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co- pendi ng application for patent Ser U 084420, 973, I

10, 1995, and entitled "Field —Prrasma Di scharge Devi ce" by
Kar| Schoenbggdsasbr al. 10 BACKGROUND COF THEPCRUESDSZaD
Technical Field of the Invention The present invention relates
to plasma di scharge devices and, in particular, to a printer
utilizing a 15 pl asma di scharge device as its |ight source.

Description of Related Art - A plasma di scharge device inits

nost sinple single FIELD CONERALUED PLASMACDIRHARGE PBINTING BENILE el ectrode
and ar= cat hode el ectrode spaced apart from each other to define 20

a discharge cel |, I r u I S m xture,

typically incl udFﬁaé%'rﬁgi%ﬁ%@ggl {ggi ﬁ%ﬁ%m&?&&% gas, 1s muaintained
betweén the electroggsg i £ cedtf {4 & heRRESNIdRlinlgadPP! i ed
bet ween t he anode and hep cat l(?gle 8 epcatro es, an aval anche B'Fegidown of

the 25 isnsul i FFibEORV-peAding hbpl gest L UFSr apdténtt USELE]l No.
fl ows between the electrodes formng a plasma di scharge. The plasna
di scharge in the08/420e%fo cBiledohpriledd, 1995, emadgeawmitdtdiedct'Fonbd
excited atoms and | ons) s plasma pischiSod Pevite? by katl S SUSHSLEC o

al.

10 BACKGROUND OF THE INVENTION
Technical Field of the I ]
The present invention relates to plasma discharge
devices and, in particular, to a printer utilizing a
plasma discharge device as its light source.
15 Description of Related Axt
A plasma discharge device in its most simple single
element form includes at least an anode electrode and a
cathode electrode spaced apart from each other to define
a discharge cell. A low pressure atmosphere of a gas
20 mixture, typically including an ionizable inert (noble)
gas, 1s maintained between the electrodes. When a
sufficient potential is applied between the anode and
cathode electrodes, an avalanche breakdown of the
insulating properties of the gas occurs and a current
25 flows between the electrodes forming a plasma discharge.
The §lama discharge in the discharge cell comprises
energetic electrons, excited atoms and ions.
The collision of the energetic electrons in the

plasma discharge with the gas atoms maintained in the



30 pl asma di scharge with the gas atons maintained in the WO
96/ 32827 PCT/ US96/ 05249

- 2- di scharge celT Tonizes the gas atons, with the ionized gas

atons emtting a wide spectrumof radiation in the form of photons of
i ght. The characteristics of the ionizable inert gas or m xture of
gases mai nt aigfigskaaerrt he discharge 5 cell dictate the degrvasoess

wavel engt h of the photons of light radiated fromthe discharge cell.
For exanpl e, neon gas atonms will emt visible red-orange photons of
| i ght when excited by a plasma di scharge. Xenon gas atons, on

the other hand, wll emt primarily invisiBre ultraviolet 10 phot ons of
i ght that nmay bey. 0 Vi sSJ [ AT - Iat e
phosphors. ) eiSERNRGS S uSied Pub (U aroms, with Ble do i’ Gb2
plurality of indiadotiaalemftoitirdavidec@poictrin of Pddiation in tBeNEbgwration
to forma panel plasnma discharge display. 15 In such nulti-el enent

pl asma di spl ays, of photors ¢f tight. The charagsgeristinsd oft thecionjizablke

poi nts of intersection .between orthogonally origented rgws_and

col utms of wire inert gRy,qp migkure g Eﬁseﬁg'?ﬁi"itggne‘?h’en $dschayge

hod | | Gl | ' hepdi N
cathode & ol esacByuhe! Sshiygly lasiRocEhend eecas 68! |

contro appl rcatron of a surticrent potent
i ndi vi dual ones ofjghieradidteaofAdbm GHRIUEEMHrgePL@BE For example,hded8RS are
generated in the discharge cells at the I ntersection points to
produce a Vi si bl ggasregonsavihl emit visiblecdetcoramgsl phot-ohisnedslight
shape. 25 The prior art_ further teaches the well known

when excited by a plasma discharge. Xenon gas atoms, on
the other hand, will emit primarily invisible ultraviolet

10 photons of light that may be converted to visible light
using UV-excitable phosphors.

The prior art further teaches the assembly of a
plurality of individual discharge elements in a matrix
configuration to form a panel plasma discharge display.

15 In such multi-element plasma displays, a discharge cell
is positioned at each of the points of intersection
between orthogonally oriented rows and columns of wire
conductors which comprise the anode and cathode
electrodes. By selectively addressing the discharge cells

20 ﬁhrough controlled application of a sufficient potential
to individual oneg of the orthogonal conductors, plasma
discharges are generated in the discharge cells at the
intersection points to produce a visible image having a
predetermined two-dimensional shape.

25 The prior ért further teaches the well known
xerographic process for printing and copying. In
accordance with that process, a latent electrostatic image

of that which is desired to be printed or copied is



xerographic process for prlntlng and copyi ng. In accor dance
with that process, a latent electrostatic image ___ of fhat which is

desired to be printed or copied is WO 96/ 32827

PCT/ US96/ 05249 - 3- generated on a
phot oconducti ve surface. Typically this I s done by charging the

phot oconduct wom6ae82f ace and t hen exposi ng t he char ge@CTHSIMSMS o
either light reflected fromthe original to be copied or |ight

nodul ated by the 5 i mage to be printed and scanned across the charged
surf ace. To develop the |latent electrostatic inage, toner

conprising finely dispersed oppositely charged col ored (general ly
bl ack) particl egenetrat@@Peai 4 Sshotdbctiiittive surfddd ACthypicalliyhehis

phot oeonducti ve surface. The deposited 10 toner is then transferred to
an oppositely chdmsgddnpikbgecharging the ppletoddnducyhve osnxeircenand then

phot oconducti ve surface and | oose_attraction of _the de 03|ted car bon

bl ack-t oner. expopiag: thAs FBAYIRA cAREEALS)| &R keithath dights
f f_th t f.
s e e a0 B U Tl e R

| NVENTION g image 166 MeCSSiintddy eahaorhmal SEroas| | €hd Akl ed,

hol | ow cat hode plasna di scharge el enment including a 20 cat hode
el ectrode and an surddeec!| € dedelcopealhedlatént rlastrostaticeimagepechelr! ed
with an ionizable m xture of gases. Al'i gned openings are provided in

the cathode and #fifmRrising fipplyt ﬂeaaers%rﬂpp@elqﬂim &harged: qdgred

The pl asma (generally black) particles is deposited through

attraction on the photoconductive surface. The deposited
10 toner is then transferred to an oppositely charged piece
of paper through contact with the photoconductive surface.
and loose attraction of the deposited carbon black toner.
The transferred carbon black is then fused to the surface
of the paper using a combination of both heat and pressure

15 to f£ix the printed image for viewing.

SUMMARY OF THE INVENTION
The present invention comprises a field controlled,
hollow cathode plasma discharge element including a
20 cathode electrocde and an anode electrode sealed within an |
envelope filled with an ionizable mixture of gases.
Aligned openings are provided in the cathode and anode
electrodes forming hollow electrodes. The plasma
discharge element further includes a field control
25 electrode positioned within the sealed envelope adjacent
to either the anode or cathode electrode. The three
electrodes are spaced apart from each other to define a

discharge cell through which a discharge electric field



di scharge elenent further includes a field control 25 el ectrode

positioned within the seal ed_envel ope adj acent ~___to either_the anode
or cat hode el ectrode. The three el ectrodes are spaced apart from
each other to define a di scharge cell through which a discharge
electric field WD 96/ 32827

PCT/ US96/ 052 4%b 96132827 -4- PCT/UGwNS240t ed,
and within which a discharge electric field i nstigated plasna

di scharge occurs. The field control el ectrode generates a control
electric field for di storting the sD?ﬁe of the discharge electric
field and 5 affecting the intensity of e plasma di scharge. Varying

th t th of t s ki f § t
e strength o .&Be%ma&%?,teﬁg&pﬁmﬁ'ﬂﬁhefa ﬁﬁéﬁﬂ;éfée e1ec:r§a0@péia onat e

changes in the intensity o asnma di scharge curren

The present inveahseiightéd hplasmapaiscirarenubdédurs.10The eiel@néontresl d
control l ed, hollow cathode plasna di scharge panel wherein a

plurafity of theefleettdodentgenexares afita control dedepbrye cfiedktht sfere
arrayed in a matrix configuration and sel ectivel y addressed t hrough
v dual i o d daprerEias Ehe shpe of shet Hschatet: Hiratsl ALEIg AR and
control theg 15 | i | 3dlL, V) | S&lalqees- ugh
sequenti al 5addr ggg#ﬁ%ﬁ@gﬂv?é?ebﬁ% ér)rfws:t;%h-z a\%?ﬂg gié g p‘r’%@gﬁgm ned

t wo- di mensi onal thapgtiengbR 6E€NEhat eéntl electridi Hiledvic@flf¥ctiigteanel .
The present invention still further conprises an 20 active control

circuit for actupriopgrtiienéte| ¢hanges olin the imnlensitydef Tethe aplasma

control circuit ¢ ises a pair
dggggarge current.

The present invention further comprises a multi-
10 element, field controlled, hollow cathode plasma discharge
panel wherein a plurality of the field controlled plasma
discharge elements are arrayed in a matrix configuration
and selectively addressed through individual field control
electrodes to individually instigate and control the
15 intensity of individual plasma discharges. Through
sequential addressing, a visible image having a
predetermined two-dimensional shape may be generated and
displayed by the panel.
The present invention still further comprises an
20 active control circuit for actuating the field control.
electrode. The active control circuit comprises a pai¥
of field effect transistors interconnected to form a "set
and leave" circuit. The components of the circuit are
advantageously fabricated at the back of the multi-element
25 field controlled plasma discharge panel thus cbviating the
need to use transparent semiconductor devices and thin
film fabrication techniques. Altefnatively, the active

control circuit for actuating the field control electrode



of field effect transistors interconnected to forma "set and | eave
circuit, The conponents of the circuit_atre advant ageously fabri cated
at the back of the multi-elenment 25 field controlled plasna discharge
panel thus obviating the need to use transparent sem conduct or
devices and thin filmfabrication techniques. Alternatively, the
active woeses22l circuit for actuating the field cont rROT/USISE490de

WD 96/ 32827 PCT/ US96/ 05249

- 5- conprises a surface field effect device fabricated from

| ayered insulators and conductors instead_gf sem conductor material s.
In nulti-elenent devices, switching circuifry . Is used to address the
active control Ciddupriizsed8nd blidfacd fieldPREFebtagbvdté Ofulfidatédvitdoml ones
of the elenents in the matri x. The electrical connection

bet ween the layesedt ixisulgtors ;and cynductarise ingbead|ofc senigonductonrade

usi ng ort hogonal _sets of control lines intersecti n%at each

di scharge el ementmaterpals. In muitinelemsnt IR GESonsYLECRIRG FITUIRDYi ses a
met hod for, usin n rnal _.el ectr.ic fi 0.£001. e
intensity of a fi'd d’ﬁeﬁst%f’ggéég_e%gats#a &l afégggoi!%lpéulg aét’flsacgp_ gnce_
with the metfod qlodth®1PaRee8RtidhVENtitdividual onesfbf Sthe!Exenentsl hal d is
generated in an environnent of an 15 ionizable gas with the first
electric field hanhengmatrix. Thef i elemtiriical ensorinedtdonnsbetfegan atheasm
di schar ge. Next, a second electric field_is generated in the
vicinity Witghing cinoud Exxtansh thet eeatrels pieuldis ds, made jusigg

Finally, the streaghllhal1%es ¥ &hei81°1dnts® Sretsecting at each

discharge element.

10 The present invention yet further comprises a method
for using an external electric field to control the
intensity of a field instigated plasma discharge. In
accordance with the method of the present invention, a
first electric field is generated in an environment of an

15 ionizable gas with the first electric £field having a
sufficient intensity to instigate a plasma discharge. |
Next, a second electric field is generated in the vicinity
of, and in interaction with the first electric field.
Finally, the strength of the generated second electric

20 field is varied to alter the shape of the proximately
located first electric field, with the alterations in the
shape of the £first electric £field proportionately
affecting the intensity of the plasma discharge.

The present invention still further comprises a

25 specific geometry for improving discharge device optical
efficiency. The geometry includes a lens-shaped phosphor
coating ©positioned adjacent the discharge celi.

Contouring of the phosphor coating into a lens-shape



20 field is varied to alter the shape of the proximately | ocat ed
first electric field, with the alterations in the shape of the first
“electric field proportionately " affecting the intensity of the plasm
di schar ge. The present invention still further conprises a 25
specific geonetry for inproving discharge device optical efficiency.
The geonetry wéedngses a | ens-shaped phosphor coat i ngeeTUsséniseedned

adj acent t he di scharge cell. Cont ouri ng of the phosphor coating
into a | ens-shape WO 96/ 32827

PCT/ US96/ 05249 - 6- | nproves the
directivity of visible |ight em ssions andsf the efficiency of
conversion of em t i gk | | &S sdihSC ge to
Veible |ght. TREREovEs! EBE Sifbcrivicy BEOVIBRLE 10D GHEGhpC ddh
geonetry for 5 theit efCiSiendie @FScoaiirsdbact6f C dnitkddoaiiyraiviiolet

el ectrode adj acent the |ight produci ng phosphor coating. Contouring
and polishing of phetongl dat the¢e plagmaydischarges &yl visible lighteal The

ffici f the disch i C, flecti | i ght ted b
Gither The pl asmEeREERY BTk inadadesoa Condibe, muzEnge Sreiery fofn
or der 10 1 edyce Ig! heghana WAkharge elebLAIR 1816l SGINDR! SRR AN

i ncrease device contrast, remarning surface o _ trode is
coated to absorb adjacent!tigllight producing Iftosphegetbat iHgent Comtdiiriihly

further conprises the use 15 of a plasma discharge, and in particular,
t he foregoing and pokishinmtobl ithds redlecsnodat Hopropesasthedioveralde
devi ces in either their single elepent or nmulti-element matrix

optical efficiency of the discharge device by reflecting

light generated by either the plasma discharge itself or

10 the phosphor ccating. In orxder to reduce reflectance away

from the discharge element and increase device contrast,

the remaining surface of the electrode is coated to absorb
light.

The present invention still further comprises the use

15 of a plasma discharge, and in particular, the foregoing

field controlled, hollow cathode plasma discharge devices

in either their single element or multi-element matrix

form as a light source in an electrostatic printing

device. The single element plasma discharge device is

20 modulated in accordance with the image to be printed and

the hodulated light output therefrom is scanned across the

photoconductive surface to produce the latent image. The

multi-element matrix hollow cathode discharge device, on

the other hand, generates the latent image on the

25 photoconductive surface from a discharge device output two

dimensional image using either a line imaging (using a 1

by y matrix discharge device) effect or a page imaging

{(using an x by y matrix discharge device) effect. 1In



formas a light source in an electrostatic printing device. The
single el enent plasnma_discharge device is 20 _npdul ated i n_accordance

with the image to be printed and t he nodul ated |i ght out put
therefromis scanned across the phot oconductive surface to produce
the | atent image. The mul ti-element matrix hol | ow cat hode di scharge

devi ce, on woeens2sthe ot her hand, generates the | atent i nmaBEIEPNTE 25
phot.oconductive surface froma di scharge devi ce output two

di mensi onal image using either a line imaging (using a 1 by y matrix
di scharge device) effect or a page inmaging,_ (using an x by y matrix
di scharge device) effect. In WO 96/ 32827

PCT/ US96/ 05249 ejther single element or multi-elemefit printifgtaeviééngle

el ement or nulti-elenent printing device, the latent electrostatic

i mage i s devel opsteb}atempekartrostatibeipage coordevsliopeds byf esposing
oppositely charged col ored t oner garticles, transferring the

attracted particFBe phptosondugtive gury ?)aPGePPPWPW &SWFH@E‘ ﬁP?ﬂr‘Eqﬁ_e _
phot oconducti ve gnex Cpaszq:rifcigg hagﬁar?éi?ecztxri% @Eéciq' ec;ﬁnegf &a@:@gcigg ngixing

t he transterr I'mage o € paper asing hea pr €SSur e.

BRI EF DESCRISPTI Qb gheddlotDpaAMENERrokfh contact MiER!tnhé PYHItRcBndlEEivd andi ng

of the nmethod and apparatus of the present invention may be had by
reference surfahe amd | eleatydsthatiteddesian,ptamin thiean fizkeg the
conjunction wth the acconpanyi ng Drawi ngs wherein: FIGURE 1 is
schemati ¢ di agr af¥*Brsterredoimage O shagPares using heas gudiexs Rrepsurenent

BRIEF DESCRIPTION OF THE DRAWINGS
10 A more complete understanding of the method and
apparatus of the present invention may be had by refere_nce
to the following Detailed Description when taken in
conjunction with the accompanying Drawings wherein:
FIGURE 1 is schematic diagram of a prior art plasma
18 discharge display element;
FIGURE 2 is a schematic diagram of a prior art hollow
electrode plasma discharge display element;
FIGURE 3 is a schematic diagram of a field
controlled, hollow cathode plasma discharge display
20 element;
FIGURE 4 is a cross-sectional view of the display
element of FIGURE 3;
FIGURE 5 is partially broken away top view. of a
multi-element field controlled flat panel display;
25 FIGURE 6 is a schematic diagram of the wmulti-element
field controlled flat panel display shown in FIGURE 5
using an active FET circuit for controlling actuation of

each discharge device;



FIGURE 2 is a schematic diagramof a prior art hollow el ectrode
pl asma di scharge display el enent; FIGURE 3 is _a_ schematic

diagram of a field controlled, hollow cathode plasma di scharge
di splay 20 el enent ; FIGURE 4 is a cross-sectional view of
t he di spl ay el ement of FI GURE 3; FIGURE 5 is partially
broken away tpogpsa®dw Of a mul ti-el ement field contr ®CrU8sos#® panel
di splay; 25 FIGURE 6 is a schematic diagramof the nulti-el enent
field controlled flat panel display shown in FIGJURE 5 using an
active FET circuit for controlling actuatign of each di scharge

devi ce; WO 96/ 32827

PCT/ US96/ 05249 FIG 7FI@RE érbss dsddtitnaictlie f VAR Wagt ive
active surface T1eld effect device for controlling actuation of

each di scharge dewirggce field effeckl G&Rfcd fior zontpsellimytdctuationeof of the
plasma 5 di scharge device illustrating geonetry variations for the

field generati on esichcdigdharamdieti®eshor coating; FIGURE 9 is a
schemati c diagramof a , as di,scharg

printing device; BruRE !eal giﬂ%?%"??'&?_@ﬁ@ﬂﬁ i T8V a8 aﬁpgl‘ _%Egg'?';t a.t ¢
ok cer oners Hessclb SRS sk g g ShEAEpBI I, L0
pl asma di schar ge, fikade yefiBgatio®| AEctestas | endrphitisphgr coating;
FIGURE 9 is a schematic diagram of a single element
plasma discharge electrostatic printing device;
FIGURE 10 is a schematic diagram of a multi-element
10 plasma discharge, line-imaging electrostatic printing
device; and
FIGURE 11 is a schematic diagram of a multi-element
plasma discharge, page-imaging electrostatic printing
device.
15
DETAILED DESCRIPTION OF THE DRAWINGS
Reference is now made to FIGURE 1 wherein there is
shown a schematic diagram of a prior art plasma discharge
display element 10 including a cathode electrode 12 spaced
20 apart from an anode electrode 14. The electrodes 12 and
14 are positioned within a glass envelope 16 that is
sealed and filled with an ionizable inert gas. The area
between the electrodes 12 and 14 comprises a discharge
cell 18 wherein a plasma discharge is generated.
25 A voltage source 20 outputting a time dependent
voltage {(AC or DC) is connected to the electrodes 12 and
14 of the display element 10. Application of a voltage

potential across the electrodes 12 and 14 generates an



device. 15 DETAI LED DESCRI PTI ON OF THE DRAW NGS
Reference is now nade to FIGQJRE 1 wherein there is shown a schenmmti c

diagram of a prior art plasna discharge di splay el ement 10 incl uding
a cathode el ectrode 12 spaced 20 apart from an anode el ectrode 14. The
el ectrodes 12 and 14 are positioned wthin a glass envel ope 16 that
IS sewbognipd filled with an ionizable inert gas. TRET/HS%85249

bet ween the el ectrodes 12 and 14 conprises a discharge cell 18
wherein a plasma discharge is generated. 25 A vol tage source 20
outputting a tinme dependent vol tage, (AC or DC) is connected to the
el ectrodes 12 and 14 of the display element 10. Application of a
vol t age P I; &l t S8REAL

N L as a2 Qi &dtirls @ f@&i@%chaﬁa@iém&oﬁmé@rpﬁyaw | by BRORLA! Pined

-9- el ect r 22) fimckHe (Givharge cedlly 18l | ugierntac dubfidierite potemteial

22) in the discharge cell 18. Wen a sufficient potenti al Is applied
bet ween t he cat hbelcarpldedrirkwern the eathodmoelectrode d2candotbe 1anode fiel d

i ti ted | he b kd . the i | i i f_th

e hrore o coifgerade 0"y Fiead ipphigansll iR DS PRSI 4ot g
| . ' . : .

a plasm 5 o tgiaé Clah A%t 3gingg§L@é{@s U @i@Tg@s QeBha 8&cv§€§o {%f&e i

el ectrons, atons an _ colI'i'si on of

energetic el ectrgagreént t fowsd Obetwedii StiRe debédtrciea fdxniitg iDNpZadue gas

at ons mai nt ai ned In the discharge cell 18 excites the gas atons into
discharge. The plasma discharge contains energetic

electrons, excited atoms and ions.
The collision of the energetic electrons in the
10 plasma discharge with the ionizable gas atoms maintained
in the discharge cell 18 excites the gas atoms into
emission of a wide spectrum of radiation in the form of
photons of light 24. The characteristics of the icnizable
inert gas or mixture of gases that are sealed within the
15 envelope 16 dictate the dominant wavelength of the photons
of light 24 radiated from within the discharge cell 18.
For example, neon gas atoms emit radiation in the visible
red-orange spectrum when excited by a plasma discharge.
Xenon gas atoms, on the other hand, emit radiation in the
20 invisible ultravioclet spectrum. This invisible radiation
is converted to visible photons of light 26 by phosphors
28 coated on the inside of the glass envelope_ls.
Plasma discharges typically produce a mnegative
differential resistance across the electrodes 12 and 14.
25 To prevent the plasma discharge from transitioning to an
arc that may destroy or damage the electrodes 12 and 14,
the display element 10 and/or the voltage source 20, a

current limiting impedance 30 is connected in series



em ssion of a wide spectrumof radiation in the form of phot ons of
light 24. The characteristics of the ionizable inert gas _or m xture
of gases that are sealed wthin the™ 15 envel ope 16 dictate the dom nant
wavel engt h of the photons of light 24 radiated fromw thin the
di scharge cell 18. For exanple, neon gas atons emt radiation in the
vi sible wo deRshaPr ange spectrum when excited by a pl asmpctiussisiage.
Xenon gas atons, on the other hand, emt radiation in the 20 i nvi sible
ultraviolet spectrum This invisible radiation Is converted to
vi si bl e photons of |ight 26 by phosphors 28 coated on the inside of
the glass envel ope ]}6. Pl asrrﬁltql‘scharges typically produce a
negative ifferentjal resista cr e o] 14.
25  To prevent gfﬁgeﬁ?aghﬁ HPEE%%% gg&?!r.‘gem %?cgnél i%#\i ggétgggﬁ%&é@' arc
that may destroyyfendefB0foltifye | Riirceded ddtpith lfiternatingt pelalryy ay
- elenment 10 and/or the voltage source 20, a current limting

i npedance 30 i s sobtmyd,ethenimpedance 30 compriseiD0EEPASLTor. A direct
PCT/ US96/ 05249 - 10- betf ween t he
vol t age source asyrsgRt utput Srom thge¥oltage saures 2Re 0B F§§e° ce 20

outputs alternating.polarit voltage, the d EGE chPE' s a
capaci tor. gdi ré’@gd' requi':%??e'ﬁpebafﬁut&?raoﬁ?%leﬂv%%dt age gg%rce %r,&eon t he
other 5 hand j ;48 fthg Sfinddoancesgo0f a resistor for the current

limting inpedance 30. In order for the radi ated photons of
i ght 24 and 26 Ih Codtierh €bt ethe hradiaeeld photlehe cof dl ighits i2dcandi e26
envel ope 16, one of the electrodes 12 or 14 can be manufactured of a

to be better observed or detected outside the envelope 16,
one of the electrodes 12 or 14 can be manufactured of a
10 transparent material, such as tin oxide. The optical
transmission efficiency of the materials used for a
transparent conductive electrode, however, is
unsatisfactory. One solution to this problem, as
illustrated in the prior art hollow electrode plasma
15 display element 32 shown in FIGURE 2, is to provide an
opening 34 in one of the electrodes (in this case, the
ancde electrode 14) through which the radiated photons of

light 24 may escape from the discharge cell 18.
Reference is now made to both FIGURES 1 and 2. 1In
20 many applications, it is desirable to quickly switch the
plasma display element 10 or 32 between its off mode and
its on (discharge) mode. However, there is a noticeable
delay between application of the potential across the
electrodes 12 and 14 and the generation of a plasma
25 discharge within the discharge cell 18. To speed the
reaction time of the plasma display elements 10 and 32,
an additional, third electrode 36 is provided for

generating free charges that seed the avalanche breakdown



10 transparent material, such as tin oxide. The opti cal

transm ssion efficiency of the materials used for a t ranspar ent
conductive el ect r ode, however, I's unsati sfactory. One
solution to this problem as illustrated in the prior art hollow
el ectrode plasma 15 di splay elenment 32 shown in FIGURE 2, is to provide
an ORPObLERs?4 1 N one of the electrodes (in this caskCT/S9605249

anode el ectrode 14) through which the radi ated photons of light 24
may escape fromthe discharge cell 18. Ref erence is now nade to
both FIGURES 1 and 2. In 20 many appljcations, it is desirable to

qui ckly switch the - plasma display ®tement 10 or 32 between its off
node and ' Nelg) L S ChfL dfl-qJeod er e | NQfl bl e

del ay. bet ween aﬁ{ojltélclgxtigﬁéofaﬁe pgtggntg% \é%&r/osl?athﬁgt& to aae?,g'c%tgﬁgdes 12

and-14 and the gEehatgedN Theathifdrdlectbode id tohhAkgEedi tdiad) vidleageschar ge
cell 18. To speed the reaction tinme of the plasma display elenents
10 and 32, souxgead8itional, third electrode 36 is provided for

genérating free charges that seed the %val anche breakdown |, . V\O
96/ 32827 eference is now made to FI Ugg %Eﬁ&ﬁ;there is

-11- i t hi di | .
G aeharge. Sheidhde os35BAR0Fc ‘Eldaddh U 2018 BofiLASITea, mollow

ode 1s C source 38.
Ref erence is novgdthddet sl denfadUBEschadtty @lEméAe4d .1 SThé fiel@hevhitrdbliehRenatic
diagramof a field controlled, hollow cat hode pl asma di scharge

el enent 40. The piasimd cdimclyidged element phasnmcduderarajeheldowntanode
' ncludes a holl Oﬁeacrt]:%%%e 42 (having an opening 44) spaced apart from a
hollow cathode electrode 46 (having an opening 48). The
10 openings 44 and 48 in the pair of electrodes 42 and 46 are
substantially aligned with each other along a common axis
50. The discharge element 40 further includes a third
electrode 60 positioned adjacent to the anode electrode
42 or cathode electrode 46 to form a capacitor. The
15 electrodes 42, 46 and 60 are positioned within an envelope
54 that is sealed and filled with an ionizable inert gas.
If the element 40 functions as a display, the envelope 54

is manufactured of a transparent material.
The area between the electrodes 42, 46 and 60 around
20 the common axis 50 comprises a discharge cell 52. A
discharge voltage output. from a first voltage source 56
is applied between the electrodes 42 and 46 to generate
a discharge electric field (schematically represented by
broken lines 58) within the discharge cell 52. Current
25 flows between the pair of electrodes 42 and 46 following
the field lines of the discharge electric field 58, the
longest of which field lines pass through the openings 44

and 48 to terminate on the top side of the anode 42 and



el ectrode 42 (having an opening 44) spaced apart froma hol | ow
cathode el ectrode 46 (having an opening 48). The_ 10 openi ngs 44 and 48

in the pair of electtTodes 472 and 46 are substantially aligned with
each other along a common axis 50. The discharge el ement 40 further
i ncludes a third el ectrode 60 positioned adjacent to the anode

el ectrode 0 or cathode electrode 46 to form a capa®crassos24¥he 15
el ectrodes 4?{ and 60 are positioned within an envel ope 54 t hat
is sealed and filled with an ionizable inert gas. If the el ement 40
functions as a display, the envel ope 54 I's manufactured of a
transparent material. The ar e"al%'et ween the el ectrodes .42, 46

q q : , . _
and 60 aroun 22‘%%‘%@?% a&s%éé)ofgg{m;dese&_a d%gﬁil%%&ﬁuﬁ 52. A

di scharge vol tag oma firs tage source is applied
bet ween the el ecty,308%idAr andsdfatGe 0P6EERGE potentiad dicsctiae gpakteofric

field (schematically represented by broken lines 58) within the

di Zchar?e cel | 5ZleChrodes 4228nd 4§ |inatipetesan plrempadisclargeday shes 42
and 46 follow ng _. the field Ilines of the discharge electric field 58,
thg . : | ongestisshagge cpe¥t H4t FPﬁe%nbﬁ%?ﬁmPéuﬁgetﬂgam ’T?&g"aﬂe

an 8 to tetmnate on the | n

96/ 32827 g éepenﬁs. gn tth%p aﬁ!bgﬁt cgf t&?r@ﬁ\ggfﬁggg / %%Eﬁ%en the pm

-12- the bobf Uledvd8des 4deaaripidsqde 46. Application of a
sufficient discharge voltage potential to the pair of el ectrodes 42

and 46 instigates a plmeraplassaardischargee instigatiedchiangethe| |hadlowThe
intensity of the plasma di scharge

cathode, discharge element 40, unlike that with the prior

art plasma discharge display of FIGURE 1, has a positive

10 differential resistance. The differential resistance of

a hollow cathode plasma discharge will remain positive for

low currents, and thus a series connected current limiting

inductance (see FIGURE 1) need not be included between the

electrodes and the first voltage source 56. Because the

15 differential resistance remains positive, a plurality of

discharge elements 40 may be electrically connected in

parallel with each other without danger of current
diversions to adjacent discharge elements.

The third electrode 60 is oriented substantially

20 parallel to the pair of electrodes 42 and 46, and is

positioned external to the electrodes 42 and 46 in

alignment with the openings 44 and 48 along the common

axis 50. The placement of the third electrode 60 in the

display element 40 forms a capacitor between the third

25 electrode and the cathode electrode 46. It will, of

course, be understood that the third electrode 60 could

alternatively be positioned adjacent the anode electrode

42 if desired. A control voltage output from a second



5 depends on the anobunt of current flow ng between the pair of

el ectrodes_42 and 46. g The plasnma _dis e instigated in the
hol | ow cat hode, discharge elenment 40, unlike that with the prior

art plasma di scharge display of FIGURE 1, has a positive 10

differential resistance. The differential resistance of a hol | ow
cat hode pl aswo gdizaetrarge will remain positive for | PETASIFOSPIs, and
thus a series connected current limting i nduct ance (see FI GURE 1)
need not be included between the el ectrodes and the first voltage
source 56. Because the 15 differential, _resistance remains positive, a

plurality of di scharge el enents 40']T?ay be electrically connected in
parall el wth ea%l@%@@rsdﬂﬂcﬁoﬁﬁ §8N%651 1¥g DeLESH the thirdi “EeetPBde! O

adj acent di scharge elenents. The third electrode 60 is oriented
substantially 2@0 andarthe adathodehelpetrodé ¢6ctor gdrerde aadcdfitrahd i s
positioned external to the electrodes 42 and 46 in alignnent with

t he openi ngs 44 gAgchpicfinydt fRchegRbidaally repragentesd byrirokeacAiBa® of

the third electr 60_in the I spl ement 40 forns.a, capgcitor
bet ween t he t hi r%q?ZS Ti’ee?%’&’??}deelfr‘fgrf'ﬁegxﬁf‘hoﬁ HEEFAF e"&g?‘ ap‘?t will,
of CQr se aepniifle’ $hoqd sl Nirdrafind Nidideel-es! ade wel ¢

al ternative% be p %Int ?oﬁeg a Jacentrt e anode el ectrode P 42 ??
desired. A contrdischiairggeeletpricl fH8ld Seconduch distortididé/ DR 8EKe

PCT/ US96/ 05249 . . o - 13- vol t age source
62 is applied betsheps ehdhehdischarge: pdeetric fielhd Shaffact ctheh@mount

electrode 46 to %%ngtrlg}eenta f&gvr}:g.zrlgo Ibet:ween the anode electrode 42 and the

cathode electrode 46, and thus influence the intensity of
10 the plasma discharge. Experimentation has shown that
voltages in the range of as low as thirty volts applied
to the control electrode 60 effectuate substantially
linear control over éurrent versus voltage in a four-
hundred volt output voltage across the anode and cathode
15 ‘electrodes 42 and 46. With decreased spacing between the
control electrode 60 and the cathode electrode 46, control
voltages less than thirty volts may be used. Varying the
control voltage potential applied to the third electrode
60 alters the discharge electric field 58 spatial
20 distribution passing through the openings in the anode and
cathode electrodes. Such changes cause corresponding
variances in the flow of current between the electrodes
42 and 46 to effectuate proportionate changes in the
intensity of the plasma dischargé.
25 The collision of energetic electrons in the plasma
discharge with ﬁhe gas mixture maintained in the discharge
cell 52 excites the ionizable gas atoms into emission of

a wide spectrum of radiation in the form of photons of



electric field (schematically represented by broken |ines 64). The
control electric field 64 interacts with and, 5 depending on its
strength, distorts the shape of the di scharge electric field 58.
Such distortions in the shape of the discharge electric field 58

af fect the anount of current flow ng between the anode el ectrode 42
and t he wo de el ectrode 46, and thus influence thepgmdsesosedesy of

10 t.he pl asna di schar ge. Experinmentati on has shown t hat

voltages in the range of as low as thirty volts applied to the
control electrode 60 effectuate substantially | i near control over
current versus voltage in a four- Athdr ed vol t out put voltage across

t he anode and cathg I e ' e aci ng
bet ween t he ﬁ%‘(;etntsgsso'l g %c? %?)’ggg&a anci?e[] gég‘gF %&Pt‘éﬂe%e?%%%%%?
control VOAAdRABS ihebsth e HY llkcrPbdss NBY A Yscdisp@Fsdd dnehe
control voltage potential applied to the third el ectrode 60 alters

t he di scharge el eateda dnf whliidhS8uslpailexitrofOand ibrstimtiesraicbhopasitimdg.hieshr ough
t he openings in the anode and cat hode _el ectrodes. Such changes
cause correspondi phpctrodes Qegyrs,caed; thus, &efuers Frasirrehp HREWddAtene

ntensi by of 5t he I SERAL PRl g Tib4FR REPN, IR GOS0 edc 4000, |

electrons in the plasng a 1ightdiediteifg diépndyQpAdcHEXEA] €a NBddtigigned i n

t he di scharge cell 52 excites the ionizable gas atons into eni ssion
of a W de spephosphaf éhdistproviidedt ba thengdasshenvsiopef 54 to

WD 96/ 32827 . PCT/ US96/ 05249

-14- absorb the invisible photons 66 of ultraviolet radiation

and emit visible photons of light 70. The third electrode

10 60 may also be coated with phosphor 72 to absorb

rearwardly directed ultravioclet photons 66 and emit

visible photons 70 thus increasing the overall optical

efficiency of the discharge element 40. Furthermore, the

anode and cathode electrodes 42 and 46 may be coated with

15 UV converting phosphor 69. In addition, the top surface

"of the anode electrode 42 may be coated with an electron

phosphor 71 to absorb electrons accelerated along the

field lines 58 and re-radiate visible 1light. The

brightness of the visible light emitted by the discharge

20 element 40 is directly proportional to the intensity of

the plasma discharge current, and thus the brightness of

the light is controlled by varying the control voltage
potential output by the second voltage source 62.

Reference is now made tc FIGURE 4 wherein there is

25 shown a cross-sectional view of the hollow cathode

discharge element 40 schematically illustrated in FIGURE

3. The glass envelope 54 comprises a transparent front

plate 74 forming a viewing window 76 for the discharge



| ight 66. The hol |l ow cat hode geonetry w th openings 44 and 48 in both
of the el ectrodes 42 and 46 di sperses the area in which such el ectron

and 1on interaction wth the el ectrodes occurs, and thus reduces
erosion to facilitate 5 a longer operating lifetinme for the discharge
el ement 40. In a light emtting display application, a coating
of phosphor @ ekm2spy Ovi ded on the gl ass envelope 54 to PCT/UESAS19t he

i nvi si bl e photons 66 of ultraviolet radiation and enmt visible
photons of light 70. The third el ectrode 10 60 may also be coated

wi th phosphor 72 to absorb rearvvggdly directed ultraviol et photons
66 and emt vi si'bl e photons 70 th I ncreasing the overall optical

ef ficiency of the %J' ggigfbﬁgﬁn&hf&l A: tJl%&ESQEehgﬁ@ generat& e and

cat hode el ect rodes be coated wth UV Tonverting

phosphor 69. | naaglaén®ndisdicarde zsayfbéeobserved.of Phosphote 68l efdixr ode 42
may be coated with an el ectron phosphor 71 to absorb el ectrons

accel erated al ongonmtmg plasmaedelscham gessrat'eﬁﬂj WlérFXéPéGé phaganse

l'i ght. The thhev3|blell mte t

di scharge 20 %I‘@T?é‘hg &Pr‘é%?rregfi ﬁPoBolP"i‘? Set ﬁ‘g F%F eﬁ%‘?’i’y of
the plasma gi schgrge, oy neheagagerol £hiav B oY rm%ow‘ 76, A spdifed | ONC

is controlled by varying he Co age otenti al put by t he

second vol tage sosirse shdtable dlelectné?@‘zebene@ irﬁsdl%‘ﬁlﬁ?dﬂatérféﬁi@f
wherein there is 25 shown a cross-sectional view of the holl ow

cat hode dpeshtaitgmdalmmemomehémntcaﬂlayel |7ausandt ¢dei naradeURE
3. The gl ass envel ope 54 conprises transparent front é\te 74

forming a view nBrSrTRASR 48-f oFhe H'é’ﬂjlsémﬁéf"@@ the anode ele"t‘?" e 42

may further include a deposit of an electron phosphor 71
10 for converting electron energy to visible light. This
rhosphor 71 must be made electrically conductive (perhaps
through incalulating the phosphor in a fullerene tube
matrix) to conduct the electric charge to the electrode
42. An opening 80 is provided in the spacer 78
15 | substantially aligned with the opening 44 in the anode
electrode 42 along common axis 50. The opening 80 in the
spacer 78, however, has a larger diameter than the opening
44 in the anode electrode 42. A spacer 82 of suitable
dielectric or other insulating material is positioned
20 between the anode electrode 42 and the cathode electrode
46 to maintain a separation between the electrodes
approximately equal to the diameter of the openings 44 and
48. An opening, substantially aligned along common axis
50 and having a diameter larger than the openings 44 and
25 48 in the electrodes 42 and 46, is provided in the spacer
82. The anode and cathode electrodes 42 and 46 may be
coated with a phosphor 69 for converting ultraviolei:

plasma radiation to wvisible light. A spacer 84 of
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-15 - el ement 40 through which any visible |ight generated by a
pl asma di scharge may be observed. Phosphor 68 for converting plasma
di scharge generated ul traviol et photons to visible light is coated to

a back surface of the front 5 plate 74 in the area of the view ng w ndow
76. A spacegygogmgyy /8 Of suitable dielectric or other ingorasseng4snterial
S positioned between the front plate 74 and t he anode

el ectrode 42. The top surface of the anode el ectrode 42 may further

I nclude a deposit of an el ectron phosphor (71 10 for converting el ectron
energy to visible light. This pho’&ﬁﬁor 71 must be made electrically

conductive (perhaps [ I n p full erene
t ube mat r & g‘)"t?glcon&tﬁgfggggcelr%ﬁt g#gé%hgpggs?gkﬂi h"%‘-’eelcrltira%deﬁl
42. An_openi Ng podPtibfed Pbétuedd then cathedeSpdéetroded 46l%and a back

substantially ali gned vm th the opening 44 in the anode el ectrode 42
al ong common axi plate THe o,f)ertlhng dasien QM@IOPG 54 .spadey aEening\e§®r, has
a larger dianeter than the openin 4 in the anqde el.ectrode 42 A

spacer 82 of sw tBé'bISé‘antlanY cﬁ]élgééfir P&°B? SO [aRdS 20 AFINBRYIPY 2
posi tioned et q% ? ‘,{e ERLT gng}é and st hg gagods, e{:ﬁgt rode
n a \l"% i on ween th 23

46 to maint e el eCtro approxi mately

equal to the di a'@%%&r@éeé e apRANk8YSiddpiifided in tHS.splitedP®ai.NgThe
substantially aligned al ong comon axis : 50 and having a di aneter

l'arger than the apdritnebectiodads0 2% posiBioned e @|fawntodurtace ofdthe, is
provi ded in the spacer 82. The anode and cat hode el ectrqdes gg and

46 may be kagl Eéla'&\?t% é“&?&éﬁﬁb?l’ﬁb 3lgoned it tRe ARERINSS
pllasma radiation t1.10:1 Vias 1B %Etectroéég PES e£n§4460fand pos:Lt:Loned at a

10 location opposite the viewing window 76 along common axis
50. Phosphor 72 for converting rearwardly directed plasma
discharge generated ultraviolet photons to visible light
may be coated to a front surface of the third electrode
60.

1s Reference is now made to FIGURE 5 wherein there is
shown a partially broken away top view of a multi-element
field controlled panel discharge device 88. The discharge
device 88 comprises a plurality of discharge elements 40
(FIGURES 3 and 4) arrayed in a row by column matrix

20 configuration. Individual elements 40 in the device 88
are located at the points of intersection 90 between
individual onés of a set of “x" control lines 92 and
individual ones of a set of "y' control 1lines 94.
Actuation of the elements 40 in the device 88 is

25 effectuated by selectively addressing the x control lines
92 and the y control lines 94. Only at that one element
40 positioned at the point of intersection 90 between two

addressed control lines 92 and 94 will a plasma discharge



WD 96/ 32827 PCT/ US96/ 05249
-16- suitable dielectric or other insulating material is

positioned between the cathode el ectrode 46 and a back pl ate 86 of

t he gl ass envel ope 54. An openi ng 88, : substantially aligned al ong
common axis 50 and having a 5 di aneter | arger than the openings 44 and
48 in the woessisartrodes 42 and 46, is provided in the sparTUsBE249 The
third electrode 60 is positioned on a front surface of the back plate
86 substantially aligned with the openings 44 and 48 in the

el ectrodes 42 and 46 and positioned at a_l;I,Q | ocati on opposite the

vi ewi ng wi ndow 76 al ong conmon axi s 50. Phosphor 72 for converting

rearwardly direci{gfhdil-A8FPa 1ight eﬂiéﬁ@{)gsegﬁ{maseéa%wm%hﬁ% et ons
gh my b e

to visible |ight € coated to a front Surface of t hi rd
el ect rode cHftroll electrode vBitagenc@o generatmnce two BimeEidnalher ei n
there is shown a partially broken away top view of _a nmulti-el enent

field control | edvpewad impge Heitde the dewiaqeg 88Thehejaontgiodelines 92 ARd ce 88

i lurglity of discha | ts 40 FI GQURES 3 and 4
T hyed i n a1 owhy ¥e] BARURIALLY 250 TREBRERGHY EPORCST Ry BUSeT

el ements 40gin tgfdgz?‘gocﬁeﬁératel r]].éghﬁr gi3hgda ttﬁéq‘aptrggcbg'ﬁ 29951:101'18

i ntersecti on 90 bet ween i'vi dual ones of a sé contr ol

lines 92 and on the'@eviideiads.onds @ilh, o cohrsey, haonrindelrstboédstRek
Actuation of the elenents 40 in the device 88 is 25 ef fectuated by
sel ectively addr tbei pgnehedgviesmt§®|may rhes fabricated tadhavie ¢ithen ral

lines 94. Only a% t hat one el enent 40 posi ioned,a&t1 t he looi nt of
i ntersection 90 biihe&y ©nugyved surface and to produce either color or

black and white images.

10 The set of y control lines 94 are provided in a
common plane and positioned above (i.e., on top of) the
back plate 86. The set of x control lines 92 are also
provided in a common plane and are positicned spaced apart
from and above the y control lines 94. The plurality of

15 third electrodes 60 comprise conducting disks that are
also provided in a common plane positioned spaced apart
from and above the x control lines 92. The x and y
control lines 92 and 94 are connected or coupled to the
third electrodes 60 by means of a control circuit (not

20 shown, see FIGURES 6 and 7).

The cathdde electxode 46 comprises a conducting plahe
including the plurality of openings 48 arrayed in the
matrix configuration. The cathode electrode 46 conducting
plane is positioned above the third electrodes 60 and

25 separated therefrom by means of the spacer 84. The anode
electrode 42 is similarly formed of a conducting plane
including the plurality of openings 44 arrayed in the

matrix configuration corresponding in location to the



addressed control lines 92 and 94 will a plasma discharge WO

96/ 32827 - PCT/ US96/ 05249

-17- (producing a T1ght eniSsion) be instigated by changing the
control electrode voltage. To generate a two di nensi onal vi sual
imge wth the device 88, the control lines 92 and 94 are
sequenti al | ypayudsi@gpeat edly addressed in proper 5 or depct/ossosng at e

| ight em ssions at the proper |ocations on the device 88. It wll,
of course, be understood that t he panel device 88 may be fabricated
to have either a flat or curved surface and to produce either col or
or bl ack and white i mages. 10 “+®" The set of y control lines 94
are provided in . n 0Sh L/ apove (dmL- top
of ) the b%? nﬁ?%?e236. ikéﬁ%é?ag?gﬁgcg%%éo |n£§'92'g?£ %ﬁéé%
provided in a cogregtpbd@ca8ncdontfcPDad  pLawsl SHapediePsridd above tHeOM and
above the y control lines 94. The plurality of 15 third el ectrodes 60
conpri se conduct icaghdde k =ldrkirodee 46 conduttingr pladed and asepanatedl ane
positi oned spaced_ apart fromand above the x control lipes 92. The
x and y c&herefron hys meang,gf ouhe, qpacsynBet e TR TSR RdaER The
third el ectrpodes .60 _hLy. t L LGQuj see
FI GURES 6 artd 7) .1% pO1{TRAA Q’Iﬁ?ge %&%?h%%a%tggt #%%é Q‘i‘% %%‘?r%? ies%geggde
conducting plane 42 conduéting P1age! B9 Lhe!rspddey 98.0penings 48 arrayed in
t he matri x configuration. The cathode el ectrode 46 conducting

pl ane is positioned aBefereruse tis mbwemader odeBIGIRE & widxein thpzeaimd

t herefrom by neans of the spacer 84. The anode
shown a schematic diagram of the multi-element field

controlled panel discharge device 88. For simplification
10 of this drawing, only three elements 40 in a single row
of the device 88 are illustrated.

The x and y control lines 92 and 94 are connected to
the third electrodes 60 by means of a bi-directional
control circuit 96 for controlling the flow of current

1s into and out of the capacitance formed between the control
electrode 60 and the cathode electrode 46. Each of the
control circuits 96 in a given column of the device B8 are
connected to a single one of the x control lines 92
corresponding to that column. Similarly, each of the

20 control circuits 96 in a given row of the device 88 are
connected to a single one of the y control lines 94
corresponding to that row.

In one embodiment, the control circuit 96 comprises
a “set and leave” circuit 96' including a pair of

25 interconnected field effect transistors (FETs) 98 that are
used to control the voltage on the field control electrode
60. Each FET 98 includes a drain terminal 100, a gate

terminal 102 and a source terminal 104. In each control



electrode 42 is simlarly forned of a conducting pl ane i ncl udi ng the

plurality of openings 44 arrayed in_the matri x _configuration

corresponding in location to the WO 96/ 32827
PCT/ US96/ 05249 openings 48 in the cathode el ectrode 46. The
anode el ectrode 42 conducting plane is positioned above the

cat hode el ecivigaé@ss® conducti ng pl ane and separ at ed POTUSSOSRODY
means of the spacer 82. The front plate 74 5 i s positioned above and
separated fromthe anode el ectrode 42 conducting plane by the spacer
78. Reference is now made to FIGQJRE 6 wherein there is

shown a schematic diagramof the nmulti-el nt field ~controlled
panel discharge Q&\ecaa&%s-Forufe rmfaiﬁca&hmmw 100 Ob£t e dpgun ngg only
three. el ements 40in a single row of the device 88 are illustrated.
The x and y cont rigleluideas Fiifs a98l &k adonneeredctededch other andetbhthe

el ectrodes 60 by neans of a bi-directional control circuit 96 for
controlling the mnb:olal}r-men% fpz thejypw iandhichk tde dheplaypflemgnte

fornmed between the cont el ectrode 6Q a t de eLectrode
46. Each of the 49 ?ﬁﬁqﬁﬂ (H?Qﬁuqa$39§ﬁrW13aSFviH508? €oP3theFevi ce

88
are . 5 Corﬁhat ‘ﬁ Q'Ei‘ssbé‘%élxene] Wtﬁﬁeﬁéﬁé’%réﬂh& %3 €6 the

corresponding to t eac cont rol
circuits 96 in axgiyaitrsV Xinet B2 Y theS&dluin in whichntdet displag

single one of the y control lines 94 corresponding to that row.
I n one enbodi nentglementcddt il letared: Jhec@opriceeterminals 104 of the

pair of included FETs 98 are also connected to each other,
and are further connected to the third electrode 60 of the
10 display element 40.

In the panel device 88, the second voltage source 62
comprises a gate voltage supply 106 and a drain voltage
supply 108. The gate voltage supply 106 is selectively
connected to each of the contrxrol circuits 96' (via the

15 connected FET 98 gate terminals 100) through a column
switching circuit 110 and the x control lines 92. The
drain voltage supply 108, on the other hand, is
selectively connected to each of the control circuits 96'
(via the connected FET %8 drain terminals 102) through a

20 row switching circuit 112 and the y contrcl lines S4. The
switching circuits 110 and 112 operate to select a
discharge element 40 in the device 88 for activation by
addressing an x and y control 1line 92 and 94 for
application of the voltages output from the gate voltage

25 supply 106 and the drain voltage supply 108, respectively.
Application of voltages of the same polarity to the
control circuit 96' actuates the discharge element 40

located at the intersection point 90 between the selected



a "set and leave" circuit 96' including a pair of 25 I nt er connect ed

field effect transistors (FETs) 98 that are used to control the
voltage on the field control el ectrode 60. Each FET 98 includes a
drain termnal 100, a gate termnal 102 and a source term nal 104.

I n each control WO 96/ 32827

PCT/ US96/ 05245 962827 circuit 96', the drain term nals l1@erwbssosmopair of
i ncluded FETs 98 are connected to each other and to the y control
line 94 for the rowin which the display el enent 40 is located. The
gate termnals 102 of the pair of 5 i ncl uded FETs 98 are connected to
each ot her and to the - x control |iTRP92 for the colum in which the

di spl ay el uded Eﬁ':%yolix?eé 0g3t g 14 e;%ﬁﬁgeéerﬁeﬂg‘%:feﬂ@“c%tgﬁg

pai r of 8 "are al So connet ach are

further connect e¢iletixbRet Bbo" ot &4d I i9BteGatbs a@aamadimbaargéerrent

40. In the panel device 88, the second voltage source 62
conprd ses a gat e Thel tmeemm yoiO&hanctiJaSlege viandigeccordinglyupphe 108.
The gate voltage sungy 106 is_selectively connected to_eacgh of the

control circuits RFEonEyeRs tcffeth%emttﬁénﬁé%’tk&? Righgy bﬁt@th?ﬂ}g-ﬁgl bY100)
El_ﬂreough a ng um tr%?h@%eg's;ogﬂh%%&%q}:ﬁ:ﬂq #J&n )Eh?éogﬁﬁﬁlels' Rgg 92

rain vgp?aae supply and,
sel ectively conngggedogo each of the control circuits 96 (via the
connected FET 98 drain termnals 102) through a 20 row swi t chi ng
circuit 112 and t he yThentomtrol rescfdt 98heis advantageotuslynglaceduats 110
and 112 operate tQ select a
the rear of the device 88. Placement at this location
facilitates manufacture of the device 88 as the control
10 circuit 96' and its associated control lines 92 and 94 can
be separately manufactured as one unit, tested, and only
thereafter mounted to the remainder of the device
components. The placement at the rear :of the device 88
further obviates the need to use expensive thin film
18 fabrication techniques historically needed for fabricating
the transparent control circuits placed in front of other
digsplay devices like liquid crystal displays.
" Furthermore, with rear placement, redundant electronic
components (for example, the FETs) can be fabricated and
20 later activated through known laser selection techniques
in the event the primary components subsequently fail or
are initially defective.
Reference is now made to FIGURE 7 wherein there is
shown a cross-sectional view of an alternative embodiment
25 96" of the bi-directional control circuit 96 illustrated
in FIGURE 6. The contrpl circuit 96" comprisesg an active

gsurface field effect device that does not utilize

semiconductor devices (l1ike the FETs 98) for controlling



di scharge elenent 40 in the device 88 for activation by addr essi ng

an x and y control line 92 and 94 for application of the voltages
output fromthe gate voltage 25 supply 106 and the drain voltage supply
108, respectively. Application of voltages of the same polarity to

t he control circuit 96" actuates the discharge el enent 40

| ocat ed at tyagodseey section point 90 between the sel ect ed PCTNUSI605249\\O

96/ 32827 ' PCT/ US96/ 05249

- 20- control lines 92 and 94, changes the field control

el ectrode 60 voltage and instigates a plqigg di schar ge. The intensity

of the discharge (and accordingly the brightness of the emtted

visible light) i I LN elggti v e t put
fromthe supplieéc%gﬁ&{&k Sgaﬁﬁelg%FCKaﬁyé ngme%%ehgont?g¥ﬂ%%§%hfﬁﬁ%6' S
advant ageousl y péesefoRtcircuit (98> roompribebhdageys cof 8&nsuRitaorsreanad at
this |ocation facilitates manufacture of the device 88 as the control
10 gircuit 96' conductersisthali aredmovat easily mnrd gelinblyfahricated e
separately manufactured as one uni fested, and only t hereafter
nmounted to the rERARRRML dgﬁ§°ﬁe Eeees. conponents. The pl acenent at

the rear of gthe devicfyBBeoneror (HIISE GRYI ALES BUE BOGH1Efab'SGopypenS Ve

thin film I5 fabrication t'echniques historically nee ricating
the transparent gRaktfbdei 94 UidompRistng tite f¥ ddbnttolothge, and a fate! ay

devi ces i ke liquid crystal . displays. Furthernore, wth rear

pl acenment, reduneédectxddecO2éncomprising the x control line. The voltage

source electrode 94' is positioned above (i.e., on top of)

the back plate B6. The gate electrode 92' is positioned

10 above and is spaced apart from the wvoltage source

electrode 94' by an insulating spacer 114 which also

separates the gate electrode 52' from the third electrode

60 of the discharge element 40. Openings are formed in

the third electrode 60, gate electrode 92' and spacer 114

15 to define a conically-shaped aperture 116. The aperture

116, as well as the front surface 118 of the third

electrode 60, is coated with an insulating layer 120

comprising, for example, magnesium oxide. The insulating

layer 120 functions to reduce secondary electron emission.

20 Although exposed by the aperture 116, the surface of the

voltage source electrode 94' need not be coated with the
insulating layer 120.

The photons of 1light and ions generated in the

discharge cell 52 of discharge element 40 produce a layer

25 of surface charge on the insulator layer 120. Altering

the potentials applied to the third electrode 60, voltage

source electrode 94', and the gate electrode 92' controls

the movement of the layer of surface charge. Thus, the



conponents (for exanple, the FETs) can be fabricated and 20 | at er
activated through known | aser sel ection techniques in the event the
pri mary conponents subsequently fail or are initially defective.
Reference is now made to FIGURE 7 wherein there is shown a
cross-sectional view of an alternative enbodi nent 25 96" of the

bi -directionglodglaafol circuit 96 illustrated i n Fl BCRbsw0sIANe
control circuit 96" conprises an active surface field effect device

t hat does not utilize sem conductor devices (like the FETs 98) for

controlling WO 96/ 32827

(Fj’CT/ rL]JS%/ o5|249 -22- o1 actuation of the
i scharge el enent I , aanhe N I G4 o8 QI CAM " i ses

| ayers of insul atcgfdigr%d Jli%ﬁggcgrﬁjuc(t:%“r'%ﬂﬁ%? %r glﬁg?e%!a%ﬁ%s gﬁgmroéel i ably

fabricated sikanasein Gpedaeion €6Va (Field Bffect tramEimtoentrol circuit

96" includes a voltage source el ectrode 94' conprising the y control

| i lne,; and a gate Reféximgodeworo EEIGHRE &.n§here i€ @heWoin FRESSThe

vol t age source electrode 94' is positioned oV i..e.. on.top,of

the backdpl at e 8@ecThen @R é‘lEFE‘Eﬁtr’a’&eggﬁ“‘eF’? G%i ‘Bnéoéctf(?des 3303 d a)nd

I s spaced apgart from, the I 8 '

i nsul ating ¢ acer4g113fxqf\hr1 c?h\bg‘f)égﬂsr égyiz'g‘%pasreat‘::éfs eg%laat%gﬁel%ggf %1&%892-

fromthe third el@sticedfo. a frofd sirfhbe BFUFLEe shadedletbroipeazngs

are formed in the third electrode 60, gate el ectrode 92' and spacer

114 15 'to defdtneha operingl 44 -ish spetocupst tter defire: a Thacays murface

116, as well as the front surface 118 of the third , .
124. Preferably the concave surface 124 is polished to

reflect reérwardly directed photons of light out through
10 the viewing window 76. A rear surface 126 of the cathode
electrode 46 is similarly contoured and polished to define
a concave, light reflecting surface 128. In order to
increase the contrast of the discharge element 40 for use
as a light emitting display, the remainder of the front
15 surface 122 of the anode electrode 42 outside of the
concave surface 124 is coated in a black or otherwise
spectrally absorptive color. A concave surface 130 is
further formed in the front plate 74 at the viewing window
76. The phosphor coating 68 for comverting ultraviolet
20 to visible light is lens-shaped and contoured to conform
to the concave surface 130. The lens shape of the
phosphor 68 and concave surface 130 at the viewing window
76 improve directivity of the produced visible light as
well as enhance the efficiency of the ultraviolet-to-

25 visible light conversion.
Reference is now made to FIGURE 9 wherein there is
'ghown a schematic diagram of a single element plasma

discharge electrostatic printing device 200 which operates



el ectrode 60, is coated with an insulating |ayer 120 conprising, for
exanpl e, magnesi um oxi de. The insul ati ng | ayer 120 functions to

reduce secondary electron em ssion. 20 Al 't hough exposed by the aperture
116, the surface of the vol t age source el ectrode 94' need not be
coated with the I nsul ating | ayer 120. The phot ons of

i ght and i owgogemey ated in the di scharge cell 52 ofcrivsssieszgec

el enent 40 produce a | ayer 25 of surface charge on the insulator |ayer
120. Altering the potentials applied to the third el ectrode 60,

vol t age source el ectrode 94', and ége gate el ectrode 92' controls
the novenent of the layer of surface char@é” Thus, the WO

96/ 32827 mann R ,gg&ﬁ/o 4 :

-22- . cont r%)? Ti rcuﬁr %ﬁl%%or?psr its?eg éla %I%—i{e fect zév?}clg device
simlar in operappop heweverpl dhef fmeint rhesd Sk02. comprises a Reimglé ng now
to FIGURE 8, there is shown in cross- section an alternative
geometry for theetement Riasma) disghasge elgmentd 40he lpkesphat ebewn nip 68 of

t he pl asma di scharge evice 40, A_front surface 122 of _the pde

el ecltor ode 42 FI&&“% ﬁeaﬁaeﬁf n€°§l4’*1'% Ight o 8PREFS e of Eoﬁgﬂ*fg
surface 12 e Iyt C C | | 1.shed

reflect rearsvvar d??aglérg%%%g %ﬂo#%‘ﬁs o% ; F%ig%ﬁﬁﬁgiﬁgﬁtr@ioéﬁ th%R?/i ew ng

wi ndow 76. A repiistiHeadc242 ufehelpeifcliutedewell knowdl Aeiagldg 4ptiss
simlarly contoured and polished to define a concave, |ight
refl ecting surfa2e4lcspriping riémseso (e.g., beancexpandensl andt sgannefst he

di scharge el ement 40 for us as. a light emtting displ , the
renaindgr of the ErSnt rotatghg'polygons) opef%t&ng to focgs ané)fige scan

the single beam modulated light output from the discharge

10 element 40 along an imaging slot 206 and onto a rotating
photoconductive drum 208. In this device, the 1light
cutput from the discharge element 40 is modulated by the
information comprising the image to be printed.

Prior to being imaged, the photoconductive drum 208

15 is charged over a uniform area with ions emitted from a
corotron/scorotron 210. The corotron/scorotron 210
comprises one or more thin corona wires supported directly
above and extending laterally across the surface of the
photoconductive drum 208. Positively or negatively

20 charged ions are attracted to the ocuter surface of the
photoconductive drum 208 which, when subsequently exposed
to the scanned light emitted from the plasma discharge
device 40, acts for a short period of time as an insulator
depending on the sign of the potential difference. When

25 exposed to light, voltage decay occurs due to photon
absorption by the surface of the photoconductive drum 208
to generate electron-hole pairs. These pairs separate

under the influence of the uniform charge deposited by the



15 surface 122 of the anode el ectrode 42 outside of the concave
surface 124 is coated in a black or otherw se spectral |y absorptive
color. A concave surface 130 1Is - further formed in the front plate 74
at the view ng w ndow 76. The phosphor coating 68 for converting
ultraviolet 20 to visible light is |ens-shaped and contoured to conform

to the concayp egsystace 130. The | ens shape of the PCTTOSMENS249 68 and
concave surface 130 at the view ng w ndow 76 inprove directivity of

t he produced visible |ight as wel | as enhance the efficiency of the
ultraviolet-to- 25 visible |ight conversion. Ref erence is
now nade to FIGURE 9 wherein there is %7 shown a schenatic diagram of

a single el ement plasi, /ecororxefll 596" GfeRhR152852! bheP! bRAIGY da ce 200

whi ch operat es
PCT/ US96/ 05249 genperating on the drum 208 a latent?®lectrostati@ imeugeer

anal ogous to a laser printer. In the device 200, however, the print
head :202 conpri sef theiimgge to be primted. pl asna di scharge el enent 40, |ike
t hat shown in FIGQURES_.3 and 4, for jts light source instead of a
solid 5 state | asE® dsvedsR %i‘tﬁgti’é“%ﬁo ° ‘?‘F?‘#é:%ef". Paypicles

conpri sing I'ense eam e scanners

rotating pol ygongheOpababtagatdst fveC Euandobl neasadfnetic bradle siqgie beam
nodul ated |ight output fromthe discharge 10 el ement 40 al ong an

i magi ng sl ot 206 then weed to APPdYi hhe toner pphbiocles diettihee syriace st I n

this device, the |ight output fromthe dischargf el enent , 40 is
nodul at ed by t he the photoconductive drum 208 where they ectrostatically

ot 50 2Bk 8 7 MO0 014 e ot

adhere to those areas with an opposite charge (i.e., those

10 areas exposed to the modulated and scanned light output
from the plasma discharge device 40). To develop a color
latent image, multiple development stations 216 are
needed, one each for the subtractive colors (cyan, yellow
and magenta) and one for black. The four ébmponent latent

15 = images may be accumulated on the photoconductive drum 208
if desired.

The developed image present on the drum 208 is then
transferred to the paper 218 using a corotron 220. The
corotron 220 sprays ionized charge on the back side of the

20 paper 218, with the ionized charge being of the opposite
polarity as the toner particles deposited on the drum
surface. The toner particles then electrostatically
(i.e., loosely) adhere to the paper surface. Fusing of
the toner particles, and hence the developed and

25 transferred image, to the paper 218 is accomplished by the
use of heat, pressure, or combination heat and pressure

as generally indicated at 222.



i nformation conprising the inmage to be printed. Prior to being

| mged, the photoconductive drum 208 15 I s charged over a uniformarea
wWTh rtons emited froma corotron/scorotron 210. The
corotron/scorotron 210 conprises one or nore thin corona wres
supported directly above and extending laterally across the surface
of the wo bgk#conductive  drum  208. Positively orpcwusssnszedy 20
charged ions are attracted to the outer surface of the

phot oconducti ve drum 208 whi ch, when subsequently exposed to the
scanned light emtted fromthe plasma disgharge device 40, acts for
a short period of tine as an I nsul at or -35- dependi ng on the sign of the
pot enti al dlfference dtﬂt?t V@hdAdEn d8fee QGCUrS
due t.o photon sorp elzg'ns ﬁgagg?éace %e‘mﬁ%ot oconduct ?\%e drum
208 10 g&diehal eae|sQ§1Eﬁ\QEiEO|cﬁal§&bﬁls of Thesmilrdi-elementar glasma

under the influence of the uniform charge deposited by the WO
96/ 32827 discharge, line-imaging electrostRCicUsoBitizgdevice 230.

- 24- corotron/scorotron 210 neutralizing the char n

generating on tﬂé’tﬁmﬁmi&aFatrGﬁFrﬁPE%tP%? T& ’1"17;3(,9%%3% % &% ¢ i mage
to be printgd. PR devel ge, | o4 o]
particles g ’é?fee’%h‘é?g%bﬁ ok po é ggﬁeit“{e@t ha’?ﬁgf t%g %u?%g’ce of
the phot oconduct bySridsm 408 lﬁaiﬁﬂf‘ehhﬁl é@é”' €d4al Jaser prieerusad to
apply the toner particles to the surface o t he phot oconductive drum
208 where they epmxtdawiatri.cam yche deviaeh2Be, thowdvese theaprismt thead
opposite charge (i.e., those

202 comprises a linear, multi-element plasma discharge
panel 88, like that shown in FIGURE 5 ({comprising however
10 a linear 1 by y matrix), instead of a linear solid state
laser or gas laser array or page/line imaging and scanning
optics. The print head 202 further includes well known
imaging optics 204 operating to focus the line of light
output from the linear discharge panel 88 through an
15 imaging slot 206 and onto a rotating photoconductive drum
208. The generation of the latent image on paper 218
through charging of the drum 208, development 216,
transfer with the corotron 220 and fusing 222 occurs after
imaging in the manner well known in the art and described
20 above in connection with FIGURE 9.

Reference is now made to FIGURE 11 wherein there is
shown a schematic diagram of a multi-element plasma
discharge, page-imaging electrostatic printing device 250.
Like or similar reference numerals in FIGURES 9 and 10

25 refer to like or similar components. The device 250
operates in a manner analogous to a laser printer or
photocopier. 1In the device 230, however, the print head

202 comprises a multi-element plasma discharge panel 88,



10 areas exposed to the nodul ated and scanned |ight out put from

the plasnma di scharge device 40). To devel op a color | at ent i1 mage,
mul ti pl e devel opnent stations 216 are needed, one each for the
subtractive colors (cyan, yellow and magenta) and one for black. The
four conponent latent 15  images may be accunul ated on the

phot oconduct @& odhassh 208 i f desired. Thepctirsoseaed | mage
present on the drum 208 is then transferred to the paper 218 using a
corotron 220. The corotron 220 sprays ionized charge on the back
side of the 20 paper 218, with the ionized charge being of the opposite
polarity as the toner particles deposi ted AT t he drum surface. The

e Dt hoe  r e Ehee il iduks 5 (compriofng A0BLYY WIS 1O (N
devel oped and 25that tfedierheescd Vﬁﬂ@let&éﬂl@ypwraﬁl%rl paeCofPkhehed by

t he use of heat, pressure, or conbination heat and pressure
as generally i ndthedtatbQﬁ'inted The ph’ih@&ie&%zuz further includes
PCT/ US96/ 05249 Ref er ence

i s now made to FIG3ERDICRYISE204 (9RETating to f°°§ﬁoW‘F &1§Bﬁeﬁﬂm‘@5&i“89ram
of a mlti -eéene%??obgggg ipage 13 1‘1 ghal, ut:lf Lt 'trﬂggdi‘sc’cﬂacf a?’xeét é@JRES 9

printing device mg ol el ence humer
and 10 5 r ef endeP al tht&Eorﬁid@tli%E EQBP@M&I 252. T9Re dAMbtGratd0 252
operates in a manner anal ogous to a |aser printer or phot ocopi er. In

t he devi ce 230, Imwefesablyheonpriseshaadrum (not Zhdwnenpee SEEGURE ionand,
mul ti-el ement plasma di scharge
10) or flexible belt (shown) charged with ions as
discussed above. The generation of the latent image on
10 paper 218 through develcopment with the magnetic brush(es)
214, transfer with the corotron 220 and fusing 222 occurs
after imaging in the mahner well known in the art and
described above in connection with FIGURE 9.
Although preferred embodiments of the method and
1s apparatus of the present invention have been illustrated
in the accompanying Drawings and described in the
foregoing Detailed Description, it will be understood that
the invention is not limited to the embodiments disclosed,
but is capable of numerous rearrangements, modifications
20 and substitutions without departing from the spirit of the

invention as set forth and defined by the following

claims.



nel 88, I|ike that shown in FIGURE 5 (conprising however 10 alinear 1

pa

by y matrix), |’1ﬂu Bl"&"lmu'ﬂr solid state | aser_ar _gas | aser
array or page/l ol Ll canni ng optics. The print head 202
further includes well known | magi ng optics 204 operating to focus
the line of |ight out put fr pirtre=ktneak._di scharge panel 88 through
an 15 | RAPbgEs Ot 206 and ontlp &S SHEET pgg djonduRATESIENSIH

208. The generation of the |atent]li t hr ough

| magRELACEper 21§
charging of the drum 208, devel opment 216, —===—=ts8Bnsfer with the

I
corotron 220 and fusing 222 occurs after_’ _ I magi ng in the manner well
known in the art and described 20  aboVe in connection with FI GURE 9.

Ref erence is now%st &%Elg,_l wherein there is shown a

schepatic diagramof a nulti-elenment plasm di scharge, page-inmagi ng
el ectrostatic printing dexi peaghd).dischargelékement sicompaisirger ence
nunerals in FIGURES 9 and 10 25 refer to like or simlar conponents.
The device 250 a eealadcenyeloperSOREALRIRY AP UPAEE F2Baser printer or

phot ocopier. In the device 230, h er, th rint h
conprises a multi-el &reRdiF a8k g‘\ﬁgxﬂ%r gé‘%a‘ﬁelgeé’g, %8flon elﬁ%%@ﬁSZBZ?
PCT/ US96/ 05¢49 n%osit::loned wit%xin the se Zsed envel‘o?%‘. the holldwerilddd shown

in FIGURE 57(conprising an x by y matrl?< at generates a visible
di splay of all ogep@fdtitn t 8Pectrodes i g@rgardtings pin nresporide poi rthenead

202 further includes “imaging optics 204 operating to focus the |ight
conprising 5 appligaticn | pigea | ifdmst olpghentiadm therehychar R13f%| 83
onto a phot Ocondgfgéﬁlgrgseu%%[dﬁl%&ggz :gs'ch-g}%esg g;[: %:tLg giSezld; and
a control electrode positioned within the sealed
10 envelope external to the field generation electrodes, the
control electrode generating, in <response to the
application of a second potential thereto, a control
electric field for distorting the shape of the generated
discharge electric field and affecting the intensity of

15 the induced plasma discharge.

2. The plasma discharge element as in claim 1
wherein the pair of hollow field generation electrodes
comprise:

20 an anode electrode having a opening defined therein;

a cathode electrode also having an opening defined
therein, the openings in the anode and cathode electrodes
being substantially aligned along an axis.

25

3. The plésma discharge element as in claim 2

wherein at least one of the pair o'f electrodes includes

a concave, polished surface for reflecting light generated

This Sheet Has Been Rei[ilaced




preferably conprises a drum (not shown, see FIGURE 9 and 10) or
flexible belt (s h |ons as_ di scussed above. The
generation of thxﬂmlmwmmml ‘paper 218 through devel opment with
the magnetic brush(e8) - " .5 214, tyansfer with the corotron 220 and
fusing 222 occurs after inagr A EEN |l known in the art
and dage sddassy above in conne e rtﬁr% 9} PCTUS96/05249

Al t hough preferred enbodi ments of t - apparatus of the
present invention have been illustrated in the acconpanyi ng Dr awi ngs

and described in the f or egoi ng EEta%éed Description, it wll be
under st ood t hat the invention is nof°Timted to the enbodi nents

di scl osed, zeb Whel $1880420)EsHarBEMBALGSGH &3 aﬁaaaant@he rpaillfshsat i ons
20 . and substitutions mnthout depafting fromthe sp|r|t of

i nvention as set durfidveatidcingi aeddwinghwihddw am rthe envelopéajns.

-27- WHAT IS CLAIMED I S: 1. A plasma discharge el enent,
conpri si ng: a seal ed envel ope containing an inert gas;

a pair of hollow field gen atlggelecé g‘ﬁl sitianed Wlihln

seal ed envel ope, the Hollo Epﬁtl §P ctPFodtt GehtPa |ng,

n_response 10 !Nherein tABPLKES'ddlbed! tArbhaR P\ RRkESL LGSR TP a0

di schar ge |ndu0|ng arge electric field a control

el ectrode positi opesividmithe konteol eéledfrodecive lsupatait i adl ighnient fi el d
generation el ectrodes, the
with the openings in the anode and cathode electrodes.

S. The plasma discharge element as in claim 1,
10 further including a phosphor coating on the inside surface
of the glass envelope for converting ultravioclet light

emitted by the plasma discharge to visible light.

6. The plasma discharge element as in claim 5
15 wherein the phosphor coating is lens-shaped.
7. The plasma discharge element as in claim 5

further including a phosphor coating on the surface of the
control electrode for converting the emitted ultraviolet

20 light to visible light.

8. The plasma discharge element as in claim 5
further including a spectrally absorptive coating on the
anode electrode for improving contrast.

25
9. The plasma discharge element as in claim 1

wherein the discharge element comprises a switch.

This Sheet Has Been Replaced




control electr n response to the application of a
second potenti E Emllgm“mﬁ“mnt roI .electric field for distorting

t he shape of the generatteds *  disch arge electric field and affecting the
intensity of 15 the induced pl gs+e ! 2. The

mﬂBSHEETH&ﬁéiéNn the pair of hollow

pl asma di scharge elenent as in cl g}

field gener g ssmagdrect r odes onpr REELACRED i an FTOWesR2&:t r ode
havi ng a openi ng defined therein; - and o a cat hode el ectrode
al so having an openi ng defi ned t herein, the openings in the anode
and cat hode el ectrodes being substantially aligned along an axis.

25 3. The plasma discharge element as in claim2 wher ei n

at |east one of the Rair PhecbtabhfdaisbRakgseelement a8 canceleimpal i shed
surface for reflecting |ight generated

- 28- by t héherlednnehei didutiagget bleueht tdmmmriisgsnant arphifieshed
surface facing a viewing window in the envel ope. 4. The

pl asna di scharge elenent as inclaim2 5 wherein the axis passes through

t he cont_rol el ectrod 1 Thev\,iptlﬁgf‘ tl‘ﬁr;chggagoré ?lkn?l %trﬁgeawlm

substantial alignnmen e opent ngs e anode and cat hode
el ectrodes.g further including means for varying the strength of the

second potential, such variances in the second potential
affecting discharge electric field distortion and causing
proportionate changes in the intensity of the induced
plasma discharge.
10
12. The plasma discharge element as in claim 11
wherein the means for varying comprises a bi-directional

control circuit connected to the control electrode.

15 13. The plasma discharge element as in claim 11
wherein the means for varying comprises a surface field

effect device coupled to the control electrode.

14. 1In a plasma discharge element comprising a pair
20 of electric field generation electrodes and a proximately
positioned control electrode, a method for controlling the
generation and intensity of a plasma discharge comprising

the steps of:
applying a first potential to the pair of field
25 generation electrodes of sufficienﬁ strength to generate

a plasma discharge inducing electric field;

This Sheet Has Been Replaced‘.
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|l asma C scharﬁe element as in claim1, 10 further including a

5.
phosphor co II U | u Iije surface of the gl ass envel ope for
convertlng

em tted : .fsna dlscharge to

visible Iight” ' ' dl el ement as in claim5b
15 wherein the phosphor coatlng 7. The

pl asma di schgpg@smienent as in clai =2 I ncl raiiwsysms2ghosphor
coating on the surface of the control electrode for converting the
emtted ultraviolet 20 light to visible Iight. 8. The
pl asma di scharge elenent as in claim5 _30- further including a
spectrally absorptive coating on the anode el ectrode for inproving

contrast. 25 lyis aU&%oah &@eﬂi’ﬁih@é heCkBHBRLL AS1ddtrTarl M 1
wherein the di schargepgl g conpr ses a swtch

- 29- 100 gIhGr@iéiSﬁBcdnﬁﬁbBrgﬁee&ﬂ&rﬁléaﬁ iprodimagel to the
wherein the discharge el enent conprises an anplifier. 11. The
pl aspa d|schargepbaimnnﬂ;sabargecinduﬁxpg glectrig thiald;nenddi ng neans for

varying the strength of the ogﬂbg tentlal such wvarjances in the
second potenti al Vary&P?e%H?|i5rﬁP 8| IRPPAPPr I A 5P YAY8n and

causing 5 distortions in the shape of the generated plasma discharge

inducing electric field that effectuate proportionate

changes the intensity of the induced plasma discharge.

15. A method for controlling the intensity of a
10 plasma discharge comprising the steps of:
generating a first electric field in an environment
of an ionizable gas, said first electric €£field of
sufficient strength to initiate a plasma discharge;
generating a second electric field proximate to the
15 first electric field; and
varying the strength of the generated second electric
field to cause distortions in the shape of the proximately
located first electric field that effectuate proportionate
changes in the intensity of the initiated plasma

20 discharge.

16. A gas discharge element, comprising:
means for containing an ionizable gas;
means for generating a first electric field in the
25 means for containing, said first electric field of
sufficient strength for initiating a gas discharge;
means for generating a second electric field in the

means for containing sufficiently proximate to the first
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proportionate chahﬂi!,s in We: intensity of the induced pl asma

di Z(r:gﬂg?hulwmlu "lLlJH 12. The_plasma di SG harge elenent_as in claim11

' Ng CONpri Ses—a=—hi——ti-rectrors contro
circuit connected to the control el ed 13. The plasna
di scharge element as in claim1l ERe neafs for varying
conpri ses awokdshage field ef f et=8F=< oupt €d t 0 ROTAUSSEIR24%0|
el ectrode. 14. In a plasna discharge. el enent conprising a
pair 20 of electric field generation electrodes and a proxinmately
positioned control electrode, a nethod fg%%controlling t he

generation and intensity of a plasma di schiarge conprising t he steps
of: ARG gl Bb Pt Bhet Shdghe RAthe Ofifdieldlectic
generation el ectrodes of sufficient strength to generate a plasm
di scharge inducigig@ig;ectric field;

-30 - applying a second potential to the control el ectrode

to generate a contromeanectidrc Yamtingorehe nateength hef the generaped

di scharge inducing electric field;. and % [ t he strengi.n _of the

second pot ent i alS¥PHE, FLECETEC %iﬂi{t%’r tq°5‘ﬁ§°?‘ng{"%eglg?%ep@%fuﬁg%g er at ed

pl asma di schar ge e | i I | .24 jbhateebhanbEst @n th

proporti on;%]e eleurc’??an%ceé;mt %d?nféeungs% tcglédop:& t ﬁ'e [ nﬁuced %I asmrsl1 di secharge.
intensity of the gas discharge.

17. The gas discharge element as in claim 16 wherein
the means for containing comprises a sealed glass

10 envelope.

18. The gas discharge element as in claim 16 wherein
the means for generating the first electric £field

comprises a pair of spaced apart electrodes.

15
19. The gas discharge element as in claim 18 wherein
the pair of spaced apart electrodes comprise:
a hollow cathode electrode; and
a hollow anode electrode.
20
20. The gas discharge element as in claim 18 wherein
the means for generating the second electric field
comprises a control electrode positioned adjacent, but
external to the pair of spaced apart electrodes.
25 |

21. The gas discharge element as in claim 20 wherein

each of the pair of spaced apart electrodes includes an

This Sheet Has Been RTlaced
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15. A metho the intensity of a 10 pl asma di schar ge

conpri si ng ﬂlml mmmmn”“f generatl ng a first electric field in
an environnment ¢ t of ah ionizable & aid first electric field of

sufficient strength to initiate a plas < generating
a second electric field proximate to t
varyi ng the ywhogspgih of the generated secon
distortions in the shape of the proximtely

gctric field; and
PCT/S96/0324% O cause
ibed first electric

field that effectuate proportionate changes in t he intensity of the
initiated plasma 20 di schar ge. o 16. A gas discharge
el enment, conpri sing: nmeans for %%ntaining an ioni zabl e gas;

means for generasc#g;g,,g Ehéfeitmm ehd réﬁéﬁ;hghd%%ﬁd l38bseantialBANA 1

contai ning, sai eleCtric fiel suffici'ent strength
for initiating awis clichcbBh@e;along an axistreans for generating a second

electric field in the means for containing sufficiently proximate to
the first _ _ AVENDED SHEET
(oL efectric leldgdo ASUoLinllie SR8RGCTS' B it oF WK

5 the control electrode is posited substantially aligned

with the openings in the pair of spaced apart electrodes

along the common axis.

23. The gas discharge element as in claim 21 wherein
10 the opening in the anode electrode is contoured to form
a concave shape for reflecting light generated by the

plasma discharge.

24. The gas discharge element as in claim 21 wherein
15 the anode electrode is coated with a spectrally absorptive

coating for increasing contrast.

25. The gas discharge element as in claim 20 further
including means for controlling the application of a

20 variable potential to the control electrode.

26. The gas discharge element as in claim 25 wherein
the means for controlling comprises a surface field effect
device coupled to the control electrode.

25

27. The gas discharge element as in claim 25 wherein

the means for controlling comprises a bi-directional

semiconductor circuit connected to the control electrode.
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means for varying the strength of the generated second el ectric field
to_control Lunmﬁmm Iml"lﬁ first 5 ___electric field and cause

TS TR ] T eane 1
\L

17. The gas "di Scharde €l effent as in

cont ai ni ng conprlses a seal ed gl ass 18. The
gas di schar ggoedmemnt as in claim16 wherein t he mERGRUSSEPS249
generating the first electric field conprises a pair of spaced apart
el ectrodes. 15 19. The gas discharge elenent as in claim18
wherein the pair of spaced apart ehgctrodes conprise: a
hol | ow cat hode el ectrode; and a holl ow anode. el ectrode. 20 .
20. The gas dischargggel e@ﬁ@tga@sawcm@emiammera@ in claim 2% hehewedns for
generating the second electric field conprises a control electrode

posi ti oned adj acthd ,semitonductor exireuis| cowprimesrair of spaced apart
el ectrodes. 25 . The gas di scharge el enent as Ia|n120
wher ei n each cﬁirﬁﬁea%ﬂecemst%ﬁ@'@deg %%F@Ef ‘Eﬁf@seFﬁ%r}W'

- 32- openla{lgdl; F:li.%r'EI nga{_'he Of%”'s%ﬂ%cge' ng substantially aligned
5 means for connecting the drains of the first and

second field effect transistors together and to a drain
voltage source;
means for connecting the gates of the first and
second field effect transistors together and to a gate
10 voltage source; and
means for connecting the sources of the first and
second field effect transistors together and to the third

electrode.

1s 29. The gas discharge element as in claim 16 further
comprising a phosphor coating on the glass envelope for
converting ultraviolet 1light generated in the plasma

discharge to visible light.

20 30. The gas discharge element as in claim 29 wherein

the phosphor coating is lens-shaped.

31. The gas discharge element as in claim 16 wherein
the discharge element comprises a switch.
25
32. The gas discharge element as in claim 16 wherein

the discharge element comprises an amplifier.
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wi th each other alon 22. The gas discharge el enent
as in cl al I“”lwu“ﬂ l’l“ﬂi the control el ectrode is_posited substantially
al i gned ni ngs in thempait—of spaced apart electrodes

al ong the conmon "ax! s. ZB[ZWhBS@EETWN§%Eg g

claim?21 wherein 10 t he opening in {fhe ammhlﬁdmwtrode I's contoured to
form wos&nsave shape for reflectrt PATyUSIRVEs249

pl asma di schar ge. 24. The gas dlscharge elenent as in claim
21 wherein 15 the anode electrode is coated with a spectrally
absorptive coating for increasing contrast. 25. The
gas discharge el ement as in claim 20 furt gy i ncl udi ng means for
controlling the appl |3C§:1t [ gnpgﬁ% lZaQ; | g ﬁéhé‘Pé@ dWRtigiat [ @bmﬁﬁ%:ﬂfg control

el ect,r ode. e gas arge el enent "‘as 1'n ai'm 25

wher ei n t he MBARR A1 i€9NbE Obladigh @mama&ge aells f aemyedelis of f ect
device coupled to the control electrode. 25 27. The gas

di schar ge el enmrentohsnn rbyclrawnmasrmhmfngurationt he means for controlling

conprises a bi-directional conductor circuyi onnected .t.o the
Com)r ol el ectrode. a pair of hollow giectrodes for eac T‘: dzscﬁarge cell,

el ement as in

""--J-._.--._

5 the pair of hollow electrodes generating, in response to
the application of a first potential, a first electric
field in a gas atmosphere;’

a plurality of control electrodes, one for each
discharge cell, each control electrode generating, in
10 response to the application of a second potential, a
second electric field proximate to the first electric
field;
means for selectively instigating plasma discharges
at selected discharge cells; and
15 means for varying the strength of the second electric
field to distort the shape of the first electric field and
effectuate proportionate changes in the intensity of the

instigated plasma discharge.

20 34. The panel discharge device as in claim 33
wherein the means for selectively instigating comprises
a switching circuit for selectively actuating discharge

cells to instigate a plasma discharge.

25 35. The panel discharge device as in claim 34

wherein the switching circuit comprises:
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33 The "gas di scharge elenent as in claim27 wherein

- 33- 28.
t he Senm‘mamn“uﬂ :ujll t conprises: first and second field
efTect Lt L havi ng a drain, a gate and a source; 5
means fof confecti ng the drains of the first and .= econd field effect
transistors together and to a drain Tf , ' e;
means for cqpy k430 the gates of thelifi e CROTUS96824P ef f ect
transi stors together and to a gate 1d ol age—soure and
means for connecting the sources of the first and second field
effect transistors together and to the thipd el ectrode. 15
Zﬁ. Ehe gas discharge el ement as in claiit1l6 further conprising a
phosphor coating on the ved o ti | dsBMirO! et
l'i ght generated in thJe1 %%%s%&n o p%f&s'@%a?ognetﬁo% \C/]ﬁ?ié%{'e efr%bgwhtéd 20
30. - The gas di sehsysl 2ifeeséniéctdl toiedthofitiecidischarge téklgphiosphor
coating is | ens-shaped. 31. The gas discharge elenent as in
g;ainL16 mhe&einthat columne di scharge el enent conprises a switch. 25

. The gas di scharge elenent as in claimJl6 [ ei '
el ement gonprises ag %”R*qqqygpy of row controfM¥iﬂ%s? each ro&hgogs aEge
SHEET

5 line connected to each of the discharge cells in that row;
and
means connected to the plurality of column and row
lines for selectively addressing the column and row lines
to control actuation of the discharge cell.
10
36. The panel discharge device as in claim 33
further including a phosphor deposit at each discharge
cell for converting ultraviolet photons generated in the
plasma discharge to visible light.
15
37. The panel discharge device as in claim 36

wherein the phosphor deposit is lens-shaped.

38. The panel discharge device as in claim 33
20 further including a spectrally absorptive coating
surrounding each discharge cell and applied to the surface

of the electrode for increasing viewing contrast.

39. The panel discharge device as in claim 33
25 wherein the surface of at least one of the electrodes is
contoured to form a concave surface for reflecting light

generated by the plasma discharge.
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nel plasma discharge deV|ce conpri si ng:

ﬁaf'rr;aL\llllli@llﬂl\F%“ﬁ‘”“arge " Al Tl S PEETEE s o1 each

pdes for each

di scharge cell the pair of holl ¢ eleggpggg, ating, in response
to t he appllcatlon of a first poFem=
field in a ogsegsg@sphere,; a pl ural ity of contr(:l'lllsmwn odes,
one for each di scharge cell, each control electrode generating, in
10 response to the application of a second potential, a- second
electric field proximate to the first elegtric field,
geanﬁ for selectively instigating plasma di'Scharges at sel ected

i scharge cells; and 5 a r hggSt {s£Nn f e
second el ectric 4&"1‘ [ ér[hg t%a st g??éﬁred%hgggg%% ?ﬁe %:I?r glaéﬁec%jpl C
field and whéfeiri lt&bemﬁrmﬁbi:‘l wantimgC benpeisdsnmedres ifidreadteying t he
i nstigated plasma di scharge. 20 34. The panel discharge device
as in claim33 the secondrpetenti@lyapplifdr toclthet ispdpgtedsaigaharap

conpri ses a_switching circuit for s le tlvely tuatlng |s har ge
cells to |nstlgaF&léspI%%nﬁgﬂFgghaﬁé'?ma a%F Ch

di scharge d%ylceseggctég &nlgn 34 mhereln t he SMAtChIng CIrCUIt
conpri ses:

41. The panel discharge device as in claim 40
wherein the means for altering comprises a bi-directiocnal
semiconductor circuit connected to each of the plurality

10 of control electrodes.

42. The panel discharge device as in claim 40
wherein the means for altering comprises a surface field
effect device coupled to each of the plurality of control

15 electrodes.

43. A plasma discharge element comprising from a
front to a back thereof:
a viewing window;

20 a first electrode adjacent the viewing window having
an opening therein substantially aligned with the viewing
window along an axis;

a second electrode spaced apart from the first
electrode and having an opening therein substantially

25 aligned along the axis, the first and second electrodes
generating, in response to the application of a first

potential thereto, a discharge electric field for ionizing
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- 35— a prurality of colum control Iines, each colum

contral “ lmmmnm to_each of th : that col umm:
a pl u(r1 “um rol lines, each r a2 ggeN Iine connected to
each of*the d&i sthatge* cells in that row HIS BHE A8 BEE

. EeD means
connected to the plurality of colum andjlrow REFL %:r‘.:: for selectively

addr essi ng té@oggatarm and row | i nes to control act REWUH6RR4 he

di scharge cell. 10 36. The panel discharge device as in claim
33 further including a phosphor deposit at each di scharge

cell for converting ultraviolet photons geperated in the pl asma

di scharge to visible light. 15 . 37. The panel discharge device
as in claim36 , gas mdfRE&iRed HetRideapbre fiapasiaind sebond- elegatdes

38. The panel discharge device as in claim33 20 further including a
spectrally abscarnd iinestigetingoe plasma disclhargsngrgach di scharge cell and
applied to the surface of the_electrode for increasig Vi ewi ng

contrast. a third Tedephrede (BRRRST oAPAET cEFAR tHEC 8657 25
wherein the surface of .at_|east,_an f th lectro b8 s our ed
to forma concav %‘:&Ff’gse %raﬁ}*gp?gc%ic’r?& F‘.‘gha?&J' (1%% Sgﬁg?a?%%c%e

pl asma di schar gégenerating, in response to the application of a second

potential thereto, a control electric field for distorting
the shape of the discharge electric field and controlling
the intensity of the instigated plasma discharge in
proportion to the applied second potential.
10
44. The plasma discharge element as in claim 43
further including a phosphor coating between the display
window and the first electrode for converting ultraviolet
radiation emitted by the plasma discharge into visible
15 light. | '

45. The plasma discharge element as in claim 44

wherein the phosphor coating is lens-shaped.

20 46. The plasma discharge element as in claim 44
wherein the third electrode is positi_oned along the axis
opposite the viewing window, further including a phosphor
coating applied to the third electrode for converting
ultraviolet radiation emitted by the plasma discharge into

25  visible light.

47. The plasma discharge element as in claim 44

wherein the surface of the first electrode facing the
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he panel discharge device as in claim 33

mherelnLn" | ﬂrylng conprises neans for altering t he second
pot ent i select ed discharge—w—a—tal |l s to contTol plasm

dlscharge intensity at t he sl mecesHEE HAS BEEN 41. The panel
di scharge device as in cIa|n140 WREPEAOEDhe neans for altering
conprises a WhoghkHct i onal 5 ficic j it co séhoshgy €ach of
the plurality 10 of control el ectrodes. 42. e panel

di scharge device as in claim40 wherein the neans for altering
conprises a surface field effect device coupled to each of the
plurality of control 15 el ectrodes. -38- 43. A plasna di scharge

el ement conpri si f a. . front back t

Vi ew ng wi ggow ‘r;g%w{l%n window ; 18, c%?%% r adj 388?3%’?#@' v‘i‘lé%?’?d"’\mendow
havi ng an epeRimy fdielifbPedshind dAelahbYcahi d With the view ng

w ndow al ong an axi s; a second el ectrode spaced apart fromthe
first el ectrode and havi ng an opening therein substantially 25
aligned along the axis, the first and second el ectrodes gener ati ng,
in response to the apgtfii c@heoPl#ema discharge element as in claim 44

5 wherein the surface of the first electrode at the opening

therein is contoured to form a concave surface for

reflecting light generated by the plasma discharge.

49. The plasma discharge element as in claim 44
10 further comprising means mounted to the back of the
element for controlling the application of the second

potential to the third electrode.

50. The plasma discharge element as in claim 49
15 wherein the means for controlling comprises a "set and

leave” circuit connected to the third electrode.

51. The plasma discharge element as in claim 49
wherein the means for controlling comprises a surface

20 field effect device coupled to the third electrode.

52. The plasma discharge element as in claim 51
wherein the surface field effect device comprises from
front to back:

25 a gate conductor having an opening therein
substam:ially aligned with an opening in the third

electrode; and

a voltage source conductor; _
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potent#—&l—i—he%e{-e —a—discharge electric field for ionizing

ned between the first _and second el ectrodes
ana nsHlI?Iﬂ"ﬂmHﬂﬂ[IgHm di schar ge; and a th| rd el ectrode

spaced a fram shes second l.“‘-~=-=-.--..., gned al ong the axis,
the third electrode 5. generating, i Tﬁﬁ%ﬁdﬁsemgé Appl i cation of a

second wo s al thereto, a contrjgl eIéﬁWﬁwcﬂh e ROT/UHI6NS24% | Ng
t he shape of the discharge electric field and——cot '.v t he

intensity of the instigated plasma discharge in proportion to the
applied second potential. 10 44 The pl asnma di scharge el enent
as in claimi43 further including a %hosphor coati ng between the,

di spl ay o ndoy, };@ﬁei %ﬁénﬁ‘é"r&‘e "R1E0Eng ONYFELS nae;yuztart%gol et

radi ation emtted by asma di sc Into visThble

45. - The pl asna du@&hgaee @:bﬁ&ﬁatoﬁs fromC | ttiem deird elecu\tm:lel an&he:mhosphor
coating is |ens-shaped. 20 46. The plasma di scharge el enent as
in claim44 voMeelsouxfwe teonducgiozc tfivote the gatie  epndnchiosng e axi s
opposite the view urther includin phor oat| ng

d
applied to the th‘i‘?‘glglggf \r,\iﬁiég’ﬁ)rhégm%rﬁ nﬁgmcg)ﬂ thag\?fiol%?e’? ation
emtted by ghe pLasms ¢sclal ARpkPileifAly aYigidd GilthIBhe openings in

the third electrode and gate conductor.

53. The plasma discharge element as in claim 52
further including an insulating layer on the conically-

10 shaped aperture.

54. An electrostatic printing device, comprising:
a plasma discharge device- for outputting 1light
relating to an image to be printed;
15 a charged photoconductive surface;
means for directing the output light from the field
controllable plasma discharge device onto the charged
photoconductive surface to generate thereon a latent
electrostatic image of the image to be printed;
20 means for developing the latent electrostatic image
on the charged photoconductive surface; and
means for transferring the _ developed latent
electrostatic image to, and fixing the developed latent
electrostatic image on a media for viewing.
25
55. The printing device of claim 54 wherein the
plasma discharge display device comprises a single element

field controllable plasma discharge display.
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47. The plasma discharge elenent as in claim44 wherein the surface

?;8t t]e fi m“ﬁm(lmmnm Ing E:ggte_cl'vvlth a spect—r'é'lTTabsorptlve
\

coating fot imcleadin§ viewing contras 48. The pl asm

di scharge elenent as in claim44 5 tacy of the first

el ectrode atwhlega@Peni ng t herei DI PETUSHENRM €
surface for reflecting light generated—by=t di schar ge.

49. The plasma di scharge elenent as in claim44 10 rther conprising
means nounted to the back of the- el ement for controlling the

application of the second pot enti ar4Po the third el ectrode.

50. The plasma di schagge ehamnl 33,50 dgbBbl 43 Min WREGD e diRans for

control ling conprises eave” circult "connecte

third el ectrode. gingle element ﬁlemTe&myoaiaBldI;ﬂ%g&@é tdﬁ§pld} CI aim
49 wher ei n t%e nmeans for controlling conprises a surface field

ef fect device couq:hm:h-ses-t he third el ectrode. 52. The pl asma
di scharge elenent as in claim51 wherein the surface field effect
devi ce conprises fronf sealed envelope containing an inert gas;

5 a pair of hollow field generation electrodes
positioned within the sealed envelope, the hollow field
generation electrodes generating, in response to the
application of a first potential thereto, a plasma
discharge inducing discharge electric field; and

10 a control electrode positioned within the sealed
envelope external to the field generation electrodes, the
control electrode generating, in response to the
application of a second potential thereto, a control
electric field for distorting the shape of the generated

15 discharge electric field and affecting the intensity of
the induced plasma discharge and the output 1light

thexrefrom.

57. The printing device of claim 56 further
20 including means for varying the strength of the second
potential, such wvariances in the second potential
affecting discharge electric field distortion and causing
proportionate changes in the intensity of the induced
plasma discharge and the output light.
25
$8. The printing device of claim 55 wherein the
means for directing comprises imaging optics for focusing

and scanning the output light from the single element
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front to back: a gate conductor having an opening therein

ZubstaggHm“ mumﬂumnlnh an openi ng |-n. the third ] eD:EgctSL(é(é_?_; and

d further ¢ncl ud n§ i hsul ating | ayer sy SﬁmgrsnaEﬁg'\n“t%%E tile conductor from
the third el ectrode and the vol tage soufice cordBCAGEDf

conduct or, M‘)' ating |ayers havi ng la—=eerFeart y- Shapedrcausssns2¢d f or ned
therein substantia Iy aligned with the openings in the third el ectrode and

gate conductor. The pl asnma discharge elenent as in claim52 further
i ncl udi ng an insul at| ng | ayer on the conically-shaped aperture. 54. An
el ectrostatic printing device, conprisi ng‘g‘u‘ a field controllable

pl asra di schar e e CedYnaubiut b | AS6AELAL | AfkihdyP horiRUC i D

printed; otocon ve sur means

directing the OLgrmitgéd %btgégmﬁ&tqvfé gugsaeei rol | abl e pl asma di scharge
device onto the charged photoconductive surface to generate thereon a

| atent electrostatic inage of the inage to be pri nted nmeans for
devel oping the latent electrostatic inage,on the rged p ot OQOI’ldl.i‘Ctlve
surface; and fSans Ther REAR&RING, FIFHQC?thd

el ectrostat| CI e to d fixi thedv I ct | mage
on a nedia U‘?lgﬁ%egd ﬂggoeoﬁ\g: pr ntig‘rlfg%a evi c!e"{ﬂ%?:D se. 8 5{-&\%1 n the
pl asma di scharg W%sgﬁﬁ single elenent fiel d cont roll abI e
-plasma di scharge di spl ay The printing device of claimb55 wherein

the single elenent field controll able plasma di scharge di splay conpri ses:
a seal ed envel ope containing an inert gas; a pair of hollowfield
generation el ect r odess@osiTheorrrinking ﬁleM4§esé>él taign\BY grhereime ¥R | ow

(1l 0 gener ot Ol RLERNSaE SRR T o4 Aok AR o MR ARlE o
ghgéqa di sggar 9eg; @)§ controllable plasma discharge display. REPLACEMENT
61. The printing device of claim 60 wherein multi-
element field controllable plasma discharge display,
comprising:
15 a plurality of plasma discharge cells arrayed in a
row by column matrix configuration;
a pair of hollow electrodes for each discharge cell,
the pair of hollow electrodes generating, in response to
the application of a first potential, a first electric
20 field in a gas atmosphere;
a plurality of control electrodes, one £for each
discharge cell, each control electrode generating, in
response to the applicatic_m of a second potential, a
second electric field proximate to the first electric
25 field;
means for selectively instigating plasma discharges

at selected discharge cells and generate a two-dimensional

image; and
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40 ~ a contiol electrode positioned within the seal ed envel ope

ext er nal ﬂ ! ullllgmﬁrati on el ectrodes, the control electrode

gener at i rlgm“ m“ lm The application of & second potential thereto, a
control el®ectri¢ flelt for distorting a sffpe—et—thegenarayed di scharge
electric field and affecting an intensity asma di schar ge
and the outp ,k,hﬁl;n,t t herefrom 57. Thd prin® RERkA pCTUS68828 56
further including nmeans for varying a stremgth of the second potential,

such variances in the second potential affecting discharge electric fi eI d

di stortion and causing proportionate changes in the intensity of the
i nduced pl asnma di scharge and the out put The printing device

of claim55 wherein the nme {i r ' for
focusi ng and scanni nd“?ﬁ?@ ggg J&%"ﬁéh& rsg%e ﬁ%ﬁ)sc%tﬁgﬁe se?t’e%ﬂ& F9€ {%
control l'abl e pl agi@ 4itec BaEEsrtdichR! ANaC b8SEhd N r@hakDest MaOEPE DI et | Ve
surface. 59. The printing device of claimb54 wherein the charged

phot pconduct i ve efiféctnmteoproportianatet shangeshin duwndntensétyrefnthe 60.
The printing device of claim54 wherein the plasma di scharge device
conprises a nul t ingtigated plaswp difrhargeprd 'EJ‘P%SH‘P&PHFSH% &harefron, .

61. The printi ng devi ce of cl g $Ome\/\rlpse:,m%| n g r.rul tle-el enment field
controllable’pla Wﬁ%ﬂ%ré’? wgp cSori 3R a plurality of
pl asma di scharge cells arrayed in a row by colum matrix configuration;

a pair of hollow el ectrodes for each discharge cell, the pair of hollow
el ectrodes generatingée2i n Thes priseing davice f edadnt éhlwhexefinr the etactri c
field in a gas atnosphere; 41
a plurality of cbHteelusn é&trrééFeEWSFQuﬁFrméaSﬁmEF%mr‘g@ & ¥: each

control electrode generating, in response to a second potentlal a second

electric field proximate to the first electric field, meansfor
sel ecti vel yig nsti gati gy, plANTPALRGHY GRsvide Y Colath dFChRia alts and
generate a two-di nmensional inmage; an means for varying a strength of

the second el ect meansifdx dizedt Rigdomprideapdmagityeoptica felre€oeusing el d
and effectuate proportionate changes in an intensity of the instigated
pl asma di schar ge SubRYE th&*@u?ﬁu‘éh@ |tgﬁrd%mséprle% é@?ﬁ# |fs*1‘°ﬁgt&e one by

t wo- di nensi onal ima aim 6 re in the

row by col um natri e%ﬁﬁf%ﬂ?ﬁ ﬁgﬁﬁp élﬁgg}?)w/% imbing arge

nul ti - col uMs/ T 0\l gpl aP HevitBContd ithRIckiPrger p HBtGé&hdﬂ&%G@‘%ﬁﬁf&bé he
nmeans for dlrectlng conprises imaging optics for focusi ng output Iight of

the two-di ressional inmage fromthe one row colum by nulti-col ums/rows
mul ti-elenment field controllable El asma di schargie di Sfl ay device on to the
char ged 64. The printing device of claim 61 wherein the row

by column matrix configuration comprises x by y.

65. The printing device of claim 64 wherein the

20 means for directing comprises imaging optics for focusing.
output light of the two-dimensional image from the x by

y multi-element f£field controllable plasma discharge

display on to the charged photoconductive surface.

25 66. BAn electrostatic printing method, comprising the
steps of:
charging a photoconductive surface;

generating a light output from a plasma discharge;
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phot ocond | _ .mut 04. The printing device of claim®6l wherein the
row by COUMIM"HEBQH“ guration conprises. multi-rows/colums by
nartT-col - - .+ The printing device of claim®64 wherein the neans
for directing conprises inmagi ng optics— Eage-atd put |1 ght of the

t wo- di nensi onal inmage fromthe nul tift | ti-colums/rows

mul ti-el emeRgqbdfksa controllable pl ay ROT/S96RIU® char ged

phot oconduct1 ve surface. 66. An ekestrostare—prrntrng net hod,
conprising the steps of: chargi ng a phot oconductive surface;
generating a |light output froma plasm di§charge that is induced by a
REPLACEMVENT SHEET ' -43- 42 variably

controlled electric fégigﬁ%ﬁﬁ% the ?&éﬁgt%&hgﬂ,&g{}{e HaBth d0smdAge pl asma

di scharge to the char ocon rve surface to create a | atent

el ectrostatic i NBgeHd'@h8Pged photoctfdfdtivengutdce aicerireakeca r bateantti ¢
i mge on the photoconductive surface; transferring the devel oped

i mge fromthe pebéerroshattiicydmage fGlaream;a nedi a; and fixing the
transferred i mage on the media fqr view ng. The pr,inti ng] met,hod of

67.
clai m 66 wherein the 42¥Qlopingerfdient 1akpnt | SIRACIRREANECT ATRIS TasthS

di scharge cqnprises _the st of.. . generating a first electric field -
in an envir nnen?g8F°%?P$‘bc%q§'§b%gr53%?' said first electric field of

sufficient strength terifdédatifg? PLRENE dévedbpede pimdlei NErbmght tiveit put ;
generating a second electric field proximate to the first electric field,
and varyi ngphatstomdutthivef sulragenay & ewddecoandel ectric field to

cause distortions in a shape of the proxi mte | ocated first electric
field that effectuat eEpxbpdr tthenatEangfarged ,#&(@gp, @enthe y msdip,for
initiated plasma_discharge and the generated |ight output. 68. The
printing method Se¥H8%m 66 wherein the step of generating a |ight output
conprises t step of generating the light output froma single el ement
source, and the step of directing the Iight output to the charged

phot oconduct i ve surf aee.corips prdating methpd af claim 66 wherain kthe Btepi ght
out put on the charged phot oconductive surface; and scanni t he
focused |ight outgfutgereXatingea cAdehtd owtBuEc FFRTct v @L1aghs A3schargs The
printing nethod of claim 66lawher el notfhe step of generating a |ight output
conprises the st §PBFL§ERFRT i FTRHES i ght output froma Iine el enent

source, and the step gbndiaehiid N0 dikat! bDédtHE File1801hNen CARFigRmment
15 of an ionizable gas, said first electric field of
pufficient strength to initiate a plasma discharge
producing light output;
generating a second electric field proximate to the
first electric field; and |
20 varying the strength of the generated second electric
field to cause distortions in the shape of the proximately
located first electric field that effectuate proportionate
changes in the intensity of the initiated plasma discharge
and the generated light output.
25
68. The printing method of claim 66 wherein the step
of generating a light output comprises the step of

generating the light output from a single element source,
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43 phot oconductive surface conprises the step of focusing a line of |ight

out put on UI m m Elmconducti ve surface. 70. The printing method
of claim 668 ®8p of generating a |ight output conprises the
step of generating the |ight output fr ource, and the
step of directing the light output to t é\'l-ttfilg{*gﬁﬁ 8 biduct i ve surface

conprises thgodeRggapf focusing a panel pf Ii %t on lipbrussensged

phot oconduct i ve surface. 71. The prinmtrtng nethod of claim66 wherein the
step of generating a light output froma plasma discharge conprises the
steps of: applying a first potential to a pair of field generation

el ectrodes of sufficient strength to gene‘r‘é‘t‘e an electric field that

i nduces a plasma _di,sgharge: . A cgpg; nti.gl )
adj acent control ag'?e% osggpt %f g%lﬁgfgggéaéﬁc%%??gﬁ e CLPéI’):;t% %'lhgl ﬁf’%ﬁ%% mat e
to the plasma di phbRbeéhduttitienduekséé rédmgrised; th@dsteps oféarying a
strength of the second potential to cause distortions in a shape of the
generat ed pl asma di scheeymingndutheg elightri codtmitd t hat dflfeect abaxged
proportionate changes an_intensity of the jnduced plasm discharge and
light output pro@heEacemBicitivensurtace; andieyvice for producing | atent

el ectrostatic inmges, comprising; . phot ucti v rf X

means for chargi ng th%ca;ﬂr"frgltngc%ﬁgu%?ﬁu\?eedsg%%kcgg EBHQ gé%f% 3#’8 %gﬁﬁ%ql abl e
pl asma di schar ge fifg¥bedndtic RN @u2FRBE. 2 | 1 ght output; and optics for
directing the light output formthe field controllable plasm di scharge

devi ce onto the charged photoconductive surface to forma | atent
el ectrostatic inmage thereon. 73.  The device of claim 72 wherein the
field controll abl e pl 88ra ThesPrapging method of claim 66 wherein the step

44 devi ce conpri s a singl.e el ement .variabl e output. plas di schar ge.

74." The devi ce &FF cPRRTRHI T cf ol ioite SRR, SPEREHEY PPanoiedligt
pl asma di sci@r ge Jmht 38 3the_li%h@ RItpRB PR CHA e Eldment sourcé, Pair
of hollow el ectrodes for The discharge Cell, the pair of hollow el ectrodes
generating, in remgonBe stepnofi ditequimgnthellightf busputel textthec chaggedi n a

gas atnosphere that instigates a plasma di scharge; a control
el ectrode in t he RioSeRanductsisre sugfagenepmprines ther espprfe fasugisgcand

potential, a secand elegtri,c.fiel roximate to.the fir electric.field;
and means ® Vv fr;yl&%ahg 's?“rq: n(fft hof tt?’ﬁe qsheacr eg e%'i°rcf°5‘df‘|cgf‘(ﬁet o]

distort a shape ofy,ddagefirst electric field and effectuate proportionate
changes in an intensity of the instigated plasma discharge and the |ight

out put genel®’ted thereby.

70. The printing method of claim 66 wherein the step
of generating a light output comprises the step of
generating the light output from a panel element source,
and the step of directing the light output to the charged

20 photoconductive surface comprises the step of focusing a
panel of light output on the charged photoconductive

surface.

71. The printing method of claim 66 wherein the step
25 of generating a light output from a plasm discharge

comprises the steps of:
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75. The device of claim73 wherein the optics conprise nmeans for focusing

and scannﬁiﬂﬂlﬂmlumm‘"ﬂmruj fromthe single_elenment variabl e output

pl asma di oss the charged photoconductive surface to

generate the Iatént™el®ctrostatic i ma ﬁ-—(—h@-&.’-@ﬁﬁ_——z—::gzﬁzzﬁ_he device of claim
diHss BHEGE HAS\BEEN 1orrpri ses a

72 where the field controllable plas
mul ti - el enewio9¢dsganbl e out put plasm SchamBEPLANCGED ay. || PCTmUSYSHIsd9deVi ce
; sma di schar ge

of claim76 wherein the multi-el ement

di spl ay conpri ses; a plurality of plasma discharge cells arrayed in a
row by colum matrix configuration; a pair of hollow el ectrodes for
each discharge cell, the pair of hollow A3%ct r odes generating, in response
to a first potenti al ISt o el | Cndd 1N g S re; a
plurality of control a%%%%'{ggdgs,ﬁ?r% f%‘?t%g%f{ldi gghzdrsggaggl fg,leegéﬁlgont r ol
45 - el ectrode ggefiepatigh dlectecfenser tsuffivdentdstrdryuh alo, ganegavad
electric field proximate to the first electric field, nmeans for

sel ectively i nsg giesny ¢iashexgei tndueing ekecsaiecEieldii scharge cells to
generate a displayed i

X d f [ h of th
second el ectric fiel apgggglﬁ%?agﬁecgnghgﬁ gﬁ?‘?ﬁ;t‘%/?% Lar%@%g?#ir gggkﬁ? ande

ef f ect uat e gpr op ' | ',g._[::%ﬁsi . | | : | asma
di schar ges 5Emd %%%EF?%%? %?&g§§%¥ge€2ﬁ$ I SC gtrlége%ﬁl é&?%ﬁglﬁgg ayed

i mage. 78  The daei prasha diacharde Wehtihd Ree@pti€ SEXeAY an@ means for
focusing the displayed imge of [ight output fromthe nulti-el enent
vari.abl e out put pl aswaryiing bhe gsrréingphagt dihet Becomh ppsenphal deowdusei ve
surface to generagte the |atent el ectrostatic i mge the 79. The

device of cl ai M8 RREIM 1PhEhe AREBF ebItHhe oRBe ?‘59"9851%8’?%&1%‘-’99
oo U MLt sgL ot 0! ) AR TR P

COI’TpI’i Ses a one-dl nensl ona mage. erein

the row byocol ushafgés i thet QRPERSILY Bl the r nduceal priismd)discharge and
mul ti-colums/rows, and the displayed i mnage of |ight output conprises a
t wo- di nensi onal lighg§eoutput produced therefrom.

72. A device for producing latent electrostatic
images, comprising:
15 a photoconductive surface;
means for charging the photoconductive surface;
a plasma discharge device for generating a light
output; and
optics for directing the light output from the plasma
20 discharge device ontc the charged photoconductive surface

to form a latent electrostatic image thereon.

73. The device of claim 72 wherein the plasma
discharge device comprises a single element variable

25 output plasma discharge.

74. The device of claim 73 wherein the single

element variable output plasma discharge comprises:
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-46 - A device for producing |latent electrostatic

| mages, conp, . a _photoconductive surface;

means for Hllnal “HI "m(" onduct I ve surface; 5 a plasma
di schar ge dev*ce generatlng a light PR plasma di schar ge
devi ce conpri si ng: a pl asnyg

a pair of howlod¢smhectrodes for t he di scharge
hol | ow el ectrodes generating, in 10

DONSE (0 the!éppllcatlon of

a first potential, a first electric field in a gas atnosphere;

a control electrode in the di scharge cell_for generating, in
response to the application of a " second potential, a second
electric field proxinat first electric fleld and

means for varying the g?#engtﬁigfh?ﬁgggégghd electrlc field to
di stort the shape of 4&hgaify loft hollow electrodegcCEsi ctiid alidchasgel é€XX uat e
proportionate changes in the intensity of the instigated plasna

di scharge 20  the paimnm®f rb@lﬂpghﬁlwmﬁ%gsﬁm:m@%m.hérret;y,spanae to
optics for directing th ht out put _fromthe ma . schay
devi ce onto the EhﬁrQBBEbﬁ%gﬂﬂbdﬂ%c?l5%F§ﬁuq R4317s F&rPBrﬁ#§9$5& nt
el ectrostatig i ”%Q‘él&hﬁ‘ieé”bas at&@sgeere, 69. The device of claim68

wherein the optic rise ans for focusing and scanning the
| i ght out put féor&drhﬁ:d:ﬂ aglectheddhaige ey i dés6hadgél @1ASSEdhe

char ged

generating, in response to the application of a second
potential, a second electric field proximate to the first
electric field; and

10 means for varying the strength of the second electric
field to distort the shape of the first electric field and
effectuate proportionate changes in the intensity of the
instigated plasma discharge and the light output generated
thereby.

15

75. The device of claim 73 wherein the optics

comprise means for focusing and scanning the light output
from the single element variable output plasma discharge
on and across the charged photoconductive surface to

20 generate the latent electrostatic image thereon..

76. The device of claim 72 wherein the plasma
discharge device comprises a multi-element variable output
plasma discharge display.

25
77. The device of claim 76 wherein the multi-element

variable ocutput plasma discharge display comprises:
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-47- photoconductive surface to generate the latent

crectrosratic | IINFINIGRSHN | Ak 2 e
el ectrostatic- [lhpri si ng: [ This sHEERY A®BEENNGUCt i ve
* ¢ freafls 1

sur f ace; or* char gi ng t he |phot oggpdncebve suljf ace;

a plasma di scharge device for generating a llight output, the plasm
di schar ge dwoisemeseonpri sing: 10 a pl ur al PEUSRORMY sy

di scharge cells arrayed _ in a row by colum matrix
configuration; a pair of hollow electrodes for each

di schar ge cell, the pair of Rellow el ectrodes generating, in
15 response to the application of a first potential, a

first electric fiel daipluraddityabfopphsng; discharge cells arrayeduimlaty of
control electrodes, one for each di scharge cell, each control

el ectrode gener zeWnlgy column matrix|gonfdgunasdors the application of a
oo 20 e 11 o R bRy ATRSOM SRR Bol heh PURUIRLE Lerine
e ayea 1 it B hetloacb it b Ut £ 3 aplbealy
the seconds the applftattiicn Gof £l fifsr PhiemtialheasEapetobleberit rst
electric field and ef ?ect uat e proportionate changes in the
intensity of théiehdtinst aksphiimosrhéxehar ge
a plurality of control electrodes, one for each
discharge cell, each control electrode generating, in
response to the application of a second potential, a
10 second electric field proximate to the first electric
field;
means for selectively instigating plasma discharges
at selected discharge cells to generate a displayed image;
and
15 means for varying the strength of the second electric
field to distort the shape of the first electric field and
effectuate proportionate changes in the intensity of the

instigated plasma discharge and the 1light output at each

discharge cell for the displayed image.

20
78. The device of claim 77 wherein the optics
comprise means for focusing the displayed image of light
output from the wmulti-element variable output plasma
discharge display on the charged photoconductive surface
25 to generate the latent electrostatic image thereon.
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-48 - and the light output at each discharge cell for the

di spl ayed i nage; and optics for directing the |ight _output from
t he pl asna di scharge device onto t : nductive surface
5 to forma latent electrostatic i §rH-hd 8LEEP HAS BEEN 71. The
device of claim 70 wherein the optics GERACED neang for focusing the
di spl ayed | wopsnsz#?| i ght out put f ' TUSMOB24D | e

out put plasma 10 di scharge di splay on the charged phot oconducti ve
surface- to generate the latent electrostatic image thereon.

72. The device of claim70 wherein the row by col um mat ri x

conprises 1 by y, and the displayed i mage of light 15 out put conprises a

one-di mensi onal iNMg9g., The device of éBaidlB ¢BELEtn theCtai By’ Gobighei n the
row by col um matri x conprises x by y, and the displayed i nage of
| i ght outmakirizocpmpsioyesa 1t xoy di amdhdikendlisphaged image of light

output comprises a one-dimensional image.

5 80. The device of claim 78 wherein the row by column
matrix comprises x by y, and the displayed image of light

output comprises a two-dimensional image.
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