction voltage pulse to one of the control
electrode wires 263.

Figure 12 1llustrates an alternative scheme for
rreviding a relative motion between the print device of the
inventicn and a dielectric receptor surface. A charging
head 270 in accordance with Figure 9 is siidably mounted
on guide bars 275. Any suitable.méans may be provided for
reciprocating priq;_heaq 270, such ;s a'cable drive
actuéted-bx-a-stepping motor. . This system may be employed
tc.forﬁ.an elecfrostatié 1magé on dielectric paper, a
Cilelectric transfer member, etec. |

The invention is further illustrated with reference

to the following specific embodiments.
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EXAMPLE VI-1

An imagiﬁg device of the type illustrated in Figure 5
was fabricated as follows. The insulating support 181
comprised a G-10 epoxy fiberglass circult board. Control
electrodes 184, 186, 188, etc. were formed by photoetching
5. a25.4/fm (1 mil) stainless steel foil which had been laminated to

insulai:ing stbstrate 181, providing a parallel array of 101.6 /4 m (4' mil)

wide strips at a separation ‘of 254}hﬁ (10 mils). The driver electrode
193 consisted of a 127}nn (S'Hdl)rtungsten wire coated with a 3.81}pm

(1.5 mil) layer of fused glass to form a structure
10.having a total diameter 203.2Hm (8 mils).

AC excitation 192 was provided by a gated Hartley -
oscillator operating at a resongnt frequency of 1 MHz. The
. applied voltage was in the range of 20C0 volts peak-to-peak
wifh a pulse width of 3 microseconds, and a2 repetition
15.period of 500 microseconds. A 200 volts DC- extraction
potential 198 was aprlied between selecteé control
elect}odes and an electrode supporting a dielectric charge
receptor -sheet. ?he lon. generating array was positioned
0-254’nun'-(0.01 1nches) frcm the dielectric-coated sheet, .
20.  This appafatus was employed to form dot matrix
characters in latent electrostatic form on dielectric sheet

200. After conventional electrostatic toning and fusing, a

permanent high quality image was obtailned.

25 ' EXAMPLE VI-2

An ion projection print device of the type 1llustrated

in Figure 7 was €abricated as follows. A channel 219 of'127an1(5
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EXANMPLE VI-2

mils) depth and 254ftm (10 mils) Width was milled in a 3,175 m

(0.125 inch) thick G-10 epoxy fiberglass circuit board. A driver
electrode 213 identical to that of Exampie VI-1 was laid in
the channel. Photoetched stainless steel foll electrodes

5., 214, 216, 218, etc. were laminated to circuit board 211,
contacting dielectric 215. The device exhiblited equivalent
performance to the imaging device of Example VI-1l when

excited 2t the same potential. .

EXAMPLE VI-3

10.
The electrostatic print device of Example VI-2 was

modililed tc provide imaging apparatus of the type shown in

"~ Figure 8 . The control electrodes camprised a series of 76.2}4n1(3 mil)
dlameter tungsten wires cemented to support 22i. This
15.device achieved approximately double the ion current oﬁtput
2s compared with the devices of Examples VI-l and VI-2.
In 211 three examples, the glass coated wire was not
. firmly pondéd in place, but.was. 2llowed to move free%y
aleng.its'a;is, Thls provided 2 freedom of motion <o allow
20.for thermal expansion wﬁén'bbérating at high driving

potentials.
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CLAIMS

1. A method of fabricating a dielectric-
electrode laminate comprising the steps of:

(a) applying a layer of pressure sensitive
adhesive (172, 173) to a sheet of mica (171),

(b) bonding a face of a metallic sheet
to a face of said mica sheet with pressure
sensitive adhesive, and

(c) selectively removing portions of said
electrode sheet to create an electrode pattern.

2. A method as claimed in Claim 1 in which
step (a) comprises immersing said mica sheet in
a bath of pressure sensitive adhesive and
withdrawing the mica sheet from the adhesive
bath at a controlled speed to form a pressure

sensitive adhesive layer of desired thickness.

3. A method as claimed in Claim 1 or
Claim 2 in which step (b) comprises bonding
a metallic sheet (174, 175) to each face of

the mica sheet.

4, A method as claimed in Claim 3 in which
step (c) comprises selectively removing portions
of each metallic sheet to create first and
second electrode patterns on opposite faces of

the mica sheet..
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5. A method as claimed in any one of the
preceding claims in which step (c) comprises
the steps of: applying a layer of photoresist
to said metallic sheet, placing a photomask
patterned in accordance with said electrode
pattern, and exposing the resulting structure

to ultraviolet radiation.

6. A method as claimed in any one of the
preceding claims in which step (a) comprises
coating the entire mica sheet (including the
edges) with a layer of pressure sensitive
adhesive; and applying a protective tape to
the edges of said mica.

7. A method as claimed in any one of the
preceding claims in which the pressure sensitive
adhesive has a viscosity in the range of 1072

to 10_1 Pas (10 centipoise - 100 centipoise).

8. A method as claimed in any one of the
preceding claims further including bonding a
heat sink to the laminate subsequent to step (c).

9. A dielectric-electrode laminate
comprising: a mica sheet (171); a metallic sheet
electrode bonded to a face of said mica sheet,
the bond between the electrode and the mica
sheet being formed by a layer of pressure-
sensitive adhesive (172, 173).
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10, A laminate as claimed in Claim 9
in which a first electrode (133), bonded to

one face of the mica sheet (131), comprises

a series of longitudinally-extending bars,
and a second electrode (132), bonded to the

other face of the mica sheet, comprises a

series of fingers transversely aligned to the

bars.

11. A method or apparatus
any one of the preceding claims
metallic sheet comprises a foil

steel, copper, nickel, titanium

12. A method or apparatus
any one of the preceding claims

as
in
of

or

as

in

claimed in
which the
stainless

tantalum.

claimed in
which the

pressure sensitive adhesive comprises an

organopolysiloxane resin, an acrylic-based

pressure sensitive adhesive, or an acrylic

copolymer of the polymeric vinyl ester family.
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