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I nvention The present invention relates to a plasma di scharge appar at us,
nore particularly a plasna addressed di splay apparatus such as a plasma
addressed el ectro- optical apparatus, stilllnmore particularly to an

| npr ovenenty.of the gas sealed in a plasma chanber. 2. Description of

Rel ated Art In the past there PLASMA IDXESCHARGE) APBRARATUS type .

el ectro-optical apparatus using a liquid crystal cell as the

el ectro-optical cell, for exanple, a liquid crystal display apparatus. An
active matrix type liquid crystal display apparatus has been devel oped:
whi ch provides a switching elenent such as a thin filmtransistor for each
pi-xel and linearly drives the same as a neans for achieving a higher

resol uti on and hi ghcPAEREROENP OF THE, INEAERION onever, there is the problem

that it is necessary to provide a | arge nunber of thin film
1. Field of the Invention '

The present invention relates to a plasma
discharge apparétus, more particularly a plasﬁa addressed
display apparatus such as a'plasma addressed electro-
optical abparétus, 8till more particularly to an
improvement of the gas sealed in a plasma chamber.

2. Description of Related Art

In the par*~. Ws‘en known a matrix type
electro-optical apparafus using a liquid crystal cell as
the electro-optical ceil, for examp;e, a2 liquid crystal
display apparatus. An active matrix type liquid crystal
display apparatus has been developed which provides a
switching element such as a thin film transistor for each
pixel and linearly drives the same as a means for
achieving a higher resolution and higher_contrast;

In this case, however, there is the problem that
it is necessary to provide a large gumber of thin £ilm
transistors or other semiconductor elements on the
substrate. The manufacturing yield becomes poor when the
surface area is increased. |

For this reason, recently a system of use of



transi stors or

manuf acturing yield becones poor when the surface area is increased. For

ot her semi conductor el enents on the substrate. The

this reason, recently a system of use of 2 plasma switches, that is,

which utilizes

sw tches operating based on Rl asma di scharge instead of

switchi ng elenents conprised of thin filmtransistors, to drive the

el ectro-optical
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pl asma swtch. has a d| splay cell conprise for

this having a p asrra %y%rﬁélo?;%%%z grﬁgggg?rgr?asn& e+c§t¥erode

forned in the r

eolectro—opt:.cal cell has been proposed (for example, see
Japanese Unexamined Patent Publication (Rokai) No. 1-
217396 and Japahese Unexamined Patent Publication (Kokai)
No. 5-297359). |

A p}asﬁa addressed display apparatus utilizing
such a plésma switch has a display cell comprised, for
example, of a liquid crystal cell and has a plasma cell
arranged close to this having a plasma chamber of a range
of discharge of a plasma electrode formed in ;he row
direction in.a stripe mannex;. _The display cell is driven
for each pixel by the electric field based on the range of
discharge of this plasma cell.

As the discharge gas sealed in such a plasma

'chambez_', from the viewpoint of lowering the discharge

voltage (Vf), a Penning gas has been used. The Penning gas
is prepared by mixing a minute amount of xenon (Xe) and
argon (Ar) in a base of helium (He) or neon (Ne) (for
example, Hey,.Xe,, Neg, Ar, :).

However, both of the He-based Penning gas and
the Ne-based Penning gas have problems as will be
mentioned below. Namely, it has become clear from

experiments carried out by the present inventors that the



direction in a stripe manner. The display cell is driven for each pixel by
the electric field based on the range of discharge of this plasma cell. As
t he di scharge gas sealed in such a plasma chanber, fromthe vi ewpoi nt of

| owering the discharge voltage (Vf), a Penni;ng gas has been used. The
Penni ng gas&i s prepared by m xing a m nute ampbunt of xenon (Xe) and argon

(Ar) in a base gb-bakiedpehifing’ gd80Ds (A8 Hd WawerdRitdodecbphttatihg
However, both of the He-based Penning gas and the Ne-based Penni ng gas have
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experinments carried out present inventors tha 3 He-based
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life of a displady apparatu resset ay apparat us,

netal such as ni ckel
or aluminum is used as the cathode material, but in

comparison with an Ne-based Penning gas, there is
conspicuous deterioration fdue to the sputtering of the
cathode. When the cathode is being sputtered, the
sputtered subétange deposits at the opening portion and
thereby causes a reduction of the transmittance. Further,
with an He-based Penning g#s, since the He molecules are
small, they are apt to sdatter from the thin plate glass
(for example, thickness of 50 um) constituting a part of
the plasma chamber to the outside. For example, in an
actual display apparatﬁs, to stabilizé the discharge,
mercury is diffused in the display chamber, buf in the
heat treatment step for the diffusion (for example, 250°C
for 48 hours), the He ends up scattered and lost to the
_outside. In a case of a 14-inch panel having an inner
volume of aboﬁt 10 cc, if the He gas pressure is set to 120
Torr, the gas pressure ends up lowered to about 40 Torr in
the above-described heat treatment step and there was the
problem that the effective plasma could no longer be
formed.

Qn the other hand, where an Ne-based Penning gas

is used, although there is less of a problem of the



or alumnumis used as the cathode material, but in conparison with an
Ne- based Penning gas, there is conspicuous deterioration due to the
sputtering of the cathode. Wen the cathode is being sputtered, the
sputtered substance deposits at the openinggportion and thereby causes a
reducton of the transmttance. Further, with an He-based Penni ng gas,

since the He nokaeub@e s8patE8Rihg 4RCYLRé GeciitdPing AdELIg0BE! BRel 48
pl ate glass (for exanple, thickness of 50 um constituting a part of the
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to stabilize the discharge, nercury is diffused in the display chanber, but
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hours), the He en scatter and Tost to e outsl In a cas

14-inch panel having an_inhner_volunme of about 10 cc, if the He gas pressure
Is set to 120 T8PP, Pﬁécﬁg rd?%§§5¥e ends up lowered to about 40 Torr in

t he above-descri bed heat treatnent step and there was the problemthat the
effective plasnma could no | onger be forned.

SUMMARY OF THE INVENTION

An object of the preseﬁt invention is to provide a
plasma discharge apparatus which can exhibit good
cha;acteristi;s stably for a long period.

Another object of the present invention is to provide
a further improved plésma addressed display apparatus
which is free from the problem of color, has 1ittle
scattering and loss of gas, is superior in durability, and
has little erroneous writing.

According to the present invention, there is provided
a plasma diécharge apbaratus including: a pair of
substrates forming a discharge space; and an ionizable gas
sealed in the discharge space, the ionizable gas being a
mixed.gas comprised of neoh plus 16 to 30 percent by
volume oflan element selected f£rom the group of argon,
krypton, and xenoﬁ.

Preferably, the mixed gas is comprised of neon plus
10 to 30 percent by volume of argbn and 1 to 10 percent by
volume of krypton xenon.

Preferably, the mixed gas is comprised of neon plus



On the other hand, where an Ne-based Penning gas is used, although there is
| ess of a problem of the 4 cat hode sputtering and the scattering and

| oss of the gas as described above, there was a problemin that the orange
di scharge color of Ne |owers the contrast ofsthe display and the col or
purity.” SUWARY OF THE | NVENTI ON An obj ect of the present invention is to

provi de a pl asnmepelitss 30 gRreept dugolineéhof adrgal) hi it Gogerban8Cher i sti cs
stably for a |long period. Another object of the. present invention is to
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fromthe problemof color, has little scattering -and |loss of gas, is
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present invention, there 1s provi o
plus 10 t;o 30 percent by volume of argon, 1 to. 5 percent by
volume of krypton, and 1 to 5 percent by volume of xenon.

Preferably, one of the pair of substrates is a
dieiectric sheet.

Preferab.ly, the plasma discharge apparatus is further
provi_ded with an electro-optical cell holding an electro-
optical material between the dielectric sheet and a glass
substrate. |

Preferably, the electro-optical cell is a liquid
crystal display cell which has a plurality of signal
electrodes arranged in parallel at the inside of the glass
substrate and which has as the electro-optical material a
ligquid crystal..

Preferably, the other of the pair of substrates has a
plurality of discharge electro&es on it and a plasma.
discharge is caused between adjoining discharge electrodes
to address the liquid crystal cell.

Also, according to the presént invention,- there is
provided a plasma addressed electro-optical apparatus
including: a plasma cell where plasma discharge is
performed; an ionizable gas sealed in the plasma cell, the

ionizable gas being a mixed gas comprised of neon plus 10



a plasma di scharge apparatus including: a pair of substrates formng a

di scharge space; and an ionizable gas sealed in the discharge space, the

i oni zabl e gas being a m xed-gas conprised of neon plus 10 to 30 percent by
vol ume of an el enment selected.fromthe groug of argon, krypton, and xenon.
Preferably,*the m xed gas is conprised of neon plus 10 to 30 percent by

vol ume of ar gontangolpéfcdt NSy GRILutY o lanrelenelty BeRBctedofrokr A& abl y,
the m xed gas is conprised of neon plus 5 10 to 30 percent by vol une of

, 1to5 t - t ' L f.
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xenon. Al'so, preferably, gas is conprised of neon plus 1
DerCent by vol LG k8o bR Geb SRl o) UiR Shdhlg B0, 2RI 1, L0 0
plasma discharge.

Preferably, the plasma addressed elecfro-optical
apparatus is provided with a dielectric sheet interposed
between the plasma cell and electro-optical cell.

The elec;ro-opﬁical cell may be a liguid crystal
display cell comprising a liquid crystal filled between a
first glass substrate having a plurality of signal
electrodes arranged in parallel on its inside and the
dielectric sheet.

| The plasma cell may be comprised of a second glass
substrate and the dielectric sheet between which is sealed
the ionizable gas.

The ﬁlasma cell may be provided with a plurality of
discharge electrodes formed on the second glass substrate
and a plasma discharge is caused between adjoining
discharge electrodes to address the electro-optical cell.

Preferably, the mixed gas is comprised of neon plus
10 to 30 percent by volume of érgﬁp and 1 to 10 percent by
volume of krypton or xenon. |

Also, prefefably, the miked gas is cgmprised of neon
plus 10 to 30 percent by volume of argon, 1 to 5 percent by

volume of krypton, and 1 to 5 percent by volume of xenon.



dielectric sheet. Preferably, the plasma di scharge apparatus is further
provided with an el ectro-optical cell holding an electro- optical materi al
between the dielectric sheet and a gl ass substrate. Preferably, the

el ectro-optical cell i's aliquid crystal display cell which has a plurality
of signhal etectrodes arranged in parallel at the inside of the glass

substrate and whi ch fgs f;?é%éé}?t & el i 00 99 ld il g B L 'J.%.te%dﬂv@lb@uéi¥§té‘$
Preferably, the other e palr of substrates has a plural |ty of
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according to t resen I nventipon..the addressed
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is performed; an,iaonizable as seal ed tg ‘PI asma c asina gmc ni zabl e gas
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apparatus and as a result discovered that a plasma
discharge apparatus having a longer service life and a

' shortez; plasma life can be formed without greatly
.increasing thg discharge voltage compared with the case of
the conventionally used He-based or Ne-based Penning gas
by using as the discharge gas a mixed gaé

prepared by incorporating in a base of Ne (neon) or Ar
(argon) a specific fatio of Ar, Kr or Xe and thereby
completed the present invention.

Namely, the plasma discharge_ apparatug according to

a first aspect of the present ipvention is a plasma
dischaige apparatus formed with a plasma chamber in which
discharge is carried out Qherein use is made, as the
discharge'gas sealed in the plasma chamber, of a

'..mixed" gas represented by Ne,o, ,Ar,A, (wherein, A is
Ar, Rr, and/oxr ﬁe, ‘x ig 10 to 30 percent by volume, and ¥
ig 1 to 10 percent by volume). Note. that when Kr and and Xe
are inclﬁded as A, it is preferable that the Kr be
included in an amount of 1 to 5 percent by volume and the
Xe in an amount of 1 to 5 percent by volume.

The plasma addressed display apparatus according to a



6 to 30 percent by volune of an elenent selected fromthe group of argon,
krypton, and xenon; and an el ectro-optical cell |amnated on said plasm
cell and address by the plasma discharge. Preferably, the plasna addressed
el ectro-optical apparatus is provided with8a dielectric sheet interposed
between the plasma cell and el ectro-optical cell. The electro-optical cell
may be a |i quistkamd tsapetits pifayheecpiresemyr isvegtdohni jai dnerwisieh fs | | ed
between a first glass substrate having a plurality of signal electrodes
arranged in papriviedwitls a pliadmandelihBatiabeat plasniasiambde i asnma
cell may be conprised of a second glass substrate and the dielectric sheet

bet ween whi ch Jifi sieal d ddiurgdiizAbherdad ohlCalliag @i 451 dy ey PeHN@Yi ded
with a plurality of discharge electrodes formed on the second gl ass
substrate is arranged close to this plasma chamber and is driven by

an electric field based on the range of discharge of this

plasma cell and in which the discharge gas sealed in the

plasma chamber is a mixed gas represented by Ne,. . ATy

(wherein, A is Ar, Kr, and/or Xe, x is 10 to 30

percent by voiume, and ¥y is 1 to 10 r;ercent by volume);

In the plasma _addressed display app'aratizs . the
display cell may be for example a li@id crystal cell.

In this wé.y, in the plasma addressed display
apparatus of the present invention, the discharge gas
sealed in the 1'>lasma chamber is made a mixed gas
represented by Ne,,..Ar A, (wherein, A is Ar, Kr, and/or
Xe, x is 10 to 30 percent by volume, and y is 1 to 10
percent by volume).

Each of molecules contained in the above-described
mixéd gas used in the present invention becomes'l
a considerably large molecule in comparison with He and
therefore even if the heat treatment for the diffusion of
mercury is carried out, the problem of scaf:tering and loss
of the gas molecules from the plasma cell as mentioned
above does no_t occur, a predetermined gas pressure, for

example, 120 Torr, can be maintained, and a stable plasma



and a plasma discharge is caused between adjoi ning discharge el ectrodes to
address the electro-optical cell. Preferably, the m xed gas is conprised of
neon plus 10 to 30 percent by volunme of argon and 1 to 10 percent by vol une
of krypton or xenon. Also, preferably, t m xed gas is conprised of neon
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krypton, and 1 to per cent une of xenon. nt pnventors

engaged in intensive udi,es sao as to sal, he probl ens of the | owering of
the service i fg’acﬁe%ﬁgﬁ%%? 945 &8 Spsﬁﬁ‘gﬁﬁ'oducts due to the discharge

gas as described above in a plasma dj scharﬂe apparatus and_as a result

di scovered that a pl @HEP dildt IGHMRETHANG I Hg-PasgdyBrnBdrg 88k fe

and a shorter plasma life can be fornmed w thout greatly increasing the
di schar ge vol t ageiwortihe de-Raged fdhe a8e%ef gas according to the

Present invention, the rate of advance of the cathode
sputtering is much slower in the same way as the
conventional Ne-based Penning gas and, the rate of
deterioration of the transmittance due to such cathode
sputtering is. slower by one order than a case where the
He-based Penning gas is used.

Further, ﬁhere thé _mixed gas according to the
present invention is used, although not comparabié tc
the case where the He-based Penning gas is used, the
luminance is sufficie.ntly low in comparison with the case
of the Ne-based Penning gas, the color is cléée to white,
and the contrast of the display and the color purity are
not substantially impaired, 80 -good characteristics are
obtained. |

Note that, bj adding Ar or the like to the Ne, the
discharge voltage VE which is needed rises in comparison
with the case of the Ne-based Penging gas but in the
present invention, the amount of addition thereof is
restricted to 10 to 30 percent by ;olume, and therefore
the amount of risge thereof is suppressed to about 20V and

it is possible to substantially prevent problems such as a



t he conventionally used He-based or Ne-based Penning gas by using as the
di scharge gas a m xed gas prepared by incorporating in a base of Ne (neon)
or Ar (argon) a specific ratio of Ar, Kr or Xe and thereby conpleted the
present invention. Nanmely, the plasma di schaﬂge apparatus according to a
first aspect of the present invention-is a plasma di scharge apparatus
formed with a plrdsenofh&hkepowarwonsumiptitar geolsagarresisttancevps ¢he use
is made, as the discharge gas sealed in the plasna chanber, of a .. m xed

gas r epr esei@rdorddy thriahshi stwicreice. A is Ar, Kr, and/or Xe, x is 10 to
30 percent by volume, and x is 1 to 10 percent by volune). Note. that when

Kr and and Xe are inghu4dat,as A the ?ieﬁéﬁi:eiﬁ@éﬁtiaﬁt a8 &reie NdLg M ded

in an anount of 1 to 5 percent by volune and the Xe in an anmount of 1 to 5

percent by vol urg.g 2%639' Bé%e%%ﬁ%&fuﬂéf%éé’e&% A P 0B $18

ratio of K and/or Xe (1 to 10 percent by volume), the
attenuation time of the plasma can be made about 1/2
compared with the Ne-aAr (10 to 30 percent by volume)-based
gas. If the at_:tenuation time of the plasma becomes
shorter, tﬁere is no longer data voltage erroneously
applied to a pixel corresponding to a plasma chamber which
inherently should not be written at the time of selection
of the next line and, also, a suffi‘cient contrast can be

obtained. .

BRIEF DESCRIPTION OF THE DﬁAWINGS
These and other objects and features of the present
" invention will become clearer from the following
description of the préferred embodiments given with
reference to the attached drawings, in which:

Fig. 1 and 2 are schematic cross-sectional v:;n.ews of
examples of the configuration of a plasma addressed
display apparatus ac.:cording to an embodiment of the

present invention;

Fig. 3 is a perspective view of the pl,a.s:ha addressed

display apparatus shown in Fig. 2;



8 second aspect of the present invention is one which is provided with a

pl asma cell having a plasnma chanber in which a discharge is carried out and
a display cell which is arranged close to tghs pl asma chanber and is driven
by an electric field based on the range of discharge of this plasma cel

and in*which the discharg as sealed .in the plasma chanber, i m xed gas
represented by [err] F{"ﬁhegegﬁ,aAvi‘%wﬁl,mvk’r’,‘ga Frzangement f% ?&e?,éaga

percent by volune, and is 1 to 10 _percent by volune). In the plasm
addr essed di spl 8}-€&55: sPlagge glestxpdes | amgyPhaspa, chamhere in thei d
crystal cell. In this way, in the plasnma addressed display apparatus of the

present inventi plasmacaddzessededisvlayapppamatiuge spowsndnchigibe¥; i s nmade a
m xed gas represented by [err] (wherein, Ais Ar, Kr; and/or Xe, x is 10 to
30 percent by vol unme Fignd 5y issalviewldf pehe erirdyi tvatanfbi)gurEiclomniof a
nol ecul es contained in the above-described mxed gas used in the present
i nvention beconmpiasma addressed display apparatus;
Figs. 6A to 6E are waveform diagrams showing changes
in the cathode‘voltage and data voltage;
Fig. 7 is a graph of the relationship between the
composition of an Ne-Ar-based mixed gas and a discharge
voltage;

Fig. 8 is a graph of the relationship between various

types of mixed gases and the change of the transmittance;

and

Fig. 9 is a view of the relatioﬁship between the
- residual amount of plasma in the case of use of the
discharge_gas according to the embodiment of the present
invention and the case of use of the discharge gas

according to a comparative example.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Be;ow, a plasma discharge apparatus and a plasma
addressed §isplay apparatus of the present invention will
be explained further concretely by embodiments.

Figure 1 and 2 are schematic partial cross-sectional

views showing a construction of examples of a plasma



a considerably large nolecule in conparison with He and therefore even if
the heat treatnent for the diffusion of nmercury is carried out, the problem
of scattering and | oss of the gas nolecules fromthe plasma cell as

menti oned above does not .occur, a predeternipned gas pressure, for exanple,
120 Toftr, can be mai ntained, and a stable plasnma 9 formation in

conpari son withalddeesendgablagebppattaedsHihibnsesivesntny Wafuic cR9stall e.
Al so,'in comparison with the He-based Penning gas, with the Ne-based the

m xed gas accor digig by ﬁ@?ll@&?ﬁ&”&uéﬂvfrﬂiﬁha (el tc Qe ragreBentd at he

cat hode sputtering is much slower in the sane way as the conventiona
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He-based Penni n%l% %ro%eu%:.rectlon. In the example shown in Fig. 1, an
explanation will be made by using as an example the plasma
éell of a wall surface type electrode conétruction. In the
example shown in Fig. 2, an éxplanation will be made by
using a plasma cell of the flat plane type electrode
construction. Figure 3 is a perspective view of the plasma
addressed display apﬁaratus s8hown in Fig. 2.

The plasma addressed display apparatus according to
the presen£ invention is a plasma addressed display
apparatus 100 compriséd of an electro-optical display cell
1, a plasma cell 2, and a dielectric sheet 3 interposed
between the two, thereby forming a flat panel
construction. The dielectric sheet -3 is comprised of a
thin plate of glass etc. The dielectric .sheet 3 has to be
made as thin as possible to enabie driving of the display
cell 1 ahd for example is formed to a thickness of about
50 um. |

The _display cell 1 is comprised using an upper
transparent glass substrate (top substrate) 4. On the main
surface of the inside of the upper substrate 4 are formed

a plurality of data electrodes 5, comprised of a

transparent electroconductive material and extending in



Further, where the m xed gas according to the present invention is used,
al t hough not conparable to the case where the He-based Penning gas is used,
the lum nance is sufficiently lowin conparison with the case of the

Ne- based Penning gas, the color is close todMhite, and the contrast- of the
di splay and'the color purity are not substantially inpaired, so good

characteristics etie¢ cdlhwviidirddtiiond Natervicalddirgoion),t ha pakgiielt g
Ne, the discharge voltage Vf which is needed rises in conmparison with the

case of the Ne- bgge drdielirittdahn Qﬁoz‘:&dﬂﬁlpQﬂ.&@&tﬂdﬁ‘éeﬁhhﬁ'ﬁaihﬁﬁgamu”t
of addition thereof is restricted to 10 to 30 percent by vol une, and
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power consunpti 8 é’lesttags ietsé % %‘.%C%og.fne%h%o the dielectric sheet 3 in a
state maintaining a certain clea.rance therewith by a
spacer '(not shown) . In the clearance between the upper
substrate 4 and the dielectric sheeﬁ 3 is £illed a liquid
crystal, serv.ing as the .electro-opt,ical material, to form
the liquid crystal layer 7. Here, the size of the
clearance betv}een the upper substrate 4 and the dielectric
sheet 3 is made, for example, 4 to 10 um. This distance is
maintained uniformly over the entire display face. Note
that in this embodiment, use was made of a liquid electro-
optical material, but in the plasma addressed display
apparatus of the present invention, this electro-optical
lﬁaterial does not necessarily have to be a liquid crystal.
Use may be made of an eledtio-optical crystal plate etc.

On the other hand, the plasma cell 2 is constituted

using a lower glass substrate (lower substrate) 8. On the
main surface of the inside of the lower substrate 8, a
plurality of énode electrodes 9A and cathode electrodes 9K
constituting the plasma electrodes and extending in the
row direction are formed in parallel in the column

direction while maintaining a predetermined interval

between them. At the approximate centers of the top



driver transistor, etc. Further, in the present invention, since the Ne-Ar
(10 to 30 percent by volune) -based gas includes a specific ratio of K
and/or Xe (1 to 10 percent by volune), the attenuation tinme of the plasna
can be made about 1/2 conpared with the Ne-Aa (10 to 30 percent by vol une)
-based’gas.’ If the attenuation time of the pl.asma becones shorter, there is

no | onger data sirifadRscbFoBBaUshYdaPeleetiré@ed PA ld Gl ealeaaab.ng to a
pl asma chanmber which inherently should not be witten at the tinme of

sel ection of thejre. &dredksPmed sabticisnt r gan be
obt ai ned. BRI EF DESCRIdg'IéI%gI Ogr'eI'H A §I Tﬁese véngi%t%gr obj ects and
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appar at us accordi n% to an enbodi nent of - the
surfaces of the dielectric sheet 3 to maintain the size of

the clearance between the lower substrate 8 and the
dielectric sheet 3 constant. The partition walls 10 may,
for example, 13e formed by repeated thick lfihlm screen
printing.

Further, a frit sealing member (not shown) made us:.ng
a 1ow melting point glass etc. lS 1a1d along the periphery
of the lower substrate 8 to enable a:.r-t:.ght bonding of
the lower substrate 8 and the dielectric sheet 3. In the
clearance between the lower substrate 8 and the dielectric
sheet 3 are formed, in perallel in the column direction, a
plurality of plasma charnbers {spaces) 12 separated by the
partition ﬁalls 10 and extending in the row direction.
That is, the plasma chambers 12 are formed to be
orthogonal with the data electrodes 5. The discharge gas
filled i_n the plasma chambers 12 will be explained later.

The data electrodes 5 become the row driven elements.
Further, as mentioned later, since the a.nede electrodes 9A
are connected in common and supplied with an anode
voltage, the pair of plasma chambers 12 positioned at the

two sides of each cathode electrode 9K become column-



present invention; Fig. 3 is a perspective view of the plasnma addressed

di spl ay apparatus shown in Fig. 2; Fig. 4 is a view show ng the
arrangenent of the data el ectrodes, plasna el ectrodes, and plasma chanbers
in the plasnma addressed display apparatus shewm in Fig. 3; Fig. 5is a view
of the'circuit configuration of a plasnma addressed di spl ay apparatus; Figs.

6A to 6E are wa\@fojdn YAFAMR pIWING3ChaNdesinéd] hes Gidvarany ehgaoe, add
data voltage; Fig. 7 is a graph of the relationship between the conposition

of an Ne-Ar-basegtéﬁimr%%ﬁ% 3dichehapge voltage; Fig. 8 is a gr aph of
p

the rel ati onshi etween various types of m xed gases and the change of the

transmttance; and Fig 9d 3rdvd E¥n2lghda st WAL Ao PEALEE AT NEa

voltage is supplied between the anode electrode 9a and the
cathode electrode 9K corresponding to a predetermined pair
of plasma chambers 12, the gas at the portion of the pair
of plasma chambers 12 is selectively ionized and generates
a plasma discharge. A substantially.anodic potential is
maintainéd inside. In this state, .wheﬁ data voltage is
successively supplied to a data electrode 5, data v’oltﬁgé
is written through the dielectric sheet 3 at ﬁhe liquid
crystal 1ayers' 7 of the plurality of pixels 13 arranged in
the row direction correspondiné‘ to the pair of plasma
chambers 12 where the plasma discharge occurred. When the
plasma discharge ends, the plasma chambers 12 becoﬁté
floating potentials and the data voltage written in the
liquid crystal layers 7 of the pixels ]:3 are held by the
action of the dielectric sheet 3 until the next writing
period (for example, after one frame).. In this case, the
plasma chambers 12 function as sampling switches and the
liquid crystal .layers 7 of the pixels and/or the
dielectric sheet 3 function as sampling capacitors.
Since the liquid crystal oberates due to the data
voltage written i.r_1 the liquid crystal layers 7 of the

pixels 13, the display is performed in pixel units.



resi dual amount of plasma in the case of use of the discharge gas according
to the enbodi nent of the present invention and the case of use of the

di scharge gas according to a conparative exanple. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Bel ow, a pl asna di schagge apparatus and a pl asna
addressed di spl ay apparatus of the present invention will be expl ai ned

further concret gldedpai9igIedl B mentiotedeabotd] 2tale PFedivled Q:dlafihb@..'ay
cross-sectional views show ng a construction of exanples of a plasma

address di spl ay 2RRRY-dihentlicna104mege Wgéhgﬂh91ﬁ§Y§t§iaé&ﬁ'& laitpedrdd Z' “9

such a plasma swtch and represents a shape cut along t colum diréction,

expl anat i on wi | L 8 %%%S‘id‘%s,l?n%%%ﬁ%%ge%% SHE ERETh bR g g

surface type el ect rrOdefC Og.gts{nlécc ambers 5.9 where data voltage has been

written in the liquid crystal layers 7 of the plurality of
pixels 13 arranged in the row direction.

Figure 5 is a view of the circuit configuration of
. the plasma adc_iressed display apparatus 100 explained
above. In Fig. 5, port:.ons corresponding to Fig. 1 to Flg.
3 are given the same references. Reference numeral 21 is a
liquid crystel driver, which liquid c¢rystal driver 21 is
supplied wich video data (DATA). Data voltages DS, to DS,
of a plurality of pixels constituting the lines are
simultaneously output from the liquid crystal driver 21.
The data voltages DS, to DS, of the plurality of pixels are
supplied through the buffers 22, to 22, to the plurality of
data electrodes 5, to 5..

Note that the operation of the liquid crystal driver
21 is controlled by the control circuit 23. The control
circuit 23 is supplied with a horizontal synchronization
signal HD and a vertical synchronization signal VD as
reference synchronization signals corresponding to the
video data (DATA). Further, the operations of the J:ater
mentioned. anode driver 24 and cathode driver 24 are

controlled by the cont:rol_ circuit 23.



exanpl e shown in Fig. 2, an explanation wll be nade by using a plasnma cel
of the flat plane type el ectrode construction. Figure 3 is a perspective
view of the plasma addressed di splay apparatus shown in Fig. 2. The plasm
addressed di spl ay apparatus according to thegpresent invention is a plasm
addressed display apparatus 100 conprised of an el ectro-optical display

cell 1, a plasma cel Igpdfefditcd iinfdA61 1d€ GdiRtlesd anNhabE@SEHi PEt Vori s he

two, thereby formng a flat panel construction. The dielectric sheet 3 is

made as thin as Teiad i 21 Bipofite ¥BTH-ELETY OF SoRRnty Minifeoh

compri sed usi ng SROTR AT TR T B8t sl ot i R af B o

e o oSkt Tt el e BBt SRR 55481 € LECABAL®

el ectroconductive material and extending in
driver. The cathode driver 25 supplies the cathode
voltages VK, té VK., having a predetérmined potential
difference from the anode potential to the plurality of
cathode elect_rodes 9K, to 9K, , every horizontal period. Due
to this, a plasma-discharge is céused at the pairs of
plasma chambers 12 corresponding to the cathode electrodes
9K, to 9K, , every horizontal period and, accordingly, the
pairs of plasma chambers 12 where data voltages DS; to DS,
are written in the liquid cryétal layers 7 of the
.plurality'of pixels 13 afranged in the row direction
(horizontal direction) are successively scanneé in the
column direction (vertical direction).

Here, an explanation will be made of the cathode
voltage supplied to the cathode electrode 9K and the data
voltage DS supplied to the data electrode 5.'Figures 4# to
4D are views of wave-forms of the cathode voltages VK, to
VK,,, supplied to the consecutive cathode electrodes 9K, to
9K,,,. Figure 4E is a view of the data voltage DS supplied
to a predeterﬁined data electrode 5. The cathode

electrodes 9K, to 9K,,, are supplied with the cathode

voltages VK, to VK,,, having a predetermined potential



13 the colum direction (vertical direction), in parallel in the row
direction (horizontal direction) maintaining predeterm ned intervals al ong
the columm direction. The upper substrate 4.is joined to the dielectric
sheet 3 in a state naintaining a certain gigearance therewith by a spacer

é:”é’f et e :shL|2 1 %“?—e%'eﬁg%?g%gmb?**%ﬁ?%%?yg#‘??ﬁ%%%ﬁEﬁ‘iﬁ %%@&ﬁ@ﬁe
el ectro- Optl ca

f h | h
si ze of the cl e&?&ﬁg g@ﬁégﬁtgﬁrg}’%ﬁgé’fisqxbge %[‘% sﬁ etl% iy

sheet 3 is made, for _exanple, 4 to 10 um This distance |s mai nt ai ned
unifornly over the phpPma ghapbeyst k2cgengrating: the plrama dirsharde are
was nade of a liquid electro- optical material, but in the plasnma addressed

di spl ay appar at ssicelesgiyelye scanned, dm toe, cpnmdécecbigpt {vartheadbri al
does not necessarily have to be a liquid crystal. Use nay be made of an
el ectro-opti cal dingxitdlon) afFfareher, the data voltage DS is inverted in
| polarity with respect to the anode potential every
hériiontal period and every frame, so the liquid crystal
layers 7 are alternately driven. The liquid cryst'al layers
7 are alternat-:ely driven so as to prevent deterioration of
the liquid crystals.
FIRST EMBODIMENT
In the present embodimeﬁt, in the internal portion of
this tight sealed plasma chamber 12, a mixed -
gas ;:ep_reser;ted b}{ Nejoo-x A {Wherei_.n_, in the -formula, A is
any elément selected from a group consisting -of Ar, Kr,
and ke and x is 10 to 30% by volume, more preferably 15 to
25% by volume) is sealed. Note that, in thig Bixed gas,
'if the content of the A component is less than - )
10 percent by volume, a problem of emission of the orange
color light peculiar to Ne occurs, while if it exceeds 30
percent by volume, the discharge voltage Vf extremely
rises, neither or which ié preferred. Al‘SO, among th;a Ar,
Kr, and Xe to bé mixed into the Ne, mainly from an

economical viewpoint, Ar and Kr are preferred.

" Note that, as shown in Fig. 1, where the wall surface



On the other hand, the plasma cell 2 is constituted using a | ower gl ass
substrate (|l ower substrate) 8. On the main surface of the inside of the

| ower substrate 8, a plurality of anode el ectrodes 9A and cat hode

el ectrodes 9K constituting the plasnma el ectrygles and extending in the row
directi'on are fornmed in parallel in the colum direction while maintaining

a predeterm ned bDéEt¥8He EbNBEPuELESh (hatdE1EPPETRE Pllat < @e@itiodle t-he
top 14 surfaces of the anode el ectrodes 9A and the cathode el ectrodes 9K

are formed partijf} &gi@é r{g gVhAkA1S g€ ' hose
el ectrodes. The %%ggt%?é%%g&ga%iﬁon V\g|ﬁ% abu?]agalé%gggfﬁgs%%?pgwré

et waon the | owet BRRctSlie? A ek LR PapRcplbhe Slodtfade *ori0ce

partition walls 10 na t ed t.hi £l m
screen

const ’céggneég r?iseélgge O{nrre-fjapb nese nexamlne%kaatent
Publication (Kokai) No. 3-47784 is necessary, and also the
discharge starting voltage becomes higher by about several
tens of volts. The reason for this can be considered to be
that the discparge route of the wall surface electrode
construction is é straight line and is shortened while the
discharge route of the flat plane electrode construction
is a parabola. Accordingly, a relatively high gas pressure
becomes necessary based on the rule of Paschen. The
discharge starting voltage is affected by various factors
such as the surface state of the wall surface electrode
etc. and it becomes slightly high. However, the wall
surface electrode construction as in this embodiment is
advantageous in the point that a stable plasma discharge
in comparison with the f£lat plane electrode construction
is obtained and the point that the plasma discharge can be
efficiently carried out etc. and is advantageous in view
of the feﬁer restrictions at the time of a production of
the cell const_ruction in comparison with the inclined
plane electrode construction as disclosed in Japanese
Unexamined Patent Publication (Rokai) No. 1-217396.

However, of course, in the piasma addressed disblay



printing. Further, a frit sealing nmenber (not shown) nade using a | ow
melting point glass etc. is laid along the periphery of the | ower substrate
8 to enable air-tight bonding of the |l ower substrate 8 and the dielectric
sheet 3. In the clearance between the | ower 28ubstrate 8 and the dielectric
sheet 3 are fornmed, in parallel in the colum direction, a plurality of

pl asma chanber s apaateriy)s bE theapoésdnbyihhenplion| tthereals nol0 gnd
extending in the row direction. That is, the plasnma chanbers 12 are forned

to be orthogonalrautididtiodl ¥ thkcebhteactiohN8£ it FTampaelll lieter)
t he plasma chanbers 12 will be explained later. The data el ectrodes 5

becorme the row Q4R APy pest U B8bects AB M EIHdR A oves carepkne

anode el ectrodes 9A are connected I n common and supplied wth an anode

voltage, the paify gl bl aig. chauhars 12 PRS' LkghSTe Andly $%:9.035 gh each
explanation was made by using as an example the plasma
cell of a wall surface type electrode construction, but in
the present invention, the electrode construction is not
Qarticularly restricted and the inventionlcan be applied
also with respect to a plasma cell of the £lat plane type
electrode construction sho'wn in Fig. 2. In the electrode
construction shown in Fig. 2, the electrodes of'tﬁe
cathode 9K and anode 92 are formed in a flat state, a
partition wall 9 is formed on them, and a plasma chamber
8a is formed between the.pgrtition wall 9 and another
partition wall 9.

Next, the effect of the present invention was
examined by an experiment as will be mentioned below by
actually preparing a plasma addressed display apparatus
having the configuration as shown in Fig. 1.

First, mixed gases obtained by adding the Ar to Ne
with various proportions were prepared and were sealed in
plasma chambers. 'l‘he‘ discharge voltages v)hich were
necéssary were then measured. 'l;he results the;'eof é.re as
shown in Fig. 7. In comparison with the Ne-based Penning

gas (Ne,y,  Ar, ), it is clear that, although the discharge



15 driven units. A pixel 13 is defined, as shown in Fig. 4, at the
I ntersection of the two. In the above configuration, when a predeterm ned
voltage is supplied between the anode el ectr,qde 9A and the cat hode
el ectrode 9K corresponding to a predeterm ned.-pair of plasma chanbers 12,

the gas at 'the iLon of _the.palir.of a C . ' e | vel

I oni ged and gengrgg'%ggearﬁfgg ngggpséﬁaFgé.gggas‘u%ggﬁ$ %%icg%} |C§°Cf|todo;t%q1%%9al
is maintained inside. In this state, when data ol%a i S, successively
supplied 10 a d5ES BFEEERSAESESREIOR . GPE.AROREE,PE( TAR THIOIAR
dielectric sheet 3 at the liquid créstal | ayers 7 of the plurality of

pi xel s 13 arr anGd@onesaesd ton2BPMECEO¥n corresponding to the pair of plasma
chanbers 12 where the plasma di scharge occurred. Wen the plasna di scharge
ends, the plasnma chalestts 22 Hecbased Pennigpg gesnt(ighXeahd Neebaized
voltage witten in the liquid crystal layers 7 of the pixels 13 are held by
the action: of t remiitiegas (Neheehr3, Untand lehained gam (Hegeper i-od (for

exanple, after one frane). In this case, the

A,, x = 10 to 30) having a composition according to the
present invéntion were prepared and were sealed in plasma

' chambers. The change of transmittance by the cathode
sputtering wa:s examined. Note that, _the measurement
conditions were determined so that the gas pressure was
200 Torr and a current per line was 100 mA. A discharge was
carried out at a cycle of one discharge of 10 lsec for
every 16 msec. 'i‘he addition of mercury was not carried
out. The obtained results are as shown in Fig. 8. In
comparison with the He-based Penning gas, the Ne-based
Penning gas and the mixed gas having a
composition according to the present invention had a very
low rate of reduction of the transmittance.

Further, the He.-based Penning gas (HeyXe,), Ne-based
Penning gas (Ne,, (Ar, ), and the rare earth mixed gas
(Neg,Ar,,) having a composition according to the present
invention were prepared and were sealed in plasma
chambers. A comparison of the discharge color was carried

out. Note that, the comparison of the discharge color was

carried out by setting the current per line as 100 mA. As a



pl asma chanbers 12 function as sanpling switches and the liquid crystal

| ayers 7 of the pixels and/or the dielectric sheet 3 function as sanpling
capacitors. Since the liquid crystal operates due to the data voltage
witten in the liquid crystal layers 7 of the pixels 13, the display is
perforned i'n pixel units. 16 Accordingly, as nentioned above, it is

possi bl e to di splgaaid,! VrelpFepsredidn bftdRe dmICEEd Aidit Audlidaike
di scharge and successively scanning in the columm direction the pairs of

pl asma chanbers t 30l fage zhas b | eyl he 4d Quid
crystal |ayers #M%é%pﬁ%?’gﬁlf yﬁ%g-sﬁgrssﬁg ig%"r"%%ﬁegé?ni t'heldr gw':i, and

addr essed di spl APSoAcR: He0105 8RS ect ApEeans P43 7D Ayl Rgked ™
corresponding tq Bid. L (5'.%s,%0%58) 9 ¥eBpblEs 58T, " Rl SASIGE ol " o ence
" comparable to the He-based Penning gas, Ne,;Ar,, has a
sﬁfficiently low luminance in comparison with the Ne-based
Penning gas, and also the color of this is near white..

When speaking of this by using an actual panel, where
a dischaige current per line in a 14 inch pénel is 100 ma,
the luminance of the discharge light of the Ne-based
Penning gas reaches 0.3 nit. In the case of the He-based
Penning gas, this is an amount that cannot be ignored with
respect to a black level o:é 2 ﬁit {determined by the light
polarization plate liquid crystal), but in the case of
NeyAr,,, it becomes 0.1 nit or less, and a sufficient black
level is obtained. The result can be expected to become a
display panel having a good contrast.

As mentioned above, according to the first embodiment
of the present invention, a plasma addressed display
apparatus which can exhibit good characteristics stably
over a long period can be provided.

In the above description, the plasma addressed
display apparatus was described as a specific example,

but, it is clearly understood the present invention can be

applied to a plasma discharge apparatus, per se, and other



liquid crystal driver, which liquid crystal driver 21 is supplied with
video data (DATA). Data voltages [err] to [err] of a plurality of pixels
constituting the lines are simultaneously o&u%put fromthe liquid crystal
driver 21.. The data voltages [err] to [err]“of the plurality of pixels are
suppl i éd th"rough,thf buffers JTerr] to [err% tf the plurality of data

el ectrodes [er rfifRIR¥3PPAFREVE BB IRG SUR RITHRE FLIFHETY Lﬁ‘%?%:fas&"fsdlas
driver 21 is controlled by the control circuit 23. The control circuit 23
is supplied wit# 3WheehingaPPaxaERPoni zati on signal ED and a verti cal
synchroni zati on signal VD as reference synchronization signals

correspondi ng to t heSECOND FMBQDIMENE) . Further, the operations of the
| at er menti oned anode drirver 24 and cathode driver 24 are controlled by the
control circuit 23. In tHeReiestnembodimenk,2Howewerestherenigicechdi ver.

s problem of a long plasma attenuation. If the plasma
attenuation is long, there is the problem that plasma will
remain until the next line is selected and erroneous data
voltage will be applieci‘ to a row where the plasma remains
aﬁd therefore._ the pixei of the display cell corresponding
to that portion will be driven erroneously.

A second embodiment is intended to improve the first
embodiment.
In the second embodiment, the plasma chambers 12 have

sealed in them a mixed gé.s represented by Ne,,,...

ArA,. Here, A is Ar, Kr, and/or Xe, x is 10 to 30 percent
by volume, more preferably 15 to 25 percent by volume, and
y is 1 to 10 per.cent by volume. Further, when Kr and Xe are
included as A, the Kr is preferably contained in an amount
of 1 to S pércent by volume and the Xe in an amount of 1l to
5 percent by volume.

When the x is less than 10 percent by volume, the
prdblem of emission of an orangish light peculiaf to Ne
occurs, while when it is over 30 percent by volume, the

discharge voltage Vf ends up rising remarkably. Neither of

these casges is pfeferable. When y is smaller than 1



anode driver 24 supplies a plurality of commonly connected anode el ectrodes
[err] to [err] with an anode voltage VA as a reference voltage. Reference
nuneral 25 is a cathode driver. The cathode driver 25 supplies the cathode
voltages [err] to [err] having a predeter 'Eed ‘potential difference from
the anotde potential to the plurality of .cathode el ectr.odes.[er to [err
eveéry hori zont alp%‘??’ﬁ'ﬁi.bﬁ]’g’]ﬂﬁ“?hiée é’lrﬁ%&etcﬁe&%q}go@ i%g'[mga&%é:&mg% th!a
pairs of plasma chanbers 12 corresponding to the cathode_el ectrod‘esg#grr]
to [err] every hbePRgeFt #hite whennt If QFeF df PereRBt Ry, ¥opme) 4
chanbers 12 where data voltages [err] to [err] are witten in the liquid
crystal |ayers 7ocheripropertiesybetopexpeer i Neitheywf thase isow
direction (horizontal direction) are successively scanned in the col um
direction (vertipaéfdrredtebbherkiere, an explanation will be nmade of the
cat hode vol tage supplied to the cathode el ectrode 9K and the data voltage

DS supplied to the dajaxel eecheodefbctFbgutrs phedent O rivention\Sval
wave-forns of the cathode voltages [err] to [err] supplied to the

consecutive cat hgdgmeheat H9Ues éLpétihént as mentioned below in which a
plasma addressed display apparatus having the structures
as shown in Figs. 2 and 3 were actually fabricated.

First, n.ui.xed gases obtained by adding Ar to Ne in
various proportions were prepared, were sealed in plasma
chambers, and were measured as to the discharge voltages
which were necessary. The resultg thereof are as shown in
Fig. 7. In comparison with the Ne-based Penning gas
(Ney, (Ar, s}, it became clear that although the discharge
voltage rises also in th_e range of the composition
according to the present invention, the amount of the rise
can be‘suppressed to about 20V.

Next, an He-based Penning gas (Hey . Xe;) and a
mixed gas of the compositz'.on according to the .
present invention (Ne,Ar,,Kr,Xe,) were prepared, were
sealed in plasma chambers, and were examined as to the
change of transmittance by cathode sputtering. Note that
tl;e measurement conditions were made a gas pressure of 200
Torr and a current per line of 100 maA and discharge was

carried out at a cycle of a discharge of 10 usec every 16



[err]. Figure 4E is a view of the data voltage DS supplied to a
predeterm ned data el ectrode 5. The cathode electrodes [err] to [err] are
supplied with the cathode voltages [err] toz%err] havi ng a predeterm ned
pot enti al 18 difference fromthe anode potential wthin consecutive

singl e hori‘zont gl _per| Y . '

chanbers 12 gengﬁgg i° ngggﬁ"el :-Qéas‘%a&ét?{s%%g%é rlz:}rxl(?a és%)%%:{eﬁsésﬂl v%%igcsg%%d %n the
columm direction_(vertical digrection). Further,, the .da ol t DS.is
inverted in pol épg’f"? %&Ptﬁlﬁ’%%'e_ oy ‘W%r’aﬁ%ﬂewbﬁ}rﬁ? éﬁa-&m&%&g%&ﬂn}&% al
period and every frame, so the liquid crystal | gyers 7 are alternately
driven. The |iq@r&.cthet MiNeqd gas P&, the, CORPRFLLIPTIALFONdRTas to prevent

deterioration of the liquid crystals. FIRST EMBODI MENT I n the present
enbodi ment, in tethet preaenpoinventdpn had a very low rate of reduction

‘'of the transmittance.

Further, the He-based Penning gas (He,Xe,), Ne-bas_ed
Penning gas (Ne,, ;Ar, ), and the mixed gas of
the composition according to the present invention
(Ne,GArzoKr,Xezi were prepared, were sealed in plasma
chambers, and were compared as to the discharge coior.'
Note that the comparison of the discharge color vlzas
carried out by setting the current per line as 100 mA. As a
result, the ratio of the luminance of the emitted light
among the He,,Xe,, Ne,, ;Ar, ;, and Ne,Ar,Kr.,Xe, was 1:18:3
and the color coordinates (x, .Y) became (0.33, 0.27),
(0.63, 0.37), and (0.58, 0.39), respectiyely. Although not
comparable to the He-based Penning gas, Ne,«Ar,XKr.Xe, has a
sufficiently low luminance in'comparison with the Ne-based
Penning gas and also its color is near white.

When speaking of this using an actual panel, where a
discharge current per line in a 14—in§h panel is 100 ma,
the luminance of the emitted light of the Ne-based Penning
gas reaches 0.3 nit. In the case of the He-based Penning
gas, it is an amoum: that cannot be ignored with respect

to a black level of 2 nit (determined by the light



this tight seal ed plasnma chanber 12, a m xed gas represented by [err]
(wherein, in the formula, Ais any elenent selected froma group consisting
of. Ar, Kr, and Xe and x is 10 to 30% by volunme, nore preferably 15 to 25%
by volune) is sealed. Note that, in this mxml gas, if the content of the A
conponént i's less than - 10 percent by volume, a problem of emnission of the

orange col or |ighé1@e£sdtféntiPlde OLLdisa oidtaly, ButeieceHe Slspaggent by
vol une, the discharge voltage Vf extrenely rises, neither or which is

preferred. Al SQ&I?",@RB% el 1ithbe £9.90nD8 & XBékd Ny SoeaNe, mainly
from an econom cal *vi 8wpdi nt’, "Ar and Kr are preferred. Note that, as shown

in Fig. 1, where_thg, I qﬂpq s UGt i
flat plate el ect?%ggl%\%%é% %%%lég%evresll%'ﬁﬁ%e%(g 1 %lgls&S &Eygégc%%%e:&sés% e
two times hi ghertltlgg ntlg.eh artesotIlé Qweif]! %te olmaenea lig%&ra?rdxe)anel having a good

contrast. |

When Ne, Ar,,Kr,Xe, was used as the discharge gas of
the plasma addressed display apparatus, the plasma
atteﬁuati,on t_ime was found to be 20 isec. When
Ne,,Ar,,Kr.Xe; was used as the discharge gas of the plasma
addressed display apparatus, the plasma attenuation time
was found to be 20 usec. When Ne,,Ar,,Kr, was used as the
discharge gas of the piasma addressed display apparatus,
the plasma attenuation time .wa.s found to be 30 Usec. When
Ne-,,Ar,ox'e; ivas used as the discharge gas of the plasma
addressed display apparatus, the plasma atténuation time
was found to be 30 [i1sec. As a comparison, Ne,Ar,, was used
as the discharge gas of the plasma addressed display
apparatus, whereupon the ﬁlasma. attenuation time was found
to be 40 usec.

As shown in Fig.- 9, in a picture of the double speed
NTSC system, the assigned time per line (selection time)
is 30 usec. Further, in the Japanese "high vision" system
(high definition system), it is a shorter 15 usec. 'rhé
é.ischarge time accounts for 10 usec of this. According, in

a double speed NTSC system, the maximum data holding time



construction as disclosed in Japanese Unexam ned Patent Publication (Kokai)
No. 3-47784 is necessary, and also the discharge starting voltage becones
hi gher by about several tens of volts. The reason for this can be
considered to be that the discharge route of22he wall, surface el ectrode
construction is a straight line and is shortened while the di scharge route

of the flat plarsecdmes rag s andiao,0lni the ¢asalof & cémparditiyey, a
rel atively high gas pressure becones necessary based on the rule of

Paschen. The di seXafffe Sisidg Mb,yor 288 the AissHarhd \gasr plasmeaglions such
as the surface state of the wall urface el ectrode etc. and it becones

Slightly nigh. Pedgies wider Yold S 309c08abcRdencansl eneE Y 26 i ol hi s

enbodi ment i s advantageous I n the polnt that a stabl e pl asma di in

comar feon 1 (h dhgdl Ae NANGALGELEE.G0NS ISk 00 3 P21 eghend P

poi nt that the asmna |sc arge can Iy carri and is

dvant f th ti at the ti f duct
of ' the el 1" consteREFARS vﬁi&“&#ﬁ%ﬁﬁm‘%‘m REPPREA EPcthiel oot i

construction as disclosed in_Japanese )
embodiment of the present invention using Ne,Ar,Kr,Xe, or

Ne,,Ar, Kr.Xe, as the discharge gas, as shown in Fig. 7, no
plasma will remain at the time of the next line selection,
so it is possible tc; prevent erroneous writing of data and
a gsufficient contrast can be obtained in the apparatus
even in a double speed NTSC display.

Note that the prxesent invention is not limited to the
above embodiments. Varigus modifications may be made
within the scope of the invention.

For example, the 'plésma addressed display apparatus
according to the above embodiments was a plasma addressed
display_apparatﬁs, but the invention is not limited to
this. For example, the configuration of the cathode
electrodes and anode electrodes of i:he Plasma addressed
display apparatus is not limitgd to tﬁat ‘of the above
embodiment, but can be modified in various ways. For
instance, when performing AC discharge, either of the
electrodes can be buried in the dielectric layer and not
be directly exposed in the 'plasma'chambers.. Furthe:;:', the

plasma addressed display apparatus according to the



Unexam ned Patent Publication (Kokai) No. 1-217396. However, of course, in
t he plasma addressed displ ay 20 apparatus of the present invention,

there is no restriction on the construction % the plasma cell either, and
various types of aspects as descri bed above n be adopted. For exanple, in

t he exanpl € shown in Fig expl anat i was. made by _usin 3820852 |l e
the plasnma cell Qﬁe%ﬁ%l:‘tn‘gﬁﬂ? p%/ I jrftﬁ?e t@oﬁspxﬁﬁ’f'?o%d Bﬁ?s?ﬁ tg

present invention, the electrode construction is not particularly

restricted and tHeSRIRERIRACEENE ARG FAT Re ARRFiRT For QQBéSPlt’B"%ubFEQﬁﬁ
cell of the flat plane -type el ectrode construction shown in Fig. 2. In the
el ectrode const rard jaftheh@kesnn Bdfressed AiIREAY ARRAIHCUME dat hBge 9K
and anode 9A are forned in a flat state, a partition wall 9 is fornmed on
them and a pl asheoaderb@enda.i s formed between.the partition wall 9 and

not her . :
anothe As explained above, according to the plasma addressed
display apparatus of the present invention, it is possible
to form plasma stabler compared with the conventionally'
used He-based a Penning gas with little problem of the
scattering-ax;d loss of gas molecules from the plasma cell.

Also, in comparison with the He-based Penning gas,

with the Ne-based the mixed gas according to

the present im_renti_on, the rate of advance of the ca;thode
sputtering is much slower in the same way as the
conventional Né—based Penning Igas and the rate of
deterioration of the transmittance due to such cathode
sputtering is slower by one order than a case where the
He-based Penning gas is used.

Further, where the mixed gas according to’l oLk
the present invéntion is used, although not comparable to
the case where the He-based Penning gas is used, the
luminance is sufficient low in comparison wiﬁh the case of
the Ne-based Penning gas, the color is close to white, and

the Coxitrast of the display and the color purity are not

substantially impaired, so good characteristics are

obtained.



partition wall 9. Next, the effect of the present invention was exam ned by
an experinent as wll be nentioned bel ow by actually preparing a plasm
addr essed di spl ay apparatus having the configuration as shown in Fig. 1.
First, m xed gases obtained by adding the A29to Ne with various proportions
were prepared and were sealed in plasma chanbers. The discharge voltages

whi ch were necessary Niie tHad)) B9aaddtedg Abeot eshe tliite o theaNe, ashe hown
in Fig. 7. In conparison with the Ne-based Penning gas [err], it Is clear

that, although tdyscHaxngAtage’ Vv ghliaciki 866484 SPLsds tie c@i@aﬂfson
conp05|t|on accordlng to the present I nvention, the amount of the rise can

be suppressed tﬁ the’ Qs B¥ thé”fébb?éé&d?g&?ﬂé%é@sﬂ\ﬁf&h thg- based

Penni ng gas [er m xed gas
present invention, the amount of addition thereof is

restricted to 10 to 30 percent by volume, and therefore
the amount of rise thereof is suppressed to about 20V and
it is possi}_ale to substantially prevent problems such as a
rise of the power consumpfion, voltage re,sistance of the
driver transistor, etc;. |

Further, in the preseﬁ.t invéntion, since a specific
ratio of Kr and/or Xe is mixed in the Ne-aAr (10 to 30
percent by volume)-based gas, the attenuation time of the
plasma can be reduced to about one-half that of the Ne-aAr
(10 to 30 percent by volume)-based gas. If the attenuation
t;‘.me of the plasma is made shorter, there is no longer
erroneous application of data voltage to pixels
corresponding to plasma chambers whicﬁ should inherently
not be viritten in at the time of the next line selection
and a sufficient contrast can be obtained.

" In the above description, the plasma addressed
display apparatus was described as a specific example,
but, it is clearly understood the present inventibn can be
applied to a plasma discharge apparatus, per se, and other
display apparatus using such plasma discharge apparatus as

a switching apparatus.



[err], x =10 to 30) having-a conposition according to the present
invention were prepared and were sealed in plasma chanbers. The change of
transmttance by the cathode sputtering was exanmined. Note that, the .
measur ement conditions were deternmined so thagj the gajmummuﬂ"m"mp
Torr and a current per line was 100 mA. A discharge

cycle of one di scharggnof il dasEimdPrigsvery 16 nsec. The dddi‘ti®n bf
mercury was not carried out The o tal ned results are as shown inm Fig. 8.

In conparison with the g;f#is %_3% 41501?8 gas and
t he m xed.gas havi ng a corrp Srtion accor gt #?atpreser?P mv%ﬁtlon had a

very | ow rate of reduction_of ra ne th based

Penning gas [err], Ne- based % ‘?1% d“g’ssrg[ t?ﬁ efgﬁF%Pﬁ-gngr% gﬁ%ﬁ?ed gas
[err] having a cor?oleo according to the present invention were prepared
and were seal ed PR2PF4 chambers. A conparison of the discharge col or was

carried out. Note that, the conparison of the discharge color was carried
out by setting the currenta§e¥°¢4-?1%bh% g% sprled; ip the discharge space,

' gsaid ionizable gas being a mixed gas comprising
neon plus 10 to 30 percent by _volumé of an element
selected fz;omo the group consisting of argon, krypton, and
xenon.

2. A plasma discharge apparatus as set fortﬁ in
claim 1, wherein said mixed gas comprises neon plus 10 to
30 perc‘ent by volume of argon and 1 to 10 percent by volume
of krypton or xenon.

3. A plasma discharge apparatus as set forth in
claim 1, ﬁherein said mixed gas comprises neon plus 10 to
30 percent by volume of argon, 1 to 5 percent by volume of
krypton, and 1 to 5 percent by volume of xenon.

4. A plasma discharge apparatus as set forth in
claim 1, wherein one of said paig of substrates comprises
a dielectric sheet.

5. A plasma.discharge épparatus as set forth in
claim 4, further comprising an electro-optical cell

"holding an electro-optical material between said
dielectric sheet and a glass substrate.

6. - A plasma discharge apparatus as set forth in



22 result, the proportion of the emtted |ight |um nanceanmong—the—ferr]
[err] and [err] was 1 : 18 : 3, and the col or coordi nates

(0.33, 0.27), (0.63, 0.37), and (0.58, 0.39), respectivelumm ”ﬁﬂ@ﬁﬂﬁ’"'
conparabl e to the He-based Penning gas, [errdi has a suffict en:t ¥ s

| um nance in conparison with the Ne-based Penning gas, and al so the col or

of this is near uhhif. sv\mzﬁf&@m %flééer%iaba%mc%&laemshagﬁga,

where a discharge current per Iine in a 14 inch panel is 10

I um nance of they ni,n ches 0.3
nit. In the case Qﬁfﬁ%% %ase %elné ec gas |§%%shaﬁlg§rr§ﬁ§ﬁ?9 ﬁgt cannot
be ignored with res ack | eveI n| t ght
pol ari zati on pl a?%gﬁ?ﬁu?%e%?f/%%%? )anfﬁﬁg Vhé’atre?‘ deéf P’F 80?)

1.nit or less, and,a sufficient black |ev i.s . obtai ned The result can be

expected to becoﬂglg glass substrate and w :.ch has as said electro-optical
material a liquid crystal.

7. A plasma discharge apparatus as set forth in
claim 6, wherein the oﬁher of the pair of substrates has a
plurality of <.iischar§e electrodes on.it and a plasma
discharge is caused bet;ween adjoining discharge electrodes
to address the liquid crystal cell.

8. A plasma addressed electro-optical apparatus
comprising: |

a plasma kcell where plaéma discharge is
performed;

an ionizable gas sealed in the plasma ‘cell, .the.
ionizable gas being a mixed gas comprising neon plus 10 to
30 percent by volume of an element selected from the group
consisting of argon, krypton, and xenon; and |

| an electro-optical cell layered on said plasma

cell and addressed by -the plasma discharge.

9. A plasma addressed électro-optical apparatus as
set forth in claim 8, further comprising a dielectric
sheet-interposed between said plasma cell and electro- -
optical cell.

10. A plasma addressed electro-optical apparatus as



di spl ay panel having a good contrast. As nentioned above, according to the
first enbodi ment of the present invention, a plasnma address ﬂm u
apparatus whi ch can exhibit good characteristics stably ovea lmﬂ I“Hr"llwl"l
can be provided. In the above description, t®2 plasna addressed®di §pltay & *

appar atus was described as a specific exanple, but, -it is clearly

under stood the psegepbrthvimi¢luism®) Rberdid edideleptedoropdioaacgtl is
apparatus, per se, and other 23 di spl ay apparatus using such pTasna

di scharge apparapU$igsid S¥ird€di i ettt cnig M EPBeDl VeI a! BribEal

first embodinent, however, there is the problemof a long plasna

oLy T e LR PR ALY i i d s bl B GRLE1 03
of signal electrodes arranged in parallel on the inside
and said dielectric sheet. |

11. A plasma addressed electro-optical apparatus as
set forth in claim 8, wherein said plasma cell comprises a
second glass substrate and said dielectric sheet between
which is sealed said ionizable gas. .

12. A plasma addressed electro-optical apparatus as
set forth in claim 11, wherein said plasma cell is
provided with a plurality of discharge electrodes formed
on said second glass substrate and a plasma discharge is
caused between adjoining discharge electrodes to address
the electro-optical cell.

13. A plasma addressed electro-optical apparatué as
set forth in claim 8, wherein said mixed gas comprises
neon plus 10 to 30 percent by volume of argon and 1 to 10
percent by volume of krypton or xenon.

14. A plasma addressed electro-optical apparatus as
set forth in claim 8, wherein said mixed gas comprises
neon plus 10 to 30 percent by volume of argon, 1 to 5
percent by volume of krxrypton, and 1 to 5 percent by volume

of xenon.



voltage will be applied to a row where the plasma remains and therefore the
pi xel of the display cell corresponding to that portion will be driven
erroneously. A second enbodinment is intended to inprove the first

embodi ment. I n the second enbodi nent, the pPdsma chambers 12 have sealed in
them a m xed gas represented by [err] [err]. Here, Ais Ar, Kr, and/or Xe,
X is 10 to 30 percent by vol unePLASMA DISCHARGE,APBARATUS percent by
volunme, and y is 1 to 10 percent by volune. Further, when Kr and*Xe are
included as A, the Kr is preferably contained in an anobunt of 1 to 5
percent by volune and the Xe in an anount of 1 to 5 percent by volune. Wen
the x is less than 10 percent by volune, the problem of em ssion of an

orangi sh Iight peculiar to Ne occurs, while when_it is over 30 percent by

vol une, the discharge voltage VﬁégﬂﬁggﬂbgﬁLgﬁﬁggﬁ§§&9%ggﬁy. Nei t her of

these cases is preferable. Wen y is smaller than 1

A plasma discharge apparatus formed with a plasma

chamber in which discharge is carried out wherein use is
made, as the discharge gas sealed in the plasma chamber,
of a 'mixed gas repfesente@ by Ne'm..,-,l&r,A,' |
(wherein, A is Ar, Kr, and/or Xe, x is 10 to 30 percent by
volume, and y is 1 to 10 percent by volume). Note that when
Kr and Xe are included as A, it is preferable that the Kr
be included in an amount of 1 to 5 percent by volume and

the Xe in an amount of 1 to 5 percent by volume.

Figure 1



when it is over 10 percent by volume, the other properties bec Been Repla
Nei ther of these is preferred either. Next, the effect of the ”””,, "
i nvention was exan ned by an experinent as nentioned belom1|n

pl asma addressed di spl ay apparatus having the structures as:shown in Figs.

2 and 3 were actually fabricated. First, nixel/&ases obtai ned by adding Ar
to Ne in various proportions were prepared ‘Egzahfealed i n plasma chanbers,
and were neasured as to the discharge voltag ch were necessary. The
results thereof are as shown in Fig n_conparison with the NeR(ngs

Penning gas [err], it becane clear Pt{gt‘/'fé,l tﬂiédl@?ﬁ)&he di scharge voILPa EPYS(AL
rises also in the range of the conposS tE&&Z&cor di §§ﬁi§g LAYER ¢
i nvention, the anount of the rise caff be suppress d¢£¢§hbout V. Next, an
He- based Penning gas [err] and a r( SURSTRATE &
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m xed gas of the conposition according to the present inve err] wer e '
prepared, were sealed in plasnma chanbers, and were exani ne - Replaced
change of transm ttance by cathode sputtering. Note that the mﬂu"
conditions were nmade a gas pressure of 200 Torr and a curre

100 mA‘and ‘di scharge was carried out at a cycle of a discharge of 10 usec
every 16 25 nsec. Mercury.was not added2/Bhe obtained results are as

shown in Fig. 8. I'n conparison with the Jgiﬁ%bs_,sed Penni ng gas, the‘nixed gas
of the conposition according to the ‘pres nvention had a very lowrate

of reduction of the transmttance. Further the He based Penning gas [err],

Ne- based Penning gas [err], & Bl L1 on according

to the present invention [err ﬂ' LUE'I( BT e seal 60 " pl asma
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chanbers, and were conpared as to the di scharge col or. Not e i @%ﬁiﬁggﬁqummﬂ=
conpari son of the discharge color was carried out by settin ‘
per line as 100 mA. As a result, the ratio of the |um narnce o “M
|l ight anong, the [err] J[err] and [err] was 1:18:3 and the col

(x, y) became (0.33, 0.27), (0.63, 0.37), awd (0.58, 0.39), respectlvely.

Al t hough not conparable to the He- basgg Penning gas, [err] has a
sufficiently I ow | um nance in conpari th the Ne-based Penning gas and
also its color is near white. Wen speaking of this u3|ng an actual panel,
where a discharge current per line in a 14-inch panel'is 100 mA the

| um nance of the emttes - g o e —=New Lo »h@mh? k" _?tﬁ-ﬂ- 0.3 nit.
In the case of the He-based Pet ' ~3iie
ignored with respect to a black |evel of 2 nit (detern1ned by the | i ght
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pol ari zation plate liquid crystal), but in the case of Ne76ﬁj‘h%%e2ﬁf§%ee,{ﬁe laced
becones 0.1 nit or less and so a sufficient black level is ob

can be expected that the-result will becone a display panel hMﬂHBMﬂM%ﬂl
contrast. Wen [err] was used as the discharge gas of the pla

di spl ay apparatus, the plasnma attenuation tinme was found to be 20 usec.

When [err] was used as the discharge gas of thg,plasma addressed displ ay
apparatus, the plasma attenuation tine was found ‘t‘e/b@ 203@It$ﬁ? Wien [err]

was used as the discharge gas of the plasma addressed di spl ay appar at us,
the plasnma attenuation tine was found to bg 30 usec. VWen [errd, was usegf\a@r.

|

t he. di scharge gas of the |pllasna addressed Y]
attenuation time was fourdld to be 30 usec. arrso ed
as the discharge gas of tihe plasna addressed displ ay ap§ rat us, whereupon
the plasma attenuation tijme wasfoundtope_zl-a—u-s how—i Flg—9 in
a picture of the double dpeed x| -
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NTSC system the assigned tinme per line (selection tine) is ﬁeetHasBeenReplace(

Further, in the Japanese "high vision" system (high definiti
is a shorter 15 usec. The discharge tinme accounts for 10 us nmgll! “ml““\
According, iLn a double speed NTSC system the maxi num data hol d|

27 becones 20 usec and so, in the case of a conparative exanple using [err]

as the discharge gas, plasma will remain until the next line selection and
there will be a chance of erroneous witing of data and a sufficié&nt

contrast will not be obtained. As opposed to t% in the enbodi ment of the
present invention using [err] or [err] as t he |scharge gas as shown in

Fig. 7, no plasma will remain attk;g%;u_ng;_gﬁ :

is possible to prevent erroneous witing of d TClent contrast
can be obtained in the apparatus even in ailﬂwbl e speed NTSC di spl ay.
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Note that the present invention is not linmted to the above eﬂp i nents.
Various nodifications may be nade within the scope of the nve H Rehﬂﬁ
exanpl e, the pl asna addressed di spl ay apparatus accordlng "
enbodi ments mas a pl asnma addressed di spl ay apparatus, but

not limted to this. For exanple, the configuration of the cathode

el ectrodes and anode el ectrodes of the plasma addressed di spl ay apparatus
is not limted to that of the above enbodi nent, }g can be nodified in
vari ous ways. For instance, when perform ng AC di‘scharge, either of the
el ectrodes can be buried in the dielectric |layer and not be directly
exposed in the plasma chanbers. Further, the plasna addressed di sgay

appar at us accordlng to the Z8 present rnventiron is not rimted,Xo a
pl asma addressed drsplay apparatus and can be applied to optical| nodul ators
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and ot her plasma addressed di splay apparatus s in the broader .
expl ai ned above, according to the plasna addr essed di spl ay app fRlaced
present invention, it is possible to form plasnma stabler conpa ’ ]
conventlonally used He- based a Penning gas with little problenlo 4
scattering and | oss of gas nolecules fromthe plasma cell. Also, in

conpari son with the He-based Penning gas, with the Ne-based the m xed gas
according to the present invention, the re g of advance of the cdthode
sputtering is nuch slower in the sane mey t he conventional Ne-based

Penning gas and the rate of deterioration of the transmttance due to such

cat hode sputtering is slower by one ofger than a case where the He-based ~
Penning gas is used. Further, where t @ mxed gas according to the present
invention is used, although not conparuble to the case where the He-bafigd =
Penning gas is used the lum nance i s sufficient |owin conparison witlkt &

case of the Ne- based_Pennlng gas, the %@Ior is close to white, and . gs
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the contrast of the display and the color purity are not subis Replaced
i npai red, so good characteristics are obtained. 29 Noje t : I il
Ar or the like to the Ne,, the discharge voltage Vf which is :

in conparison with the case of the Ne-based Penning gas, but in the present
i nvention} the anpbunt of addition thereof is restricted to 10 to 30 percent
by volune, and therefore the anobunt of rise thereof is suppressed to about .
20V and it is possible to substantially prevent problenms such as a rise of
t he power consunption, voltage resistance of the driver transistor, etc.
Further, in the present invention, since a specific ratio of Kr and/or Xe
is mixedinthe Ne-Ar (10 to 30 percent by volune) -based gas, the

attenuation time of the plasma can be reduce®/fo about one-hal f that of the
Ne- Ar
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(10 to 30 percent by volune)-based gas. |If the attenuation
pl asma. i made shorter, there is no | onger erroneous appli¢
vol tage to pixels corresponding to plasma chanbers which s
not be witten in at the tinme of the next line selection a
contrast can be obtained. In the above destféption, the plps
di spl ay apparatus was descri bed as a specific exanple, but}
understood the present invention can be applied to a plas

apparatus, per se, and other display appar qEB uch p.aonabdféhharaéb
apparatus as a sw tchi ng apparat us. 30 tl Gl aijred ts; 1. A plasm
di scharge apparatus conprising: a pair of substrates for forn1ng a St
di scharge space; and _ :
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an ioni zabl e gas sealed in the discharge space, said ioniz

able_gas. bhelng-a——
m xed gas conprising neon plus 10 to 30 percent by vol unme ofp A¢TRAGRNT SHEET
pan A

selected fromthe group consisting of argon, krypton, and xenef:
pl asma di scharge apparatus as set forth in claiml1, wherein}s i%ﬁs
conprises neon plus 10 to 30 percent by wgleune of argon and} 1} t nt

by vol une of krypton or xenon. 3. A plasma di scharge appaf a :

forth in clag emag n said m xed gas conprises neon plu 10E E
percent by VE { 3on, 1 to 5 pergent by volune &‘Lakry

percent by volunme of xenon. 4. A pl as kOl r\%qgtﬁ tus as set forth in
claim1, wherein one of said .pdQQof subst HRBG 1dORbri ses a dielectric

sheet.. 5. A plasnma di scharge apparatusS as Set fortn Th claim4, (further
conprising an el ectro-opti cal\ce'l | hg] ding an el ect r(sopt i cal" rial
bet ween said dielectric she'e\fv and a ¢rass substrate.
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6. A plasma discharge apparatus as set forth in
said electro-optical cell conprises a liquid crystal
a plurality of signal- el ectrodes arranged in parallel
gl ass substrate and which has as said electro-optical m
crystal: 7. A plasma di scharge apparatud/@as set forth
the other of the pair of substrates has a plurality of d
on it and a plasna discharge is caused between adj oi ni ng
el ectrodes to address the liquid crystal cell. 8.
el ectro-optical apparatus conprising: a ptasma cel

at
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i oni zabl € gas being a m xed gas conprising neon plus 10 to 30 percent by
vol une of an elenment selected fromthe group consisting aftgg qq@@@@ﬁ@zgﬁ%ﬁT
and xenon; and an el ectro-optical cell l|ayered on said pliasseecetisand >
addressed by the plasma discharge. 9. A pl asnma addressgd {el'ect ro- opt.i cal
apparatus as set- forth in claim@8, furthayeconprising a iéle@#k¥%¥€éé&ﬂ

i nt erposed between said plasnma cell and electro- optical jcdll., 10. A pl asmh
addressed el ectro-optical apparatus as 32 set forth in cl aiﬂis,s
said electro-opticalcell is a liquid crystal display cell S |
liquid crystal filled between a first glass substrate having a plurality of
signal electrodes arranged in parallel on the inside and said dielectric
sheet. 11. A plasma addressed el ectro-optical apparatus as
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set forth in claim8, wherein said plasma-cell conprises a
substrate and said dielectric sheet between which is seale
gas. 12. A plasma addressed el ectro-optical apparatus as s
11, wherein said plasma cell is provided with a plurality
el ectrodes formed on said second glass syghgtrate and a pla
caused between adjoi ning di scharge el ectrodes to address the -
el ectro-optical cell. 13. A plasnma addressed el ectro-opticdl apﬂb{bSEB
set forth in claim8, wherein said m xed gas conpri ses neo

percent by volume of argon and 1 to pgr gent vol une of krypton or
xenon. 14. A plasna addressed el ectr#piigl a?arat us as set forth in
claim8, wherein said m xed gas conpri se én us 10 to 30 percent by

vol ume of argon, 1 to 5 percent by volume of krypton, and 1 to 5 percent by
vol une of xenon. _
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