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FI ELD OF THE I NVENTION This invention is related to sustain signal driver
circuits for a capacitive display panel and, nore particularly, to a
sustain signal driver circuit which 10 enabl es precisely

control | abl e eggy@neieecovery and prevents inductively creat edpdringossdsrs
currents from adversely affecting pixel §ites in the panel. BACKGROUND OF
THE | NVENTI ON 15 Pl asnma di spl ay panels, or gas discharge panels, are well

known in the art apfspidy FRRES Abus1RGRPErReudT ShittintepkactaHlidigrmacpai r of
substrates respectively supporti ngoeotnrrReRRECcOORRe! ectr odes, each coated
with a dielectric 20 | ayer disposed in parallel spaced relation to
define a gap therebetween in which an ionized gas is sealed. The substrates
are arringed sucEIERRIOIHEHE|IIVENBHEN are di sposed in orthogonal relation
to one anot her, thereby defining points of intersection which, 1in turn,

define 25 i SERAE 08 lntlonS koS otheuh! o §@%€£uvsguﬁcf@h &y My

be established to provi esired storage or I on i's al so
known to oper at e S$gERIBRnef ¥ widt hCAEaVbH‘éR:;esd’ér?&ab'ar PPE‘E& ard®A t o MeTsvi de a
wite voltage whipalkcexcrerds, t e fd rsageas t someait :ﬂr:gte\ter’cﬂdﬁhal’ugﬁ_cal te

30 def t
Py oduct®a di schartabus $regiEEhE foEro TRl hOr L BELI A Sng VRS
can be contlnuou§F9*¢§£¥ﬁkﬁ'néﬁeaﬁ9aap54 A arfUSFEBERat FRY" s advEzselyl t age

(which, by itsel kffestims Witdedi eited o thei aaLed. di scharge). Thi s
t echni que 35 relies upon wall charges generated on the dielectric

| ayers of the substrates which, in_conjunction with the sustain voltage,
operate to nalnt5ﬁﬁmggﬂﬂﬂ%é¥ﬁéagﬁggﬁgﬂg8¥. Details of the structure and
operatisdn of gas
Plasma display panels, or gas discharge ranels, are
well known in the art and, in general, comprise a structure
including a pair cf substrates respectively supporting
column and row electrodes, each coated with a dielectric
20 laver disposed in parallel spaced relation tc define a gap
therebetween in which an ionized gas 1is sealed. The
substrates are arranged such that the electrxodes are
disposed in orthcgonal relation to cne another, thereby
defining peoints of intersection which, in turn, define
25 discharge pixel sites at which selective discharges may bhe
established to provide a desired stcocrage cr display
funcrion. It is also known to operate such panels with AC
voltages and particularly to provide a write vcltage which
exceeds the firing voltage at a given discharge site, as
30 defined by selected column and row electrodes, thereby to
produce a discharge at a selected cell. The discharge at
a selected cell can be continucusly "sustained" by applying
an alternating sustain voltage (which, by itself, is
insufficient to initiate a discharge). This technigue
35 relies upon wall charges generated on the dielectric layers
cf the substrates which, in conjunction with the sustain
voltage, operate to maintain continuing discharges.

Details of =zhe structure and operation of gas
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di scharge panels or plasma displays are set forth in U S Pat. No.
3,559,190 issued Jan. 26, 1971 to Donald L. Bitzer, et al. and in U S.
Patent 4,772,884 to Wber et al. issued Sept. 20, 1988 5 Energy recovery
sustalners have been devel oped for plasm dlsplay panels to enabl e recovery
of energy usesodmmharge and discharge the panel's capacit aRE&USHISALS

pl asma di spl ay panels have grown in sizeznd operating voltage, 10

the need to precisely control the turn-on of sustain signal drivers has
becone criti cakischivgeipeneds susphasmsidisplagsi ane seatodorar|in MBSul ts in

over effi ci engyrandid argers£hee! ramanelis: (BM) £5h8stangenkgbeturn: on

| t t h thin the h.ad gly 15
L77ert s oper o FRuthEr dinel cErLdel. 4L thieheh Fuf Elea Ta dhpRiusy 32

control |l ed by assesdn®ent.cia0cuil®8&onpri si ng the sustainer's inductor and
the di spl ay panel's capacitance, the rise tine can vary 20
consi derably, based %gn t he nunb | xel ,sites

i
data content stored®} qufﬁﬁﬁﬂﬁryb§H553b§%r% Qfﬂ% ’?aﬁ?%ﬁTopﬁé ﬁ@rpanel s
capaci tance). Pphasustdispldyl parsls Wi chabkempisgpvety e energy igpeccitpcui t s,

this variabili EMar Snd QQSCFBJHJEW\:KE ar@\?l saélﬁkbé’lﬁ.tapébl a%ts géplasma
CapaC|tance incre %& SSlpatlo n Conplex

capaci t ance co 5ﬂsﬁ¥|%ﬁp Fng?%% V%r?%ﬁﬁe?%gaﬁggfgaﬁgel 56F&m can
onl ytbe sol vedthy nesst op mraﬁa'meém eontinglngheigwmi-envi siskainsigbké of 30

turning on sgsidbls ﬂag VEécone r&wttlealas Thbﬁmgn&ycg@étaqen%gﬁ% its
resonant cycle Prio art ir have wa on the sustain

driver until ﬁﬁlY?f&%c‘f%? &A% rr"’@ﬁ't1 t(‘ﬁ)eJ'sntloo"%ee'r c?ftgﬁﬁl?’e%rag’éis GFPEEt i on.
This creates ae-¢¢9¢gmﬁgna;nanéﬁmrknemy$snn35enem§gp tazpver yresudasotint he 35

i nduct or whi chpiématsiek st thsﬁéréeﬂﬁ vil'dhmnoﬁh@fnﬁiétlpwhlélkﬁlé@re&sel Wth
today S voItagg and qas mt_xturresr ns e flyback occurs too |ate to be fully
usef ? The ol SRrRRE AT %éﬁ“ to turn on as the inductor current

Because a sustain pulse's rise time is controlled by

a resonant circuit comprising the sustainer's inductor and

the display panel's capacitance, the rise time can vary

20 considerably, based upon the number of ON and OFF pixel

sites {i.e., the data content stored in the panel can cause

a wide variation in the panel's capacitance). In sustain

drivers which employ fixed timing ©circuits, this

variability must be minimized by adding ballast

25 capacitance, which increases power dissipation, or by
adding complex capacitance compensation circuits.

The variable capacitance problem can only be solved by

use of a wvariable timing circuit which is capable of

30 turning on sustain driver circuits as the inductor
concludes its rescnant cycle. Prior art circuits have

waited to turn on the sustain driver until the inductor's

current goes to zero and reverses direction. This creates

a "flyback" transition on the energy recovery side of the

35 inductor which is used to trigger the turn-on of output
drivers. With today's voltages and gas mixtures, the

flyback occurs too late to be fully useful. The output

driver must begin to turn cn as the inductor current
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di m ni shes and well before a flyback current occurs. Use of flyback current
to control sustain output drivers has an unwanted side effect of draw ng
current out 5 of the panel, while the output driver is turning on.

This creates ringing currents throughout the system Th t
fl yback occur wagvase recovery side of the inductor at the CP&%‘S!H% “@ggof

the resonant cycle. The inductor voltage is opposite to that of the
original applied forcing 10 voltage. Flyback current flows to
charge or di schmjaishes caphoielanbefone the Hybeskefyr &inde °6Futhe i nductor to
mat ch the panel voltage. In doing so, charge is transferred that is

opposite to the desbr d tfr }%'cgcn ‘Le W ';lpoq &%5&% I NGIKAIS 'dhcout

non-recover abl e energy Sonsuie cuit and a noi sy
transition as tdrdveusplas @ uewammdn§ldﬁ efganty oft dvgwing FUUSEIFR QS S

4,8665349 and %f08he4Pthelli whL0S e RRAMREL: edfiveienk &x&h&gnoﬁirl veiisf or an
AC pl asma panel YE\Q@% n e_ngl scglr(}se%:% Ehr{oﬁz gg{)er atenthﬁs 20

i ncor porated hérern nce,” "because nventlo ose ereinis
a direct i rrproW@r*éﬁSeoﬂ&tWélk\/%%F%Pna‘Fhe 6§§Pljﬁry gégaiok téf‘- %Wa{c’:@ém gn
wi |l be hereaf ta@r tlgscidriprecidhecyene @ksahantSustdlien drTheeriiuceidrt

enpl oys inductQrg.in the charglggoaggagl &CQQ% %ﬂ% 19;1 Q%%%_e ¥or

capaci tances so °15%F6 TRl |"ar ge percen here"qf*"ore | ost
in dtPvi ng panerlEagaci tt&’Yéléek @r@'senclfAlOH%rféthaF@e i ééFFlyalf%é#?ef romthe
Weber et al. pa:taeabltﬁmga ok thewseadvéealideedr saehematibecof ddemadeber et 30

ohveror e oSt BBl Gefade el QU ol | 202 RR0 LAVELAE oot o
S4 are opened &#d QﬂP6’§éHet fPo G f‘iﬁ?llr%cééé%?’d@% XEFRAGIRTalBs a0t is to
be understood tihgtegaehid dealrzethedatie énshpvachetissad ber the cIrcuis
drives by a | 00l £Vb: PRkaL: o1 ghals WilCBuBAS: RR0eE Lead g ri sing edge
and a | aggi ng fa |ng e Th
Weber et al., in US Patents 4,866,349 and 5,081,40¢C,
disclose a power efficient sustain driver for an AC plasma
panel. While, the disclosure of the Weber et al. patent is
20 incorporated herein by reference, because the inventicn
disclosed herein is a direct improvement cf the Weber et
al. design, details of that design will be hereafter
described. The Weber et al. sustain driver circuit emplovs
inductors in the chargirg and discharging of panel
25 capacitances s¢ as to recover a large percentage of energy
theretofore lost in driving panel capacitances. Figs. 1-4
herecf are directly taken from the Weber et al. patent.

Fig. 1 shows an idealized schematic of the Weber et

30 al. sustain driver and Fig. 2 shows the output voltage and
inductor current waveforms expected fcr the circuit of Fig

1, as four switches S1, S2, S3, 5S4 are opened and closed

through four successive switching states. It is to be

understood that each idealized circuit shown hereafter is

35 driven by a logic level control signal which has both a
leading rising edge and a lagging falling edge. The means

for connecting the source of the control signals to the

driver circuit are only showrn on the detailed circuit



for connecting the source of the control signals to the driver circuit are
only shown on the detailed circuit WO 97/ 20302

PCT/ US96/ 18375 4 views. It is assunmed, prior to State 1, that recovery
voltage Vss is at Vcc/2 (where Vcc is the sustain driver's power 5

supply voltage), Vp is at zero, S1 and S3 are open, and S2 and $4 are

cl osed. Capao smose Css nust be nuch greater than Cp to miFeT$S1§HF| ati on
of Vss during States 1 and 3. The reasongthat Vss is at Vcc/2 will be
expl ai ned, below, after the switching operation is explained. 10 State 1:

At the | eadi ngyiewsi ng edge of an input sustain pulse, Sl closes, S2 opens,
and S4 opens (S3 is open). Wth S1 closed, inductor L and Cp (which is the

panel capacitance as seen fromthe sustain driver circuit) 15 form
a series resonant cit &8i3SSUIRd PTIYT EPNYLA Yot AR oF TR FPRtRge appl i ed
thereto. Vp rvsssis atVoeclfthlohepe dotd drs athei sdecd it diiveat’' swbbeBr poi nt
I[errg] has fal 1 ang,.di: od cghe e | ase 2

St ateS] 2: S3 ii Lo};sjgtzj’ﬁt:'%ge(:)l 'a(%rr’%)3 Q_/Q ﬁ%[%]\?cz%qaﬁa %‘6& %\réoé?ge%&g'u(rl?gn 2pat h for
any "ON' pi xel @%F 4 r?efepéﬁeﬁ?dvvne%%?fp‘i%?é‘rcei §SF e RN TUCH: 8XEREST peri odi C
di schar ges provhale Cp seoldnantzalvatiaittiooi of Vists acrioss Sthees anian@digas, with

the current reghredda pRIONAID iEhecdreehargg 128e expzainedéueghéﬁﬁ from.
Vcc. The di schghge/c nductiogn state _of  a pj xel hs,re resented by 1con 10 in
Fig 1. State S8t SYLLIHThEPPARF o) 1hEIPAALESe of the input Sustain

pul a8) ; S2 cl oses, S1 opens, and S3 opens. 30 Wth S2 cl osed,
i nductor L and cap%@aganqe QR agal MLYIMA SAdieS IR/ANAN %USE L, W th
- t he

t he vol tage across i nductor equal to Vss=Vcc/2.” However %o arity of

L
the vol tage i sSHERAIS@ULESt hat FHPRS 4 °RERSsi AGSaShe§BERYe(F1 obf of
current |[err]opafp .t Wethf $i1l slbesedr ounduasot hie stdrep éwmeiay i) the

panel capacitance as seen from the sustain driver circuit)

is form a series resonant circuit, and a "forcing" voltage of
Vss=Vcc/2 is applied thereto. Vp rises to Vcc (through
action of inductor L), at which point I, has fallen to
zero, and diode D1 becomes reverse biased.

20 State 2: S3 is closed to clamp Vp at Vece and to
provide a current path for any "ON" pixels in the panel.
When a pixel is in the ON state, its pericdic discharges
provide a substantial short circuit across the ionized gas,
with the current required to maintair the discharge
25 supplied from Vecc. The discharge/conduction state of a

pixel is represented by icon 10 in Fig. i.

State 3: (occurs upon the falling lagging edge of the

input sustain pulse); S2 closes, S1 opens, and S3 opens.

30 With S2 closed, inductor L and capacitance Cp again form a

series resonant circuit, with the voltage across inductor

L equal to Vss=Vecc/2. However the polarity of the voltage

is reverse to that in State 1, causing a negative flow of

current I;. Vp then falls to ground as the stored energy in

38 inductor L is dissipated, at which point I, has reached
zexro. D2 becomes reverse biased.

State 4: 54 is closed to clamp Vp at ground while an



35 I nductor L is dissipated, at which point I[err] has reached
zero. D2 becones reverse biased. State 4. S4 is closed to clanp Vp at
ground whil e an WO 97/ 20302 '

PCT/ US96/ 18375 i dentical driver on the opposite side of the plasma panel
drives the opposite side to Vcc and a discharge current then | | f
any pi xel s ar eWO@N2030L, It was assuned above thgﬁ&ggﬁliﬁgﬁgﬁns
stable at Vcc/2 during charging and discharging of Cpo. The reasons for
this are as follows. If Vss were |ess than Vcc/2, then on the rise ff Vp,
when Sl is cl oséBentifeak GRAVRY 90| Ty CPREELEE Hetd%eos FhaP\xs@Ropane
Subsequent |y, odritesfahd afpdditel@ide to Vewhend S2 dssclaggedcuthentorci ng

vol tage woul d bengreptfils RaB, Voe/ 2,y THGEEEO S @raverage, current woul d
flowinto Css. Conversely, If Vss were greater than Vcc/2, then on average,

current would flow out of Css. Thus, the-'stable voltage at which the net
currerga into Css is emas assuted above thAICN2s remmimscstabie powdechdp, as Vece

rises, if the d&ﬁi‘?z{giéhéﬁlh%;mdﬁashisé}i\éi hed dihrcguagh thae LQubnst ates
expl ai ned above, then Vss W[l rise \é\nth ec P Vee/ 2. The, circuit

i npl ement ati on BPLE AFS @8aFPLRYsci r Lhi YSHMess Less than Yeg/2. thensmRun in
Fig. 3 and the abssoeisg¢ edft Vi nghekt agl ans | sledmin the Hagpeidg Voansgst ors

T1-T4 replace sybitdes PdsStnahedPErd ] VeliYsedddntal, lod 2rused t gecppt 1ol
transistors T1 and T27|n a cor%l enggt?rg fashion So tha dwhen T1 is on, T2
is of¥% and vice¥Uet s B i TS & RECHBI voltage WopiC BRsFRRTTST R1-C3
or the voltage rham Vac/V1 tTherafprdn oy aveiageor cdrersi wohdd [flowDintver 3

uses the tinme cegst anionRkrB1{4 1 Vshewdph taga thSendh Wt/L0 tHER &
transistor T3. Diodes D3 and [ arléngsed to turn of f ran3|t§t ors ];I'%aand T4
qui ckly. 30 Staf&139%r0 SEFAFES a2 T P> an i*8°oPF22 % ti ng
to be turned onvgitadee R2-@dich neheonst anerentt hnto séssofisvzgxd,l id a di ode
DC2) .15 An i nputyselst ai An PR &e on power up,as Vcc rises, if the driver is
continuously switched through the four states explained

above, then Vss will rise with Vec to Vec/2.

The circuit implementation of the idealized circuit of
20 Fig. 1 is shown in Fig. 3 and the associated timing diagram
is shown in Fig. 4. Transistors T1-T4 replace switches
51-84, respectively. Driver 1 is wused o control
transistors Ti and T2 in a complementary fashion so that
when Tl is on, T2 is off and vice-versa. Driver 2 uses the
25 time ceonstant of R1-C3 or the veltage rise a- V1 to turn on
transistor T4. Similarly, Driver 3 uses the time constant
of R2-C4 or the voltage rise of V2 to turn on transistor
T3. Diodes D3 and D4 are used to turrn off transistors T3
and T4 quickly.

30
State 1: To start, T4 and T2 turn off, and T3 is off,
waiting to be turned on by the R2-C4 time constant or the
rise of v2 (all via diode DC2). An input sustain pulse
transition from source 12 turns Tl on and Vss is applied to
35 nedes V1, A, and V2. Inductor L and panel capacitance Cp

form a series resonanc cirxcuit, which has a forcing voltage
of Vss=Vcc/2. As a result of the stored energy in inductor
L, Vp rises past Vss to Vcc, at which point I; goes to



transition fromsource 12 turns T1 on and Vss is applied to 35

nodes V1, A and V2. Inductor L and panel capacitance Cp forma series
resonant circuit, which has a forcing voltage of Vss=Vcc/2. As a result of
the stored energy in inductor L, Vp rises past Vss to Vcc, at which point
I[err] goes to WO 97/ 20302

PCT/ US96/ 1837wdvims®. Since Vp typically rises to 80% of Vcpgeysudugirer L
thereafter sees a forcing voltage (fromthe panel side) of 5 V
mnus Vss. Negative current I[err] now fl ows out of the panel, back
through the in or L, reverse biases D1 and charges the capacitance of
T2. This is thecurrent flyback previously nentioned and starts at tine t1l
in Figure 4. The flyback current causes voltage flyback at A and V2 to 10
rise sharply. As \indesem, t(%i&@npjresijé‘si Sd I8 taX tvdoggendetyern3 to
turn on T3. Th 0 _ er i ta - ;3 he panel
by the f1 yback O Tt arteaat Ak G i o 1 eBet ey boC 0
times t1l and tYp Mimys sVss yﬁ%ﬂﬂétéﬁérﬁyrr?%t of 1s S19¥atFd@wEn oF8, Of_ th®  and
DC2. State 2: ginés, thardkedheaugro ttlea ApANPL Gt B/CQ‘e&BﬁséOb:pi@Vsl ge angurrent

path for any dék? ztgé'sg'tﬂg a%\&ﬁlF'aﬁg% or?Q'z This 1§'t{l§ee ?P@é Ea&?t into

i nductor L, negatl curre continues to f rom and t hr ough
i nductor L, diR¢RYisMslyndregicdgrednd (fiagcs: ié éﬁ@Fg%llé*dfégVE%t%d Al of
t he aforesaid 'nwmnmatc& aﬁEréwdmasCWtﬂybackhﬁt @uramantm desay i s

sl OVXO 25 st ate @gg K Atsu{lf' se’s Té4 %‘lg ﬂ'lilss g g }E&g%ron

i's apprOX|natéf s¥thé panel” capacita arg Wth T2
on, inductor LP%&&F%&%@P E4pAit d3ce Cp again forma series resonant
circuit, having 30 a forcing voltage across inductor L of

Vss=Voo/ 2. VPt henyfAbksiel Ovdf vl 4l ok ReBky! {€7edkekSoger e Simi | ar
the panel by the flyback current and put back into inductor
15 L between times tl and t2. This £flyback energy is

digsipated in T3, L, D2, and DC2.

State 2: T3 is turned on te clamp Vp at Vcc and to
provide a current path for any discharging "ON" pixel.
20 Since energy was put into inductor L, negative current I,
continues to flow from T3, and through inductor L, diode
D2, and dicde DC2, until the energy is dissipated. All of
the aforesaid components are low loss components so the
current decay is slow.
25
State 3: T1 and T3 turn off, T4 remains off, and T2
turns on. Vp is approximately Vcc, as the panel capacitance
Cp is fully charged. with T2 on, inductor L and panel
capacitance Cp again form a series resonant circuit, having
30 a forcing voltage acrecss inductox L of Vss=Vcc/2. Vp then
falls to ground, at which point Iy is zerc. Similar to the
end of State 1, the forcing voltage due to the stored
energy in inductor L is of reverse polarity, and D2 becomes
reverse biased and discharges the capacitance of T3,
35 pulling node V1 to ground, sharply. The flyback current I
occurs at time t3 and is coupled through C3 to Driver 2
which turns on T4.



end of State 1,

is of reverse polarity,

fl yback current

the forcing voltage due to the stored energy in inductor
and D2 becones reverse biased and di scharges the
capaci tance of T1, 35 pulling node V1 to ground, sharply. The

I[err] occurs at tine t3 and is coupled through C3 to

Driver 2 which turns on T4. WO 97/ 20302

PCT/ US96/ 18375WP 9328302 4.
on the opposite side of the panel
di scharge current then flows in T4 if any pixels are "ON'. 5 '
desi gn has a nunber 8&tawef4ci &dcicdemps) VRtay i guount Wikée eayplrnidsaef ore
T3 turns on, gag diveehaiger@et bybby:€anshegi i Smcepdpel s dregest hae Vec,
10 any discharges, will ,:;)e we
areas or flickerPRYSpr&et i FRsVCCrRE
further pullingT¥pifoany uixeie Feec¥N't.urn on, thus reducing efficiency.
2) As operating voltages and panel capacitance increase, it becones

ker .than desired result
SR ST GE R aS T R8T 1O 61

in dim

L

T4 clanps Vp at ground whil e an i FEMYRYISGY i ver
drives tthe opposite side to Vcc and a
5 The above

15

necessary to use Iargﬁ anea nmsfets tgaueat gu;ngg @@%&‘i&&g{%& esr_equi red. The

| arger nosfets and hi gﬁer Vol 3gle% pr odica Mich great’ér

| evel s which nust be dissipated during State 2. This is the 20

| eadi ng cause for the)oupeime/ @ht agite £ 9R P ®Rrbreem tthraBthd 2.4a8i NCe
re.designed for low lgsses, Lhe.i {}gug%m{ scéjr%ea@;t l.owi ng
TTHToW Tito S ate i STuTbs the

€ sustainer's

al | conponents

during State 2 ORI ar_m%s ) _ _ _
falli®y transitBoy. d2sclyragsy a1 nBecYadter itharhdefaned . arrFUlfi&scénnect
wi ring add consigder abkes s geitRetitty Piseensdied NThehaibohdrgn Wefs 23 and

Ta.  Since the,flyRack At LONALANG SHITSY vbr 8804 e 2308, and, Td.sources

current to pull

15

20

25

30

35

and

up

on, thus reducing efficiency.

2) As operating voltages and panel capacitance
increase, it becomes necessary =—o use large area mosiets
due to the high currents regquired. The larger mosfets and
higher voltages produce much greater flyback energy levels
which must be dissipated during State 2. This is the
leading cause for the output voltage drop between times tl
and t2. Since all components are designed for low lossas,
the inductor current flowing during State 2 continues to
flow into State 3 and disturbs the sustainer's falling

transition.

3) Stray inductance in the parel and intercocnansct
wiring add considerable noise to the system during the
turn~-cn of T3 arnd T4. Since the flyback action draws
current from the panel and T3 sources current to pull up
the output, the result is a large, fast current change in
the panel which affects the entire ground system of the
display, creating radiated Electromagnetic Interference
(EMI) .

4) Because R1 and R2 will turn on the output
transistors, regardless of the rescnant cycle, the circuit
is capable of dissipating considerable power during fault

conditions.

yback energy



30 the output, the result is a large, fast current change in the
panel which affects the entire ground system of the display, creating

radi ated El ectromagnetic Interference (EM). 35 4) Because
Rl and R2 will turn on the output transistors, regardl ess of the resonant
cycle, the circuit is capable of dissipating considerable power during
fault conditi ome 9720302 WO 97/ 20302 PCT/US96/18375

PCT/ US96/ 18375 SUMVARY OF THE | NVENTI ON The i nventi on described herein
bui | ds upon the Weber et al. design by ading a secondary winding to the
i nductor 5 k9 &naﬂ.ﬁe RVERRL ®! network to enable early turn on of

either the highifsrde drrver of the row side driver. The w ndi ng pr oduces
a voltage proporti onal to t he i nstantaneous voltage across inductor
L. As the current thewndditawghdesdtithed HeriefihObpiltd u@apachd anCp, the
10 vol tage, a i r.o n; anel

vol t age equal s t%hg rgd("?%\iény&go%ttd%’g ??r%oglg???%é‘%é‘é tai \re/ﬂ\goﬁé;ugce

energy stored iR SRERAEOR COREERS BREVRRE P oMRsRLe cault Kewnclkar ¢f the
panel capacitarGehep. chédshidie ppdeldroldraga rtheeiorbeyee t el v OoVigly

vol tage, the 1§rtlﬁgm%nelp%'a ELLY Qirmt 281&?%&“ Sro¥ 84:&&9& i evegseg,and

increases with tae rit d voltage rise is
fol | oned by t hé%éé@?ﬂéﬁ%ﬂﬁm"ﬁ}l‘:ﬁgeaﬂari’%s u’s‘éﬁ‘cttért Er n Bﬁ thee Fuestti ve
out put driver. £1besouhpoiighir indrictort wr rmu‘m ighndanpepeci dhca @Rt e dhesi stor.

Thi S g1l ows thgetlace acrossPRKElich £APARIANGE Lo LI LD aur ont

flow through t rans | ni ng
energy into th¥OpaAEE. e‘&%@ethﬁerﬁ%@éﬁw YodRaage! sarshadEcie tfé%‘SGtaént he
out put 25 voltagéver T ddﬂ‘r@'yo@.tofb& afoiHducebrenexgypd ranseatr ed by

the i nductor i g glyays JBXEhZEdraYen HIOeL YRl L) ﬁcgﬂggt | vey | ads.

effects are re ecause t e ou river turn oOn sIovay
and is fully oR3RALNn YH&age rises above the recovery voltage, the

15 polarity of the inductor voltage reverses and increases
with the panel voltage. This polarity change and vocltage
rise is followed by the secondary winding and is used to
turn on the respective output driver. The cutput driver's
turn-on is dampened by a gate resistor. This allows the

20 mosfet's capacitance to restrictc the current flow through
the mosfet, allowing inductor L to transfer it's remaining
energy into the panel.

Since the polarity change must occur beicre the ouzput
25 driver can turn on, the amount of energy transferred by the

inductor is always maximized even under varying capacitive

loads. BEMI effects are reduced because the cutput driver

is allowed to turn on slowly and is fully on when the

flyback occurs. This eliminates the ringing currents
30 present on the earlier design.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig 1. is an idealized circuit diagram of a prior art
35 sustain driver for an AC plasma panel.
Fig 2. is a waveform diagram illustrating the
operxation of the circuit of Fig. 1.



fl yback occurs. This elimnates the ringing currents 30 pr esent
on the earlier design. BRIEF DESCRI PTION OF THE DRAWNGS Fig 1. is an

idealized circuit diagramof a prior art 35 sustain driver for an
AC pl asma panel. Fig 2. is a waveformdiagramillustrating the operation of
the circuit of Fig. 1. WO 97/ 20302

PCT/ US96/ 18375W® 283023 s a detailed circuit diagram of the REIEIPIBFH
prior art sustain driver of Fig. 1 Fig 4 i a waveformdiagramillustrating
t he operation 5 of the circuit of Fig 3. Fig 5. is an idealized

circuit diagram of arsgstniis drdemrilfedr cancAC pliagmam pghekei idealgeedt i ng
the invention. 1Q..r art sustain HBt@veP of ifig. a2y Waveform diagram
illustrating the operation of 't he CII‘CUIt gf Fig. 5. Fig 7. is an
idealized circuit diagramillustrating further details of the sustain
driver of Fig. 5. 15FFgg 8s 4 wasefavefddagrdnadrascrht bsg taki ogeraitéon
operatgon of thes ikheubi-QfitFbg rig $19- 9 is a detailed circuit diagram of
a sustain 20 driver |ncorporat| ng the invention. Fig 10 is a

wavef orm diagramillustrating the operation of the circuit of Fig 9. 25
DETAI LED DESCRI PTI ONFOF THE L WEMEE@N:‘.EE@ chrdditusiiegtas ¢the changés nmade

by the inventiop hgeeok. %ntlge pliasfl ?éﬁeﬁli%tcﬂkﬁofliél\é?gr cfb fﬂ&njc:.oﬁ‘ cont rol

network 20 has been added and i's coupl ed to i nductor Vi a
secondary w nding 22. Control network 20 controls the conductl vity stat es
of swt®ches S3 and SBigndk operat @s wavedooor ddbagran t hlihetyehiefor hbe shown

in Fig. 6. Conbbgkaagéﬂ\qgf_k 28 g§§§u§g1q,fvgllgag§ across inductor L (and
secondary wi nding 22) to slowy close the output switch S3
Fig 7. is an idealized circuit diagram illustrating
Furxther details of the sustain driver cf Fig. 5.
15
Fig 8. 1is a waveform diagram iilustrating the

-

operation of the circuit of Fig. 7.

Fig. 9 is a detailed circuit diagram of a sustain
20 driver incorporating the invention.

Fig 10 is a waveform diagram illustrating the

operation of the circuit of Fig 9.

25 DETAILED DESCRIETION OF THE INVENTICON

Fig. 5 illustrates the changes made by the invention
herecf to the prior art sustain driver c¢f Fig 1. A control
network 20 has been added and is coupled to inductcr L via

30 a seccndary winding 22. Contrel network 20 controls the
conductivity states of switches S3 and S4 and cperates in
accordance with the waveforms shown in Fig. 6. Control
necwork 20 uses the wvoltage across inducter L {and
secondary winding 22} to slowly close the output switch 83

35 after the output has risen past the halfway point. On the
fall, switch S4 is slowly closed after the output descends
past the halfway point. Dicde DC2 and resistor R2 dampen
one polarity of flyback current and diode DCl and resistor



35 after the output has risen past the halfway point. On the fall,
swwtch S4 is slowy closed after the output descends past the hal fway
point. Diode DC2 and resistor R2 danmpen one polarity of flyback current and
di ode DC1 and resistor WO 97/ 20302

PCT/ US96/ 18375 10 Rl danpen the opposite polarity flyback current. The
conductivity wiost7eelsef S1 and S2 are controlled by circuitryPQIAR6/28385n)
that is responsive to input rise and faligof the logic control signal. 5
The operation of the four switching states of the circuit of Fig. 5 and
tim ng di agranm®lofd&ngen 6the e opppEatae@ciardey aifl ybatow,cusirere. i tThes

assuned t hat p"cbﬁaul:@‘@‘;@i es%atEBe d‘ecgieréhdlobbagﬁwe Vedneks1 g Veg/ 2
(where 10 g ) n_poye %tsé vol t age is at zero,
S1 and S3 are Sﬁgﬁ“"ﬁ’ﬁ%l @ftaﬁ °‘§h eFr@ c’r%sréeﬁpo te 1@ "%@ILFC:FI‘E%& §8%nd 4
are opened, andashi e€hcigd liogicl osrtirci tsugnabpl ying Vss to node A. Vc is the
vol t age 15 across inductor L, , Vc=Vp- VA Since the

current through ind,gctor L is, rodoqortlong to the tinme ntegral o t he
vol tage across it, oofr8RETIT B O GREEi SEACREI PEof P8t ate 1
and then decregsesuis péneﬂlgvoliagadvit*mn.s% dilagvems ecdverig.vot t age Vss,

during the Secgﬂﬂlﬁ'ﬁa‘xéd Ojfn %@tall below Shhb8e lit Gorats%%eaeém I@rggrsenses
Vc' across second%x{% nd ‘1% i ch Ilﬁ gr rtiaqnal te # and al | ows
switch S3 to b&°turAed on % I§e€é?Yee’Fy VGLhaZ® o r e dSvaE, VEHE HEPPIRay poi nt
and ihen only ¥ariig thiresustainopover duppiliievelizage)ca¥e, isS8zizemi,osed at the

positive peak @haVe; 4id"®pd3, and S2 ankils@ngkd hadsagtant the inductor L
current I[err] equals zerd. Briefly stated, S3 is to be closed and ready

for full conduction when I[err] falls to zero at the end of State 1. This
action enabl es the $eiioui:ngwitsirscR2cand &t ararensgyied. ndndtswiticht 81be dr awn
fromthe Vcc sypptdosdd)r eUgB &rb1ydnd ¥8s to node MOt vkr 981 ¢ vieaghe

15 across inductor L, i.e.,Vc=Vp-V,. Since the current
through inductor L is proporticnal to the time integral of
the voltage across it, current I; increases for the first
half of State 1 and then decreases as panel voltage Vp
rises above recovery voltage Vss, during the second half of

20 State 1. Contrel network 20 senses Ve' across secondary
winding 22, which is proporticnal to Vc, and allows switch
83 to be turned on only after Vp has crossed Vss, the
half-way point and then only during the rise of Vp. In the
ideal case, S3 is closed at the positive peak cf Vc, time

25 tl and the instant the inductor L current I, equals zero.
Briefly stated, S3 is to be closed and ready for full
conduction when I; falls to zero at the end of State 1.
This action enables the following flyback current through
Inductor L to be drawn from the Veco supply, through 83, and

30 not from the panel.

State 2: S1 and S3 remain closed, allowing S3 to be
the source of both the current to sustain discharges in the
panel and the flyback current which flows through inductor

35 L. The flyback current brings voltage V, at node A up to
Vece. The energy induced into inductor L by the flyback
current is dissipated by conductien through dicdes D2, DC2
and resistor R2. The value of resistor R2 is chosen to



State 2: S1 and S3 remain closed, allowing S3 to be the source of both the
current to sustain discharges in the panel and the flyback current which

fl ows through inductor 35 L. The flyback current brings voltage VA
at node A up to Vcc. The energy induced into inductor L by the flyback
current is dissipated by conduction through di odes D2, DC2 and resistor

The val ue of r¥@iP¥®¥P2 R2 is chosen to WO 97/ 20302 PCT/USH6/18375

PCT/ US96/ 18375 di ssi pate the flyback energy before State 3. State 3: S1 and
S3 are opened, S4 renmmins open, and S2 is closed, bringing voltage V[err]
at node A down ddsyipate \ghe5flyback eﬂegfgﬁohﬁét?léfatsélatﬁhgn VA, causing
negative current I[err] to flow proportional to the tine integral of the

vol tage Vc across thg_ indyctor. ce the falliwng t ag Cr. s the
hal f-way point, Vc _r%\:/aétresgs‘ _%{ol.aélfli %py 17d “EBh ?’olsqnjé%(%)#% ggé/;?ijr“rlf%sgg swi tch
S4 at the negat igecpessd.obryasarg tvid-ags ¥y ap node A dowp fnY&E -si HPl ar to

t hat thSCri bed ab%@yfg?'éaﬁéﬁt&ahi Vot &Ia%séhgﬁfbr?ati&boaﬂti'Mi:[ dEL6WS ai ner
on the opposite_si f the LLse | E i $4is
part of the ret BF%S%E‘?%O g‘r t?ﬁ‘{e}‘eeoﬁﬁ'ééi ?%u%é& 8k e %’%rsﬂg%%%erc.s a%%\ﬁg% t he
vol tage flybacktbechnrductire f|Qarekthrar fahking aldfaes VBmTE2S£as heket han

f romI t][le ganelj, hamg-waa,t pbiat | e ¥&rdAges Weldaidy b.ﬁdZdHrmroEi :gm.e::&l siaowsha
sinplified nodel _of cqontrol .n 0 . a j oop that
i ncludes a pair l:3f':'1%uc’rnr 3?{ Lfr%testél\r/\g{E%aﬁggﬁ%%%ﬁégﬁoﬁga)ﬁéf%ﬁe 23p Tr of

swi t chHes S5 andaSeanme Giddt$r cel ILPEE deSEBRRE BP@VBet MR itakepai-r of nodes
34 and 36. Diode D8 and resistor R4 connect node 34 to switch S5 and di ode
D9 and resistor R7 c ct, swifch. S ; ng i gur

details the timng o] c%n.tzlr'o}/\élfneﬁ/vorgl%gg%(.:1 Vlﬂkslilln% {:,ﬁ?é sg%é;%vazlt:c ] nghésgt ate
anal ysi s, the oPEPEith Hide IR It PFRehe SRk ofiI5R§Fro®swi pRdp&atbhsi der ed
with 30 - sihee sidief dgarfl ny dilegr astwfn Fpach 8Zor Prher obposSied e 1,
secongary wi ndi pg_22; 13s OYag" 088 bdrcadh '81yBh8RCHANL S3ne £1yback

current is drawn from S4 rather than from the panel, and
returns the voltage Ve back to zero.

Figure 7 shows a simplified model of contrel necwork

20 20 and includes a loop that includes a pair of current

meters Al and A2 positioned between a pair of switches S5

and 86. Secondary coil 22 is connected between a pair of

nodes 34 and 36. Dicde D8 and resistor R4 connect node 34

to switch S5 and diode D9 and resistor R7 connect switch S6

25 to node 34. Figure 8 details the timing of control network
20.

Using the same switching state analysis, the coperation
of the control network of Fig. 7 will be considered with
30 the aid of timing diagram of Fig. 8. Prior to State 1,
secondary winding 22 has 0V across it, S6 is closed and S5
is open. Current meter A2 measures the current through
switch S6 and causes switch S4 to be closed when a
threshold is crossed. S4 remains closed until the de-
35 assertion of the logic control sigmal.

State 1: Switch S5 is closed and 82, S4, and S§ are
opened. When Si is closed by an input sustain gpulse



is open. Current nmeter A2 nmeasures the current through switch S6 and causes
switch S4 to be closed when a threshold is crossed. S4 remai ns cl osed
until the de- 35 assertion of the logic control signal. State 1:
Switch S5 is closed and S2, S4, and S6 are opened. When S1 is closed by
an input sustain pul se WO 97/ 20302

PCT/ US96/ 18373ygd drdes@nsi tion, Vss is applied to node A and ¥Yclugmassrs
negative relative to Vcr. Thi s negative V(%| tage reverse biases D8, closing
of f upper current [oop 36 and since S6 i & open, no current flows through

| ower | oop 38. enf.f 0 e i ng of
i nductor L int otl:t §gé1é1 mss ggv%r{ilie\c/iot?anogegé %egéwﬁ ﬁ%ﬂ‘n‘?o VA.

As a result, VcFEJﬁt& g R ‘éﬁ:‘c L Fﬂgi"l"l’e"ebé’r? ago| TR SGp PLAFST Y by t he
turns rati o of dlediayortd upperHattravay lidopoBf st atiecd, SHasebpun trage Vp

rises above VA .£343tng140s through VEwe Oléé&%@bovgsvﬁﬁrren@fi
forward bi ased. R4 controls th ea unt\/%qftlélérrent al toflowthrough

upper °| oop 36. thESugp' the s%"s""\ﬁrtthb HCRRE ItHéltEUFPEnPa‘??llr'ough R4
rises and the tdneesgwiled ofoltageeMp neiss Avitils respeswd,teaVgi ngAshes cl osing

of S3. The val '~£"3es'i’1f.'l.t:R4Vt1:5 rises J.n | e 1R G (0 ﬂ}feecgba'iﬁly SISlIJE R, the
turn-on of S3 an ter the m dpoint of_the, sustai ri.s w | |

S
remai n cl osed u "Il £ e%éfe t&gsgﬁﬁn&n THE N ST oI RCESAL I Si B"h:gf ¥ state
3. 20 throught Sttare?:1,Opasel heoVddade riybackowcVys, calesinget ur ns

to Vgp, and the;uonty ql; Retdpik &idkcui tpgiis sl efoéiaqide rlased. Ske and S5

open, S6 and S2 cl ose @ul 't ng VA back down to_\Vss. nel voltage Vp is

greater than 2rontrols We??‘funﬁaR nFuFEentod H)%‘fecdi v%oa %, Shreial se
bi asi ng D9. Si mppeSSlospopen, hs Yal reises arithl @mehrmqgtageppm ldep 36. As

:Ee Falnfl \[/)gl t%Q&rXH}:GE’I%% ht)’i@tl q@@ezﬁmn@r@@%&t o\!{a{oﬁltccultr:}%nmtﬁmfirm of
e fall. IS _now forwar i ased cont i a cones
i ncreasingly n t..FVCé..ossed causing the closing Or%ug; the value of %
15 is chosen to precisely determine the turn-on of S3 any time
after the midpoint of the sustainer rise. S3 will remain
closed until the de-assertion of the logic control signal

in state 3.

20 State 2: Once the voltage flyback occurs, Vc' returns
to Vecr, and the control network circuit sits idle.

State 3: 81, S3, and S5 open, $6 and S2 close, pulling
Vp back down to Vss. The panel voltage Vp is greater than
25 V,, making Vc' go positive again, reverse biasing D9.
Since S5 is open, nc current can flow through upper loop
36. As the panel voltage Vp drops, Vc' drops and crosses
Ver at the midpoint of the fall. D9 is now forward biased.
As Vp continues to fall, Vc' becomes increasingly negative,
30 increasing the current through R7, until the threshold of
current meter A2 is reached. This causes closure of S4 and
the transition is complete. 84 will remain closed until
the next assertion of the logic control signal.

35 State 4: Again the return voltage flyback brings V,
back to zerc and Ve'! returns to Ver.



30 i ncreasing the current through R7, until the threshold of
current meter A2 is reached. This causes closure of S4 and the transition

is conplete. S4 will remain closed until the next assertion of the logic
control signal. 35 State 4: Again the return voltage flyback
brings V[err] back to zero and Vc' returns to Vcr. WO 97/ 20302

PCT/ US96/ 18375WO978%32ef erred circuit inpl enentation of the if/ERPHRS s
shown in Figure 9 and its waveforns are itjustrated in Figure 10. The
i npl ementation of Fig. 9 uses two control wi ndings 40 and 42 added to
i nductor L, rather thgrdieeredeciicuit implegeosadary ofi Atk ngvappioadis

described for Figgwm5 ; qn@lgurébgvﬁndshﬁgewggef§rﬁsFﬁﬁ@aﬂfﬁﬂsdyﬁigatan'tS
gate needs to be pulled low to tugn it on I\EN tran5|stors anq @B are

used, with Vcr TXE8RntLt ed Fo FPOTMTRT2" l@& F§ H N HERRet YR t her eby
requi ri ng posi tlw-@dgasfe 4r ppd, 43 @d46ed to induchoPNP Faphemtbeat tlion oing used,

for QBsand O wgekoNgary Cﬁﬂ%ge%ap(%oééﬂVdeB@Hbé@l rEi:lzngfiﬁQ gn@na27have t he
same nunber of turns an%jrg rlt V19 IEymha gvel ry

Operation of th&°CTeui i %fﬁ? dg Rt 5d Q2 B,
Q7, and Q4 on. S’FAWSlBlllsDVatS)t anmplmcglnarsoms&la gRnsdsHoTe n amd B t hen
turns 4 on, lnatr'ér rhsel%pr hilten syetal Rcmneetdd @b ngﬁburx% tO @uaris UBn

correctly, ri.or t asser common 20
racts ce’ 1o pul S5 calRAERRER | sheatPr FaR A trd RS bs - SPare 1
begi ngdwi t h th@ P&Iﬂumhe@lnrga»&;s_mmse%uff@x Qi drdv@s whehcdemtin gate
of recovery npsighie&l=dnd 2»52\7 Both (BndiHgs 4@ 4 ebf nand Gk Qame Buf f er

U2 produces a 12V r| Ve rom SUS CTRL,,t o and 6
and Q7 off. Onc&“Agafn® éfq?" rn’lr"fiigp CRIASEI eSCVsss‘“{Dquéaﬁ %CEZ?& expl

pol arities of sé@éﬁéary wi ndi ngs produce negative vol t ages

15 Cperation of the circuit of Fig 9 begins with SUS_CTRL
de-asserted, Q2, 06, Q7, and Q4 on. STARTSUS is a startup
signal used to turn Q% on which then turns Q4 on, in turn.
For the sustain circuit of Fig. 9 to start up correctly, Q4
must be on prior to SUS_CTRL being asserted. It is common

20 practice to pulse STARTSUS pericdically at a time when Vp
is low.

State 1 begins with the activaticn of SUS_CTRL.
Buffer Ul drives the common gate of reccvery mosfets Cl and

25 Q2, turning Q2 cff and Ci on. Buffer U2 produces a 12V
drive signal from SUS_CTRL to turn Q10 and QS on, and Q6
and Q7 off.

Once again, Q1 turning on applies Vss to node A. The
30 polarities of secondary windings produce negative voltages
Vc' and V¢'' relative to their respective references,
reverse biasing D8 and forward biasing D9. Q6 is off, so
the low side driver Q9 is not turned on. The amplitude a:
each secondary winding is equal to Vss divided by the turns
35 ratio; typically selected for 12V peak.

As current through inductor L builds to its peak, the
voltage across inductor L diminishes to zero when the



Vc¢' and Vc¢'' relative to their respective references, reverse biasing D8
and forward biasing D9. @ is off, so the low side driver @@ is not turned
on. The anplitude at each secondary winding is equal to Vss divided by the

turns 35 ratio; typically selected for 12V peak. As current through
I nductor L builds to its peak, the voltage across inductor L dimnishes to
zero when t hewo 978097/ 20302 PCT/US96/18375

PCT/ US96/ 18375 14 panel's voltage Vp equal S recovery voltage Vss. Since the
secondary w ndi ngs accurately refl ect t et vol tage across inductor L, Vc'

returns 10 ZCT0agieh /61 hE W11 2ol v5: dlod 6.2CTARRORELNT O

Vc', inductor reaches it ener contlnues to source
current until ??%O%q?é?ygwlpéhﬁﬁﬁl é‘F‘é‘éFa%%let h@FEﬁnEI ERONIPIRASE BGTERSr ge,
secondary w ndimfisceby and 2 brecaresi ber ease ngpd/ Po's| trererniOto +12

reverse biasing, and forward biasing D8. As voltage Vc' increases, so
does the current through transistor 6. The voltage at @'s enmtter quickly
ri ses hi gh enough to forward bias D10 and turn on 8B, the high side driver.
@B saturates, provixt ngreamplre dros®ido dfunie'onitlectnyl, stedehdbs its FET

Q3.  Danpi ng rgémta{e 2P 1RLeY Nk sa Lorft oMk UERT BEu LR tAQQUECkLY 1 As the

sustainer circult's output r,]tl nyes fo rise, h drai n-to-gate capacitance

of FET @B sourt®d %WI bhdfemgred. As :@GrP@?ﬁ fC(S’PtRTBGfot"sFHErg‘Reepl ng @B
in the |inear sewpoiaryWhihéingsl 4QBand 4 behend iingaeaseggbn poistitdneéy sources

a sngf | percentage Qf baaglﬁwsgxanaeﬁéﬁwaxt@bgggpwtﬁ% th@ssd'@ttﬁ‘g@e{f s rise
and t herefore does not di SfA%See excessi ve yurn-on Of t?’ue hi gh

side driver catPHeaSEs vEP Eflge‘FV‘fﬁTta&Fﬁ%‘fﬁkhd"rlaHEWE‘Pﬂ@sof Bein the

col | ector voltage at Q5's emitter quickly rises high enough to

forward bias D10 and turn on Q8, the high side drivér. Q8

saturates, providing ample drive to turn on the high side

15 FET Q3. Damping resistor R15 prevents Q3 from turning on
toco quickly.

As the sustainer circuit’s output continues to rise,
the drain-to-gate capacitance of FET Q3 sources additional
20 current for R15 to sink, keeping Q3 in the linear region.
While FET Q3 is in the linear region, it only sources a
small percentage of the energy needed tc complete the
sustainer's rise and therefore does not dissipate excessive
power.
25
Turn-on of the high side driver can be set very
precisely by adjusting the value of R4 in the collector
circuit of Q5. Q8 will turn on when the voltage across R10
exceeds two diode drops. Varying R4 changes the secondary
30 winding voltage required to raise the voltage at R10
sufficiently to turn on the driver.

At the start of State 2, high side FET Q3 is fully on

and any residual energy in inductor L is returned to Vcc

35 through Q3. When the energy of inductor L reaches zero,
current I, has stopped flowing. However, panel voltage Vp

now exceeds the recovery voltage Vss and negative current

I, flows back towards recovery FETs Ql and Q2, causing Va



circuit of @. @B will turn on when the voltage across R10 exceeds two

di ode drops. Varying R4 changes the secondary 30 wi ndi ng vol t age
required to raise the voltage at R10 sufficiently to turn on the driver. At
the start of State 2, high side FET B is fully on and any residual energy

in inductor L is returned to Vcc 35 through @B. \When the neragy of
i nductor L reaWR@%28382 0, current I[err] has stopped flow ng. Pﬁgm&'rs,-’spanel
vol tage Vp now exceeds the recovery volt Vss and negative current I[err]
fl ows back towards recovery FETs QL and , causing VA WO 97/ 20302

PCT/ US96/ 18375 18 tQski $RaSheyPLY ttRel NRistUShaB1VRLd a0 This TRIcI-¥E t age
fl yback chargeg t he csgaci ange of T2 which _r ires %urrent_.wt:o flow
through L. Thi S1YRAT uABREFFhb I8 erfddRATIFAESE | fductdr "EXRokEFEF *These
currents flow denersiy fq ¢y through Nec THisowghsBndesiasdtlef e8ATENe
panel . Tpf addiﬁi@rr}:%hceérch;,sﬂonabteir Eﬁgs%t eaefay%gtﬂzﬁkl aimctma‘ffmeA??l y
currents owing_ in,the systemare the s ai ner. di arge. curre er
all the fIybackgﬁnrfé‘rﬂugghé%/eansdﬁﬂgitd ﬁ?mﬁ’ rga?%l‘lo%e 5&&&‘25& 8@v£(§) t age
across i nduct odigsipatesncdishensegymasicoklyi Adi hhavyothegnlyc cuzirents et ur ns

to zero and B ghwiksndhh. B s 8FBL NS OPNd K uERANSe PlaichAL BFe QirirBg-gat e Of
@B until Q7 turns on or B is eventually turned off by the resistor-

capaci tor conbination R17 and C4. 15 State 3 begins the fall of the
sust ai ner out put, wafirerhal} ghe HIVISUSCTRETergE havasupsidsfuithieng b¥f t he

hi gh 19 de FET Ber&lQoshads Qbiot® ahbowedd L0 benbmddredhen skyofBampen
driven by the | ower. sense_circyit. gB shut s oEf t0020 8 sh tdl sable the
upper sense cir &R l%go&agﬁrﬁs BHSP T SRS " R T RRE SR FRREE) Peui ¢ .

Buf fer Ul drive@3 Qemgfihsaprl kgPmeans mi Ichaggs/Anbab& TR ot 2R3 hetiécdVery

vol tage Vss. Lowg¥nsespndais Wsnei-aged Rehavasdi sentiyealtey regikhsr upper
secondary w ndiggpaélcoftorp\évgv {négisonc%qgegﬁéo& to 12 volts
15
State Z begins the fall of the sustainer output, with
the fall of SUS_CTRL. Q7 turns cn, shutting off the high
side FET Q3. Q10 shuts off to allow Q4 tc be turmned cn by
Q9 when driven by the lower sense circuit. Q5 shuts off to
20 disable the upper sense circuit and Q6 turns on to enable
the lower sense circuit. Buffer Ul drives Q1 cff and Q2
on, pulling V, back down to the recovery voltage Vss.
Lower secondary winding 42 behaves identically tc the upper
seccndary winding 40, however its connecticn to 12 volts
25 centers its waveform about +12V to drive PNP transistors Q6
and Q9.

The drop of voltage V, applies voltage (V, - Vp)
across inductor L, which reverse biases D9. Negative
30 current I; through inductor L builds as the output £alls.

When the output voltage crosses the recovery voltage

Vss, Vc'' will drop below +12V and forward biases D9.

Again the secondary voltage is across R7, estaklishing the

35 current through R1l1. When the voltage across R1l exceeds
two diode drops, Q9 turns on and begins to turn on Q4

through damping resistor R16. Again this turn-on is slow,

allcowing inductor L to remove most of the charge from the



25 centers its waveform about +12V to drive PNP transistors @ and
@. The drop of voltage V[err] applies voltage (V[err] - Vp) across

i nductor L, which reverse biases D9. Negative 30 current I[err]
t hrough inductor L builds as the output falls. Wen the output voltage
crosses the recovery voltage Vss, Vc¢'' wll drop below +12V and forward

bi ases D9. Agavanetdvsezsecondary voltage is across R7, establi sorogeeisers35
current through R11. Wen the voltage across Rl1 exceeds two di ode drops,
Q@ turns on and begins to turn on Q4 thrdugh danping resistor R16. Again
this turn-on i ) QWM Lng t e : of rge from
f he VO 97/ 2%%:8%9\% A8 b NAYELBE o ke t Aot CHPYE RS hg e%%%s%ggm 18375
16 panel's cap@®¥®®ance therefore not dissipating excessive power. State 4

occurs when the low side FET Q4 is fully on 5 and any residual
| nduct or current Ssb [c@M3 EEQHlQrM}P' i GouPLese # Qi“ a'f‘le!i ohal |
Anot her voltage fl yba occurs, time returning Vferr Yound and

the f yback endRYyRIYs r&Fé@P%t’é&ﬁW%oﬁZcuiﬁen‘: s drdum £rom t9r§’HBGI Bbe not ed
t hat resistor SC&Bplaa’ué Rhe auetuiedrts Bheerd ohﬁotamt Ghﬂ.rtggeoﬁlirb&ck

col l ectors of T, el.o S D9 are
forward bi ased V\% et (ja'st ?'g?]és:r&gét’%lggqaé v ]B%So‘@flgﬂn Iq'%13:(ri§efl D%(%)'? r enoved
prior to turnl‘?l‘belfﬁ?'@ Bisepated dis82si gnal 15 can be sent to 8

or @®. The exclusive use of induced voltages in the secondary windings to

conyiol the turn Or}:tOEEBHi:PLHe E}B‘c!ﬁréhz@ z%%.%% a3 gn@ng)erugf ré&'cya”t ages

over flyback desi I rst r.enost he ability to

preci sel y cont¥®IP187E ffh a8YdEParesePs tP%r‘FPHr?“%érafl Wy #8F g®%- st udies
have shown t hathd haggst develayd agenopbeadiodpswbadand i are fibeeaed over

desi gns havi ng,{he.d 'wh%@ktf?é‘S@Pav‘}é s‘%;lH:Iss aroUSER! NeIES Raue cREPte is

successfully built and qperated 1.gh frequency
not removed prior to turnlng on Q5 or Q6, a false signal
15 can be sent to Q8 or (9.

The exclusive use of induced voltages in the secondary
windings to control the turn on of output drivers Q3 and Q4
has a number of advantages over flyback designs. First and

20 foremost is the ability to precisely control the high side
driver's turn-on. Operating margin studies have shown that
the sustain voltage operating window can be widened over
designs having che flyback based circuits. Sustainers have
been successfully built and operated for high frequency

25 addressing circuits as well as high voltage sustainer
circuits.

A common fear with "early" turn on circuits is the
danger of turning on both cutput transistors at the same
30 time during a failure condition. Since the output drivers
cannct be turned on before the output voltage exceeds the
recovery voltage, under wmost fault conditions, the
sustainer will lay idle, unable to start up.

35 Efficiency can be greatly reduced if the output driver
is allowed to begin to turn on before the inductor current
peaks. Since the secondary winding switches polarity at
the same time the inductor's current peaks, it is difficult



25 addressing circuits as well as high voltage sustainer circuits.
A common fear with "early"” turn on circuits is the danger of turning on
bot h out put transistors at the sanme 30 time during a failure
condition. Since the output drivers cannot be turned on before the output
vol t age exceeds the recovery voltage, under nost fault conditions, the
sustai ner wil|wo#y283¢t e, unable to start up. 35 PCEfUSPE183T5cy
can be greatly reduced if the output driwes is allowed to begin to turn on
before the inductor current peaks. Since the secondary w nding swtches

8\8 S;} ;%382 t her§ANELd IR phibear IeRICtear ihpEds Mol iﬁﬁ&kﬁcriéu dp%rd'tg&hmil?t f

, L . - or
the output dri vEreR & ﬁtﬁp‘éﬁ%”?"hle sﬁﬁla%ttdgrl'ag so%%rsgt t|"%n]'OI?)E\]/;%h%\/c%\n@t éﬁﬁg%' mal
signal del ays ois5SorRisally HS,te HBYefpitsi &nalpiledpl ywigh ttde75Y6BEtits
final |evel whegrider qiirigt ofti ver turns on. 5 In variabl e capacitance
applications, states 1, and 3 will expand in tine with the increasing
capacitance. Since the sense circuit activates the output driver based on
the inductor voltagel? vepéabla F#PafLFAnge APPoACAEiNFe §5AESAG, and 3
vol t age regardl @551 @ixphhe in $€mbiwith the Mrgabgng WJapagetraid i cainens, the

circui t should pg, tined Lor.oRt 'a%%gy%%'t%t% Bledlte &FOEQ%QS%%%S%&Q :

vol tage. As the voltage I's rncreased, e turn-on wll occur earlréer in the
rise, as the selRISHIT YRLSATE addei LYFPYHoMildndMNTRo FThets ushei FANS
voltage. This vSlwdgeadaedritess idf tHanqdsgagive schat gesyhegoweltagd er and
stronger as the .S I ngreased. .Radj IS been_dind ni shed
consi derabl y byagéin%%?%gh herlf_eylzczj%%hégr ?éelﬁuggf ?%m Y'1(:%‘;{2&%1;3)a‘he a amggastem 20
grounds. |t shobRr¥RiRR @FdERSt HHH THaPPERRL NG d§LAge dedts itHEi BRLFAZe onl y

illustrative ofs iferessedenthérturn-on wilMajdctSearlier in the rise,

as the sense winding voltage is proportional tc the sustain

15 volcage. This is an added benefit, since gas discharges
become faster and stronger as the voltage is increased.

Radiated noise has been diminished considerably by
removing the flyback currents from the panel and system
20 grounds.

It should be understood that the foregcing description
is only 1illustrative of the invention. Various
alternatives and modifications can be devised by those

25 skilled in the art without departing from the invention.
For instance, this invention is applizcable to DC plasma
panels, electroluminescent displays, LCD displays, or any
application driving capacitive IZcads. Accordingly, the
present invention is intended to embrace all such

30 alternatives, modifications and variances which £all within
the scope of the appended claims.
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present invention i

nodi fi cati ons vemercasz ances which fall

di fications can be devised by those 25 skilled

departing fromthe invention. For instance, this

able to DC pl asma panel s, el ectrol um nescent displays,

LCD di spl ays, or any application driving capacitive |oads. Accordingly, the
S intended to enbrace all such 30 al ternatives,
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PCT/ US96/ 18375 18 CLAIMS | Claim 1. An éflergy efficient driver circuit for

driving a display
capaci tance, said d
term nal and a seco

greater than said d

flow occurs thro
sai d i nduct or neans

excess of said driviiaguyedt ageansathawiihgha ppirdt SpdrthifalSkne us r €edodd ow
ge%ﬁ:ﬁ‘, MRS SLT%%‘% ?eggr{ig)ﬁ' Yo GOMY 1029 584 dpé’ncélt age

reaches zero; secon
supply neans to sai

panel having panel ,.ugl ectrodes and panel

river circuit conpri5|%d: i nduct or i LSt
nd termnal, said second termn nal cﬁﬂ"lﬂﬂﬂ“ﬂﬂ"ﬁw)@ﬂel
el ectrodes; driwvigigiwel t age source means for providing a*drfving wolst ayc;
vol tage supply neans for providing a supply voltage of a magnitude which is

riving voltage; first switch nmeans for selectively

coupling said drividg ®8| eBEEIS REECLFBENIF LR F F TUits tfore AR HERT ih

response to an dikplaySi gnalelt r anstingon, pasild | apadrridgsal dddanspdddn

commencing a fi j . i i,.d i .a first current
Ja%éﬁiﬁzgkge }"";%L% O’arn%'f: S cSQgPlé

sal d panel capacitance,

sal neans to charg

causi ng sai d panel electrodes to achieve a voltage in

second term na
electrodes;

driving voltage source means for providing a driving
voltage;

voltage supply means fcr providing a supply voltage of
a magnitude which 1is greater than said driving
voltage;

first switch means for selectively coupling said
driving valtage source means to said first terminal in
response to an input signal transition, said input
signal transition commencing a first state wherein,
during said coupling, a first current flow occurs
through said inductor means tc charge said panel
capacitance, said inductor means causing said panel
electrodes to achieve a voltage in excess of said
driving veltage, at which point saié Zfirst current
flow reaches zero;

second switch means for selectively coupling said
voltage supply means to said second terminal and said
panel electrodes; and

switch control means coupled to said irductcr means
and responsive to current flow therein, said switch
control means operative during at least a portion of
said first state to maintain said second switch means



panel el ectrodes; and switch control neans coupled to said inductor means
and responsive to current flow therein, said swtch control neans operative

during at |east a portion of said f mai ntai n said second
swi tch means WO 97/ 20302 I"f"”@u "ﬁ !{

PCT/ US96/ 18375 19 in an open conditi*ong inre
signal derived™P®R#8%i d i nduct or means, to cause a cI osure i%q@%%ﬂséécond

sw tch neans at a tine which enables saig second switch neans to be fully
conductive at about the tinme said first current flow reaches zero, whereby

sai d vol tage suppl ylms}peelueemglac&uc@ﬁed&me%efcendirstz&tsegnsanm laes
current to both said, dee,lj’[e\',(ze(til qdes QQdde%’&{?c%rC%EﬁEt {0 gl |1anductor
ri

nmeans. 2. The energy I cl én vVer CIlrcul crted in clalm
further conprising: CRRSYER U tSH SmE&RSNE oFWilette MERRE| §E cBUBHTH ¢ Isa
driving vol tage souefigbl@fnsdi@ Saedohdr séwiminm maknkn tespensefdldya

reverse Input si gnakoaa@%] | 99, aﬁéu@' dife €l g éQP&'tﬁS:'sQnéhr{-éx?@s‘htobon

commencing a third stat eréin, during sard coup a second current
flow occurs throughT&3FRes naBES or W%”ﬁ?ﬁcﬁ&#@e %t&gﬁarféﬁppééfpaﬂﬁat"énce sai d

i nduct or causi ng saﬂdrn@gﬂel saetesddinesetond entGliea yabplags beloarsaiod
driving voltage, aty, Poéa’fﬁels !LQ S£S aflrds tacfcl %xregqchgsﬁa{%ro
se a

fourth switch neans tlve y coupling sal seco termn and said
panel el ectrodes tol%‘§ﬁﬂ%c@eéPsconnDn potential; said switch control neans
operative during said third state to initially nalntain said fourth swtch
means in an open condition, and thereafter in response to signals derived

fromsaid i nductor neans, to cause_a . ) ] . _ )
2. The energy efficient driver circuit as recited in

claim 1, further comprising:

third switch means for selectively coupling said
driving voltage source means to said first terminal in
response to a reverse input signal transiticn, said
reverse input signal transition commencing a third
state wherein, during said coupling, a second current
flow occurs through said inductor to discharge said
panel capacitance, said inductor causing said panel
electrodes to reach a voltage below said driving
veltage, at which point said second current £flow

reaches zzro;

fourth switch means foxr selectively coupling said
second terminal and said panel electrcdes to a source
of commen potential;

said switch control means operative during said third
state tc initially maintain said fourth switch means
in an open condition, and thereafter in response to
signals derived from said inductor means, to cause a
closure of said fcurth switch means at a time which
enables said <Zfourth switch means toc be fully
conductive when said second current flow reaches zero,
whereby said source of common potential forms a sink
for flyback current from said inductor means and



closure of said fourth switch neans at a tine which enables said fourth
swtch neans to be fully conductive when said second current flow reaches

zero, whereby said source of common uﬂﬁtmﬂ a sink for flyback
current from said inductor neans anmmﬁmm , *Il

PCT/ US96/ 18375 20 provi des a di scharde path f'br *sai’d panel capacitance. 3.
The energy ef fwoisertsoxdri ver circuit as recited in claim1l, wWRETRISP/I8315d

driving voltage is about one half of said supply voltage. 4. The energy
efficient driver circuit as recited in cl®®@m1, wherein said switch control

nmeans is inductivel rggggégda hgsggég?%]r%q%t %Birﬁa?nr&s?aéel e 8‘30@59&’@

efficient driver circuit as recite ein sard SWtch control
means i ncludes an upper sense circuit which, during said first state,
causes closure of said second switch neans only after said panel el ectrodes

mani fest a vol tage t3haghgx%§§%§, g_.alfgc?%h.vi&g ng Lags, and, befate.saj d first

current reaches zero I ci ent iver circuit as recited in
claimi, furthefr&dnpri Berpimasat y@E&ﬂ?ngigPﬁF?ﬁe sy 2BPEt onenBeyfi 3y

resi stive dissigitd mnpptgnsoxungm ed between said first termnal of said

i nductor neans and said voltage supply neans for providing a dissipation
pat hway for said flyback current. 7. The energy efficient driver circuit as
recited in claim2, wherein said driving voltage is about one half of said
supply vol tage. 8. IheTbeequxgyfbEiﬁehenﬁrdnmmerctirnuix as recited im claim

2, wherein sai S 6N GROFLQ] JTRANSWE Scih NAHRLLY eh¥a ouRl edahor Al Y,

|nductor nmeans. L
coupled to said inductcr means.

5. The energy efficient driver circuit as recited in
claim 1, wherein said switch control means includes an
upper sense circuit which, during said first state, causes
closure cf said second switch means only after said panel
electrodes manifest a voltage that exceeds said driving
voltage and before said first current reaches zero.

6. The energy efficient driver circuit as recited in
claim 1, further comprising:

a flyback return circuit including resistive
disgipation means ccupled between said first terminal
of said inductor means and said voltage supply means
for providing a dissgipation pathway for said flyback
current.

7. The energy efficient driver circuit as recited in
claim 2, wherein sa.4d driving voltage is about one half of
said supply voltage.

8. The energy efficient driver circuit as recited in
claim 2, wherein said switch control means is iaductively
coupled to said inductor means.
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The energy efficient driver CII’CUIt as recited in cIa|m2 V\/nereln sai d

switch control neans includes sense circuit whic ng said
third state, causes closure of sal d l@m' lMEns onIy after sai d
panel el ectrodes nmanifest a voltage said drivin voltage
and before sai WE¥EMI current reaches Zero. 10.° The ener gy ef¢T ?’

driver circuit as recited in claim2, furjpher conprising: a fbeack
return circuit including resistive dissipation neans coupl ed between
said first terminal of said inductor neans and said source of common

vol tage for providing andl 93/.0gli ope PAINEY-{OL: A AL LYDEGK Svekeah.
laim 2, wherein said switch control means includes a lower

sense circuit which, during said third state, causes

closure of said fourth switch means cnly after said panel

electrodes manifest a voltage that is less than said

driving voltage and kefore said second current reaches

ZeX0.

10. The energy efficient driver circuit as recited in

claim 2, Zfurther comprising:

a flyback zreturn circuit including resistive
dissipation means coupled between said first terminal
of said inductor means and said source of common
voltage for providing a dissipation pathway for said
flyback current.



