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A plasma panel, incorporating the invention, includes circuitry

thus resulting in predictable wall voltage states. The set-up period

each row electrode. Address circuitry applics, during the address period, data pulses to a plurality of column electrodes to enable selective
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for applying row signals sequentially to a plurality of row electrodes.

Each row slgnal includes a set-up period, an address period and a sustain period. A row s:gnat during the set-up peried includes both
a positive-going ramp voltage and a negative-going ramp voltage, both ramp voltages causing a discharge of each pixel site along an
associated row electrode. Both ramp voitages exhibit a slope that is set to assure that cumrent flow through each pixel site remains in a
positive resistance region of the gas’s discharge characteristic, thus assuring a relatively constant voltage drop across the discharging gas,

thereby creates standardized wall potentials at each pixel site along

discharge of the pixel sites in accordance with data pulses and in synchronism with the row signals.




WD 97/ 20301 PCT/ US96/ 18373 2 In
order for an AC plasma panel to exhibit reliable operation, its wall charge
states nmust be repeatabl e and standardi zed. More specifically, the wall
charge states nust exhi-bit repeatabl e values irrespective of a previous 5
dat’a storage sw@pmeosm t hat succeedi ng address and sustai n sirgraieénsts abl y
cooperate to assure repeatable pixel site operation. It is known that wall
voltages in certain color AC plasma panelldisplays tend to exhibit
substanti al variance o [ | 10 I n order
to standardi ze such ma¥$£§%$5§§§&b%%Fgé?eﬁﬁ%q%#§§$ﬁgr?oﬁgggéﬂggested t hat ,
prior to an address period wherein each pixel in arowis addressed in
accordance w t rigiplbrdeia, rkiaiTione address phase be preceded by an entire
15 screen erase operation, followed by an entire screen wite,

foll owed by an entire screen erase. Such a procedure is described by
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el ectrodes 14 dfe separ Tier ri e covered 0y
greedOand bl ue gHtRtichss 1S-apiprdiged wakle sharge \Rliaresavhi by temitddogar ent
substrate 24 inglnidasun pai baddgrousidaliiget ect rodes 26 and 30 28 for

each row of pixel sites. A dielectric layer 30 is enplaced on front
substrate 24 and a magnesi um oxi de overcoat |ayer coverstthe entire | ower

surface ther eof BAGKEROWNDNQF ;THE ENVENTIONn el ectrodes 26 .and 28. 35

The structure of Fig. 1 is sonetines called a single substrate AC pl asnma
diSpEﬁy S L %H%E%L“d?éﬁfﬁé‘%&%%ls, or gas digcharge panels, are
well known in the art and, in general, comprise a structure
including a pair of substrates respectively supporting
column and row electrodes, each coated with a dielectric
layer and disposed in parallel spaced relation to define a
20 gap therebetween in which an ionizable gas is sealed. The
substrates are arranged such that the electrodes are
disposed in orthogonal relation to each other, thereby
defining points of intersection which, in turn, define
discharge pixel sites at which selective discharges may be
25 established to provide a desired storage or display
function.

It is known to operate such panels with AC voltages
and particularly to provide a write voltage which exceeds
30 the firing voltage at a given discharge site, as defined by
selected column and row electrodes, thereby to produce a
discharge at a selected cell. The discharge can be
continuously "sustained" by applying an alternating sustain
voltage (which, by itself, is insufficient to initiate a
35 discharge) . The technique xrelies upon wall charges
generated on the dielectric layers of the substrates which,
in conjunction with the sustain voltage, operate to
maintain continuing discharges.



. 26 and 28, for each row, are on a single substrate of the panel. An
l.nert gas mxture 1is positioned between WO 97/ 20301

PCT/ US96/ 18373 3 substrates 12 and 24 and is excited to a discharge state
by sustain voltages applied by sustain el ectrodes 26 and 28. The
discharging inert gas produces ultra-violet light that excig®&gudskessred,
green and bldﬂoﬁﬁw hor | ayers 18, 20 and 5 22, respectively to
emt visible light. |[If the driving voltadges applied to columm address

el ectrodes 14 and sustain el ectrodes 26, 28 are appropriately controlled, a
full color inmage i $0vPEABF L@ 3yAC fPLRITS RANElatte 2xhibpt reliable I n
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into frames. ARSAFICE OVPHebhe R{FE-IPaPihOPRFRSEM KRF & PBOeLranes per 25
secqpd, which <corresponds to a frame tine of 16.6 mlliseconds (see
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28. Thus, if a dgiven prkel site
15 screen erase operation, followed by an entire screen write,
followed by an entire screen erase. Such a procedure is
described by Yoshikawa, et al. in "A Full Color AC Plasma
Display With 256 Gray Scale," Japan Display, '92, pages
605~608.
20
To understand the procedure suggested by Yoshikawa et
al., reference should first be made to Fig. 1 hereof
wherein the structure of a four color AC plasma panel is
schematically illustrated. Plasma panel 10 includes a back
25 substrate 12 upon which plural column address electrodes 14
are supported. Column address electrodes 14 are separated
by barrier ribs 16 and are covered by red, green and blue
phosphors 18, 20 and 22, respectively. A front transparent
substrate 24 includes a pair of sustain electrodes 26 and
30 28 for each row of pixel sites. A dielectric layer 30 is
emplaced on front substrate 24 and a magnesium oxide
overcoat layer covers the entire lower surface thereof,
including all of sustain electrodes 26 and 28.

315 The structure of Fig. 1 is sometimes called a single
substrate AC plasma display since both sustain electrodes
26 and 28, for each row, are on a single substrate of the
panel. An inert gas mixture is positioned between



s i'n the ON state, it is caused to emt |light by the sustain pul ses. By
contrast, the sustain voltage is 35 I nsufficient to cause a

di scharge at any pixel site that is in the OFF state. Note in Fig. 2 that

the Il ength of the sustain period WO 97/ 20301

PCT/ US96/ 1837 ygromdasezach of the 8 sub-fields is different. HOEUSSFEIsSub-

field has a sustain period with only 1 cqonplete sustain cycle period. The
second sub-field has 2 sustain cycles, the third sub-field has a sustain

period with 4 sysl@idbel 12 and 24 u6kess WkicsA {01 Ristihide Wiacdt by

sub-field whic as a sustarn period w ,sustain cles. By

control | i ng t hBugERHRSEITGS6E aprpiied W)@Stﬁlpeeaﬁ?ﬂ:@j}%ﬁwésaéﬁpeggi ng
period, the petragi distHarigdnsi iyef g produces tllerpi-x¢blet tlegtanchatvari ed
to any one of the. ay _sca \, ; PR i.red. ko
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In suEh a case?2a teppettinely ite emidr esisible digitappllife§beo dEhEipg xel

si Ite duridgg sul&oliizsééé 8abys}1aaal (»jﬂdﬁgpa_nu@ié addresfs W&Qbhﬁée Mol tg:/agg to a
col um address el ecirode and. utiljzing.on .sustain lin as

t he opposi ng aﬁHFE‘%ﬁnc%heﬁfFﬁo .ZEIQ g% r%egg%gﬁpgg%ag?%yacpo&qr giaériﬁg t he
ot her sub-fi el dslloceker ddingesdedvpsikle sthroughThronpesuhstrage ddring t he
first 7 sub-fields, there is no 20 writing action and therefore no
light is emtted durin he sustain ri ._.However or _.sub-field 8, the
seletive wite actF%ngf‘%?’ﬁst?]\F?“Wee 5”3}%3‘%:&1&5%‘& p?PFi 8ﬁd¥&§usgstan

em ssion of |i gkhibher ef r 6ulturdalprt hemagh- foul daEplsustdbnsperiabd &8n this

case for 128 syghaifseye! %%)-c%mgut%#éi;é;ay rermiSabd i B Gu&ls pgg frane
energi zati on corresppnds to a half- ,inten I‘ty for a franme_tine. |If
al ternatively, 3°RIP¥IREH SEFY %‘Falﬁlé‘ssEF%‘i? d PEREF i 8 desigmblesto

one-quarter intopesaty AT piashevanedsd in the memory mode to achieve high
15 luminance and low flicker, a special addressing technique
has been suggested by Yoshikawa, et al. to achieve gray

scale in pixels that only exist in the ON or OFF states.

In Fig. 2, the driving sequence used by Yoshikawa, et

20 al. to achieve a 256 grey scale is illustrated. The drive

sequence is sometimes called the sub-field addressing

method. The plasma display panel is addressed in a

conventional video manner which divides images into frames.

A typical video image may be presented at 60 frames per

25 second, which corresponds to a frame time of 16.6

milliseconds (see Fig. 2). The sub-£field addressing method

shown in Fig. 2 divides each frame into 8 sub-fields (SF1-

SF8). Each of the 8 sub-fields is further divided into an

address period and a sustain period (see Fig. 3 wherein a

30 representative sub-field wave form chart is illustrated).

During the sustain period, a sustain voltage is applied to

sustain electrodes 26 and 28. Thus, if a given pixel site

is 'in the ON state, it is caused to emit light by the

sustain pulses. By contrast, the sustain voltage is

35 insufficient to cause a discharge at any pixel site that is
in the OFF state.

Note in Fig. 2 that the length of the sustain period



30 - out of 256, then a selective wite address pulse is applied to
t.the pixel site during sub-field 7 and no address pul ses are applied during
the other sub-fields. Thus, during sub- fields 1, 2, 3, 4, 5, 6 and 8,
there is no witing and therefore no light is emtted during the respective
sustain 35 ﬁeriods. However, for sub-field 7, the sg}gsdhyRsWite
turns ON t he W@ EEPYy pi xel site and cauges an em ssion of |i1ght during the

sub-field sustain period (in this case, for 64 sustain cycles correspondi ng
to a l-quarteror eadf 3f/ BRS04 sub-fields is different. The first sub-

PCT/ US96/ 18373, 5 jint.ensity. For a full-iptensity.c el ective
write address %’[ﬁls% rfass aapp%ursetc?ld‘urqeﬁ@%gl F’lgﬁsﬂﬁwi (1al géﬁg%é{%a%u% %ubi xel
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et al . procedure enables any o i_fferent Tntensities to be achieve

t hr ofigh t he ac‘ixq}r?%ﬁn&'dﬁgpg‘éfltkb'r d%&&ofﬂe‘?uﬁ'ﬁ‘ ﬁ%‘rﬁﬁtlg Bhtcha828 iord for
each 10 sushiaimpipeetiodi ¢¥tth t188 cadsaannr dyclkas espondi ng to the desired
gray intensity level. By routing each of the bits of the data word to
control the selective wite EU'SG of each of the 8 address perjods of the 8
sub-fields in a gi Bh GEFRILLRG BNG); ARASSiRGr @LcAnELYPR PREehFHS of

sustai n cycl esgdbing the additessfinahpehiddie 18 griredipedecintéheioy [df emi t
l'ight for that_frape, .Th Lt I. _gupRer. of sfaip cy s_per franme
bet&éen and in%??mﬁ%ﬁ?%%%ﬁ%? %%%bggbsﬁgaﬁe.gpngg dgggt%?ngg?fiégh%gﬁﬁta
stored in the ptabhdqysds|. 28uppose it disr desired shawwd iselecged Ipineshi kawa,

et al. apply, gi¥dned amitdgf ol Nanteds{EPDIaG 18Yyel WM1d RupUbEES54 O
sel ected pixel__sites

sequentially SEAE , -ansaﬁérr \e/aelsfleﬁ'lgegi%t%{g’ggﬁvgr’st:ae'ts%gg%lfesgzp‘f%%gﬁgts@g%%‘% ain
el ectrodes 26/28 Che cpilxsk ssitea quavings sub-fieldadhr bys apmatingdedn in
conjyencti on W iBnA@tiatd volt@fe! ¥6 a column address electrode 14 (and
utilizing one of sustain lines 26/28 as the opposing
address conductor). No address pulses are applied during
the other sub-fields to the addressed pixel site. This
means that during the first 7 sub-fields, there is no
20 writing action and therefore no light is emitted during the
sustain periods. However, for sub-field 8, the selective
write action turns ON the selected pixel site and causes an
emission of light therefrom during the sub-field 8 sustain
period (in this case for 128 sustain cycles). The 128

.5 sustain cycle per frame energization corresponds to a half-
intensity for a frame time.

If, altermnatively, it is desired for the selected

pixel site to emit at one-quarter intensity or at level 64

30 out of 256, then a selective write address pulse is applied
to the pixel site during sub-field 7 and no address pulses

are applied during the other sub-fields. Thus, during sub-

fields 1, 2, 3, 4, 5, 6 and 8, there is no writing and

therefore no light is emitted during the respective sustain

15 periods. However, for sub-field 7, the selective write
turns ON the selected pixel site and causes an emission of

light during the sub-field sustain period (in this case,

for 64 sustain cycles corresponding to a 1l-quarter



sel ective address data to the pixel sites by nmeans of positive-going
address pul ses applied to colum address el ectrodes 14. During a given
address period of a given sub-field, every pixel site in the panel has the
potential 30 of being witten by a wite pulse. During this

addr ess peri ogppogessb: of the rows of pixel sites in the panePCY/YS96/18373
sequentially scanned, one at a tinme by n&gative-going pul ses, using a
normal raster-scan technique. As indicated above, the negative-going pul ses
are applied toinpensiftyphe B a full-imhensity edsst tbaeseEgtigewkitle i s

designated as jheraddnfasesUst appiiblcaurindieinoy add -esseds ssst @dx | i ne
does not receive this negat ive-

0 ng adqdresil pul se.. V‘D(f?/ 20301
PCT/ US96/ 18373582 IF1XeloE kR S5 LP8E 5 Al SRR P EOBNE Rt e t o
emt |ight durofigtiae g8 vearbsiilelidsel-d sosraspoptingode thduldlhéntemsigddr ess

sustag' n electrpde &l?e Ryged negative during the address period sequential
scan,” a positive pulse § Is applied to the intercepting colum

address electrode 14. If the given pixel site is to be placed in the OFF

state to emt no |iTHd Yoshilgwa git/eal Suprdéethtres usiabiles tdign ofWEss t he
addressed sust gi pe el Ga! .ri@.@%nﬁt?é’éSteodb%egéﬁié%dj't{h%ﬁ?ﬁ%ef‘qg{:?ﬁﬁ geriod
sequential scah, no positive pulse is 10 “applre 0 e
intersecting fedisPhAlbPLNOSLESOFIRRRLY idi%@ny Bd:@lq&?ata werghfar ngafier, the

sth atgyg and per CQﬁMﬁﬁi}Eém %B.]?'et, yehé ddda ﬂbtd%‘o:imesfpbﬁdﬂﬁge%o ahe %@@ifé&' ed by
Substrate ol ARERaIR e YR shas B9 PR BReE G 05 ish 61 e

Yoshi kawa, et @dbtaaderddw wontyali shetseliectdveowsiee aorhse BE eath ehar ge
variabi lity prehbeinzaarbkanss-odiy of thd estibltidldant & fiveh Ehemaddr ess

period may be r % "sef_ up" _peri %whreinz _ certai
operations ar eggspgo ﬂiadfat%@ §’§§8r §°’B€ %]esl' et;xﬁbgmmger of sustain cygles
15 during which the selected pixel site will emit light for
that £rame. Thus, any integer number of sustain cycles per
frame between and including 0-255 is obtainable.

In order to modify the data stored in the plasma panel
20 - structure shown in Fig. 1, Yoshikawa, et al. apply, during
an address pericd (see Fig. 3), write pulses to selected
pixel sites.  The selective write pulses consist of
sequentially scanned, negatively-going pulses applied to
one of sustain electrodes 26/28 (which acts as a row
25 address electrode), in conjunction with application of the
selective address data to the pixel sites by means of
positive-going address pulses applied to ceolumn address
electrodes 14. During a given address period of a given
sub-field, every pixel site in the panel has the potential
30 of being written by a write pulse. During this address
period, each of the rows of pixel sites in the panel is
sequentially scanned, one at a time by negative-going
pulses, using a normal raster-scan technique. As indicated
above, the negative-going pulses are applied to one of the
35 sustain electrodes 26/28 which is designated as the address
sustain line. The non-addressed sustain line does not

receive this negative-going address pulse.



sequént operation of the panel. The set up period nust serve to prinme the
pi xel sites so as to provide reliable starting of discharge actions during

the sel ective address period and the foll owi ng sustain peri od. Priming is
25 especially inportant for pixel sites that do not discharge very
frequently, syplsdgeti hose that are initially in the | owest ppt@Bssigya0r in
the OFF state. The set up period nust al reliably establish appropriate

fixed levels of wall voltages in all pixel sites for a given sub-field 30

operation. This fixeqd Levgh ﬂxéaa'élt\éohgae&aesgﬂsggglgﬁcfp%gxebbmt beapeeds of

the sel ective wrlte oEeratlon urlgl dres eahsu f el d.
It is critical FPrERLY highE AuEdnged d1vem fRP1Eishd ﬁ@étﬁ-ﬁ rRexfiofenthed- fi el d
not be dependewhemnthbe dderessofsustainy ot lexgendeenss npulsdd Oﬁé§a35ve

previ ous sub-f} 0. t se bi | wil |
result in the Vﬂ-r@?:%lb %aedrvéaslfsl i)vof'Jt)g gee%ﬁ?hﬁlléfescf%% e‘r?;cfg/l %h %f%te of
the Previous skb-IBPEEd thitdendpt iqpg; 6?3d¥mrla§§ra§§r@é%ﬂtr¥@deuﬂ ng the
sel ective V\traﬂ'{e’zg?nﬁ&n pixel site is to be placed in the OFF state to

PCT/ US96/ 18373 r e ¢ deS| red
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i s achi eved bYtEe ha&tregzi wﬁoﬂuhé@éﬁ@iapm %\sebbsiubvep%?f fgthe
entire panel to %} e g:ﬁld ¢e3 t ere Lnto a known

S
stat® The bul & =P BEEERLEES madh FUPSiBEh xandress
Unfortunately, et@@‘tﬁf@ 14 In| §hie wehneye pu¢ sesabavand hpeundieed abl e

characteristicigfe N 3l 81 MQIDS s_hgﬂhé I;raaf&tl am%n&foﬂ' aCB?rQEe' ' ght
during the set eriod. This di.gcharge, has .t he effect
Gi'gni 11 cant Ty PERRRR SEHEOTHIGE PRGRICA TSP na e ar SPR i5hép. che
rear substrate column address electrodes 14.
15
An initial portion of the Yoshikawa, et al. address
period is utilized to overcome the wall charge variability
problem mentioned above. The initial portion of the
address period may be termed a "set up" period wherein
20 certain operations are performed to assure proper sub-
sequent operation of the panel. The set up period must
serve to prime the pixel sites so as to provide reliable
starting of discharge actions during the selective address
peried and the following sustain period. Priming is
25 especially important for pixel sites that do not discharge
very frequently, such as those that are initially in the
lowest intemsity or in the OFF state. The set up period
must also reliably establish appropriate fixed levels of
wall voltages in all pixel sites for a given sub-field
30 operation. This fixed level of wall voltage is determined
by the needs of the selective write operation during the
address period of each sub-field. It is e¢ritical that this
fixed level of wall voltage for a given sub-field not be
dependent on the level of wall voltages remaining from a
35 previous sub-field action. If the latter is the case, a
variability will result in the level of the wall voltage
that is dependent on the state of the previous sub-field.
This may cause a total miss-addressing during the selective



The 'dark room contrast ratio is determ ned by the ratio of the | um nance of
pixel sites in the full intensity state to the |um nance of pixel sites in
the OFF state. The full intensity lum nance is determ ned by the 20
characteristics of the panel's design and the sustain frequency. The full
intensity | unwoamemoei s not determ ned by the characteristi cBCHUS¥WAET3et - up
period. However, the off-state |um nance 4 s determ ned al nost entirely by
the panel's operation during the set-up period. This is due to 25

the fact that 3p;elfogiira@lionite, by definition, does not have a selective
wite operation during the address period and al so does not have any
sustai n di scharges during the sustain period. The only discharges that
the OFF pixel site Expehievecshadesikedpvald wplindesstats diosbhkagas t hat
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panel . 35 achieved By hdahigkeeroldsicge mpulss, thatwidaseandivagyt deb+teachi ng

oy oot ko ehifhy, LU BnPLLK e Lo Ml Ullpgaeg ot i act o1
PCT/ US96/ 18373VaLRages dhegrpt intq & kRowhjstateos Ty SulkvieritieoActdoRr ovi de
an i nproved netligd setverppa prtimef all csmnpinglst anvatckrarhteall, shange
Tnverlion 1o pratPacTCL R burshs have the undstlogid MEPEC BNGEL B U 0
contrast. |t | geperabirg hervery ceidnifigant anpumti @f tdisshavggelight
an i nproved, f'd'u&‘iﬁﬁ! Bhe Ase| @5 "BePidie] WL EIEUHAGe QWgHe! hagecHsi vi ng
ciroul try, whiLg achi e¥T 09,3 PAGANS 7 S iRl A0t i om Wb IRE RV &
ratio of the panel.
15
The dark room contrast ratio is determined by the
ratio of the luminance of pixel sites in the full intemnsity
state to the luminance of pixel sites in the OFF state.
The full intensity luminance is determined by the
- 20 characteristics of the panel's design and the sustain
frequency. The full intensity luminance is not determined
by the characteristics of the set-up period. However, the
off-state luminance is determined almost entirely by the
panel's operation during the set-up periocd. This is due to
25 the fact that an off-pixel site, by definition, does not
have a selective write operation during the address periocd
and alsc does not have any sustain discharges during the
sustain period. The only discharges that the OFF pixel
site experiences are the priming and set-up discharges that
30 occur during the set-up period. As above-indicated,
application of the bulk erase/bulk write/bulk erase action
creates substantial light emission which gerve to impair
the contrast ratio of the panel.

35 It has been determined, notwithstanding the teaching
of Yoshikawa et al., that a bulk erase/bulk write/bulk

erase set-up action may not achieve standardized wall
charge states. -



SUMMARY CF THE | NVENTI ON 15 A pl asma panel, incorporating the invention,

L-ncl udes circuitry for applying row signals sequentially to a plurality of

_row el ectrodes. Each row signal includes a set-up period, an address period
and a sustain period. A 20 row signal during the set-up period

i ncl udes bot hyd opRRE | VE-g0i ng ranp vol tage and a negati ve- gerRigosiigsme
vol tage, both ranp voltages causing a discharge of each pixel site along an

associ ated row el ectrode. Both ranp voltéges exhibit a slope that is set to
assure that current 25 flow through each pixel site remains

in a positive resPScanédngLyi okt of St B ghIestdicdcHdlde HHAMHEOS! it i c,

t hus ?ﬁsuri ng pl%tc{vqld@_t i agel impﬁ?ﬁéc?inhelﬂlibﬁagﬁ?dra@@a&ﬁtﬁss ftﬁi::e &&;ﬁﬁ!‘l&fggi ng
as, us resul .t iR, pLedl €S : e_set-up perio

?her eby creat ésstaﬁr& ﬁgé%%irlz‘ga \/\/aa'%%'f‘?S"?\(,S‘MaSk-“.’dégL ﬁgoatnetr]ﬁ%? §§§SI§? %%I&?rl p!oxgl site

al ong each row el ectrode. Address circuitry applies, during the address

perigd, data pul sextt@saapburalidlyjeit (G WHisCliavbhodes t® grapiae el ective

di scharge of t pi xel sitgs in_accordance wt.h data l ses and in

synchr oni sm vvi{]"ﬁ'lt'ﬁéﬁ%w éﬁgnﬁ?gsm%S BRI (R P‘Ff‘b%&s THEBIRARNGS Fi g.
1 is a perspeatantzasitew of a prior art full-color WO 97/ 20301

PCT/ US96/ 18373 9 AC pl asna panel display structure. Fig. 2 is a diagram

illustrating a prior art method_ for aftuati ng n AC plasnma panel utilizing
8 sub-frames to 5 It is vetapother,gPiest €1y Qiss%eé"tllé’yng.PW‘g‘:d% is a

wavebor m di agraminprosedat £ubil veoiers [3dh pd asmyp | mamed. dhichgenapboygy|low
sub-field ill r d 4 G A : : El 4| ' art
\ﬁ%\%&% O%:{i\ﬁ.n%v acﬁ.rcl:ﬁtry, while achibtfn skﬁngaptiiz%rd

pl ot of wall put ues_in"response to a test sustarn wave form
for various Wwall charge states and improved contrast.

F I ION
15
A plasma panel, incorporating the invention, includes
circuitry for applying row signals sequentially to a
plurality of row electrodes. Bach row signal includes a
set-up period, an address period and a sustain period. A
20 row signal during the set-up period includes both a
| positive-going ramp voltage and a negative-going ramp
voltage, both ramp voltages causing a discharge of each
pixel site along an associated row electrode. Both ramp
voltages exhibit a slope that is set to assure that current
25 flow through each pixel site remains in a positive
resistance region of the gas's discharge characteristic,
thus assuring a relatively constant voltage drop across the
discharging gas, thus resulting in predictable wall voltage
states. The set-up period thereby creates standardized wall
30 potentials at each pixel site along each row electrode.
Address circuitry applies, during the address period, data
pulses to a plurality of column electrodes to enable
selective discharge of the pixel sites in accordance with
data pulses and in synchronism with the row signals.
35
BRIEF T F DRAW

Fig. 1 is a perspective view of a prior art full-color



i nput wall voltage states. Fig. 5is a plot of wall voltage output val ues

i ns15 response to an infinitely fast rise tine sustain pulse. Fig.
6 is a plot of wall voltage output values in response to a finite rise tine
sustain pul se. 20 Fig. 7 is a plot of wall voltage out put

val-ues in resp¥a8e28@ varying slope rise tine sustain pul sesPCHUP/NBTI s a
pl ot of wall voltage output values, for digferent wall voltage input

states, in response to a 25 slowy ranmped sustain pulse. Fig. 9a is
a plot of wall wa pagesmaubandl \FHispday sbruahuvdeerent wal |l vol t age i nput
states, in response to a rapidly ranped sustain pulse. 30 Fig. 9b is a plot
of wall voltage output values, for a given wall voltage jnput state, .in

response to a sl ow yFFGnpedis At &I FETRR dd 1USRERFHES 2 S5 MY talm8Fie8nst ant
vol t age drop acrfessatbeatgasy dw ACgpIhsehpagel WoiHagnt08i suld-fidmds ko

di f I ' | he i ' h f. WO
o7/ g0sby " WeeDR Gax Sl el RERRL AL o7 0T 185510 g 1

is a set of waveforns hel pful in understanding the operation of the system

of Fig. 10. Fig 12 i kigsty alsea watdromt Haggrah A BusMraghingosidd shapes
fromuse of the sei’l ef orns qf ON 8: THE

ig. J11.., DETALLED DESCRI PTI
| NVENTI ON. I n' or GEPLPY o B ith Ay SRELPOSRE AR P S5ERFRE FG- 2-
et al. bulk erase/bulk wite/bulk erase procedure may not assure

standggdi zed wal | vob&age‘;sti@t%s,ﬁitoﬂ s ghde i undar s;ar&g\ea'(jiut gLt age
I nput - out put curves that are used to . characterize fD°|(aSFYB. I spl a

pi xel el ect ri CAUERatATEEPPEERCEC anheFhVBIREGH PhER ED FE e‘."°£.valf.i°\7‘§%er)

-and input wall voltage states.

Fig. 5 is a plot of wall veoltage output values in
15 response to an infinitely fast rise time sustain pulse.

Fig. 6 is a piot of wall voltage output values in
response to a finite rise time sustain pulse.

20 Fig. 7 is a plot of wall voltage output values in
response to varying slope rise time sustain pulses.

Fig. 8 is a plot of wall vocltage output values, for
different wall voltage input states, in response to a
25 slowly ramped sustain pulse.

Fig. 9a is a plot of wall voltage output values, for
different wall voltage input states, in response to a
rapidly ramped sustain pulse.

30
Fig. 9b is a plot of wall voltage output values, for
a given wall voltage input state, in response to a slowly
ramped sustain pulse, showing a substantially constant
voltage drop across the gas during discharge.
35

Fig 10 is a circuit diagram of a plasma panel system
incorporating the invention hereof.



15 - ot hers have published an article entitled "Quantitative \Wall

Vol tage Characteristics of AC Plasma Displ ays,” | EEE Transacti ons on

El ectron Devices, Vol. ED 33, No. 8, August 1986, pages 1159-1168, wherein
wal | voltage input-output (WIO curves are shown and their utility in
under st andi ngve(ig 1 pl asma panel operations are descr igdggrsogiwdavWi O
curve descri IREN 4 gi ven AC pl asma pi eJ site will respond to a given
applied sustain pulse of sone arbitrary shape or timng. Fig. 4 illustrates
an exenplary 25 PEli s0h Md @fcuaveﬁomsThel £i1 Z9NhAke At shdiingt he
W/I O curve corr ponds to the I nput_wal | g{% efore an applied Sustain
pulse. The v ORETERI ™ FF ¢ \ﬁhséeﬁ‘nge rresponds to the output wall

vol tage after the di scharge (or | ack of discharge) caused by an applied

sustain pul se. 12 Ih]f}:é@fétéé d@aﬂf M%agégstétégoml& Si ft
squar e- wave test sust i n_waveform and vol tage responses
resul B t her ef r FROMAUGPVER Hi‘?(egferslutpe‘"@é(ﬁfﬁﬁ‘t}% of Fi¥F-etdnt W1 O curve for 35

each differing shape or timng of a an applled sustain pul se. It has

been determ ne ) 0 e dramatically different
W/ O curves th E"EB bﬁc ' T8 dl Sp and thus, the results
shown WO 97/ 20301 PCT/ US96/ 18373

\1/é| : n F: ? 4 ca][mot lIheoHaéﬁl t® wicigtand Eﬁé%eﬁ%rp|w&§nﬁgél BPd Rk, | onh

VO ages o C xXe In._a,c 0 | asma LS arerruc
ror e 111 eult 8% SonPPole FrafeAB aleadells S Bpshetts e
The ri ght - nost adsopre s¢gndardizedcwald yoihege stabks. 41% fhs Ius&jueu G:rmg sl ope
“one” line 37 Widdt=tAha #8L1 Syl i Snpid-BetHLS curvad ahatca)fé qfends to

the region where the i_n g wal | vaoltage eq als the out voI ge

neani ng 10 ﬁ?‘é%harpglgl cur Thg & ust q_gg

t he characterlst:.cs An inventor hereof ({i.e. L. F. Weber) and
15 others have published an article entitled "Quantitative

Wall Voltage Characteristics of AC Plasma Displays," IEEE

Transactions on Electron Devices, Vol. ED-33, No. 8, August

1986, pages 1159-1168, wherein wall voltage input-output

(WVIO) curves are shown and their utility in understanding
20 plasma panel operations are described.

The WVIO curve describes how a given AC plasma pixel
site will respond to a given applied sustain pulse of some
arbitrary shape or timing. Fig. 4 illustrates an exemplary

25 set of WVIO curves. The horizontal axis of the WVIO curve
corresponds to the input wall voltage before an applied
sustain pulse. The vertical axis of the WVIO curve
corresponds to the output wall voltage after the discharge
(or lack of discharge) caused by an applied sustain pulse.

30 The left side of the Fig. 4 shows a simple square-wave test
sustain waveform and the wall voltage responses which
result therefrom.

A given pixel site can have a different WVIO curve for

35 each differing shape or timing of a an applied sustain
pulse. It has been determined that color AC plasma

displays have dramatically different WVIO curves than do
monochrome AC plasma displays and thus, the results shown



i nput wall voltage VW(in) becones sufficiently negative, at sonme point the
val tage across the ionizable gas becones sufficiently large to cause a

di scharge of the gas and the output wall voltage VwWout) noves upward -- as
denonstrated 15 at points 3, 4 and 5in Fig. 4. At _a sufficiently
| ar ge negat i weoistrauat1 vol t age, the discharge is very intensePCHHRNH? age
across the gas is nearly reduced to 0 andl he output voltage goes to a

constant |evel near O, independent of the valuye of he _input voltage.
This activity ¥ Fig. 4 capppeshendseto ERoPFEI6Chn 3t IFELRFI @(‘CLRLH\Peg"E?f Fig.
4. Fig. 5 showsdisgiay @ezkidwl O wallevolmaesr ef todorapixyel cadteamlior apl asma
di spl ay pi xel sj c | h-0 ddesi S 1hNSET | to
conpare Figs. 4&}511%5 éﬁ g%éémé tatspi?ﬁ\é@%%ﬁ%gré '“p‘u“‘iieL dsligtfel csﬁf%lévéat e dsfe{lﬁe
initial slope ofRaniwaldcvelrades Of MOROCHEABR RO FiEBF-site for input
wal | wol tages where there is no discharge. However, when the input wall

vol t age approaches e | evel where i.schatg u t I 0l t,age
changes dramati cal | ﬁﬁl Fﬁglgt%?% §6gpg Isecgl%;ls&; g%% g?é%h%%dr\egagk(fv ]t%'é

vol t age across {falljag glongisiopectone" Gine Y whichhintersacdsse wiltsnput
wal | vol tage behgyw gdiintsdiisahar 8¢, Wabkrasidnd@e cohkashebdish i hherfaUgRs the
vol tage across the I_glas,_l aftf.r di schagge to a9 Eo qugnd ﬁr oduces a near O
out put vol t age FRUGMPLLVOHAIEGHEAE WS utput wall volkage, \Me3ning ¢ ages.
Not e ifour t her t hahat e dégtbardgetovsmarspduring IhensestairFipplss.arks the

substantially rﬁgﬂ%@ LN 3% el Ve (1 Bebbfhes sur¥PePdARBAAbgar 3 £
PCT/ US96/ 18373 1 portaj on of tﬁe chve of Fi R a i\}’(?a)ryggl é‘rre'vaertical

g, 5.has h
rise in the sanBoPegPHRt thewlfage WPﬁsdgEEhéPﬁéz?lPﬂreesWOb %%he fast
di scharge char astigficsiidntdyolatdre tolcauspi xalischaege ek echichgasoamd ghexel s

WFESP?QS:Q |tg éutput wallcxpcﬁttragle' VVW%&LB) t‘nBGeQHﬂJwia% SUsatsath&ﬁé/@Eé)d’@
15 at points 3, 4 and 5 in Fig. 4. At a sufficiently large
negative input voltage, the discharge is very intense, the
veoltage across the gas is nearly reduced to 0 and the
output voltage goes to a constant level near 0, independent
of the wvalue of the input voltage. This activity

20 corresponds to point 6 on the WVIO curve of Fig. 4.

Fig. 5 shows a typical WVIO curve, measured for a
typical color plasma display pixel site, such as that shown
~in Fig. 1. It is instructive to compare Figs. 4 and 5.
25 The color pixel site shows the same initial slope one
characteristic of the monochrome pixel site for input wall
voltages where there is no discharge. However, when the
input wall voltage approaches the level where a dischargé
occurs, the wall voltage changes dramatically with a very
30 strong discharge and the voltage across the gas quickly
goes to 0. Any further decrease of input wall voltage
below this discharge wall voltage threshold still éauses
the voltage across the gas, after discharge, to go to 0 and
produces a near 0 output voltage for all further decreases
35 of input wall voltages.

Note further that the region between points 3 an 6 in
Fig. 4 are substantially rounded, whereas the identical



Figs. 4 and 5 have negligible rise times, it is not possible to generate
inffinitely fast rise tinme waveforns, 10 I n practice. Practica
rise tinmes of several hundred nanoseconds are typically applied in
practical systens. Under proper operation, the finite rise tinme of an

appl i ed sust g e does not significantly changepcrif6inssrs
characteri st ?‘(‘:’?%@“’P e WIO curve. It hassbeen determ ned 15 t hat

the latter is true so long as the major portion of the discharge does not
occur during tipertishngs pokéi enred dheriapplsi @@dssusvap Yeyed oFdRtildala

significant a of . t di ar S oGcgpur_during the rise of the
sustai n wavef glr}lr#gtet h%h '?’ g o ?Jeén ?ﬁggé)'t hecric:#lsscthﬁ% istst‘alfgua$3r§): ge
weaker and the t@ﬁ?ﬁbtﬂ%ﬁnﬂvéheagésﬁoéssﬁbﬂrsﬁ) chardnterdseiksglef] ahel t hat

it mght have, dsadrt pexdisehaege mkeurhed @fics’ diRk@18Uskahn n\éqldteilgg-_ohad

ri senﬁto its flélohtg_,gyel. As indicated above, anideal set-up perio

estabti shes 25 " the sane output wall voltage for all possible input
wal | voltage states that m ght have occurred before the set-up period

wavefornms. The | argril@r tBentab1i68 st Neat mg oSt | of; t he
wavef orm of Fi 5 aplear$ gs? gteJ | deal !jgsli te%l o&rm%.he slé{ss%g?'%gr i"od
p

requi rements sti@8-t e B0 hyve neg § TOFRafd™Of o) #EndEoHs at a

constant 0 vol poseible atwigimerange iofinhpely viddt vakbagbse WveDorms,. €.
betuggn -290 and -G eiRkls. FhLerFhAr AE160| BLhgs OBEUI Qi YRl Rl Y for
an ideal mhmtelgfas rise tine sustain waveform Frag. s%owsa

col or pixel WPAPPHPGRAEY a%e s G¥PAFAL LA RPRY Ry 11h REIRTiCadr SISt@ms finite
rise time. As Undeinpuipewaldpevakiege tise fddicedrisd timeeok eaelappl isdar p

V\_D 97/ 20301 sustain pulse does not  si ificaf%usgﬁ%&§%73\y%x3
di scharge occurs and th¢ voltage across the 855 I S reduce 0°0. en,
however, the dicz%ﬁaf:ﬁ%rb%"c’tﬁ% nthAMNEIQGurge. It has been determined
15 that the latter is true so long as the major portion of the
discharge does not occur during the rising portion of the
applied sustain waveform. If a significant amount of the
discharge does occur during the rise of the sustain
waveform, then the strength of the discharge is usually
20 weaker and the output wall voltage does not go to the same
high level that it might have, had the discharge occurred
after the sustain voltage had risen to its full level.

As indicated above, an ideal set-up period establishes

25 the same output wall voltage for all possible input wall
voltage states that might have occurred before the set-up

period waveforms. The large horizontal region on the left-

most region of the waveform of Fig. 5 appears to be ideally

suited for the set-up period requirements since the output

30 wall voltage Vw{out) remains at a constant 0 volts over a
wide range of input wall voltages Vw(in) - i.e., between

-290 and -500 volts. This characteristic occurs, however,

only for an ideal infinitely fast rise time sustain
waveform.

35
Fig. 6 shows a color pixel WVIO curve for a sustain
waveform with a more practical finite rise time. As the
input wall voltage is reduced, at some level, a sharp



t he 'sustain waveform the output wall voltage does not go to O | evel shown
by. the plotted squares in Fig. 6, but 5 rat her goes to sone | ower

| evel, as indicated by the dashed negative slope plot 40. Plot 40 indicates
that the output wall voltage varies considerably over a range of input wall
val t age st at eyo 9480301 There is only small regi on ROBUSISIIBEIWI O

curve of Fig. 6 is horizontal (i.e. betwdeh VW in) = -290 volts and -325

volts). The exact position of that region, of course, varies fro%}qpeié%el
site to pixel sHHEFHATIS QCEWES Y EMROYOLAES ACAPFS HRAGAE £8r TP T e
di spl ay panel operati WhenlShdveveas brendidstharmgenedcthsitora ther ylspovaiy

rising or very f.alli 2O I ' f I Oﬁ%ﬁ
control |l able Wi}g\(lz%%rtgg e‘ﬁgg?l cC Wi 1%&1 igém&g%eh‘)géil/izaoﬁlarqagree%gﬁ, :grdg

out put wal | vol ¥@ge 18vek| sowk| By cERRtBIILLRY squares figy Eign e Ritfge of
i nput gnal | vol t pgeser Goes to isoma Dbwir Qevelp aA/liddidaved Wy @heodadshgd xel

site illustratin ehavi or_ of e qutp I yvQl e Wt I ed
sust ai n wavef orﬂgg%al\/‘fenéa??f%#%nt&s’ I 09%0%@0 lﬁak&gg\%%%hgatst. twﬁi é\é\?pg% ferent
rise times (|abeklegodbagevagi¢seFonsideraly PVer e menge of iNpue waHdt for
rise times a, b ggtedge 28Besvolts/mcrosec., 20 volts/mcrosec., and 10
volts/ mcrosec., respectively), that a sharp threshold characteristic is
exhibited that is not suited for 30 establishnent of a

st andar di zed wall TBiewegds sidye smEddevregiomheherdéetBesvelh owavesf afin ri se
time is slowed fig€.6 48 hESSzdMAHL Q. K0! bthile WGEn) | = L3R WLEL & WnePS
enter a region where, .no mat,%{a?{ what t he |,ngut W%II vol tage, there 1Is
relatively |ittr32atg8 in pHRchfgqsigaon of t atvﬁﬁhﬂg. OENGPE3Svat t he
W/I O curves forvaries tinves pdxehdsitd o/ @ikel nsttesand iandhBr&fore not

| ts/ m . 51 [ LAt | WO
‘é% 281356“1”0560 pra&SReatyYekib1g! ¥6e errll‘éﬁhlaydEEglca%ﬁ[%a% 1%’5%5!‘.’?011.

It has been determined that a very slowly rising or
very slowly falling applied sustain waveform will produce
a controllable WVIO characteristic with a wide horizontal
region, where output wall voltage is relatively constant
20 for a wide range of input wall voltages.

Fig. 7 is a plot of the WVIO curve of a color pixel
site illustrating behavior of the output wall voltage state
with applied sustain waveforms having different slope

25 values. Five different rise times (labelled a,b,c,d and e)
are shown in the Fig. 7. Note that for rise times a,b and
¢ (500 volts/microsec., 20 volts/microsec., and 10
volts/microsec., respectively), that a sharp threshold
characteristic ' is exhibited that is not suited for

30 establishment of a standardized wall charge state.
However, when the sustain waveform rise time is slowed
(i.e. to less than 10 volts/microsec.), the WVIO curves
enter a region where, no matter what the input wall
voltage, there is relatively little change in output wall

as voltage. Note that the WVIO curves for rise times d and e
(5 volts/microsec. and 2.5 volts/microsec., respectively)
give virtually the same WVIO curve.



14 1t has been observed that, beyond sonme |limt inrise tine, the slowrise
tiyes do not show any substantial difference in the W/ O characteristic.
Wiile the slower rise tine does exhibit an increased ambunt of tine that
the 5 sl ow wavef orm takes,” a very constant |level of wall voltage is

the result. %ﬁ @020 that, for the very |arge negative valp¢aaisosiss¥(in),
t he W« out) B¥% how a hori zont al regaeen where there is little or no

change in Ww(out). 10 Fig. 8is a plot of a plurality of
di fferent input wallt s hgeg, obkéuxed athiaty bewonfiesone pumikalin vdkeage

responds to antﬁﬁ@"EﬂeS%EBW'}ﬂgatéiﬁésPﬁﬁen09'¥ﬁ8waa§ OWylistBnti g8 Of the
sustain vol tage, such as f hat shown fg curve, t hat many

di fferent inputt ‘F‘Ferl%? in the Wydf aFE%’fﬂ'?“ﬁT a% \Fgﬁué)jﬂ?’eﬁut put
wal | voltage. Fhse tsiwerdpes hathiksitt A Mmsedvmmaye ofaviherohatl ohey

11 Ses that soR¥ok VAR LakbE0% Wiy PRChEaliNYeted &@aﬁlg' yeligage starts

Wmch causest oltage to rise di scharge 1s ery sl ow

and is control FécF% result.” Nohg alE9 Wbc hé°Fa§1?se yery; s nFHétéﬁgt ain
voltage. |f thalgest efnquhhage thesasr (oate shiuky, shbenat hordizeabal ge

current adj ust§?ﬁ9mq va?é’fé’ gglgol£p@$e C{]ﬁn\gal ?Mgétﬁgq,wr(o §§ at the sane

slower rate as e sustain I nce ol tage and'the sustain
voltage are rising 15 at the same rate, it is evident that there is
somg ¢ i xed differ ennﬁgbea \Aegnatb:aosuefaanpy@fatmﬁfaiﬂidlfmewaht vaphage,

t hat dlfference vol { S S durln th dIS e. For
such a sl ow raﬁﬁ 8?1%?%%?'% fﬁ’w‘-ﬁa‘%‘ﬁg‘ thr?g’ %g‘r?sta \g/olwflgé g‘E g t he
gas remains 30responds teoAbt 2pplind sustadn Medtaga . vdiqt@gegm@pg silewng.
The di scharge eykeepiméeyel chs ﬁist%i@h v%lta@el exedn tdintenalte swalvh ekt age

ot o that & PR TRt PR B P41 {ige o o heh e S arp gt Behdy o
starts 35 voltea%umswtm aame bvalufeaf mutmittavgdlt iveltagel fi xed
out put vol t agethe¥eknho®s, aBRAYShS BheFislstBin NbDAIRS wdiRlirokhe s3baty
rises, that some threshold voltage is reached where a weak
discharge starts which causes the wall voltage to rise
slowly. This discharge is very slow and is controlled
20 entirely by the rate of rise of the sustain voltage. I£
the sustain voltage rises more slowly, then the discharge
current adjusts to a lower level so that the wall voltage
rises at the same slower rate as the sustain wvoltage.
Since the wall voltage and the sustain voltage are rising
<5 at the same rate, it is evident that there is some fixed
difference between the sustain voltage and the wall
voltage, that difference being the voltage across the gas
during the discharge. For such a glow ramp as indicated in
Fig. 8, the constant voltage across the gas remains
30 . constant until the sustain voltage stops rising. The
discharge current level is at such a low level that the
wall voltage stops rising at almost the same time as the
sustain voltage stops rising. Note that a more negative
input voltage simply means that the discharge starts
35 earlier on the ramp, but does not change the final fixed
| ocutput voltage level.

An analysis of Fig. 8 indicates that the slowly
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ranping sustain voltage naintains the current through the discharging gas
at arelatively constant |evel. This further indicates that the slowy
ranmpi ng sustain voltage maintains the discharge in the positive resistance
region 5 woosBsel 1S discharge characteristic. |f the recfussonsaye rise
time is too rapid, the current through ths gas discharge will cause the
conduction characteristic to enter the negative resistance region wherein a
very rapi d "avalaampéhg” sestaEmtvaltage gadnpaineided curgent Hexoughehe

d]t;t eL m nedl t hgtdltsléﬁabgﬁlﬁg' @afsswmal &eF?le&ﬁlr\Ednwl Is%w?lz he mipge tine
Coo Tast such S EORBWASTICRTEF el The bEel ‘Shapr B ppaghls Jagae' ™ ¢
experi ences anwdmgptingi the dischagiget iinethe peditiyee restsrande) region

vol t age acrOS%ﬁ 4R afifthaddd loiataaterishie. t0E (N GiaBClb DI ket

bet ween i nput vol tage curve sustain vol taﬁe wave_form 46). At
t he point of chW§p§é tPReFEPEL. th?u?¥?ﬁﬁn9 foraygh FRet9rs RiSChAZBPage. 20
By contrast, aswidlowmise Fthe @ohfiuction hehsuateeristave for and8r hakea

slowy rising r{?éggbq_l;}grlaé:g Ea?xtc'ecfe%ﬂﬁ vkl aa.g saHi Xg eh” whi ch

Is the differe etvveen agec aract ustain
charact eri sti c @Frent; Eﬁﬂ?’n%s Spardencsfly const ant At 25 t he
ternppati on of the sustain action, a final gas voltage Vg(f) still remains,

hereby i cat ng Sehed il BEUBREREPERS URSpRRRIEEAGIIO AL | o,
Ret urni ng to Fi&.ondyapccursgddhstewaise imeagf the afpplied4sustaist waves t he
Wi de. variatioreddi Wal bu¥@léase: 0H gl WhiEhe i rigeCeink] 14 Neodlissshar ge
action is allomeqﬂ}oagpe g&g &g t:? ngg@tlv%u{eihgﬁgn%gl egogtage a2
15 experiences an abrupt rise. At such time, a collapse occurs
in the wvoltage across the gas (illustrated by the
intersection point 44 between input wall voltage curve 42
and sustain voltage wave form 46). At the point of
collapse, there is no further increase in the wall voltage.
20 By contrast, as shown in Fig. 9(b), if the sustain wave
form 48 has a slowly rising ramp characteristic, the
voltage across the gas (Vg) -- which is the difference
between the wall voltage characteristic 50 and sustain
characteristic 48 -- remains substantially constant. At
25 ' the termination of the sustain action, a final gas voltage
Vg(f) still remains, thereby indicating that the discharge
action has occurred within the positive resistance portion
of the discharge characteristic of the gas.

30 Returning to Fig. 9(a) -- dashed wall voltage waveform
54 illustrates the wide variation in wall voltage output
which can occur if the discharge action is allowed to
operate in the negative resistance region.

35 Referring to Fig. 10, a block diagram is shown of a
system for operating a plasma panel 10, utilizing slowly
ramping sustain potentials during a set-up phase. The
waveform diagrams of Fig. 11 are illustrative of the



35 - Referring to Fig. 10, a block diagramis shown of a system
for operating a plasma panel 10, utilizing slowy ranping sustain
potentials during a set-up phase. The waveform diagrans of Fig. 11 are
illustrative of the WD 97/ 20301

PG/ US96/ 18373 waveforns enpl oyed during the operation of HRicgusbéhsars A
controller 50"%?78\9?‘}&% outputs to controléa plurality of Xa address drivers
52 which provide selective addressing potentials to colum el ectrodes 14.
Control | er 50 Vaveferms; employed JurinigeSheoReAatdeRp Rfs i@ a d&a sbst ai ner
rmd:J! e 34 and aoﬁsbob‘]ﬁ@i sonproviiéd eubbuts Yeacenstal replavality of kKa |
utilized to pr or, r ng .t - Iy an
the sustain pef9¥%gg%% &:%@X% ngb‘hgg%% a?gggyér%dg’leelgggig%pla:%gg \%%Fggge
out puts to susPaFRntidks toscphumpy electrodeg okhpn CORETSLEES A& &vFEherpdul e
|5_4 amolzisesci)t SpeYrREEs  cotitiol adgpess whé i;vars& Eﬁstam@ﬂnﬁmlbo_sauahagg

i nes : ntro r S n : u . r i ver to
sequentially aﬁppfga(fg'(rgggéh%%t éﬁ@fiﬁsg?b sgggegglgeglﬁ%egég‘éfé d%‘?i 8 t he
address peri odubhbiwred torpgovide tise waveSormy ryemyiyefudering toe web-

sustai ner modupg SéridH!EhAGRS SuEehilPpSIdOs FgaRAlLY feif weistaRnwavef orm
with arise tine a£ meoéhat are sufhment%iil W SO

d fall. ti at,
control | ed pi xBP3Y ?eg@imﬁeg FEISCRPERRS Yhi ™ ines éHafﬁles t he
est adt i shnent cobmmonrahd ¥sacshst@ineronoduiess S4t appliepixel owipur g hataar e

substanti al |y igndepandantagfvedsl 087 eXiat ickambal lec hgiga it af Sfas 38 SlowWy
ranped sustain _wavef gims al so .provi de_ suf gegci ent Eri mggdfor rel.i abl e
address di schaFGBEERLISE iTh 3Pt REARIMRR S0 FRREPS Y (3drens drivers p

t hi s oper ati on5@8ctor sedquernt izdiyeapphy ciddys=ssr pbeential s tmlsuanesstivef
di scharge |ight. i Hjal . 0 S syst@inen ,nodul e 56 to
§inkB %g . df%rl{xggghé Lh8fe CE:%_ sXégn 17 LAl 1€ 1

generate an erase pu ig. 11 i Is 3 | npressed on
all Bustain lines 26 and acts to erase any

It is a primary function of ¥sa sustainer module 54,

during the set-up period, to apply a sustain waveform with

a rise time and a fall time that are sufficiently slow so

that controlled pixel site discharges are achieved. This

20 enables the establishment of standardized wall voltages at

each pixel site that are substantially independent of prior

existing wall charge states. The slowly ramped sustain

waveforms also’ provide sufficient priming for reliable

address discharge operation of the addressed pixel sites.

All of this operation occurs in a manner which generates a
minimal amount of discharge light.

of

[ 8]
(V]

Initially, controller 50 causes ¥Ysb sustainer module
56 to generate an erase pulse 70 (see Fig. 11) which is
30 impressed on all sustain lines 26 and acts to erase any
pixel sites which are in the ON state. This initial erase
action has been previously taught by Criscimagna, et al. in
U. S. Patent 4,611,203. While erase pulse 70 manifests a
ramped leading edge, the slope of that edge is not
35 critical. The Criscimagna reference contains no teaching
regarding any relationship between the leading edge ramp of
the erase pulse and the positive resistance region of a
pixel site's gas discharge characteristic.



pi xel sites which are in the ON state. This initial erase action has been
previously taught by Criscinmagna, et al. in U S. Patent 4,611, 203. Wile
erase pul se 70 manifests a ranped | eadi ng edge, the slope of that edge is
not 35 critical. The Criscinmagna reference contains no teaching
regar di ng anywpahedsepnshi p between the |eading edge ranp of PEFESHARYR pul se
and the positive resistance region of a ptkel site's gas discharge
characteristic. 97/203Q1, . . .

PCT/ US96/ 18373 17 A%@Frt S AT HASA SN CORER T &° WSSt es a
rise time contralriger tiime SmtgalhicAryyit AkwWather YAl guet8angminadulien turn,

applies a sl oWy, KRSIcRY RAMBuBR! %ﬁpFl_a.JeJa EDo@i'ﬂ} By RahbNescattilgee Fig.
11). As further_shown I, N

. . | 12, .. S y rjsin ust ai n_pul se
72 eventual |y c%§€’sa5§o§‘ﬁtﬁdf’gélf’85c%%%ﬁ8£’rﬂt ﬁf ‘e f&?tgﬁ’é XA sites
al ongssust ai n 1imeBi@8, 1But sloar Lyo Itiha_a'.ngi austiaga pguis_eof'?%uevmt_madaryp 72,
the current Tl ollddliePtNed diballoeC Y UofhelBd LEERIASeddh 1410 R0 g0

of° the gas , thereby

resi stance region . > g I scharge characteristi
enabl i ng a subst¥hifts #1PPIcHHERAR LIBPE A BRBFAYD thethRiSHOY REtR &dMBss the
gas. At the endopf ddmraiinsi ngmpanp2of vheefaimpen?, Fhow througtontohal | er 50

th t Jx t ' ' 0 { Cd A
ocreasi ng ramyRrgith, 688" lhafld M, end ol G BaThcdnde Bllaion
resull®, a furthef Eemteas| diseharmrramctsrisbliongtipselly snabdiagsdci at ed

with sustain Lig@ssedheibhe A QelEdde agbplld BEMRIINtAindd across
standardi zed wal |l potentials at each of the pixel sites along all sustain

lines. M dway deRe rﬁfst'he set-up period, controller 50 causes the Ysb
sust ai ner nodule 56 to apply a raised potential to 25 all sustain

lines 26. During theysuggeediny 3¢dr@ss RYkL$Ag PEapd ofddagagodat ayNuUl ses
are applied via Xa a res§ . , )
i5 controller 50 then turns on a fall time control circuit 60
which causes a slowly decreasing ramp voltage 74 to be
applied to all sustain lines 28. As a result, a further
controlled discharge occurs along pixel sites associated
with sustain lines 28, thereby causing the establishment of
20 standardized wall potentials at each of the pixel sites

along all sustain lines.

Midway during the set-up period, controller 50 causes

the ¥sb sustainer module 56 to apply a raised potential to

25 all sustain lines 26. During the succeeding address pulse

period, address data pulses are applied via Xa address

drivers 52 to selected column address lines 14 while

sustain lines 28 are scanned as indicated above. This

action causes selective setting of the wall charge states

30 at pixel sites along a row in accordance with applied data
pulses.

Thereafter, during the following sustain period,

controller 50 cause an initial longer sustain pulse 80 to

35 applied by Ysa sustainer 54 to sustain line 28. Sustain
pulse 80 enables an extra long discharge which assures that

any priming problem is overcome by providing sufficient

extra time to enable slowly discharging pixel sites to



drivers 52 to selected colum address lines 14 while sustain lines 28 are
scanned as indi cated above. This action causes selective setting of the

wal | charge states 30 at pixel sites along a row in accordance with
applied data pul ses. Thereafter, during the follow ng sustain period,

coritroller 50 ca ninitial longer sustain pulse 80 to 3

applied by Ys?f%ﬁ??? ner 54 to sustain %gne 28. Sustain pul sellés(')w(lasr?'z'i%l es
an extra |l ong discharge which assures that any primng problemis overcone
by providing sufficient extra tinme to enable slowy discharging pixel sites
to WO 97/ 20301 PCT/ US96/ 18373 18
fully dischargeg, J..LJhglige ifde. Sholeheardurat Is&&r@é&t dutapibaesu@Radhe

applied to the Ysa an sustain.line ner o] |kama
et al. to deri vBU4ES? &%y ad’reaﬁppgbﬁ?s T%é 3’&? 5‘5% 5 '\Smgéja?ljrﬂg ﬁ'ltﬂl% iﬁ
a reduction in the mahbexecaught byddosbikana, aetraks lémdi%@a‘f? r§\§|59-§§dused

during the addr pfé+é)$ and applied by address drivers 57 and Xa
address dri ver§§§§2 his is a desirable characteristic because
| ower voltage address drivers are usually | ower cost than higher voltage

drivers. Since the gghedwavdtoms chawactisr Figi clihalkow i Rredudieas in very

sharp threshold Y ed to
push the gas ové"?‘l tﬁlgisf%%regﬁlﬁgﬁand%% h%gag%% gruhgep&fébéé%lsﬁaout put
wal | vol t age whicsrisgnths addzgse paxiesd #nd ﬂﬁ‘%sFuﬁﬁ% 5'he

characteristic tdhgesigal daglrésschrigers nsa. panet'h!arlbs faorﬂeantr—ahl)eel to

sub- pi xel and therefore_ip o u e @!d}[i; | ses
for all pixels i alrﬁg(: 5%%[’15 q?%ca\n %%ﬁ%% n@gkﬁgé Q@@*ess se arfagllél t ude
is usually necesma}lﬁ(oiﬁ?’%tl%&ﬁte éé&r bigheg voltage @6&"?5& is to set up
the wall voltage for each sub-pi xel

Since the gas discharge characteristic shown in "Fig.
5 has a very sharp threshold, a relatively small amplitude
address pulse can be used to push the gas over this
thi‘eshold and thereby cause a large change in output wall
voltage which can be used to turn the pixel ON.
Unfortunately, the characteristic threshold of discharges
in a panel varies from sub-pixel to sub-pixel and therefore
in order to use cne set of applied address pulses for all
pixels in the panel, a higher than minimum address pulse
amplitude is usually necessary for reliable addressing. It
is desired is to set up the wall voltage for each sub-pixel
site at the end of the set-up period so that each discharge
gsite has its individual wall voltage set to be just below
its individual threshold for discharge. In this way, a
minimal amplitude Xa address pulse can be used to push all
sub-pixel sites over the threshold and cause them to be
written into the ON state.

The waveforms, shown in Fig. 11 for the setup period,
achieve this desirable set of characteristics. Fig. 92(b)
shows that after the completion of the sustain voltage ramp
48, the wall voltage 50 is at a level which places a fixed
final voltage across the gas Vg(f). This voltage Vg(f) is
just slightly below the threshold for discharge. Fig.12
shows that the falling ramp 74 also sets up a Vg(f) which
is slightly below the threshold for discharge. This Vg(f)



site at the end of the set-up period so that each discharge site has its
vol tage set to be just belowits individual threshold for
di schar ge. In this way, a mininmal anplitude Xa address pul se can be used

i ndi vi dual wal |

to push all sub-pi xel

sites over the threshold and cause themto be witten

info the ON swatoeresdhe waveforns, shown in Fig. 11 for the BEHUSPASITS od,

achieve this desirable set of characteri gfg cs.

t he conpl etion

Vg(f) is just sidightby Prboyy ﬂeftcﬂf%S?@b&infafb@ls&ha&gedeféﬁuﬂ:?e@Iwws

Fig. 9(b) shows that after

of the sustain voltage ranp 48, the wall voltage 50 is at a
| evel which pl dcesset fupxeeh f a nabbvpixelyebrcedsPided desivg( f9incEhitdhevol t age

the falling ranp 74 also sets u g(f) h bel ow t.hée
t hreshol d for (r)T‘IP HAFRCteh-8T f?¥ ta %) 9‘7& %‘%‘lﬁ &l l}lar diring
PCT/ US96/ 18373 ﬂﬂhmgsmmplpllomnaﬂudh paxk| sub-piodelps ke ilsasperatadiad t he

val ue_.of the V
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sch ar ring tall

t hat

ng ranp
whi ch each sub aﬂsaéqlvmeesa%a@sera%wrap g-he dischazgg EVéFaﬁ:"t%Ifl%qﬁcght ly
above the threshold and in the positive resistance region of the di'scharge

characteristic.
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wth its specific Vg(T)
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case,

just bel ow t he pivedswWadth its Sﬂ@éﬁéﬂg@g(f) Malupi whigly isa farneash Sal#pl i tude
SPLEAN é&%eus?dstn veligwaddecshiregiond tox r@iscmh: eW i trgy al |
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pi xe
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further gthwstht t he

rising ranp 72 amdhehaddrdds pgriadpd 4eliahly Yotiteoal hgeixedwaimso dthet hi s
hi gh | evel durigg dfageaddress period. The Ysb voltage is set to this high
| evel during the address period in 20 order to apply the full
normal anplitude sustain voltage
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Fig. 11 further shows that the ¥Ysb sustain pulse rises
to a high level between the application of the rising ramp
72 and the falling ramp 74. The ¥sb voltage remains at
this high level during the address period. The ¥Ysb voltage
is set to this high level during the address period in
order to apply the full normal amplitude sustain voltage
between the ¥Ysb and ¥sa electrodes during the addressing
write pulse. A discharge during the addressing write
operation will tend to reduce the voltage across the gas to
a near zero level which will cause the wall voltaée to go
to nearly the same level as the wall voltage for the ON
state when the ¥Ysb sustainer is at the high level. Y¥sb is
held high during the falling ramp 74 in order to set up the
specific Vg(£) with the ¥sb voltage level at the exact same
level as will be used during the write discharge. 1In this
way, the critical voltage Vg{f) across the gas just below
threshold that is set up during the set-up period remains
during the address period.

The method of operation described above exhibits a
number of desirable characteristics. First, the slow
nature of the discharges causes the minimal amount of
discharge activity necessary to cause establishment of
standardized wall voltages and provides sufficient priming



bet ween the Ysb and Ysa el ectrodes during the addressing wite pul se. A

di scharge during the addressing wite operation will tend to reduce the
vol tage across the gas to a near zero level which will cause the wall
voltage to go 25 to nearly the same level as the wall voltage for

the ON state Ysb sustainer is at the high level. Yshyi hi gh
during the fa%?ﬁ%‘;spgrrp 74 in order to sefy up the specific \?8{#’?9%%% t he

Ysb voltage level at the exact same level as will be used during the wite
di SC_harge-b l'n tt S ég sleé.ecﬁixtrerrtEBQiﬁ%' bpeeh:t-_%@xhtatge 2 by . agrm_the
gas jus el ow t hresho is se url e set-up period remins
during the addr%@so“ﬁettf‘lﬁd?&a 05 HBng?SBp’éarr%q &R 5@&&%5&%}58@& hi bi ts
a 35 _ nuldzgte cg‘e:rmn:ledb_bg_ tcher zd.owr ﬂistha;ge £ r bow arpdl_escsltme nat ure
of the dischar iR tg*ﬂswnbf"c(sj?& ey 18f 18k SChs9€ ekl ¥bhy-a@cessary

to cause establishment of “standardi z vohl’tages and provij qles
suffi & ent pri nF#eLos byghey opagR 200:1 have been achieved wit this

PCT/ US96/ 18373 Pivdrivicn.sel 8¢t i compadisensi nheopeectnigue oddsidided byThi s

al l ows the dar k%% nﬂaq'&nt req_:stalr at%%c%éq%ag(&qegggagﬁgkt ngl&i:ggﬁtgg rated

by the slow disctharge s I'ow and roun ow 0 - pIxels is
| ow. Dark room ramkessefs 60:1, beqansersohi @'—%@r Yerah sbveng hakecharge
achi eved with thisi+idenidseriate@ywiEiMid FaBt ribe taehHeguapdpesioded by

Yoshi kawa, et al .. typically achieves dark roomcontrast ratios of 60:1,
becadfe of the V%}EIQ/ S 5i'scharge activity associated with the fast rise
time set-up period 10 vol tage pul ses. A further advantage is that

the set-up wave forng pip¥fled Nadidhtagle a8 OPRdL Ceht Y sadlyiSt wave Ebhad Wal |
voltage to a standardi,zed_ value that 1s r,lea#%_ %glgurram mum of
[

15
final voltage ofhg¥Rodd tHid gallt BRttoRagGa Ean trev fMahotiRlt
di schargi ng. Noteltadgd ey a( seandaxiiftd vhdtie that is nearly the maximum

15 of final voltage of across the gas that a given pixel can
have without discharging. Note further (see Fig. 8) that
various level input wall voltages are converted to a
standardized wall voltage, substantially independent of the
wall voltage input states.

20

It should be understood that the foregoing description

is only illustrative of the invention. Various
alternatives and modifications can be devised by those
skilled in the art without departing from the invention.

25 Accordingly, the present invention is intended to embrace
all such alternatives, modifications and variances which
fall within the scope of the appended claims.



various | evel I nput wall voltages are converted to a standardi zed wal |
volst age, substantially independent of the wall voltage input states. 20 It

shoul d be understood that the foregoing descriptionis only illustrative
of the invention. Various alternatives and nodifications can be
devi sed by thoweeszesdil ed in the art without departing from treI/iSese833 on.
25 Accordingly, the present i nvettion is intended to embrace all
such alternatives, nodifications and vaﬂﬁ&ces whi ch fHH*vm—t—hTﬂ—t—he—seeﬁe
of the appended cl ai ns. WO 97/ 20301~

PCT/ US96/ 18373 21 CLAIMS What is clained, is 1.  An o”u%}miml HLIJU"I
conprising pl usade glsxetLagan&@,s igach site including a dise

said pixel sites arranged in rows and colums, each pixel site conprising
orthogonally oriented first and second intersecting el ectrodes, said plasm

panel further conpgdi-si ndn AQ ptasma pened Corprigping pyurkl wdxelganitles,t 0o a
plurality of sajdh ¢iget &ﬁéfédu?gaqﬂ Ao rghapal i) ‘é‘il XePﬂeife& egONe ranmp

vol tage which causes a dischar of sald gas at "each ong an
associ ated el AXFREeLAT FOFEN eiﬁ?-‘b‘?‘i%' £aRH Pige stb% EPBMPTisinget to
assure that cmrtﬂmgc&ﬂadnwt hooilgicedhc hf maEtd @ndel s:elcbadreﬁlatéﬁsécft:axQDOSI tive

resi stance redi Qs §£M\/§I%§r{aarﬁgggr féfﬁt?exc’fcog\% Fghéchargeabl e gas,

SO0 as to create stan rd| zed vol es at each fe al ong each

said el ectrode; and address neans for apply| ng data pulses to a plurality
of said electrodes duri agremitndaeRss PEri applynimnalyicresa)iRpiailke tdi schar ge
of said plurality of said electrodes, each drive signal
including at least one ramp voltage which causes
a discharge of gaid gas'at each pixel site along
an associated electrode and further exhibits a
voltage slope that is set to assure that current
flow through each said pixel site remains in a
positive resistance region of a discharge
characteristic of said dischargeable gas, so as
to create standardized wall voltages at each

pixel site along each said electrode; and

address means for applying data pulses to a
plurality of said electrodes during an address
period to enable selective discharge of said
pixel sites in accord with said data pulses.

2. The AC plasma panel as recited in claim 1, wherein
said drive signals are applied during a set-up period, an
address period and a sustain period, each said drive signal
applying to plural said first electrodes said at least one
ramp voltage during said set-up period.

3. The AC plasma panel as recited in claim 2,
wherein said drive signals include both a positive-going
ramp voltage and a negative going ramp voltage, both ramp



pi xel sites in accord with said data pul seq Th AC pl asna panel

as
recited in claiml, wherein said drive sig MB J"ﬂﬂ ﬂm uring a set-up
ri |ve si gnal

period, an address period and a sustain pe
applying to plural said first el ectrodes said at least one ranp vol tage

during said sepoyunesgri od. 3. The AC plasma panel as recip@tusopnghfi m 2,
wherein said drive signals include both P positive-going ranp voltage and a
negative goi ng ranp vol tage, both ranp WO 97/ 20301

PCT/ US96/ 1837%&1&3@5 8agsis L@I@&&aﬂg%cfw @gcaf ﬁ?ﬁ&b @iﬁ%elal%rfge a3 ong an
associ ated el ectro «ixhl biting a voltage

e g arrp vo%t il%e furt
sl ope that is3@&CCtB-S sd?](?ct R0Ce ur FR FAPR ugiiEagRs sfFtherel site
remains in a pehibiténges stcdrtager egfiope ofhat dischet geoc lamsackertiat ¢ of

sai d di SCharg%@r‘éaga%lof}: throl§hPledsi® sgaa%&a%r %&hgeqehalﬁgallw % wher ei n

each of said second electrodes s covere phor coatl ng | east

three differ ePOSibiye {#ﬁ)‘sﬁﬂi‘@rcecﬁ%ﬁwfg§ b%l"br/}g éﬁfﬁgﬁﬁ@r@ﬁ@ﬁéééé@h% second
el ectrodes. 5.gaid AiBtBafgedblelgans recited in claim4 wherein each said
first electrode is adjacent a third electrode, said circuit means applying
to said third electrode, prior to application of a ranp voltage, an erase
pul se which causes4any Fheepblasnz panedn aB\recitedt onrelain 3 owharedE- st at e.

6. The pl asipand ASd %@cb%é 'e'ieEEi‘b&éé !‘5‘%8&&&?'5& 191%& H&2aNS
appl i es, subsequent to sa eri.o sustain pul ses to cause

conti nui ng di §8s 8F {'aﬁ%"r é}ezzts%s%t"ﬁg?rg’i‘% LT BRPAPEAY (FPARINGS by sai d
dat a pul ses, a:e‘ungsempacyeélml aucqueldiaghaecond eldwtabden. | onger t han
succeedi ng sustain pulses to achieve a reliable first sustain action.
5. A plasma panel as recited in clai;lm 4 wherein

each said first electroace is adjacent a third electrode,

said circuit means applying to said third electrode, prior

to application of a rémp voltage, an erase pulse which

causes any pixel site in an ON state to revert to an OFF

state.

6. The plasma panel as recited in claim S wherein
said circuit means applies, subsequent to said address
period, sustain pulses to cause continuing discharges of
pixel sites that are placed in an ON state by said data
pulses, a first said sustain pulse having a duration longer
than succeeding sustain pulses to achieve a reliable first
sustain action.

7. A plasma panel as recited in claim 3 wherein both
said positive-going ramp voltage and negative-going ramp
voltage exhibit voltage rates of change that are less than
10 volts per microsecond.

8. A method for operating a plasma panel to both
provide standardized wall potentials at commencement of
each scan of a pixel row and to exhibit a high contrast
ratio, said plasma panel including pixel sites with a
dischargeable gas between orthogonally oriented first and
second intersecting electrodes, said method comprising the



e ————

7. A plasnma panel as recited in claim3 wherein both sai.d positive-going
ranp vol tage and negative-going ranp v nnmnu I't age rates of
change that are less than 10 volts p"erD “fm“m ‘A met hod for
operating a plasma panel to both provide standardi Zed*wal | poten%i%3 at
comrencenent OVO8HWBMscan of a pixel row and to exhibit a hiffF Z%t
rati o, said plasma panel including pixel2%ites with a dischargeabl e gas
bet ween orthogonally oriented first and second intersecting el ectrodes,

sai d method coPpfR%i9fG the WO 97/20301
PCT/ US96/ 18373 23 steps of: a. applying drive signals to a plurality of

said electrodes durdng gbohgask rsel URgRRId Oh £3pHufliiigy SAONALAPPIYing
during said set up period, at Teastf one Ta voItacEJe whi ch "causes di schar ge
actions at each pixel sieECEFOReS APTIIGEFat P ePebRt OIR PoXAPH: 82Fast one
ranp vol tage exhi biting ariveopigmdl appliyédg\diztiage sabd cdetaspupesiodat said
di schar ge act | ans establiyshslandal dugBCotfldon hiagosaileaiichad o1 1

al ong each said el ectro&e; -and- b. appl yr ng g(fata pul $es o a plurality of
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b. applying data pulses to a plurality of said
electrodes to enable selective discharge of said
pixel sites in accord with said data pulses.

9. The method as recited in claim 8, wherein applying
step (a) applies both a positive going ramp voltage and a
negative going ramp voltage, both ramp wvoltages causing
discharge actions at each pixel site along an associated
electrode, said both ramp voltages further exhibiting a
slope of applied voltage which assures that said discharge
actions establish standardized wall voltages at each pixel
site along each said associated electrode.

10. The method as recited in claim 9, further
comprising the step of:

initially applying an erase pulse to all pixel sites
arrayed along said first electrodes, prior to applying
either said positive going ramp voltage or said
negative going ramp voltage.

11. The method as recited in claim 9 further
comprising the step of:
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12. The method as recited in claim 9, wherein both
said positive going ramp voltage and said negative going
ramp voltage have sufficiently slow rise and fall times,
respectively, to assure 6peraticn of said dischargeable gas
within a positive resistance region of a characteristic
thereof, thereby assuring low level light emissions upon
discharge activity resulting therefrom.



