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stability gas discharge |lasers for use in

manuf acturi ng processes involving treatnent of
surfaces and/or substrates w tth | aser |ight over |arge
areas and at high repetition rates. RELATED

APPLI CATI ONS  TRiySTEM ANSPRIEAHOD FOR REAL-TIME

conti nuati on-¢O:-RRVHERING-OF MAAIPHIPE B A PRRIBETES NO-
10/ 722,992 entitled VERY H GH ENERGY, H GH STABI LI TY

GAS DI SCHAREGE LASER SURFACE TREATMENT SYSTEM filed

Novenber 26, 2003BACKGROENI OPHEANVEN EONCONTROL

SYSTEM FOR TWD CHAMBER GAS DI SCHARGE LASER, filed July

30, 2003; of Ser. No. 10/233,253, entitled LI THOGRAPHY

LASER W TH BEldvf BELINERY: AND BEAM PO NTI NG CONTRAL,

filed o n August 30, 2002; of Ser. No. 10/012,002, now

U S. Patent No. 6,625,191, filed on Novenber 30, 2001,
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e g Br AR 5g by G s AR g fombinea

54B88Als; viwaly ineitive) 9y meltmnglndws lGe®in Featugest ofNan object that are
gust 29, 2001, entitled VERY

N&M@%ﬂﬁ?“d’r@%@m' ER, HI GH REP RATE GAS DI SCHARGE

LASER SYSTEM wi th inventors Myers et al., published

on Aprbl 18RrqA0PA+ Pub. No. US20020044586A1; U.S.

Application Ser. No. 09/837,035, now U S. Patent No.

6,618,421, filed on July 30, 2001, entitled H CH

REPETI E N %Tlgd (eBiandek S%&Eieldﬁ%tﬂ&yﬂf&qﬁgg%esﬁnﬁ%ssgf two-
TI M NG with inventors Das et publ i shed

rﬁhfg%fﬁ@a%l;@ﬁ or %@?zdlmp%qn%@tmowlw da@sveﬁo‘@lmq omrhalat:set may
angvd hﬁulﬂk%l@ Cﬁt&?oﬂfe@ Sreﬁlfese@lhhgrqlff hiC BhREAl I’ﬁ bfi¥es.  An attribute,
i ncor porate ref erence resent app I'cation Is
r éplg@tg@estr%fegﬁi lArjlé pidata valge rg@cpsentN@ partiqargyy sigd PropysTeHED object

Al
SRR O ORI G PAL AR a
200:h laﬁddqs(éZSémomm vadessi die Bwptiomef, an agib8Eds tEpRsented by (x, y,

R, ET R e REARI, E5 BGBE dr y

REbcATIOnVEeY thEe| a@BButPROMIdY] 2y, be Ak prossnéys (DO kepredsore).
2002-0042-01, also filed on June 25, 2003, Application

Ser. No. 10/036, 727, entitled TIM NG CONTROL FCR

TWO- CHEVBERedisg fm@wm@emsemasmmmhyf (A seammer or magnetic

%%?%@2 61%%1 éz(t ! t it Qseégcpé)_m%%% %%Fgg\/f g}%losli_c 1§L.a§e of some

V\IsﬂﬁelleN@t&(EE@PBm POty HywicTlly RDREDH@XIR &BRlindté heta determined

TR N T S -

Dis§@H&RGRd LapSERont | anettlero attribateu aBpr 3:1am12|6,0 8ne andbitt® representing

SE I\I%&OQ/ 84 O%%E%E?l | ed . OB!PQ{\E%Y Z%Oeplg@ae%t itl %?Ler attribute

V\/Iretpiﬂesblitm%rﬂr@m&e ?:Ngglg Osglgé écgléuqn. pla}hb,l tﬁésl @tdguisJofl aypaticular condition
Pub.. No S) a 0.Ser.  No. . .
?Sfﬂlup%ihesg AR B R e 4Dl Fpnglagibute at a
%M@WE@UBEAM PATH W TH ADDED OXI DI ZER, filed on

May 7, 2002, with inventors Pan, et al., published on
Novenber 14, 2002, Pub. No. US20020167986Al1, and to

Ser. No. 10/036,727, filed on Decenber 21, 2001,

entitled TIM NG CONTROL FOR TWO- CHAMBER GAS DI SCHARGE
LASER SYSTEM w th inventors Ershov, et al., published

on May 29, 2003, Pub. No. US20020099269Al1, and to Ser.

No. 10/012,002, entitled VERY NARROW BAND, TWO

CHAMBER, HI GH REP RATE GAS DI SCHARGE LASER SYSTEM

filed on



Novenber 30, 2001, now United States Patent No.

6, 625,191, and to Application Ser. No. 09/837, 035,
weniosoleas H GH REPETI TI ON RATE GAS DI SCHARGE LESERSADI624169

PRECI SE PULSE TI M NG CONTROL, filed on April 18, 2001,

now U.S. Patent No. 6,619,421, and United States

Patent No. 6,016,325, entitled MAGNETI C MODULATOR

VOLTAGE AND TEMPERATURE Tl M NG COVPENSATI ON Cl RCUI T,

and U. & uRatket oNQart®, 8430 eishR! iduh&tle is used for exploring the

LASER- | LLUM NATED STEPPER OR SCANNER W%‘

SENseranerEgFelaeK, of 28 £aul fergatiam d 4n rpderetourd exniwmmgxcz@s, seismic
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DlagCiiREGE bhyasERiogtaphs d Toe stiovegripgs r80rd 1@3Bne of 8rival of seismic

' ' | G4 T
S A SO A DR ST B o
Naime2F03ve€) DO theGdavesathcbug tHd. iBeriGatae bt cdlpq:lhted: arid wad Bemeasure the
NQ. O./ 097 t| d EOU LASER, .
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6,22 8x@@3tionenn tifddre BEHldrABIEa IWPDIdAR RRQDUCTIEOMNd underwater

(D ToRongl Tk RGN, e, ST i e N —

Wphttinilde Hevibdinbt RloEX¥HRe 4 Balodh etse s Uhe Sowfds dolinc@f off rock layers
whi ch are hereby incorporated by reference. BACKGROUND
orelppiEthe N ENARCEIRNE HIfR PISKESh tPr Bh dfies sfrephoneseTdn Jeithey gpplication,
W%{llisuf‘fﬁt‘é%dlhﬁﬁtm}'@u‘agﬁdrefs Qat fodp ol §@h 28 £hlts ahd thQs are mapped by
stal diode ("LCD') screens that are conmonl y found,
%ere ‘E?FIV‘I‘Hb‘teép conputers. Polycrystaline silicon

(Pol y-Si) TFT screens are brighter and nore readabl e
t han, ﬁhg" armrq%g a gl licon, (aSi), TFT_LCD screens

but canc 8 2Be REGCesSRY) 1 BFPIBES §Th¥plame afosels. A 3-D

expRARIdde set B RatetupddrevbRele W veRfnle claMattd ﬁ@hﬁg x y, z coordinates.
manuf acturing techniques, an in particular,

%Y%%prmaa@trﬂﬁqcmgwwaaedgﬂwee) pEsoBiaied iy some measured or
| IcAlchibd ﬁﬁ‘}%lchf‘prt)ﬂib?tycdﬂ faRichidr A¥aionalH m PRY f E&ﬁéﬁida gata values

technol ogi'es. ‘Anneal ing of the outer surfaces of

aSIChLdG:BH@IJ%? rPhasss frpquepels padh sqmplapcer Diffesent dptao\@@@s are stored in

bgﬁfﬁ:ré‘nﬁ 9Ip JolRAP %lcltacgbé %ﬂéfelﬁ %ﬁél‘?§ PG d Bz Q?‘tgjéf)rg%né rllddlfferent

inrelation to attai nable manufacturing yie

wdhta valewnlnt erdessto Priyzamegaini geglogisalgstrucfuoes tefeared to as “events”
nﬁgﬁlﬂ‘&hbr? @ro{ﬁf (il(lﬁ%r\%ﬁt fﬁs\%lﬁf-é ggela lséat?‘inu?@ﬂ‘e%eggra%gr %Xaﬁed i) Prder to

n@h@mltlmevgras di scharge | asers, e.g., to cause

| aser-i nduced cryst aI I i zati on of anor phous silicon

(A-Si) to produce, e.g., polycrystalline silicon

( Pol y- Sprjain wﬁh@qlms d@éfs beenggnyelopesl ipethis Belé deraimmgingrmulgple 3-D

a t a

qonaRERRaLLEHh & SnloReYl Shonli5n B, Bbul lngitbinP Tibations. One

apyannie dnsludes ghe, tef:hrmuepla]’q)hshedug plraykeading| Edgaecalled “Constructing

p f 10 bt e . required ..

e>ﬁ<: gﬁg I e%?séegso kgtb g&{]oxgn dr%ég nJreAg%Leqs g tS%quéle §pmbines two

vi3d3vvalud1ehdageh sgps xeh sifle dsplay alheneby Inastndnhg ed¢ls ptigival 256-value

AP S0 09 B LOBET RO RN et e e s,

I ﬂ’,@ﬂdfdra,l’kign[fﬁ:uﬁt@ ie@iced, NBerébytliniiengl @k @biipne Mistidfuidhl @ftain events or

ays b ablin the i ntegration o
30 ?r%gthsﬁsst of Ble@? fhemctnrvwwﬁeldmttw Ebinge the display of
plt\% £D volind @&l &ﬁlka@rﬁn@ﬂ«)(ﬁ‘dlﬁé'@ﬁtgiﬁﬂbﬁté’s g0 rdaling some data values
ei ther by | ocal | aser annealing in the circuit areas
or by a nonolithic approach using Poly-Si for the
array and the circuit TFTS. J. Yres et al., "Low
Tenperature Poly-Si For Liquid Crystal D splay
Addr essi ng" Philips Research Laboratories, Surrey,
Engl and, ASI AN TECHNOLOGY | NFORMATI ON PROGRAM (ATIP) 1
1 May 1993
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the particular material being treated may al so respond

to the treatnent, e.g., annealing, differently at
walrdosmrrem center wavel engt hs influenci ng t he Bel/E81000024169

of the particular center wavel ength. Gas di scharge

| asers known in the art are not available for

providing an infinite spectrum of center wavel engt hs

due to the physical and chenical reactions taking

PIn@EE tafsphddft b BihBrsanbhid Rthdigud l?erco}n@sshlﬁgna%féaﬂ%r more than two

bei ng dictated by the gas(es) being used in the gas

|a§@aﬂ?sg9éecqn%bﬂle§ currently also well known that

exci mer or other gas di scharge | asers, part|cularly

Xenon gnll or| (Xed ) hal ggen gas _di schar | asers are

User ul AReRertp BT ESeg o SR PGSR o3 881U Cald sets I the same
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as the Lanbda- Physi k "'STEEL %ﬂ

t
5 é{;méng |r§g¢ ‘ufé@%@éq‘éé’. heriathyrefersnce. (Rais eprlicgtion dsogibant techmque for
Stcéikﬁbinir%eéj fifsp %[9 X/oﬂigl%Qla'iﬁJ se%’tr@ﬁ}é4eh&1‘rgda &1 A8 QJW& second 3-D

310W . Repetition 300 Hz Pul's
Dtyp]ameohta(ﬂeylfﬁpreseﬂwm sgzond sttnwtd?mlw&lmeﬂham@é 3dp @plgyle data set

Stbgt%lolnkgﬁ/n (e’g%ct? 52 ?%aﬁrﬁs ﬁ%’eé\@?& rﬁttﬁﬁht% g\?gt%ﬁ%}é Wg@;/ zl gltg%ege&ted data

Bealue Binge orsdrivers. Foygach dEtV\I‘vMJé wherf tienerbemmrenet, » ﬁ¢s4 Gclected data

10 3?]%&?’5 1ns%§f cgﬂ% mp%? i %ﬁ%qeg ro%‘é,ln & ﬁs{ltl(h ﬁ%cp g%pegtl\fe’\{{ata(v(aiu§ 6n the e}xhanced

FBHMol(iine dath ISﬂlTFbI&Blmh dath Vlue<@helb the critedia hie wot agkt, @Gascond selected

Lifeti .>. 40 JsesEx ted e
oGl 15 oot 3o BlicR R PBET i JRE Fesn e, g oing i the
| 2flehcede3-D. vollmlet Jmtzab@ UtThe Iu@%éle&@@ tzta PElE HafBRGElatell S0 the first

Just about at th f the or mance requirenments
Gttty Puhe BEUL &‘ﬁ?cgeﬁ‘ %faagﬂéues B P flaied torhe sqeend attribute. The

g eqakiab irtdge (§ heenbinddd DD Wikl @hA%Es MRk al8mbRbtion or hybrid of

1250mm x_ 1100mm wi | | _require nmuch better performance,

e . oristha et 3- PaV@EﬁmeéH@rsgr wd the speend 3-Bpielunie s seht Asa result, the
Waktr£ proRkd ?' M ESMED t@%@ﬁ’éfﬁ& QhS cARanBe S SO BdtY set causes
beam ro erfies, etc. he requirenments becone nore
sﬂ?‘?fﬁ"g‘éﬂﬁ?n delays andy perfqr@laa‘@v%lﬁm 4] akuriharmedre.dihgspprayprocessing
t ?&Hﬁl@\h@i@éomgrognsed g& §S§os§}"’b§f&@\§/ﬁ§h lc }Frgf?fslspgatb @roﬁl' J seismic
to, e. mm X 1100mm e. aser energies
r @tﬁlmbmfeml axflgr|to nm@e@agféeraaelsma@:tnbbgc aC(fnamugrrﬂyotheteV\is 2 sigmificant
#sPH B&: vidAL A Bﬁ%oach suggested by sone, e.g., Lanbda
ysik 1s'to c ine 2 lasers, e.g., wth a beam
honogeni zer to conbine the two beans fromthe two

| aser sy m%iéﬁﬁfac Eﬂibﬁcéiﬁﬁs Qgchglqluéssﬁv% bebn HeveldPUE td BefiddSurface
addition of the honogenizer alone, increases costs

arigtéﬂ%ﬁeﬁtwg) o inspistate eiticato Hsenehbightng aa/eroshadiog decbaigues.  For
(9 %{]&1@ v%%ﬁ&o@ute?%&ﬁﬁ%? ﬁglh a&n@ q_i%:ql%g{lé/ &Jn%‘;&% hs%ﬁ 1s texture

|na 'tion tot I zer also
camtppleg Twmedfplﬁﬂm\efcxsrtb ibgupa twrorkdesf grooee of athnr irregularities on

t I wn liSCUs o . .
&F&g?sa Jr‘%m%fia §urf\?§es aIF SEf 1Zstn‘p’?j AR sﬁg mtalg‘ﬁfé n%lﬂ]aﬁg surface
f oeoguladities. M xffevg thesé\irerghiadties| ans part oft the odmpPkty gé@sstric form of the
Exgi La - 1983, .C. odes et al. Eds., 172- )
8ot g GRah S, re SRRV SpaL St anipe e dRPn gl diggobiect
I Cofdventietal featureMﬁapplr[gt tecpitpeshave IENKdSwh b agRIthdaEeGa9urface
wever, the product was i mediately

A t echnol o
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There is, therefore a need for a better solution to
the increasing demands of surface and nmaterials

wo e@avnes technol ogy using |aser light, e.g.,PEDUS20BH024169
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anneal i ng and/ or creation of, e.g., poly-si on |arge
scales froman A-Si coating. SUWARY OF THE | NVENTI ON
A gas discharge |laser crystaljization apparatus and
nmet hod for performng a transformation of a crystal

t [ .
B o R i ISl oyl 6§ 58em wi
sSyREAMew ﬁpmmgnlmgeferaedftp a%bulm;a@mpmgm t conprising, a
first and second gas di scharge chanber; each with a

pair of elongated spaced apart opposing el ectrodes

cont ai Re@P indpRing i repleingdriean ardglen wigtearbyeMory Kilsardgentled “A
dipseha G b
chanberg@%%%?%@?ﬁgﬂgbﬂgﬁggen&gﬁﬁﬂgqhaﬁqeﬁggg QEFggﬂgyﬁkanb
t @highdeineerporaisd herpinditrefprence. dieiscartivlenbome mepphing is described as “a
0 gt C r e.carr

o%wg;n 5§g rgn&eElﬁ;fg a@é%tat koraga@ugagmg @@?ﬁ% ﬁtfec@ et b§ Dattern
cumgu]astlwgtzn caheli)@spwmth swfaces; Kdgdndrstl. dndodingee Eigard, “bump

c SSI on and.vol 1 age ste
CRd SIS, S0 R E B “RntiPubh bl i sompplgriy and
I exeest of\m)delmg:thes paifems ag tmqagaosmn@ rinibhiions tage surface ” Kilgard,
fractignal up tr nsforner ving .a pluralit
P Y g BaimREaTe ot P GG BTyt FgPng tochnigues
Serpouddiby J thﬂ;d’ﬂﬁ@ 1D 287 dgcdnbicierdBlp n@R€ Bxpehsi¥eBan those required for
ndi ngs, and a solid state

pluralit rimary w
t F‘?’ﬁﬁ'etto é\/& dd“f%‘ ‘}éa{n‘tpﬁglgr f84ALP-@ndcont rol nodul e

operative to time the closing of the respective solid

t at tch d t f the
7 eapech U8 P PRR AR EReRN Jk € BIRBFLE By oo decades o

v eifbragiates bapp utplpptng Gutb ta foom ehftattd farpRFdEr® inglEméN&ion, Kilgard
first and second | aser unjts [

t POPA e
CBITPTSE PO TR MY BTG PoPBrCBe Qs buggmapping ino

Sl @EPs! Tirpt O Petfibed sBifatg InBroful Es(kl&nplu@ae Théd, ﬁ'l‘itghtiﬂ‘ﬂ-ﬂ;l cdfhputation is
beam a POPA | aser systemrelay optics

op&fETP %Slt&athapt@éltedém#rf:fé 8Pt ‘p}ltﬁse DS |mug¥h e pstfpreed at each
bearavkRomible &ra érﬁhfilﬁﬁﬁf—mh'ﬁeﬁ shriflc®. kPgurgecond gas

di scharge cha and, the timng and control nodul e
operates to create a gas di scharge between the second

pai r oAltieuglet Kidess Wit €echhiqud inift beUdupblile | 6 Sfimhla@dY surface
pul beantls éran3|t|n t he second, dlscharge region

ﬁnt‘tﬁsl}gﬁxw PR ERentati Sofatﬁla, gggmgtrlp@g@lr RLRS) lﬁFi?ng not address

Omtenfse of Gkl Qighti®; OdcRUl DQBIFRish 3BMhaih ifHnREs 6f 8RLBRct that are
pul se separation . in the conbined output a presel ected

t f,qt;étalmayg inglistiggshablg apdinot sepEseRtativg| of t}@rtsyle gemetEgpergrbations.

pul se stretcher may be included, and timng and

C o P o AT B R EaRAER, 0 * o'

tenperatures in the pul se conpression and voltage step

R andti g Spesalatior el JFEMNT s A el o ppyng e

décaghizath paagei off Imypltipdd errabutes V&pmemfngaZ-lﬁlldrl 3- Dhahjaetﬁ edIn one

| OB, S BAEUOR TR B o ik Pre SR TGP Es and

viepitsants ane peopbag e 6b]éh‘t. thecpieteiblteig¥eotet Gidin the Same source
2A shows a bl ock diagrammatic schematic view of an
enbodi nent of the present invention; FIG 3 shows a
bl ock di agranmmati c schematic view of an enbodi nent of
the present invention; FIG 4 shows a schematic view
of a solid state pul se power system according to an
enbodi nent of the present invention; FIG 5 shows a
nore detailed schematic view of a comrutator nodul e
shown in FIG 4 according to an enbodi nent of the
present invention; FIG 6 shows a timng diagram of
the charglng a peaklng capaC|tor |n a chanber nDduIe



an enbodi nent of the present invention;, FIG 7 shows a
nore detail ed view of the conpression head and chanber

worp@shersshown in FIG 4;FIG 8 shows a bl ock PCHUSZN/024169
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schematic view of a timng and control nodul e

according to an enbodi ment of the present invention;

and, FIG 9 shows a timng diagramused in an

enbodi ment of the present invention. DETAILED

DispehlittdsNa GeprEdaimk b2 p@@@bmo% ekhe ARAIESSI tat‘trlbutes may be
i nvention contenpl ates extendlng flcants assi gnee's
exXplesteth erending pr dieigyailshle sQEre e tflb'tt?ﬁwol ogy to, e.g.

XeC lasers, e.g., for surface and materi al tr eat ment
appllcatlons In particul ch a_l aser, can be

used t & EpaEw isieeeated J3ing IVP’E‘??Se%"‘Bfe“ 5 thg ﬁﬁba%r%‘f ceffethe second
f QFtribaé. g?heaﬁ&ﬁalaiﬁﬁﬁ@dbﬂi‘@d fRnOthe d&th vhlhé repra@@tingling Br-&Y$ second
(TFT anneal i ng) t he Lanbda- Physi k* Xed 1 aser

1 afribuig) degejnafist el ua%dv’@g b uig, 3 tﬁﬂsé‘i Excopgtruch Bighting etfects that
P, ?&v@d@tan iMKEIA df ABight, i Qﬁn@%&‘ﬁﬁe&ﬂn@bl@rﬁ%&ﬁéc@(ed | aser

|s di scl osed t hat can be opti m Zed, for large

area annealing, e.g., of 5th generatlon glass panel s,

e. d., hodrddrlia@bbipianghorel h&ﬂﬂa@)’lﬁghtlﬁﬁ SFRecD b QiAo 288 N Hph to the
to the resent invention js hi gh eff|C|ency beam

de&/pitiges fatifonsiraith e plaafr sugfags ¢ of the Ppdpalying GHE P End the vertices that
f lobRRa®: the- Grres oﬁdlh?epléflﬁf 'ghl@zfcea(gf fkongRtethas! iak. a result a new
sever al hundre imeters long and a frac ion of

micPeIHiRate spacgjipiereated gus, formingrn matgx shagih copasnaly tkerred to as tangent
rq 815185 Qb PESth he substrate sizes
mo%#gﬂ?hgreégg to 1%5 E%?@ﬁ%?%%hﬂ]Thls woul d drive up

the | aser energy and power requirenments by a factor of

t WO, t Phe? ddoRir SOmbIRE, IPREAARE Qhﬁé&%%&é 86ty da@REA ambient and
Physik is to conbine 2 | asers as shown bel ow. However,
u§tfﬁt§? lightings effests; (uymination) &ssthe ngrmad ovapuRfen B8 variex program is
dapichhd b BihBS BREbALEchddRtibE WhiQPirt E&nﬁh&?ﬁ%ﬁ{? B $nhanced
nore conplex According to an enbodi ment of

pRBassTePIEseang the firsh ppd seeend: aitribvins. dwplinmeanngt.ithd ceaptiigd image of

Ofth e@féﬂh%@(?tgﬁtflgﬁetesl gedl 1%%22&61}& r}}éﬁﬁhhg %Brta%% gf%%%ﬁ% of rthg' object

AGWSGIW@ by othapastribuetan tthkt aea/auwanhéibs irakntingiismbleeiny the natural

Si ghmerci ally practical |aser oscillator based

dggggﬁn%annot produce 2 J/ pul se due to the

requirenents for a very |l arge discharge vol une between

the el gioRlesmbdaihli Qs fthﬁe@% ae doyi

exanpl e, tohe Ener éy/ Pr esstur e E; b‘rfat? allgq? éfac&fg highlighted

| &% elteyingdighpng eneifinanes Iyplmsenm;lg:thetsmcul@v e/ awj difffiusg epypponent of an

hi . a

Sl)llrg%éﬁr%g} fi esEc:S%Ircg bﬁ'ﬂe g(gjlg?vttﬁeer 1%%1%1!6? Qfgﬁblﬁerp lﬂ’e r%ap%?g\@ bo alter the

3@kvientomel dra”yseohgtymg @ﬁ@cptsi end hlgﬁllgrt h;axtge fgaantre@bf ﬂreomhjmkt as the
t mosphere total pressure. Such a

dcg%ﬁlﬂlésnaée%dls\&ﬁg CIEa typi cal discharge width of 2cm

woul d require the chanber el ectrodes to be about 1.4m

| ong, Aas S L egLr l.

one rre?ler gg&gbuo?ﬁr}réeﬁlt L l%o@%e 35 @Eﬁ%ﬁﬁveiye ?e}ogllt]@{ed or the

| eprgbihed gnagots rhe;aestltﬂl)erdtmd fatre\teela@teCt fratures @f dresobfet) represented

t e I.Mpr ac: Lky 1.0 hanber | ength that

oS0 Gu . B0 TR S o R E KR S O P vores

h ird])i’qser&'mg uthes figsn Chtt}mbutb abxicymb edelkly oshiadstj@nt shadoviddo weliile others

s and nce I.s ues and
e§‘°t ‘?ré‘t‘t"“‘i ‘H%H © E%owe ofsiee 3Bet e { gas %ﬁﬁﬂi’oﬂ@em is
very close to the maxi num of 1. 7n1beyond whi ch the
| aser is super-radiant, i.e., the anplified
spont aneous em ssions ("ASE') woul d be high enough to
cause problens, e.g., loss of efficiency due to very
br oadband ASE outside of the natural, e.g., XeCd
bandw dt h around the center wavel ength of about 308nm
The present invention contenplates a multi-chanbered
Iaser systentconflgured to dellver the Iaser output of

o o o o o N a o o Y



power |ine narrowed | aser output of the oscillator,
referred to as the maser oscillator ("MJ') is then
whe@kby2anpl i fied in the second gas di scharge PEBE82004/024169
chanber operating as a power oscillator ("PA"). The
present invention contenplates the two chanbered | aser
system being configured in a power oscillator power
anplifier configuration (POPA). According to an
erthestoree RbefAf fol REhDCHS Bbgds NOFERlct Ot §AMh SHBED@KISh, in their
may each have a 3.5cm el ectrode bet ween el ongat ed
e|T@Bi3l GHEE NNty g Rdistingyishabled g %e rest; ehythg opiggle rIn this manner, the
0
A S R
saturation intensities are around 100 mJ/cnR2 for a

100ns  pybisfher eﬁﬂ)@dﬂ@n@ fild pdrpD@Y I@BHJg%engh@ iR ERHRiveRo controlled.

which is typical. The Iimtin actor for efficiency,

P
S acksraipiseliis ﬁ hijng f@rﬁ%mqﬁréwef%fegttw the Bejghitof fhevhumps enddpth of the
t hﬁdeﬁ@&h\é%ﬁhéarbyetﬁé 'llghtﬁ&cé‘ffe&fpr&m@e@?)(rph g@gpl@lbgﬁﬁ 8% t}%rper—plxel
., hol ecular fluorine nolecul es, |"aser ot
Adwhtm@ heéghé llswtsw% b npimeal gyep jig @@pl@qlmfb ithe ertex bmstant and register
fl acted out of the
§§@Fﬁ§ %ﬁﬁgé?ﬁ&ggg%@ggﬁg¥lgésn e%bodlnent of the
present invention in the proposed POPA schene, the PA

ext ract] QA afdthdrEnfRGinenf Bnd6r AME e SftribiaNard @lécf(t}c)i to image

operated as a stand-al one oscillator, i.e., as a
10 sy’éfteé splechfspiures & the ohisrt i the reanser thisedesarived. e¥ifuiscindhis ymbodiment,

" B ek P ARG R0 bl S B
Ilght out put of the PO to the PA, can be expected to

delivem 3B QhdtRi ebodiiéht] BREEMIRETMAS R WRL&IVAY controlled
around 2 which translates to an ef ficlency

r dEaYsdapnsed) &t displry soledofpatpres ofniher eltitcs ap Jifédreny|lecations. In this
0$inhdrafh@arSdRiCR YRMhAed §RInHA S lsg%T&YateQie the Veftex program
el ectri cal pul se to the gas discharge electrodes.
15 onpuegistdr cpmbpisys galrg@phfain an«bx&heb@né»%rfedcn@m hwdlemi@wkis?d its new
| i{Qigh. beam delivery unit w thout the associated
| osses and conplexity of a beam m xer as proposed by
others. The sane POPA concept can be applied, e.g., to
| ower energy PWREFDESEPTION @F“i’ﬁiﬁ) i@iration,
the input energy to the PO and P"A could be 4J/pul se.
At, e.g., a 2.9%overall efficiency, the output could
be at Diie pet @ Spphichtipe il tdrsensakt laasmd)iﬁg dk’dv@riiﬁfexecuted in color.
etiti.on rate, woul d_ sti r.esul
S5t s Bl g PElpiteibPLcion BGcel o M GSAPT GEBIRELS) will be
20 a@wvidéaby EROffiddWpoaRédutdt YnBguy Rkl o thelrRc R peienent s of
the present invention to control very precisely the
timng etween the pulses in the separate chanbers al so
r ai sesThehiavgmiss iwiil b dyscabaiowith referémee aothe roeshhpmyihg dfawings, in
se i nvention t.o rate the |laser in a._double
o i S BBt B et 18, Rt qumBb: e i an

be a PO al so and the staggered pul ses from each PO

2SS s B PR g o

e igplem8Bing shegmebemiitfentiang dur ati on pul ses can be used

to advant ageously create, e.g., p-Si crystal growth

advanced nnbility and uniformty, as discussed in T.
25 Kudo, Bigural 2, is" Adlosn cliegrdna tibysgrhtin® pa¢ aimbGdiownh offa aneéBhod for

l. sed Irradiation of al
S%hpgﬁékﬁkg%fggégésmﬁﬁg Res. Soc. Synp. Proceedings,

Vol . 762, Spring 2003, pp 1-6. Ot hers have stated that
prior excimer |asers |acked certain perfornmance
characteristics to be effectively or efficiently used
in such processes, e.g., TFT annealing, due, e.g., to
| ow energy density and/or pul se repetition rate and/or
pul se stability, e.g., as discussed in A Voutsas, "a
NEMIEra of Crystalllzatlon Advances in Polysilicon

. - . .



b e configured to deliver mush hi gher power and
energy, stabilized pulse to pulse and including

weragoensed pul ses very precisely tined and sepeCHUSH04/024169
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and al so pul se el ongated. Therefore, according to an
enbodi nent of the present invention it is proposed by
Applicants to provide, e.g., a Xed POPA based on
appl i cants' assignee's MOPA architecture as

i npl enephRd ik B ca@p&rh@agliu@nﬁﬁ@s&mﬁm% Xk sREAR WG ahh&ﬁe
This Xe | aser, according to an enbodlnent of the
present invention would be a broadband (i.e., the

nat ur aFigaReldk b ustoiodraRinX@Wst @ iafmlitdda 864 sedntid) dAtQ adritug:;
narrow ng). Therefore, according t o an enbodi nent of
the present invention, the |ine-narrow ng nodul e and

t hewavEigeregs lis ardlor idmwihgiﬁltustmﬁ@umé regmdined piege of Both attributes

e.g.. in. nts assi gnee's XLA product |ine,
mﬁﬁPHmﬁﬁyﬂﬁéﬂﬁg? fed, with consequent savings both in
cost and overal | eff|C|ency The MO in XLA mould be

repl ac \ 0 n F

I B (:ong%"1 6 f%f (fcgﬁojf dﬁﬁk;@%ﬂhﬁtﬁﬂﬁ‘& ngc%m%?}edn%le © nglggreag] with the

t dight sonieé btm:ttdnergtoclm feftofithe ileagg. , a total reflecting

mrror 18, instead of a line narromﬁng nodul e, and an

out put coupler 16, all together form ng a resonance

cavi t yFigaie t lser iOrdgawing dlustasing thaicquehindd iglage o Higofer Dwith the
nt of the present

ggﬁ?ﬁg%ﬁ&@gﬂ&fﬁx%%gﬁﬂgﬁﬁﬁﬁg&ﬂgSSed t hrough the

chanber 22 of the PA 20 to extract all the energy from

the PAFigfhe g8 &Wrmﬁm% 1lfur§t?atf3 Q tﬂ@cdn‘f’olﬁe%lflhﬁgé gij&}ire 5 with the

totally reflecting mrror to an fset mrror

WW€@W0W@¢W@éﬁ@ﬂihémb@ﬁﬁ?fﬁPUn%me PA along a path

m saligned with the el ongated el ectrodes (not shown)

in the PA 20 to a pair of totalky reflecting mirrors
epEtr@ dR | ERngstion nyithh gresently

S BesHedletbedifRAS, it Bl BEGRIBERAIMt fis hienRE&M b h{nsay@l@ invention
the PA 20 al ong the centerline axis of the el ectrodes

( fdtthasp osarpedinenishe hakfbepntzzpy. ihhis cltepdeda i govdreall alternatives,
O dafRhti] i QAui{ i OHL IR vmhnt e n;P A% ihrBpgh the

out put coupler 28 of the PA 2 ergy sensors 30, 32,
respectively, at the output of PO 10 and PA 20,

accor dyPPAIERDESURIFTION O THEFRIFERRED ENMBODIVINTS

can nonitor, e.g., the POPA output energy. The

appl i cants' assignee's XLA product line has all of the

t echnoTlog yordsmt elssamyn smqiyp bet l,mpd}ang:ntedt hr&ng) mefdaxa'teo Nsoftware or a

f h etit
" sentinfion YRR B gty SroBRier e o 8 pEBREL YR arfeieggooessing
t @ysted. i Therfolldveing) ﬂ@ﬁanpﬁﬂnpd.ﬁ)h&nlﬁé @te@ént ARGHtiGIEE Vdriol €eismic data

formo f v hi gh e sten1llght Qut put

paltes it eats Chlae S0t i PETLapac O MBS SBBR g s o probe

t @adNpoBYt@SprisBC @B daa Yephaseéd b b(ey'tz atal Wit Eﬁcfh data value is
pul se power sy sten1nodu|e¢g?SSPPM ; avery jitte

i P%e“@%‘ﬁ‘é A oPRrRIAT SIS fadd 2t ¢ 2 ﬂ@éﬁﬁéﬂ@@yox@ éx Y, ). The
fe@érﬁhﬂvenﬁor? therdBR@, &ld tén?p%y 51?4 8t g bf mengarg\‘ﬁsfé%ﬁ software
e firin he eiec rical” pul ses to the elon

gaxsstem §@ﬂmng@s é¢ql}tft>¢ ¢ display ee(g aenipyleteythe iprobetas rﬁm@l in U.S.

eSO, O 0, 0SB AT ERMET, g o

pd)wgm byireflateneeo liorceemone . cgmpletet degeriptipme of thelbebe rdgugements, reference
r to an enbodi nent of the present

%@gn ﬁgﬁe%%ﬁ B@’gg%und 500Hz, or a 0.25J per pul se,

at 4Khz, i.e., in either event a 1000 Waser. Turning
nowto FIG 2, there is shown a bl ock diagramatic
schematic view of a surface/substrate treatnent system
according to an The out put of the POPA 40 could, e.g.,
then be pulse stretched in a pulse stretcher 50, if
required, either within or prior to delivery of the

Iaser systen1output Ilght bean1to a bean1dellvery uni t

——l pere~ 1 o o




magni fied i mage of the slit 80, according to an
enbodi nent of the present invention could then be

w@e@peced onto the substrate, eg., at a wor KSPEL/US2004/024169
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92. According to an aspect of an enbodi nent of the

present invention, it is very inportant that the beam
illTumnates the slit 80 corregtly on every pul se.

O herwi se intensity variations at the substrate will

resul t mialiditisreoUhd pdBe taBkdRStd, R ﬁé‘s’éflﬁﬁ%mﬁ&p gia¥ Bk €mplemented
proceSS|n% Thus, the active stabilization technol ogy,

e.U§ing BRI diebcperiarmanee gppRhignandepegsonal aoniphisr Aemmaditst hardware in
c Q)IE\J/I&E Qb idsh QEMﬁﬂeoéErﬁpgaﬂch@){aﬁgﬁés%@ apﬁlpclﬂedlﬁgd\;irg %rttﬁce personal

62 can be [1verin he required energ
stcampnter ipclude s@plaicm@rdsdﬂ@rﬁﬁy tmagketethbye MySBIAte md D#Ghz x86

t @tilizes
R AR B R R0 g,
e.g., active jitter/timng control whi ch, anong ot her
t hi ngs oAk Bmb&dSert Q)f g‘%gftﬁﬁe bp Ero &ﬁl%glré:) X %fl%l@ﬁ@l{tm% M Ppresent
an efficient, scal able and pomer Xedl
t heyen@mOw/sheyiyén Figne |.add rthesiwp evihpaegtan girnguiedl08ris an operating
e t caul ®
conf o Sl R Sierk B oo 2 LI RS or LN
2 Aperpieg sysibmsg V&mﬂcpwssTﬂT%@lda@eramdraangs«smms gB@rdRknown in the art.
each having a respective totally reflective optic 102,
102', such as a totally reflective mrror and an
out put Mesgné rinterface 159fiwareTHM etﬂq@m opsfratirigesysieps 10320 Menu and
1@[96[%){ s@ﬁwﬁt%fi(ﬁcﬁrg qlSQ’y tcg IOQ’IC@' q¥1oﬁse ﬁ’I{ ﬁﬁg 'a?(c? vJﬂJo(xgrto facilitate
to an mrror set at bfewster' s angle wth resp
t (mt@rh@lopowéw the aisdromndgp obkaén wgt pwnt ofd thelCtlomsstMEl@ aI@lOl,nterface
et ®

¢ Rt B0d bt T Rphols o6, X BE B MO, ana
V\mﬂl@empmmné itteace eoftvotragameiatly kwmumtmeyart 0 be
orthogonal to that of the output of the first PO 100,
so that the mrror 1lo at Brewster's angle wo;; not
refl ectt apig sgphich dibrase 446 amlavh@nenmn@umtptﬁace tsetiwsreviiO#] Basic
f atdpfits b 0
Pl PR RO DAt BB RS (A o S compute
ographics. AThe) fundtiony pletfplsrlesl@e/cbamcaaphm librdre 186 rimrydes foarsample,

SeLii, PP, TR o PP BEERD A

4 noder giewmgs fmolwmodelag| irchsiimtteonguliglaingoavelr simdihig] éidden surface

oF TN o Reb i (R R ThcPaBiinb 05T e g a mpspheri

TEI20@0g, trhekenkae), feodbask htseiestiquy; stemili planes fabhd tulMlatibiebuffer.
dual channel configuration of the SSPPM 200. This dua
channel configuration requires nmuch nore precise
tri ggeh paiticilndy tdeén bpsiegiaphiss Bl;ranyemé is @pglGL®utnakkemdmy Silicon
0 L S s _di & tge ddj t

C Sy o e R S AT IRE B ihdshd ot i
ZBﬁdwhﬂae wmwz @Ad ioperhingz SGtenc éndepenidantn MPEHGISY isngesamed to be

o Ol 8 PRTRA. KRR 1 R i agapeeancOpenGL”

t bﬁfoTEnM eaﬂﬂ of ale @mdoM3r Mydddabdve " oA \HAkiE NGhphiEORBrAGt 1080  Some
Suhsystem (not shown)

6 EEﬁJCE%Jca
%ﬂ B bfa.gﬁ%mtrwbwqﬁ%toﬁaeégaém a‘il(h%fﬁﬁ Fetirol how the
Ab]ﬁ Bcté e BhRDEAL A cleMehth 6f RSCPMGIDsiHRYeRE tLobMRS of Btk texture

whi ch can receive AC power froman AC Distribution

VBEICE ddhe SRBGby e gan beapljaineth By aeelipntaapnlicption yeing QpenGL®.
vol tage on a storage capacitor bank CI 210 in a

Resonant Charger 212. The HVPS 204 receives an ON

conmand from and sends faults to an LCP 220 in a Laser
controller 222. The SSPPM 200 al so can include an RC

230 which can receive a constant voltage fromthe HVPS
204 (and al so 204') and provide pul se charges to a
capacitor bank 232 (Co) in a commutator portion 234 of

t he SSPPM 200, mhen a trigger |s sent fron1the Iaser

ey N NN PN — PN NSNS




transfornmer 240. The commutator 234 receives a trigger
signal fromand sends certain signals, e.g.,

w0 d@sviPyi ng faults to the LCP 220. The SSPPM RODUSZIN/024169
al so include a conpression head ("CH') 250 that can
receive a pul sed charge fromthe commutator 234 and
conpress the pulse rise tine gnd deliver it received
pul se that has been further conpressed to a peaking
CRRRRGLOTanBARK cREP a c'ahﬁh hifa Fake/ 8n GRAGREL of Qiffefeht machi
fgﬁﬁthe Pg 1Q and Pgﬂl §R§Eafh %arr |ngoout It slnm:nws
p oEeAss, OpengHL vis | netrpek ftltanﬁptlfe@h QneeGEd nm«tsartlbﬂd inoaYe eletail in the

PPM 26! eggiNe | t.ag @

% %%L gg g§§ tgheglggpamlt{o? 2%%1%39@8@ 2%181 gh%dé}aénm Reference
t Mglgelr(lﬁl\;{}rﬂaiwlfﬁr?’@?ﬁ-t)h both CPWRISR ansiindvirporatérbhdreig by reference.
controller 222. Wien a trigger signal is sensed the
conmut at or 234 closes a solid state switch 254

5 di schaViuplgsimplatiap gepiec libery Hfhrvertngs thetbesig gbaphics library 106.
canani Litfu e israphls | i hUE -

The voltgge |?m§ﬁI51§%8%§ﬁég§ un#%?p 5 g%gﬂ&§%§§hpnme$ed
s\AHIP cvistiah sintwéation rgaphics capelicatians. orVigiaD ssmtlzmoat gsphagsdlibrary 108
ﬁf'oq)ﬂgg qg‘rﬁ:tlgﬂs t%g gfe tggeﬂ?eﬁ%?%h’? i bpa%? l§ta@3con 017%1nct1ons such as
e conpreSS|on 2 h I'rst
r diglting mztkﬁala,rtdxtmhearﬁttﬁpspa@nt:y a"ﬂ&fseafumetnonﬁ &ﬁck él'dtte snd the creation
di [ s. th ction of conpressing the

10 ?8%&'%F¥r§ﬁe nge (ﬁa% ‘i ncreasi ng the out put

voItage t hr ough the step up ratio of the transforner

240. I
Funct | AYIERIERL Yook Wik LA B REL AR AR (AR prpgrmer®.
i svhicdr isi avdilable fiby $GIS. c@pmﬁlat‘r"cufomlf) SEIPSItN gleaopenGLt®egkaph1cs
n and tra nttt

li”&%gsf dlggus; 55 éiééevh%t g H\;&eﬂg%? X uc gclg es twct) 6na%nh (1%%6 and libpr)
f tand foan aHsmqnged/lntaara:s ChAdpfdu Bbpt @) libpiue raﬁahhlmfuﬁﬂh e SSPPM
200 can protect itself by disabling the triggering of
the solid state switches 2%4 and 254' when a fault is
det ect &k basiswhPperngd- Reaformeroviethe Perfmmamppbndedng labrartydib@o) a low-

£ RRPCHS oA nthth dpeed fochtl sl BERaN G bEAE LM firfiics sate
comtwtl asiog Gﬁuﬁtatbse Q3 Bets lﬁt@ollsctwhwﬁdrawatdt geam&malthae @roup same-
hemat i.c_di a f the onnutat
F y@e %apslﬁcs V%n I 1§<Tys ]gl f es r u 1ntc1 Pn gﬁtab jegg eg['hfa GeoSet
Fréataibs hdgdontelre itsedf, baly $bmtees t:e\dataczinraiﬁdhdaﬂdizx&haysgll}hgause all the
i nduct ance s _act ual | WO r.al circu
20 BREGIAE oo S e et E snfe bR PEnRve B 4Smi attes, gimdine of
I ﬁtd)@@dleﬂﬂﬁﬁes35§erf&ﬁ8d al MaidBI hdr@w42e Gpdede EedStates provide graphics
operaté ns ugﬁto and ab e Q%OFE gas discharges in
Riateds BB@Fﬁ@é aﬁwgmemaa forO%9RESt i me required for
each SMAtCh 254, 254' to recover after f|r|ng and be
r eady
it o HsteaRoRiRbhs oG f s O iy it pumeybpgviding a
i htgllupérfmgnanée)rmﬂﬁlprdieﬁt aﬁtebﬁw ﬁeﬁcﬁbrﬁ§4sysfﬂn0dﬁﬁ bBtirkizés ,use of
Mﬁt respect

25 7 BT VOIS PG iea dhe dptabhe )i apsais LML P deslunetions for

Rﬂ@fmlﬁg“ﬁot'ﬂsgeorﬂ%ﬁ% afts 4 peaﬁﬁceaﬁﬁnb%& of2BD Gy ects%es state and
and for solid state smntch 254! | di odes D5-

§§15’élé]t31 e grasraies frjangles sixipp \ﬁﬁfrkgldegeﬁéqnu @plﬁéon 1nput The database
r ﬁﬁﬁ?}ﬁﬁﬂ)ﬁf@d Mseg ‘t’l{e ﬁéiﬁl!i\esfo lﬂ)E?udIﬂSig%ﬁd lﬁbpﬁ%um?@rt 'dat%zléle files in a

Cgenbg@f lnmstehsteeandeiatabass formais: Ehedibpfs frevpiey intestsbe Hbrary that
state swtches 254 and 254'. The respective solid
state switches 254 and 254’ are protected by the
series diodes and their snubber networks. The di odes
prevent reflected energy fromthe discharge el ectrodes
fromflow ng through the solid state switches 254 and
254' . The switches 254 and 254' are protected because
when refl ected energy reaches these series diodes, the
dlodes turn off and prevent current rom;through the

______ .. o o o o o, s

15



chargi ng inductors 258A, 258B, with an additional Cb;
as connected between the node between the Rbias and

wabiasirsd ground, and non-saturating i nduct orBCT/6%4004/024169
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and LSA 2 in series with diodes D3 and D4 and chargi ng
i nductor 25SB, and respecting solid state switch 254",
bi ased saturable inductors LS ', LSA2', in series

wi th di odes D7 and D8 and bi ased in opposite

digr&6des ®aadihg e1scRes fof %tlﬂ@ﬁﬁﬁlpﬁl@&ﬁlﬁ&ﬂ?p%gents tdp ﬁl@éi‘gﬂeﬁaces (C and
bi asi ng capacitor Cbhi as in parallel with t power

s Guricrogrpming kg geagey Gippdlywie dibphrid |1%fhen‘§}1hé‘5f hhliary that provides
or
b s &0 nfifnbith@ hulc! B RELRER ubtilolne ERRAGILS) op
wth an additional Chias ' connected between the node

bet weennt %hgﬁioﬁsproéfﬂﬁ mlc@s;sesaWemp %ﬁ”orr@é?@ and OpenGL® API
non-saturating i nductors LSAl' and LSA2' in_series

witymcally ped efploviBg sters it REEPYINEGOT Tsalctirao3-D288Rl simulation:
Al ternatively all parts of LSAl and LSA2 can be

sat ur abl e, %%: 6 ur sets of conductors and four
sets of cdor®8¥alizOps ey be achi eved by a single
set of cqre f.our. .conduct or I hr ough
Them The oqme Pyl e e chobe i pifpreessing

li nes and ndt* ljglffgthI’tWSiSP?ct‘ dlwaff’em FEPEt%5d by t hose

skilled |n el t hat .t he bi.asing arrangenent(s)
serve to pr8 [)herl?eChB?egsfn IHRIOGERS Ifl?cge mat eri al, which

al Lows T Rl Cﬁ;ﬁ#%rxstegﬁégﬂ%{aﬁ 9 LRgoQg! | abl e flux

swing of the materra BI'e Te eF of magnetic

mat eri al 5I SCfcngoJoB%%}xtl ong;f ﬁ%lﬁ vJs ag'r glrgcp% ol during

| aser operation e routing of the bias

net wor k thr glgl aﬁ(i“@onﬁgﬁr@‘disﬁla&§ha~'nﬂa95§1@lﬂ11reﬁo ensuring

that the solid state switches and seriés di odes have
sufficient time to turn off and on, respectively. This

i mproves performance and reliability. In addition, the
conmut at or Q@ th S@pﬁ@tﬂ"ﬁﬂ epxs'glaﬂl nes Worckied08), g@ERisdIS kéhdering
of capaC|tEr Cl wi th diodes D and, D1

. SRHTERegy gY c?é‘ﬁﬂ@% toah Siﬂ ug%&p%t&vm@e? ¢lg appijcatiqrq program
myblﬁay fBrated erdupd tmdﬁo»ﬁhg il hEon 18§ 6RE pbrItane? 0,
the out put of which is connected in series to the
primary w ndi ngs, single turn, on each of a plurality
of transflor@anpuody@msmics Niptte trb&eltrﬁa&ﬁt&ﬁ,@td?r;er 240,
having a single secondary w ndi ng passi ng t hrough each
of the cdr &3eldy witil Feaextifradienigs; 1- N of t he transforner
240 are connected through an inductor 302 across the
hi gh vol Bagéerfarm lagenoy erikicabview iy upflates; amdul e
i nt erconnect output 304. The requirenents for the
| aser syt diagadsm ng to an enbodi ment of the present
invention in terns of pul sed power provide for, e.g.,
3.5 J of eIectricaI energy per gas discharge
eIectr%f pul se to the(& egtrodes in the respective
chanbef CARivgly, Spen §feng P&h (158 el 7 BF abputloepaRegy sraphics
eFGArE M8TLOPen Scee Graph® o}mﬁ@!@ iP e S8mb Qﬁanhé}eas%};ehf}ﬁ Performer®,
pul sed power system according to an enbodi nent” of the
p PEYERE PrAg@miiRhtoots Haitishy Frsfé/g?wofwéa lasgehwyistyeahcomputpisplatforms.
r eer:. hi VoLt a se 0 gac
t Eg)léftl V\D%F Igés)pg%%qhve I(S: hat%‘ghed r SHi Tﬁ%eg?&s“c hzarnge it§| rr% aﬁ?bﬁe through
11V OPERfgS gpmsynchroni zed pul se to pulse to an
accuracy of Iess than +/-2 ns, in order, e.g., to tine
the delivery of the gas dlscharge pul se to the PA (PO
when the seed beam fromthe precedi ng PO chanber is
transiting the PA (PO chanber. This requires, anong
ot her things, that the pul sed power tinmng to be
conpensated over the long termto account for such
things as thermal drift and short termjitter. A
single HVPS 204, or for higher power two HVPSs 204,
204" can supply the resonant charger 212 to drive two
paraIIeI commut at or 234/conpre33|on head 250/Chanber

s o PNA PN o N T




time can also vary with voltage. The reactor 270 core
(not shown) has a fixed anpbunt of material, and,

wao b@seinse, the volt-second product is fixed. BET/E81084/G24169
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f tenperature can be nmitigate or even elimnated, even

at very high repetition rates, which ordinarily induce

hi gh tenperature flux to indugtive el enments such as

used in the |aser system according to an enbodi ment of

the prasemfi-deeRt éPRnddie Uaborhie110S6f &e hlaeent dRlhtth overlays

mechani sm di sclosed in United States Patent

Apiplcmpigionsgraphing libray, 87, oz masper ganewlixetehloknosmdin the art,
A Ustof Afera0R! (itg, MRONRTE & MhikidonE! SHRAT Su i

At t(ggﬁney Docket No. 2003-0051- 01, @W ed ocﬁmj?une tzl?sy,’ the visual

260sulatipn rapbiss dibeady 108, thhsic gmnhremhlag@i Weelemi and interface software

t h

¢ POt FERlide ofs ol 1 GETRY N AIERH 0263 BolBiuby; Bcfm 110

f noprefecbly-vriiéd 1mandobgss lomimlgi lﬁogammﬁngﬁmﬁguagdm raoW tle creation and

The transf.er t|

ks o BIRLE anh' Pl FODUORLS; Do ibrsiEised Shisekefiprpgamming

Cnmgmnﬁhdg+accounted for by the inductance of

saturabl e reactor SR2 310. The inductance of the

transfer fromGCp-1 to Cp is calculated from The peak

currenhlmejwammhhanbdﬁbymlpnghmltﬂhmnmatmw3ﬁbﬂﬂhmeﬂaaﬁaina

t t I anal s fallows:.

Tinfh B et IARPL B e AR, Do MBE Pl o gl S Piticutar g

25'éluma/i mdyshdm«té ol Hagtge a voluene, header tfélwed Myuhabaly dfslata that is as

I NN e o VRN N ST LT

r @tds&hb&@ uécpierhsavsﬁcﬁ a&s the fiN pathl@catidn) b $he dh@s&, ik Bindedsions in the
for this case, it would re uire t%e | BT to operate at
a Xn¥- e ¢ AFEFHoRY AIRQfRRuR For B e 2 it eyuoptipng fgy ihp data value,

The. qut Boty Fldata e bih@ SéRERDBIOf BAES 4n@Swhlytisclid® die 3r More bytes per
cp-i/Vcl. The CIrCUIt 200 may need to accommodat e

up
t &atedklueo [Fpg exagple, thestingt Pge snthe dpir velvgat aelﬁmwleq@e@ram 0); the
2KecohBytt [sARNSAR] ViRl o %lhl‘ﬁ@ ldé@tﬂ:lnch 09%dnk @het%ﬁird?ﬁyte Igl?ﬁe data value

ef fective capacitance, O Cp-1 as seen through

t PhYRYBE logatiop 4900k nWihen élalxaametse@ if exbavsteds hep then qlmcnsmn and
f

R R Rt R IRl any way
t teampreqular dgaf@mat o Cp-1 is, therefore: t = and Lsl is
the i nductance between Cp-1 to Cp, nostly accounted
for by the inductance of SRl 270. The inductance of
t he traesregramddfhfzcilitptes inputfransa gser fquidantify ope efvmoreeD volume
PQAK sGblkd &atror ﬁla?ﬁﬁ%h %eﬁﬁlsbyWthh§ fubdiey oﬁ&a@ﬂ@olﬁﬁ@sclts %Eed the
270 is required he voPta e on Cl unt

i datpNalug fongagjeaf ﬂmhplelrahgv af: d@tﬂp\rqlmdremesdm hedlffm@t physical

0] T

- BRARCEFAZkObuE 10 WENIR: BoRAbHETpIcE. BTRL UL RiRugy] By of

NdatEeVO(mqs Honl| mché@e gioldgy wlune, aatcbPenturd.volifhe, BBI = water-

A0 o Yo B N L B o ..

S emmsumadm;ﬂntmh) d]"hecmmis 1thcsted1patatutmﬁ>hDBe enptatekpidssed in the form

¢ e S e SRS R R G S5 SRartgn B form (s,

t begemirationR0THe ﬂiy&ﬁﬁl drgeogigphicRpacd d¥fiaéd byghe WdxelPin each of these
acklngﬁéﬁgtor = 7 The build of the core is

c 4P L T P A T e ARGHPR £ Yoo o)t e seismic
t bApSh@s whil@ B cdntdifedGRtHe YRS a'loﬁlkﬂeaihg Q‘er@%‘i’dtﬁt@ in §R tRfperature
Lsl. Stray inductance ca play a role in the total

i nduct ance unless mninmzed by design. Lstray = Lxfinr
+Lcl1+ Lpchb +L cable + L lead Lstray is a

conmponent of the required |unp inductance Lsl . This

Is inductance that is



derived fromthe nmechanical layoui; and is inherent to
the design and therefore difficult to predict and

we@omwsna254 but may be neasured and estinated. LBECT/US20041624169
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total inductance required for the d to Cp-1 transfer.
Lxfinr is a conponent of the stray inductance, Lstray,

i nherent in the transfornmer pra mary and secondary

wi ndi ngs. Lcl is a. conponent of the stray inductance
Lsfolumie, |208 &he WatdrQatuR@iok! in CRP G4t MR BAEIdYme. LPED obstation of
a conponent of the stray inductance, Lstray, inherent

t Pregian L1 descibedip geference e Figtss 2dipeali® board. Lcabl e

is a conponent of the stray inductance, Lstray,

i nherent _to the high volta e capl e (not shqwn)

nect i NG EHBSITMNG HEYF 2ad 048 jilyistrafech dor QQrfé%&Tflag multiple

C QRRBREY Th a@bmbiR&d By Thdolbking d6Rriptichi e RYs to 8RB Bithp mapping
to the layout ofttie high voltage cable connection

i idgosghmsiad teshipguss disgissaidndilsedat = Lsl - Lstray The
saturated inductance for the core is calculated from

Lsat

O7, N = nunber of .
turns, Irggte&ﬂ 6‘§§St§§8§‘l‘t‘6ﬁé\$ é"i"°8’é gfribus e Beg‘écé‘?ji fgom the available
eq&tﬂbﬁt&%sﬂ?the Glﬁafboﬂa(ﬁﬂénﬁ/ﬁﬁ&faﬁe s&@dvéﬂ: N84y @dscABdSh>eference to
<1> = 2p<R> = 2p(R +(Ro- %’2 Ro+Ri ) Setting

Adigirenky Althqughoffjer Bléaﬂe%lle Sipresh Al ufe%)fnéy e §8els sugheas frequency and
C@Jh&‘dél RhBhnld QMed QIR tﬁ’ﬂéi! ﬁ@lbmemsuat@m grcﬁ%\@Wogl&éﬁ’re 3, and
t), where Vol = Hp((Ro)2 §)
t Ap@litEp dipred g5 the secopdtastripulr 1H1es§*at§d iy itheyprolre m%ﬁaﬁgere 4. The
ti T
s 8, 6380, 6, 00 98 8y 0 o
arsbladartgéOPaWdttem i INpPoIE) ttwénuaqzsadmwwer Chapdenditplayed within the
I g)\%%%)ﬂac rfat]c% 5’5?1:?1 I%UC?%E{J:B% ps.]_rfﬁ @olﬁfgg grlr,l?deﬁg & ;h}iﬂlrleswgénerally well
¢ knoemin| tkle fdt;els onctwt toed«spfhty seibmicadtd inviee mhlmmfhss dedribed, voxel data
ca nec arra ca
o DR AR AL B e o g P E i T R er S o
t Mexwap aeitilairistor2dy pbel ki:}o?.ﬂﬁqﬁiee tnagas.SRdril@ge v(ﬂhinﬁs many tiles exist

results | a ser.ies raI e rra The dV/ e
cgséc%“tf% G Pladgir Sufact of e g D CHRPR age efr?fﬂto by those
f Isklﬂéd inghe 0t edlsa/rhpiﬁlgt el 1§/€oold1ﬁaﬁéd ﬁﬂﬁlgb{)’ulﬂiﬂ]@ chuansi eﬁp'er—tlle basis.

fromCl to The second nethod is to use th

REedIPangs; I%E;’“Il’lﬂléﬁd herein, éﬁ(%‘ﬁh"tf)descﬂl?%d eladp%}ema&d in the
C‘@msabglqbaﬁ@l,si mlar to the Cl1 design just discussed.
Using Cn-1 < Cn for magnetic conpression and then
applying the ratio CO = 0.933C 1, the transfer from C0
t o Cl1 maaepeoarmhmﬁ nap ib Q;b]cﬁ)M&d il brder T@(cbﬁdﬂ&h} tékture based
el 1 El_h duct ance het ween C1.
TR TS aru R g BeProEBR Pt egs fgeiat ficld, into a
C abiendll atiadthhtr &fébde?h%hﬁﬁ@an@ﬂlﬁaftlﬁﬂtthdtsmﬂalB& Uée@t B l%%f the register
Table |1 ves the SSPPM 200 nodul e deS| arameters:
TSHRRIngTp. %M@éhwqe egﬁh}%sstherwhéaqomoém A ingpty MeipmeRic data
Rﬁﬁﬂmgbﬁ{g@lﬁﬁg voMdheldidbikta Al BInBUIBErRSs, it is a 2-D object
BACKGROUN I N\/ ION 1. Field of the I'nvention
TR&ichAvaslly idisplerrd, Bewvever, Rewyse ipisoppsised| df »axd! gata and the speed
t n I I | it
L P 2Ty obil e bl B8 LbEehe ua
Twﬂummﬁwe@g theagpablagce/atisibatelipto iperturbed noemalived Medtors that are used
e at ar.e
SbD LRI B LB B0 trls Pl B B WBloprirgpn and
angﬂmead vaen,amtes a plaaar sotfacefis dibglayedf study require the
anal ysi s of twodi nensional (2-D) or three-dinensional
(3-D) volunme data sets wherein each data set may have
multiple attributes representing different physical
properties. An attribute,



sonetines referred to as a data value, represents a
particul ar physical property of an object within a

waledosnets£- D or 3-D space. A data val ue may, fRPECT/US2004/024169
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i nstance, be an 8-byte data word which includes 256
possi bl e val ues. The | ocation of an attribute is
represented by (x, y, data vajaue) or (x, y, z, data
value). If the attribute represents pressure at a

parti cgh@horh@fAk) %npﬁsgkeﬂuﬁlbﬁ ;@Hﬁﬂbb@ﬁ&ﬁlal Qé‘cﬁﬂé Qfﬂlcﬂaééllectlvely,

be expressed as (X, z, pressure). In the nedical

f i2gq eped &0 eQnRIet an illhlelan &% height éﬁpég%ralrﬂwm(ﬁmm) agbaaanurface. Each
IP gﬁ'g&ishérﬁlaf et qpﬁ&a'%mw&e (c n)anroqﬁéil o?qhé Verticaf gnc% Rorizontal

produce a picture or diagnostic I some Spec

arcempofents forenaclodits vajmed% a giypn wfabey(erge@rlesmrﬁlgmg 311Eraeh perturbed

each .
?1?1&9% Q?ctte(?r Vhéi?ﬁreﬁ‘mdtﬁ gle?re(rgsm r?ééi&elb onclzta orma'i vyl}%em €ach spatial
[ rwagdnhatse(pay,az)doxamdh eppﬂmbed namad nedtdreis a@eﬁgn"ed taudpecifi€éd tolor red,
exanpl e,. 0 ttrib resentl erat ur
o eCBEPE HEaE] ey 156 cEBIGRSpih 1y w bR Bl Sepipdis e assigned
f RGB ealadstiegenadally kﬁnﬁrﬁasrt&{lﬁle $6GInaE spices THiES th%tblliehﬁmponent of
Thus, the diagnosis of a particul ar

I
< iR '03%?5 bgf@féaé VB e (B¢ pranighrooutinad [ niA Belyy the texture

t ieat kil Blkeywdudd dlb&ﬂir@)feﬁes‘éhﬂgtlygc:ﬂtt&rfgbﬁ%@coﬁﬁl phanar objects such as
predeterm ned_| ocation.In the field of earth sciences,

S deHTEo ol ReFeis APBRICIYAest PG b GO map appearance becomes

S 4Rt Bl ANE APpeaBNAGY cRIIkRNTRAILIhifRE FBILQR toWbrive a normal map
underground expl osi on _excites seismc waves, simlar

t dopodvheihicfickh el asaeraly desprlaedt inStectionatd |of Baleed- t Bie applying the

s eaﬁaaeﬁs efenfe@eo ﬁesrehl;bnaf@' oA &9&@&%%%%@; bERIAGH %Pégn&mbe 300

The sei snographs record th |ne of arrival of se

vvaﬁ EigurepBHtannaginlenep aay be efmse'@cte@ Wav est. of Knwsmucigpstth @erform this
of travel of

t e v(\)g\%g% g% lﬂ?@"ﬁ lllhﬂlglta?ﬁ?é?? %?&cééﬁp%lzéagl cul ated and

used to nmeasure the velocity of the waves in the

i nterigrordd 8 'omalnaz[ mbRCABHENE; fg;flﬁﬁ’g Bect! Saef%t%g#)rc%teﬁé O Blied in

oi | and gas exploration. In offshore ex
sRitep 206\ the soisse thabeansteainthe Rlpne swiice 61%95 thepinderbsang attribute

L‘ﬂﬂs{rﬁt&g Hleﬁg%e 3(a§d Ghe ve?t@cetlﬁ*)at 58{4{}Qn \@ﬁ%cgot‘?re%)?lﬂgg lrﬂfa&l%t %gface of

for exa a pneunatlc devi ce

bdie| wonalbnams ! Heenbo s mmzee @pafce rtadent sppes; §s brkaived in a
t [ he h dro
e??ﬁ%&ﬁ%%%?%%ggﬂgﬁﬁgfﬂggé ? sedlrnenlim0 aE%caﬁﬁggeonﬂm

t lgeiphity agdos Iu,sechfm:I'relagrlflglabd)rdmalndspd@rm&lsﬁmas nmptbﬂe blye vertex

N R W O T

VldeUn‘E)t Gllqirl])@ patveitsx Maheangp odctory ?n&“ﬁlEf aﬁ%levfﬂcwliﬁi‘ as 3-D texture

el e nts | X, , Z COoOor es. ach voxe

r EpF FEBURY o i Naheinel wheos %qd wlf (”ég‘f VPHAE dye eyt spnagreed to

WidnBerfs GBce WU MBRipREd Bﬁﬂtﬁfu |t@1§&d s?ﬁk)ésinlﬁ@ﬂx p'l‘Fi@gs%{pyelﬁﬁloys the
geol ogl ca at a

rticular Iocatlon
v gqcﬁr@guqs gererpie dssepbed i §§°t1°B l?a]s‘g K¢gdéduency, and
senbl ance. D'fferent data val ues are stored in
dlffer% vol uqe gata sets, wher p ach 3-
Col une P Bl Sl Sirie Sedior At g ARST-yestex s for a

Ogﬂreﬁ gédme&[bahycl’eﬁ—ﬁﬁd’ tha Ipfbb@ 800 agFigak 35tA Bdd#HmeSvector is calculated
ferred to as "events"” information fromdifferent 3-D

oBY e b ossdredugh pfitheyiangeahand-pospgl vesighemporenss g eaghgvertex.
amad Ya@erdtNBorRMERAd bGRIrhal Pect@S MRisI B8 E}Q\Sﬁhcpﬁ@rfhal basis at each
devel oped in this field for imaging multiple 3-

vol une data sets in a single display, however, not

wi t hout considerable Iimtations. One exanpl e includes

t he techni que published in The Leadi ng Edge call ed
"Constructing Faults from Seed Pi cks by Voxe

Tracki ng" by Jack Lees. This technique conbines two

3-D volune data sets in a single display, thereby
restrlctlng each orlglnal 256 value attrlbute to 128

....... Y ' ~Nr— e~ o



image is illustrated in U S patent application Serial
No. 09/936, 780, assigned to Magic Earth, Inc. and

w0 pwsopsat ed herein by reference. This appli cBET/U82004/024169
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descri bes a technique for conmbining a first 3-D vol une
data set representing a first attribute and a second

3-D volune data set representjsng a second attribute in

a single enhanced 3-D vol une data set by conparing
e%ltﬂexOfTHehﬁthB Inbihal BAG é&%&ﬂ% Bhbdik Bdqo %ﬁ&oa&%uj'&%s space, light
W th a preselected data value range or criteria.
edbhexrarosition inie tapaent epacheOre sot ef inpirugtiensfor perévrmmgéhls technique
Se€, erted at a position

cJ#?g%%%ﬁgﬁ gpgﬁhﬁgagak?QZpectlve data value in the
enhanced 3-D vol une data set. For each data val ue

wher e RB&stGr dohideR R i&nRObhalBt (noR sRRE9 AL aﬁﬁllle%%ty%’e Q@%lﬂcs card

value is inserted at a position correspondi ng

r i Bisp 20§ o epdeudats e Jighting edyatiang Idafwelb@i mSyctmIs @Fﬁathﬂalgh 2.5.1 of
e I b ®

¢ RiegrlC Tht (RO RET 56 O Relily bemfles Rall 2 ESheh Rrvipia®,
nrmyovtﬂ@ F edrdiguthblep betheot spmgnmitnatlet,rmms @0 d&'thﬁnm@$>ad—1tlxeﬂ dragment

%ﬁ%&a@ﬁg,ﬁzﬁﬂ%@&%&g %?al%(%] &@Eﬁnﬁ?ﬁg X%g ::fl%ns ﬁg;g {eb o%lvH:gnment

datlar setn, aand fogeoseationd vﬁthDalwodnhamsed:Iaha:hsmnm fas @loring/shading

 aubtanc SaBs MR BHARE® Bapioice PURE 46 Rllp Rt i i

dedprassntimgdheasrival mapael Hb esvotld mmﬂ)utd:@fﬂphﬁlﬁémﬂ&strafeb lif$ the probe
pr.e- cessing techn e i s conprom sed "| 0ss
LB PRRRR SR8 1T S M ramP RS e U dhpuenial oder. The
aﬁ'églisitdi UdoBnblid@rs0 mféegen&@uy IB@EbaNal Bedtioh 4.3 b Kiflukd bWt Rquential
@ﬁ uenté , there is a significant |oss of data
vEBRISPIPaP BFferdl (fomBines SiRghit et calapate Wat ifak ¢ combiner stage that

t a6k HAERGBAVEIHERR HeVabarrd bR d&f 6fnﬁlst§d&'flf)§scﬁ)r programming
detail s, (texture) on inanimate objects through

| CfrrGIhgregisier ermbineagis Hglsw%lmﬁem@sdlx Bof Kdgadpl e, in

the video or conputer graphics field, one technique

connnnl used is . te tur t re typjcal
ref er s J“Iﬁlﬁﬁf,pfgip ater nRy gltlogpgoﬁg\pésg t Her %/eglster co¥nbmers are

| ebiEutedltd I:dr@ﬁlt@tlﬂe Mbﬁﬁtﬁaﬁ& diffieX iMmathtish! er%Q:% refidered image that
recogni zed b ght interacts with the surface

i i Heplayvad in $‘é§ 21(? hy é’leﬁr@c&enerﬁl%‘é’%“ knqveayi the it Bxsheptethe register

Pashbifdrs hidGisEPBRIaR LB IRMERE ﬁﬁcpdlff%erﬁg(ﬂfmé B Rii1R G dination) for the

al though they are relatively small ared to the

s notEnal e afteh e VeHex progEst 1s Twhod rﬁrnd @ |seqoag tairibute which are
I t

neaRbR e, A RReycRY Fpdif Spr AR 18, A’ dfond awibutes. The

cmwléng idataafalugs fiasathe combinedk image refiresent hétend@ir t&st,ure or combined

e .

o BRHEPh P SR 2 AR ] SRl R BHL B programming e
emmstdr exotmbirersrap pcomggltmma anplanrtdmﬂ thrﬁfusn/ diundnaion his Sllustrated in
Py en%{)r(](\ﬁmgf,}}ll hat is now conmonly referred to as bunp

%B npsnapplng IS explalned in an article
witten by Mark Kilgard called "A Practlcal and Robust
Bunp
(her efl\{ﬁg ter lietff%}l ggjl% &EE‘F ?%%?/yn‘g%%grw ar\lfi Iédh ehefma}ﬁb%used with
r él‘eebgstcrecombmetdwioga\nda z here telingl payppich gghtmgcbeﬁ&cirfbbﬂﬂ normal
ag..a texture- based rendering approach for sinulating
Ilgﬁtlng effects caused by pattern irregularities on
ot herw se snooth surfaces."” Kilgard, p. 1. According
to Kilgard, "bunp mapping sinulates a surface's
irregular lighting appearance w thout the conplexity
and expense of nodeling the patterns as true geonetric
perturbations to the surface." Kilgard, p. 1.
Nevert hel ess, the conputations required for origina
bunp mappi ng techni ques proposed by Janes Blinn in
1978 are consi derably nore expensive than those
required for conventional hardmare ‘texture napplng

Y 3 a1 e . "




irregularities (texture) representative of true
geonetric perturbations, it does not address the use

w@boosiom2bar |ighting effects to distinguish cePCHUS2004/024169
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features of an object that are substantially

i ndi stingui shabl e and not representative of the true
geonetric perturbations. SUMMBRYOFTHE | NVENTI ON The

present invention therefore, provides a system and

met hod Af Qlus@RBRRGHRGe Bh&nia @618%&1 R8s, Hch W il P tresented by
attributes representing 2-Dor 3-D objects. In one
erfisobliagie pelor yalpes 312, pre distuguished from thetue telomvalues 314 due to
S Qi Giftin ' ' ' 85 APRufeAR{R8 AM 52808 Fy
oA, AL SRl RS, RS R N BB e 1. 0
f same gédogaintcagwes 418aire barely idptingsshabld beequse thep s illustrated by a
a er _propert f e. obj ect . itional attributes
gt oBHRRF drlorflach D R sBRhee APl QAR Bl i Ebiffns more
atcbmsistant edjaceAt days valbesrdpng the wraadt ebheusinrogevlvgizhisfehiti@ans12 are

either the first.attrihute or _the second attrihute. .
TR Bplrrodiiy o BB d TP i R o i Ao urtics Sexure which
I appeaseo kiva thetpiaf duifate 310 of @ieqcbeaB e gt brd height.

herei nafter the underlying attribute, and is used to
construct lighting effects that provide an illusion of

hei ght In Bigptehd, dimd figge atiiute/ (semblange) &ndistirgpuishal by shading from the

5y By BT AR T o
C andiaraaietistiche tid @natl gelvgiatanfe wiieh 1sdestdnyibgindistinguishable in

attribute and the rtices that constrai.n th )

c & PRUL A HTta ALPO P DmBres HE DRV i semtige over the
I @fdhit surfacd S SF00E Gioba 560,3RSCae ifaget R tiROsablRUpace and capable of
fgnni%%mi matrix that is commonly referred to as . i

t SFGEHINULBORSlY Kisted dencating onibe gy of fhe prabgiS8P gqlative to the light
C bRt ETBus T REthE §RbLRL 0 i§ RITREd) @ESain beetlse?%bké%ﬁlti%? iRy atiribute
are used to calcul ate anbi ent and djffuse |igh |n% )
ePPeagtesmysked Whilh s AgPressRiingHbe proprehatiribs, beapme visiblre and vice-
VEEAEXTIRY RO i Suse P Fdr 8chan@Rginkd38s GLBRYin Fdabidls #an object which
second attribute which are conbined to forman

e Affaivosantiay dedistmpyishpblet inrheir Ratural ewtiroamgnts eElmpresent invention

a I hut : ] L. ni:he..C ' ' .
oo B o, b AR gl BT RE Lol B3R Minic-ata
cetlttituites. f eat ures of the object represented by the
attributes that are substantially indistinguishable in
their natural environment. In another enbodinent,

sel ect #sdbg imags ipflisplaveddpjStept218r everal entivas desefied in reference to
hisghl 'ﬁatfﬁﬂ)ugﬂ Bt by R 1n'teQM'>'c£19 cgﬁ?{ﬂiédc tre the menu/interface
representing the specul ar and/ of diffuse cofponent o
anofiwaag 1 Ml gompagh endsavalyeseany | diffarérices betwmeearthe tabigus images.

regi ster conbiners are reapplied to alter the anbi ent

and diffuse lighting effects and highlight certain. ‘

f eat ur BsStep A Rethspipaetary diffuseclighiipg sgeffipigpie may be interactively
dicSRlAYEGdo hfer2RRt RRLRIRAGA BRects t B5p1ikd IR ROWLRBiInkE image.
interactively repositioned or the combined image 1I's

i dceqrdiaglyw dleyregisten cembiners rass exapplind| imctep €88 up eanhaice tthe image
oQ&g&&qu@&ga gted by the attributes. As the image is

r ot teg, or the light source repositioned, certain

voxel s representing the first attribute becone darkly
shaded0ste;s had ME Hnagiialy B SBEES mbEBE SHERLAVY feP&sitioned or the
second attribute becong visible and vice versa. This
eRisbelimaynie indargrsively gplated g émage pther gaoknsive] frgtirgsargesnlagf by the
sel ect features of an object which, in their natura

envi ronnent, are indistinguishable fromthe rest of

the object. In this manner, the vertex program and

regi ster conbiners are reapplied and the inage is

di spl ayed. I n another enbodi nent, the per-pixe

lighting height is interactively controlled. The

per-pixel lighting height is often referred to as the



(rmoved/resi zed) to display select features of the
object at different locations. In this manner, the

wa@edaosiobses are resanpl ed, the normal map is PCT/US2004/024169
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recal cul ated, the vertex program and register

conbi ners are reapplied, and the conbined imge is

di spl ayed at its new | ocationig BRI EF DESCRI PTI ONOCF THE
DRAW NGS The patent or application file contains at

| @agibuted) hel idbmeht X @fUSEBE is AcC ke dPhER S %@n&ﬁlgfsdescﬁbed in

patent or patent application publication wt

d rthini OAd eRplicaan) Iisyres 08 dte plepartsefacer F10 o thepspber Wiilestrated in
%.g@)ﬁrﬁ? Hye®hy 5&)@&2@2 ?é‘éé}{d}’cufa?% el QV§ ag n[héMllglllt source is

scribed w r e acconmpany
rlawant@ely neppsmnech Ag ﬂhe light somert Iso‘ens,shffeﬁmvendetieomm filluminated

lbialégci{ﬁlgé g({} @g %}831{]#{]53 lhtgg%ﬁée n'gl){\hef% ct is s Iglga;r%% gha{ gch?eved when
sahd mbelspptaggdaIAdcondlngthSmpe 206 agd Q(bBEarp rre@pﬁéd to provide different
|n%%n&h9&HﬁFi ur e LS $.f§p iagramillustrating one
e56 Blnent gF ﬁ%lﬁ*ge Y ﬂﬁ% enenting the present
invention;Figure 3 is a color drawing illustrating

senbl a a u

Sorl BRGHS PR AL OHLF B Ao e

atealp iscbtluatevoxélis gm, @vhichiage px:r@oled ks thdentfong appehtiddrkertwihilg voxels 614,

t %&cﬁleegp é«g elv %@%e of raggetgrh %ehtt%rolé g}%%ef 1 a}rnlé{{ﬁe th Vehenqhe Pght source

i |1d; wpbdititned g thdﬂﬁglﬁ@)lﬁﬁlerlﬁﬁbel facedd 004s ifriFpurees, ﬂlmrérh vbids 812, 814
the Left of the ima

l'i ght soprce
rielte Pk R R bt e (i s HeStedh e 7 the
I mglesoﬁhfce EI [@Bﬁtleneﬁ p&iﬂeﬁthhhﬁ tb tl@fﬁob‘éqwquO BASIh M8 Gmage appears

endi ure 8 is a_color
REERRRG T et etiBued B4 mseilepompatset 6F heighing sguation, and
V\llehl'ihnbé%&hé 1ﬂ1@§i(§n SfQlphand ASbALIOME nid b Iﬂ% lfg'hgtmlrc@fls lteB@smoned or
i mage. Wiile the present. 1nvention wl describ

i ﬁhecbrﬁh%et §o8Fdn Pﬂe ﬁtegfelﬁ%truyuw@ﬁe\w @m@dpmf;ﬁ@ thr:treglster
Wcbibiars WS pate0fd sfeb@ls dohpbﬁenﬂ ﬂtlllﬁsﬂiat%@ ﬂ‘?gpﬁe(ﬁd 'H.be Kilgard. In
the invention to those enbodi nents. he ‘contrary,

i tthip gngqnpgre heeepmbinedoimeage gpn balltlfé?aﬁfa\tellw egmlpulated to simultaneously

| t he
o e 69U LB R e
PREFERRED EMBODI MENTS The present invention may be

i npl enengesl 2us, Y g&aﬁ&é/l’afgﬁtmgs REEMBE EntiactBe OSRIDBALD RNalter the
t hereof, and may l emented in a conputer system

oMo lepihr %fcglﬁslnﬁ@“’@?%ta@‘ﬂ?f Tpightf of ﬂwbtﬁgpsa@@@hu g5e i haded and
a ign ri

S8, LR, L) G MB35 Gy S
s prierectiyely\vontuoiied by fsealing gachpegturbed perolak VCCEa(ﬁDHp reypavhich cancels
Sg ufn'd ﬁ?gﬁ% t 3¢ hEl Ereﬁ)?éqthgﬂl ylS E(cale\é 1n é()sn(?\% incre ents then

a Val ue S asso articu
S @ﬁ@np@fﬂmmda nainaf  teatoe lwight (bmap)i f0r ed:bpﬂr) c(mﬂem:mo@x is yl,ncreased

AR TN T
r eomxial ecttdr heightsqyldayth dndbcreasel pThade effb® pydodse af$mage that appears

gg?sé[flé QﬁSIQ%]squt?‘F elgg%% goqltwggs @l E%?érlﬁgtn qe?S]tgrrels gﬁt&e object are enhanced.

| decsrfiasia) Stebstpen.ei06, 4 208 hereppRed th@fovale Qe PBIRpLRLI s of the
descr g F n, .of t@ﬁ probe requi renents, reference i1s
@ Prped I §ER 281 i cation. In addition to the probe
reqU|renents the present invention may be inplenented
usi ng current high performnce graphics and persona
conmputer commodity hardware in order to insure rea
time performance. Exanpl es of avail abl e hardware for
t he personal conputer include graphics cards Iike
CeForce(r) marketed by NVIDI A(r) and 2.4Ghz x86
i nstruction set conputer processors manufactured by
Intel(r) or AMD(r). One enbodi nent of a software or
progran1structure for |nplenent|ng the present

s a1 o o o



operating systenms, Wndows NT(r), and other operating

systens generally known in the art. Menu and interface
wa@odosme2e4 104 overl ays operating system 102. M@IIUS2904/024169

interface software 104 are used to provi de various

menus and wi ndows to facilitate interaction with the

user, and to obtain user input7 and instructions. Menu

and interface software 104 nay include, for exanple,

M cr os@f §iep\2 gl Qiyyedrénk atu%tféseﬁe ﬁl@&rﬁ&wel%t:&écf }n th@Rfnner described

other menu and interface software (genera known in

t Hierefgrence 1o $iaR 2Q2. ofrcapdingly Pept 2y 206 endbSrdraspepniise ip provide an

a I

QM e T e e bR Fl BRI R image

cdrsprei ingytefp Al Ccmay Flustrdteimord bas tvaeattrdwutm dzvlmh hascvl_@cted in Step
5 gr23§r astseélrlrh%% qun h %Qa%ab Lrlijb \%egriﬁcg& eexaprlr&éle,xphg set{ﬂg:lance, then

dlasmirmyl miap tis @reatemfedlam)t eworod ehesw i agtvibutes anthenmalmier rigscribed in

- GBS Cn A dh s, P Pahaptbabyys CHftredp! sefg me ovo

t axltatekatiribpR Mgl thatemalslpg eilire fop fehadCiesufbb® gornBilDécor in one normal

haze ck a ti tenci | | anes, .and
SRS FER DT B & B R e P tselin g G normal map, a
gﬁ:f&pd’&hﬁSodah&E ad yreat% gnsglem&ﬁﬁ_ﬁxaﬁ :ham%rds@d 80thB Ynawhdrl de@ibed in
afphl cs, |Inc. q( é penG.(r) APl is a
miFETeGs 1 Skept #99 Wd gl Wt@“pywabw HletVﬁéﬁlS o5 opapfchip pedected attributes

Wicatiovddadne tRPixalk b e DMt &cteadansnd §ﬂhe sa%qagh()ﬁ dnd Snormal
designed to be callable fromC, C++, N, Ada and

J AR 1 FdeHaehion ghel combingd e'sxel oplaGn(thy n}@emeﬁ‘@lpmb@hmﬁefﬁence to
t @?epf%@(:tlh@ﬂ@nnlal e RDNE Qe RaTeF d&m&'au& %fééme% ¥teps 206
. Some commands 1 n OpenGL.(r) specify geonetric
ob]l(b%@% Ingithes agplipakon whede Biereears morsrtharoiworasiribtitae one attribute will
o@ér%: L Sth@ ki Lt@ (fintﬂ@t‘l: ﬁj e&ﬁiné the 8 {hefs%ll%@ﬁ&%ﬂ E}) er thus
state, even the content ure menor d the
f deseEbasf f er, can be obt ai ned by a client appl i cation
usi ng OpenGL( r). Qpen@ and the client application may
operate on the sane or different nachines because
OpenGLIrSten Z20n the winbR is interas gl e prniroliprbsecthqtriy cap de resized or moved
d [ ' Ld. ol h NG (L) Pr ogy: ] .
CAP SRR AT 8 3 e AR AP sy
Reftass éhecwxpadisplay¢d @BNe a0 $urbees76 g prdbetfhr te ontwbiled image
a d he re
PRpPRERRGELE A fil B A HSETR bRy e gesampled i
gS@prﬁ% smdl St@paEQA 206 .and/268) aiustsbermhm)hecbm djsdpha asw image in Step
I i.S.an eatln real time,
bﬁ -%trra(]glc fhe ggmaat b\‘/ltegﬂaﬁﬂfr e gr aphi cs
applications. Visual sinulation gr aphl cs library 108
provi d I,CS .
1 br ar st ATEEOMSer 3 oy Rkl RRARP Eortn processng
nslm miogrhadly enesuniares] 1rami1vmtsmslpunm1 wpplﬁgl egobnikquescby dmeractively
I%F%gsrs]l é?{ée da%iri)qltes u%&%r ({V\Izageu aP}iny ﬁdgl ela(%/jl prb}%tggdafa}b %E)mgnoglty PC
Sgnip]uatt c:ﬁdls gﬂimhbmlduei)mrtyerdiﬁﬁ: ipartiCidediyGhseful to the discovery and
g go b ich is available fromSAd (r). OpenG
PEYFE Pﬁlgpt(qff %%Pbrﬁﬁaoﬂlfqé?s"t he OpenGL(r) graphics library

di scussed above. OpenG. Performer(r) includes two main

l'i brari.es ) o ssoc i at ed

[ibr arJlr%s f(% é E%f %S‘{lgﬁuHDQ,?J de%gbp §|¥ ,t no efm(g’pfs fquSt)ratwe and
Theplbawis thefeopad @ wk bé apprediqted by shdséekifled frDtheeddt; @hat various
rendering library libpr, a lowevel |ibrary providing
hi gh speed rendering functions based on GeoSets and
graphics state control using CeoStates. GeoSets are
col l ections of drawable geonetry that group sanetype
graphics primtives {e.qg., triangles or quads) into
one data object. The GeoSet contains no geonetry
itself, only pointers to data arrays and index arrays.
Because all the primtives |n a GeoSet are of t he sanme

T o . . . - o g,
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materials, and generates triangle strips from
i ndependent pol ygonal input. The database |ibrary

wo pipfotasases the facilities of |ibpfdu, |ibpfPentds2004/024169

libpr to inmport database files in a nunber of industry
standard dat abase formats. The libpfui is a user

interface library thatprovideg buil di ng bl ocks for

writing mani pul ati on conponents for user interfaces (C
anflafots inPho gﬁ@mgg%h m%aeeﬁ); userﬂﬁ&Jhxmczh qulbélg’rﬁ; Y8 el as in
is the utility library that provides routin or

i e defeitt Ph ghet Hykizateaincbngiregiipn (4| cogbiatipyst eff featees( ¢UtHE various

t [

petpois My HIRLE Y80 SN EE Scl e bREREE . ¢ e
following steps in preparing for real-tinme 3-D visua
simulation: 1. Initialize OQoen@ Perforner(r); 2.

Speci fy nunber of graphics pipelines, choose the

mul ti processi ng configuration, and specify hardware
node as needed; 3. Initialize chosen nultiprocessing
node; 4. Initialize frane rate and set frane-extend
policy; 5. Create, configure, and open w ndows as
required; and 6. Create and configure display channels
as required. Once the application program has created
a graphical rendering environnent by carrying out
steps 1 through 6 above, then the application program
typically iterates through the foll ow ng nain
sinmul ation | oop once per franme: 1. Conpute dynam cs,
update nodel matrices, etc.; 2. Delay until the next
frame tine; 3. Performlatency critical viewoint
updates; and 4. Draw a frane. Alternatively, Open
Scene Graph' can be used as the visual sinmulation
graphics library 108. Open Scene Gaph(r) operates in
the sane manner as QpenG. Perforner(r), providing
programmng tools witten in C/C++ for a large variety
of conputer platfornms. Open Scene G aph(r) is based on
OpenG.(r) and is available through
WWw. openscenegraph.com A nmulti-attribute co-rendering
program 110 of the present invention overlays visua
simul ation graphics library 108. In a manner generally
well known in the art, program 110 interfaces wth,
and utilizes the functions carried out by, the visua
simul ation graphics library 108, basic graphics
l'ibrary 106, nmenu and interface software 104,
operating system 102 and the probe described in the
'634 application. Program 110 is preferably witten in
an object oriented progranm ng | anguage to allow the
creation and use of objects and object functionality.
One preferred object oriented programm ng | anguage is
C++. In this particular enbodi nent, program 110 stores
the 3-D volune data set in a manner generally well
known in the art. For exanple, the format for a
particul ar data volunme may include two parts: a vol une
header foll owed by the body of data that is as |long as
the size of the data set. The vol une header typically
includes information in a prescri bed sequence, such as
the file path (location) of the data set, size,

di mensions in the x, y, and z directions, annotations
for the x, y, and z axes, annotations for the data
val ue, etc. The body of data is a binary sequence of
bytes and may include one or nore bytes per data
val ue. For exanple, the first byte is the data val ue
at volune location (0,0,0); the second byte is the
data val ue at volune location (1,0,0); and the third
byte is the data value at volune |ocation (2,0,0).
When the x di mension is exhausted, then the
y-di mensi on and the z-di nension are increnented,
respectlvely ThIS enbodlnent IS not I|n1ted in any

L I T T — - Y Y =N




data sets to use for imaging and anal ysis. Wen a
plurality of data volunes is used, the data value for

weawh/ooR2s54 he plurality of data vol unes represePtBHUS2004/024169
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di fferent physical paraneter or attribute for the sane
geographi c space. By way of exanple, a plurality of

data vol unes coul d include a geol ogy volune, a

tenperature volunme, and a watersaturation volune. The
voxel s in the geol ogy vol usg, cang§e expressed in the
form(x, y, z, seismc anplitude). The voxels in the
tenperature volunme can be expressed in the form(x, vy,

z, 00) 1. Theav¥Rbd forNinidytgWeieetr Sdtd fiired off @h WhpecE afie object
be exgnessed in the forn1§é, Yy, z, Ysaturation). The
plF§LPUsirs BrltiglesHrames: he Sishod comprsRgIe JeRIRL voxel s in

each of these volunes is the sane. However, for any

s pelci fi 8 s ps’éte:c?lgbd BEedtiribte (aié@_a séé@;rl]d ﬁfﬁb,ulffﬁﬁonfé ﬂi'elﬁﬁﬂlﬁple attributes,
anplit . woul, e contained jn t geol ogy vol une,

the t eﬁlﬁzﬁrgﬁﬁ?w ?Pdttilreseffgﬁﬂg%ltta?@g SFURRILS Qe VerHess:

wat er-saturation in the water-saturation volunme. The

oper ati on odreqfin®@mdfal hhpiusing @6 khadt el of the TREt€MERE&BNd Btributes,
Figure%»z througB 8.,Referrin%.nom1to Figure 2, a

met hod P8 AB™HaL Map havng s P Yegic®o- r enderi ng mul ti pl e
attributes in a conbined i mage. The foll ow ng

descri pti orconedrngstht Gomet tnfip'VeiesPanvahp veGicd Gand b8t one of

and technj ques, di scussed in Kilgard. In Step_ 202, a ‘
e st Ber it i Seenbe 2 EButmurcd B vl dhe, PETER| 861 dplo @ matix
from t Rgreddtding akingerdtgacé Mhﬁﬁm?j\;ﬁ,i ng the QU tools
(menu/interface software 104) described in reference

to Figure 1. .hough..ot her .avail abl e st ored

attri gut es FEY a%%g ﬂg“é%‘fsegléﬁngagom?oé‘a‘ﬂfeﬁw tg?l g sgace normal
senbl amag andsthel S8asBSnet I ehef firktSind 8dcbhd BtHtRitds ukddsth cRh®Ghe normal
in the probe 300 of Figure 3, and anplitude is used as

t he se@"&ngttribute illustrated in the probe 400 of
Figure 4. The seismc data is displayed on the visible

pl anar sur feae®migy ahha@ntiembRghisi NeneRAMRNWItRN@E diffuse lighting

shadi ng/ opaci t texture .ng) fechnjques, however, .
e TR o et e b B b P Aag ety ot image
the prepesdaghfg syedtdeurt eNHeobRe: haGH BivHa8aGERGE el ¥hable in
well known in the art. In order to display seismc

dat a i ¥ Rl fRYEROMmeRys descri bed, voxel data is read
fromnmenory and converted into a specified color

repr esent i Mhean@&MRICHT dldimt §XiHefetn atlieit BAESE Mk Qirdti ditBiBute and the
into 256 _pi xel hy 256 pixel images. For_|arge vol unes,

p ¢ .
né‘??;?nflzﬁ‘tfrﬁ’gteé??‘gflse&\coglbﬁaﬁﬂ} o tEP RhAPreifFibYe® of t he
probe. This process is comonly referred to by those
skill ed : n_"lth:a&ne'ﬂcll[:)dg AS1a8A NPWhdi€in _tliikl‘%kr)ﬂb‘ir_laﬁ@@_?_ﬂiv&wrﬁﬁ’ore attributes
angong tiple s on a per-tile basis. ese
t ﬁﬁﬂgﬁ@é?ggwgiothers enpl oyed herein, are further
described and illustrated in the '634 application. In
Step 2404, aheomathbd NEP clafin CBl GHédieehel Firdr st&TbuteO comprises any
convert. the texture based senbl ance attr.i bute
i PORPFIN A BVR OFi BRTP @UEBDUISS SoRPiNBS 2pRtilscequencys Plipse, power,
hedrgHMnct, hstendyNtip, &zimiOth"BrhdiBRPr 140 FhctGN QRS i3k Jrelocity,
information that wll be used |ater by the register
c BIFBUFe rROTositR Berpiselilify g SEatighabY <ad ¢ litkolaghiapé 4he secopfl attribute
p - » . S
D e ey b ARy TR SR o RERe BT fplance,
iIs a 2-D object which is actually displayed, however,
because it is conprised of voxel data and the speed at
which it is displayed, appears as a 3-D object. In
short, this step converts the data val ues representing
the senbl ance attribute into perturbed normalized
vectors that are used by the graphics card to
calculate lighting effects which give the illusion of
depth and geonetry when, in fact, a planar surface is
di spl ayed. The normal map conprises nmultiple perturbed

o, s .




the perturbed normal vector represents the spatia
coordinate (z). A pixel in the texture that is al

whbwe/ovaed d t herefore, represent a typical tanpenus2004/024169
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vector in planar objects such as the surface 310 in

Figure 3. As the data values vary, the normal map

appear ance becones | ess bl ue mnd appears al nost

chal ky. The techni ques necessary to derive a nornal
m?:@héréﬂégn h@il&mh fg’fa@ ledlt, @ugy BRAL! RbhicdaHEAAnBE dyeldRity, pressure,
Secti on 5 rd. By applying the equations

r @P@S’rtle@eltf@ablhtysef@tﬂg@ﬂhbzan@ ligholagyl gard to the data

val ues shown in the probe 300 of Figure 3, a nornal

map mey be PRNEEmEE iR ki e $8érelf thb 'h?ﬁlﬁéiﬁtlig@lﬂﬁg cBmponent and
performthis nethod and technique is illustrated in

Apkiérse ﬂlzhteg@pmkprregtam combinesh wiht the Hirsh pitraluie 2pdribe eecond atiribute is
AGEL BLRalsinghideR 1Iegfect a vertex programis applied

in Step %86 to t ertices that constrain the planar
surface 310 of the underl¥|ng attribute illustrated in

Fi gur e93 ankhetmethodpf ¢laias 1t wagreig dhesambien lighiing component and the
C QRS mgrﬂrtr %n@hﬁ&‘@%:es&'}rfbﬂféﬁ wifh hO B A TRPHE MLt artribute is
shown) oordi nate space, tangent space, 1S
cOh@Hmﬁ@@Eerwﬂnﬂawwfornat|on matri x used by the

vertex program The progranmabl e hardmare on the

graphi gs Caﬂﬂnhémﬂﬁﬁ@mhﬁﬁzﬁﬁﬂg%Bm Qﬂke space
transforns that drive the vertex progrant he tangent

space is constructed on_a per-vertex basis, and

typical |y rikeinessthigatési, the hiAsriputs davipgity ewn vertices;

i ght-angle vectors and hal f-angle vectors as 3-D

texture coosehtingb@sher hbgnadl ingpusidaligasVartiP e aidsdddld and third
angl e vectors_are |ikew se converted to tangent space

when niffibufsss Roansiher RIMPLRRRIAVIng s &N YERICPS . This step

enpl oys the techni ques generally described in Section

5.1 of Kil g@h%rtirﬁ,ﬂtlhe ax@he2 nerma) edapBlertRBelartdm@ @tices of the at least
vectors are | cul ated on.a er vertex basis for a

gi ven @réeo?fétlf‘r st tesPae 20 1oud pHoyissgised omeatn thejagefher nprmal map
A bi - nREdBlothéLRhEk répieseﬁtngtah@h&da@ntts?zt@erﬂlgmtit @nap! 0SS
product of the tangent and normal vector conponénts

for each ver The Qrmal and bj - nor nal

vectors thu& CuﬁBPW’gﬁﬁ ‘g‘ﬁ H@EH’&% coRqngntyfrom the another tangent
eachveggaesmorhBEmS AIChO Q18R oRaF il HrEDERSANAR BirdBkdtutes used
used to transform objects, space, light and eye

posi t i Brereaiethe metsepermabmans aidne set of i nstructions

for performng this technique is illustrated in

Appendi X C @fnblgidgaas snbiBa Gightigy coﬁ@fff%nﬂ @it tfanb@Xd dﬂft@se lighting
shaders (not shown) are appl|ed t he graphics card

in St efPrERygeRt gne af leagt %&e@ftﬂrreﬁrrtr @fﬁt)‘i“h*ﬁ‘dé ptfrgpytes to form another
descri Rpede kdpresbifiink ARSled féadkrdI6AHObjt S 1 of Kil gard.

The CGeForce(r) and Quadro(r) reglster combi ners,

avail a Ie t hr ough NVIDIA(r) provj de a conflgura

but not- pr ogifamyiRfeot (4R s 7.t Fhersie fhe ﬁé“béﬁ“@ﬁiewnmﬂ“$ the

f cafPRMtonGP R nkitn NadinB Gompdient, BR|dRERe 1iBRinBAYBHGAL and the at
enGL(rz fixed function texture environnent, color

s UARst R gf e §rsbpksseandadnitesh an enhanced mechani sm f or
col oring/ shadi ng fragnents. Wth nmulti-textured

OpenGLgr) ., ThielnieidacscRxE BSwhdramMiRaGHhbedhEmad s Q:reated using at
representing the normal map and the second attri but

( &eph revddhe first aad pesprd a'trﬁvuteﬁ ang thspibird goribyte [y g@m@nw with the
are combined with the fragnments' current color in
sequential order. The register conbiners are generally
described in Section 4.2 of Kilgard as a sequentia
appl i cation of general conbiner stages that cul m nate
in a final conbiner stage that outputs an RGBA col or
for the fragnent. One set of instructions for
programi ng OpenG.(r) register conmbi ners is
illustrated in Appendix B of Kilgard. As further
explalned |n Sectlon 5 4 of Kllgard the reglster

Y Y o .. g,



regi ster conbiners to conpute the anbient and diffuse
illTumnation is illustrated in Appendix G of Kil gard.

wa\kaosorasd vel y, fragnent routines, generally wedT/UR00%024169
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in the art, may be used with the register conbiners to

provide a nore refined per-pixel lighting effect for

the normal map.As illustratediin Figure 3, certain

geol ogi cal features, such as faults represented by the

blaﬁﬁ»h%n? ﬁkﬂfngvﬁn%ﬁeﬁ Lad 8 Gnéthét diftgld HRMeTLAMPohdR to form the
| ue col or values 314 due to drscontrnurty between the

a@p@h@mmwﬁata val ues neasured along the z-axis. In

Figure 4, the sanme geol ogical features 412 are barely

di sti ngyi shpfl Iﬁetp&ﬁgf%clﬁmt é"evyhe?erl@ tHeI anH@Lr Akl &Xp & created using
different attribute é li'tude) that is assi gne

mtlrlet thigd attréhytecand by thisg atihnteio ﬁ@lablﬁ%d yith eheqorbidng tletrttng component
R6ERhofiEnNal e

qon o R Rl g Y Rtheh QS (AL oulbEn®

distin urshed in Figure 5 due to the enhanced surface

t ext ur Bis gt slaing 1gfuycr spappising dlre semr ¢fabiwlaying at least a

on L8 oPHe 0, depth and height. In Figure 5 the

£ pot é’ttr?‘Eg? {Senbl ance) is distinguished by

shading fromthe second attribute (anplitude) which is

shown v athegpgthedoploflaitpa ] yedereih the lmlagqrérszinyquls displayed on at

URCRAT REERI dr Bhd & :Qiurhft§ oR il kurdR la &t ur e

whi ch ﬁ% substantalqIur y§Png|stﬁ%gu%L%&gng inits

natural environnment. Al though both attributes are not

vi si bl B3-at Hsanesbadeoticiaim lévt‘!heft’lﬁ éhepimage disglayddaig displaged at least
OQmMBEyQHQHQ ﬁ@ﬁny&ﬂﬁﬁmﬁ&ﬁﬁk&ﬁﬁﬁﬁngy ioBe same space
and capabl e of bel ng si mul t aneously vremed dependrng

on the angle of the probe 500 relative to the lig
sour cel4Thukhe meghadrpf clping Je Whersin; the figst alfiehyte %%‘rtbﬁﬁﬁr‘?ond attribute

vear&ll SoniRs §ReMd Bfa thged arrdStss&tattJdl gjfrtlﬁ R TBRK &ta value
while others representing the second attribute becone

vihayipg ethregriimensioaglepaiil consdisate.echni que is useful for

enhanci ng i mages of certain features of an object

whi ch g9e srHRshanéd AF Ik N SteRGH RhAREL ik t&%rﬁhses multiple

natural environment. The present invention nay al'so be

a,gﬁqtqr‘gqji noa@fﬂry@ctpﬁéh@émaedqr@%ﬁpradl@%crortscprpqmb@f a vertical component

v hd!i s BRASLEPonAt ARLshdah ALt i butes. As the inmage

is displayed in Step 210, several options described in

reference to Ste 212 through 220 may be

i nt er atd ofi dlam b Hrltitrgrh apvRECXRIRETMisdsed kpconvert the

S%ﬁl’{i@hﬁ césoaneqraoaerreceattfitrertate\é;t%ne%r i frbi&mANESRd attributes

bet ween Phe various im In ep 212, the specul ar

oiisedite ergate theingiedl mgp deef rrmt@hteeremynmw itamgent space nelmal map.

controlled to alter the shading/lighting effects

appl i egy t 0 TR EnGRIOSNQRInI mﬁerelt(r\QHé)Ell%E@ll%htln%rl%mponent and the

regi ster conbiners are reag in Ste 08

e Afrhisedightieg ompgaend pig spgh A ulawdsslegaamter cemSnen 214,

the imaginary |ight source may be interactively

r eposi 4. oneghe GhethdiE oP ERARE 1TRWHEEIn! (AL earrﬁ)%r \ﬁ%hﬁrngr edRidREht, the

to i mage other geol ogical features reveal ed by

t HEBse fighfingecompypent ppd dhe plt leatt opp of dhepfiest jagd second atiributes are

AEGARRL] hiEthdidsiTEALIARAR %rhythgﬁr]‘f‘agé.' bed in the '634

application. In"Figures 6- nar surface 510 of

the probe 500 illustrated in Flgure 5is fixed at a
posi ti bh pehgeapsthodiaf glaim d, wherein;theefist atgibytet andghe speond attribute
Ib&g#mégﬂhgglhéurnteractrvely repositioned. As the

I i ght source noves, different voxels becone

illum nated according to the position of the |ight
source. The effect is simlar to that achi eved when
the probe is rotated. Accordingly, Steps 206 and 208
are reapplied to provide different perspectives of the
i mage di splayed in Step 210. In Figure 6, for exanple,
the light source is positioned to the left of the
probe face 610 so that voxels 612 mhrch are percerved

o s ~A A




enhances the illusion of depth and height in the inmage
as the light source is repositioned or the probe is

WO 260a0ext54 One set of instructions expl ai ni ng hP@T/US2004/024169
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configure the register conbiners to conpute the

specul ar conmponent is illustrated in Appendi x H of

Kilgard. In this manner, the gonbi ned i nage can be
interactively mani pul ated to sinultaneously revea

mul ti pbe. atifd Reth&Bofdidith N WHRA the 388 abAbded & cP{h_@rsécIon attribute
of each attribute. In Step 216, the per-plxe? I ghting
hepeptise ssismitddfaact i vel y controlled to alter the nornal
depth of the indentions and/or height of the bunps

whi ch afe shrdpgindd bl ddibm "#h&8inase d@t&nt B8kide"component is a
reference to Step 208. The per-pixel lighting hei ght

i Predeteapined ¢opstpyt. control | ed by scal i ng each perturbed
normal vector from zero which cancels any indentations

or bumps. |fhdh8ndEsroRingg! fulth@RbinpSsihSths c@pest: 1 N

positive increnents, then each perturbed nornmal vector

hei ght (bunBJ or. depth (indentation) is increased.

Conver sel y, “aqulating a seeculir fighting epmpopgt ifions the| tangeptpspace normal
negat i ¥fp aAEihe AERAsS ond dT8I: BRCAIREIHY LBGHR AR Yl tRE normat
hei ght or depth is decreased. The net effect produces

an i maf8P#dt appears to alter the position of the

| ight source so that different features of the object

are enhancegbmbhGEOr ©é NetularStiRPaing? OdbmpdRéh:, 3Rl 2RBedr Qighting
reapplied to provide different perspectives of the

i mage EOTBRANERfe thejdiffuse dightngycqmpogenssind the aigleast @pepf the first and
attri by.851 ABuleNlo8b@cik Viglas sel ected in the manner
described in reference to ep 202. Accordingly, Steps

204, 206, and 208 are reapplied to provide an entirely

new i mége, TR clagn & ffe\‘ﬂéfrféﬂ‘flp%%‘%gath%fmﬁéii in Step

210. Furthernore, the inmage displayed in Step 210 may
iIlustrate dpplyhgtaldfadit@y BEHtkbditd ©3hetiagh) are sel ected

in Step 218. For exanple, if the available attributes

i ncl ude anp.i&yde,IPH§§%ﬁ@pd senbl ance, then a nornal

map is creat®@ER RPN P28 HREE Et tri butes in the
manner described in reference to Step 204. In other

wor ds, a nantectiveiyprepssitoaingul khe dnoof thamimgofarst light todce and the

selected .attributes.and the resulting val ue for each

per ¢ ur BRRIEIEE RRHE SREEdD S ol of iy dmagd e % oter and
added to the value of each perturbed normal vector in

t he ot her nopeming thepast tireetsteps gankeml locati on, to create

a single normal map that is used in the nmanner

descri bed i repce. . t 2 . .

Al ter ngfi ve ;ﬁ eﬂ{oﬁef%ggrga Igg ? g?l@%tnfégg he goi?céc aéds substantially
afindistipgatigwble am ith raterddedtiromndnih ghey ohjelt soroprisinpemultiplerattributes, the
s%kﬁph%gmaﬁéri$g£gs%& the same | ocation and a nor nal

map I's ca CUISTRESF the conbi ned voxel values in the
manner described in reference to Step 204. The nor nal

map i s therselgstag dnnaitribate nfeonn ére ™elsipleiAgebiutes) theedtaibercaving its
to Ste nd 208. In either application where

t here g?%aﬁgﬁg’than two attributes, one attribute wll
serve as the static attribute until Step 208, while

t he ot her s omakihg b@oumsd chap msinp ¢henaiimbete, thh nsrmghé swpitiaeidg its own
I n Steﬁﬂ&%g, the probe is interactively controlled so

that it cam be resized or noved in a manner nore
particularly described in the '634 application. This

step necessarily alters the voxels displayed on the

pl anar surfaces of the probe for the conbi ned i mage

di splayed in Step 210. As a result, the first and

second attributes nust be re-sanpled in Step 222 and

Steps 204, 206, and 208 nust be reapplied to display a

new image in Step 210 illustrating the sanme attributes

at a different |ocation. The techni ques descri bed by

the foregoing invention renove the extra processing

step normal ly encountered in conventional bunp mapping

M e . o . . .



el ements may be nmade wi thout departing fromthe spirit
of the invention.CL Al MS 1. A nethod for inmaging

woer®sor326or e features of an object, the obj ectPCT/US2004/024169
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conprising multiple attributes, the nethod conprising

the steps of: selecting a first attribute and a second
attribute fromthe nultiple afstributes, the first
attribute and the second attribute each having its own
vertices; ClaaddinOmd ngﬂﬁan'ﬂlap %RICE@MQTI@R’CIJHF&% tﬁ,ﬂﬁtrﬁtlte into a
the first and second attributes, the norma map havi ng

i ts owmalrkmrenresestingroangsnt Spag npmalmprml map vertices

and the vertices of the at |east one of the first and
second at t rdpufage usaﬁﬁugeqlg%flsgk&nﬁ&%nmsmhe %geﬁt%&e%mal
matrix representi ng a tangent space nor nal

cal cul aep aeyl the girfbotesend | ght i ng conponent from t he

tangent space nornmal map and the at | east one of the

first and Seamifhdbh’ WEULASILRAE Lonihe! it NGB lighting
map; and conbi ning an anbient ITghti'ng component wit

t he di ¢dmpoaentiaghthe aribunisdaanan Eage Japrésertig tonssleof feathl@ of the
first gisecond attributes to forman inage

representing a select feature of the object that is
substantial ly indistinguishable in its natural

envi r oihrentA methathforpismaging @F @ wiorp featupgsepleipm cifect, the object
I S cond

oo ol Mg e Rkl Db B MR o0

attributes. 3. The net h'od of claim2, wherein the

conbi nat i orfelsetingadfingratiibyte apd 2 sacpns aibnisrirpmmthyltinke attributes,
AL 1 DI irst bl Eur TR oy bl (o oIS Il TSt
attribute conprises any co ination of Two or

attributes conprising anplitude, frequency, phase

power, sentfT&HBS 2 NEwHE MR NS af Isast ap¢ o ithp, Tirsg jandipaspad attributes,
fluid ﬁm@%ﬁ{alnﬁﬁ%@ﬁgl% dwiRgdRpce, velocity, pressure,
porosity, perneability, stratigraphy and |ithol ogy and

the second attribute c rises at |east one attribute
from anpl i tcga@rtlrfgrtga B@‘i’fgﬁ mabwgrstlées zﬁ@l\,@@ vertices of the at least one of
senbl aje &GORR] R6Nd allifitesABdeAUb Nore 8 6l §Bfmal Thdp fhto a matrix
factor, acoustic inmpedance, velocity, pressure,

por osu@preseaénmﬁbgmtmacewaltmm aphy and lithol ogy. 5.

The nmethod of claim 1, wherein the anbient Iighting
conponent  aRRuliidd HEnlsk WBhiNYc SRS m ARE tHOHRISPRE normal
with the first attribute and the second attribute 1s

used tBaRFdLb@atlerst g0kl fissgnd gecomthasiribatengipdde crentathipnormal
1, whepgi.n the ambient |ighting conponent and the

di ffuse 1i ghting conponent are conbined with the first
attribute and the first attribute is used to create

t he nor mal CREPIINE ampambient nighting compopsnt | witly rthe giffuse lighting
CONP | &InipInddt @nd bERAst Une of HeChlst AL &c&lﬂi Lithitrtel 't l%ﬁnean image
the third attribute having 1ts own vertices; creat

anot heepisennieg a selgst featurepf she dbieg encbne of the first,

second and third attributes, the another normal map

having its @hyMgrdiileREa poRiMMesH ﬂh@gmﬁgketoaé‘%é?efhe | of the
map vertices and the vertices of the at |east one o

t he fidignlayed dvagggompidsingt leastapartiof th@tf@s agigeute ansl pertedthe second
the angffigf. normal map into another matrix

representl ng anot her tangent space normal nap;

cal cul ating another diffuse |ighting conponent from

t he an¥t herlheamefbert of S3dm Adr Wadreipaibe salgct fratuga of dlespbject is
0%sﬁﬁtiaﬁlﬁ‘?ncfﬁtirn?t?]lshaﬁl%(ﬁ?ﬁ R34 e'hl?i'_rcfngneﬂ{ tributes used to
create the ano nor ma conbi ni ng the

anbi ent |ighting conponent with the another diffuse

i ghti ng conponent and at |east one of the first,

second and third attributes to form another inmage
representing a select feature of the object.



8. The nethod of claim7, wherein the third attribute
conprises the conbination of the anbient |ighting

weowpomest , the diffuse |ighting conponent andP@TiESHEN4/024169
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| east one of the first and second attributes. 9. The

met hod of claim8, wherein the another normal map is
created using at |east one ofo4 he first and second
attributes and the third attribute is conbined with
theambpent  highih REmERFRLD E[B%raﬁlr@orﬁ SRRLORLLIE LY b YSRhine, the
lighti nnggon'ponen_t to formthe another image. 10. The
mestdieng &vice| Anbrdgingvih @ragram ©oh dDMeiians rexaenizhdg birelhe jmsachine for
PR PP L 6 S Sy Lok o atvts, e
c ongbupiéoms cemplisingsthastepstofr  di f f use |i ghting conponent

to formthe another imge. 11. The nethod of claim1,
further conpid.§iNgs 8% soR@h@y] i i
portion of tLecz f|l%lafgdespfgtgﬁ)g{%%ger.S 012.@%%& rﬁ%%l ﬁ%ﬁﬁgpp@aﬁnbmes’
cl ai m e firsthtiripitp andtbe senergetidbaip baohddving itslowpveriead; on

at least a portion of one of a plurality of planar
surfaces defilfindG AorRhCR d n HP1BA bR or GhAl:

wherein the ri mgge lg?rsp?ag%ggl?\’s? -cr{ln)spl afe%dogtg Ofgﬂéﬁlm Akt second
part i apitbugst the pormapmap kdvingjitsofvnpedices; sur f aces

defining a probe. 14. The method of claim1, wherein

the first atdfihmg %e%ﬂn&l%&i@g%gggﬁ fhk 'v@Hitcgs SARE at ﬂeast one of

conprise nultiple data valu oci ated spatia
coor di Hat st aphsheogdtaiiribeipuasddato prgata the normal map into a matrix

th -di i ' i.nate. 15. Th t hod
of r gfag%@%hgﬁg#ggﬁﬁfgh%%%g%?ﬁ’ﬂgpecorrpri seg ﬁl tiopl e

perturbed normal vectors that are derived fromthe

cross produelcubsfing avéffpseclighting epoprnsnt fiprl the Hogbntoweesl normal
COmPONGRb alPihe SAEA: B2 & dieitina 10-ond REUTRINSL Blordiledhdhormal
1, whereln a vertex programis used to convert the

nor mal map@nderti ces and the vertices of the at | east

one of the first and second attributes used to create

the normal D@RidiRg Ont BEHORL GbRtinbCRSRRERET Ostnt BE diffuse light

t angent space ﬁéégrmodln mapl. 171‘lg .l'luge nrglt%ﬁlocf g% cPlai rﬁfff,se lighting
wher ei eomroacnti dnfl s deast ejiet afrihe Eivnpodh esvondiatiribites tarfbineah image

o0 BSOS R eSS S e

t he anti$ eaturall angierinmgt.conponent, the di ffuse i ghting
conmponent and the at |east one of the first and second
attribyg es ' [ . [ i ne:

Co for it horlraSam gty 17, D5 L L B8 oF I B s and e
t lsecond ptgribuget domipbise ccanbinatibe ofimoon thog tiribbies.e conpri se

medi cal data.20. The nmethod of claim 1, wherein the

first triput tl : i . ' .
seism %‘é dat a. Sgslt:aﬁ%ﬁe ﬁlle?zﬁg%g%%é%% gél)%ﬁ&?ﬂo\?\l% gr%(l5 ﬁre[fl%rg attributes
arftrivenhybrid gitibutey conponent is a predet er m ned

constant. 22. The nethod of claim1, further

conpri sy ng Fifae sy%&e%psbfocleéimc BC Wl N9nd HREGHIRe com rises any
l'i ghting conponent fromthe t angent space nor mal rmB
algombinatioat of| twaser mere agfibutprecdniprising sampliswsle ofrelquency, phase, power,

a ] e . e : ad. )
SR onURRL, 13, GA58H? e BB sl
| ipeeasuiray gpezonity 0 pemteabititye sttatigraphe dnidglithblogy camdpihe esatonadnattribute

the at | east one .the.first .and second attributes t

¢ SmPose 3 ey 0 Slriohlicr by btRP ERGRAD: Phishr P sérblance
conprising the steps of: applying an inmaginary |ight
source to the image; displaying a portion of the inmage

to a user; interactively repositioning at |east one of

the imaginary light source and the displayed i mage
relative to a line of sight of the displayed inmage to

t he user; and



repeating the last three steps in claiml. 24. A
nmet hod for inmaging a select feature of an object that

wo g00sbesanti al |y indistinguishable in its natRPCHUS2004/024169
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envi ronnent, the object conprising multiple

attributes, the nethod conprising the steps of:
selecting an attribute fromtdse nultiple attributes,

the attribute having its own vertices; creating a

N QbR ncYBBp Uit BRdRhE rﬂumJ%a%tortJ&sugae rxﬁkda‘ﬁ@@ D Gpressure,
its own vertices; convertlnq he nor nal p vertices
arparastiy poateabilitys stetigapley anddlithdlagye into a matri x
representing a tangent space normal map; calculating a

di ffuserli | hGEMN,t
o o b D SRRETRIBRY, (08 BB Sty

| idiffes Hightoeeponetent atp eombines wilf the Sest piriftats znvgl theoseponskattribute is
forman i mage representing the

SE?%@?% g%?%#@“%gl&ﬂ% object. 25. A nmethod for inmaging

one or nore features of an object, the object

conpri 82-ng Hhel wptpeof glain 2By whegeinthrappienidishiegrperpnngef and the

t I?.l?ff BPfin® &l@ 1l K | i i

e T ApZir comBOEF hellnfnch ik, i bl MG ER B 1R Whlue 1

aﬂ@mﬂbgm@Bﬂwdwnhdlmecond attribute each having its own

vertices; creating a normal map using at | east one of

the figst QEGRBEC1RN 47, Rt E p having

its own ve???ng co%vertlng t(mn% ngﬁk%% Sggrtlces

and the vertices of the at |east one of the first and

second at t relsetings thisdefiribytes the sk attbutp bavieg itheiyn vestiess:a
matrix representing a tangent space nornal map;

cal cul at i nQ:réntifé hhdilse® nbingH tla AeH AIPRARE At 1ehdt QA bP e first, second
t angent sgace nor mal EFand the at | east one of the

first #dhisdasibytestths ngthceroryalipan knvingdls ownivpgicesor mal

map; conbining an ambient |ighting conponent with the

di ffuse |i glhveiiheCOORIRR nodidl ndb veRRSES ardNBe Odrtié BT the at least
first and second attributes to form an image

r epr es®KtGEAlp Grsk a¢cepd andpthirg pltriyresiused Bisresss ¢ Lthe apether normal map
di spl ajidWBombr heagte éﬁes&ﬁfn@aﬁ&hé}ftaﬂggxﬁ shdBY6rntP nRApUSEr
the portion of the displayed i nage conpri sing a? Ieast

part of the %i{st attribute and part of the second
attribute. B2 ar?éffﬁﬁdlga?ngd%?ﬁﬁ“% fropm dheetpihien dangent space

sel ect ndrpat Mae aftf the e 10 @Rtorithe BHDSERRA 84 It])ird attributes used to
|nd|st|Q%U|shabIe inits natural environnent.27. A

syst enfeBaie iraothy namil Bgpeaist or age devi ce readabl e by

a machi ne, the storage device enbodyi ng a program of

i nstructi onsmeH@thadhSielYightie BRGHINEw P he laABHLMARB Bohting
or nore features of an object, the object conprising

mul t i pfoEpepent prdptdeast engeof |tlf?sftrﬁtu%eFP‘61r@dé‘@Fﬂp%tF§%uW§ tq f@@n another
steps f@fage Rpl8GkihpE sélecft 'féaﬁltre &lthd bthtt.e and a second
attrlbute fromthe multiple attributes, the first
attribute and the second attribute each haV|n§#|ts own

vertices; ciBat¥sikg &f ridtimas3mypesy ithee dhird oHfibute | comprises the
0 B@m&flatfolﬂ%f fHeafilbicANBo AL ChHpcabhd IR WirRRe LiEHReRBMPBenl B the at
having its own vertices; converting the normal map

visestione f thpfirst and speand ja@laniesf t he at | east one of the

first and second attributes used to create the nornal

rrap I M3 a THkYsten bEMIRSRMNhEIEn T APBE HorRRERS i9SFARY usmg at
 calculating a diffuse lighting conponent fromt

t ﬁqﬁéﬁ‘ﬁ of thec Brsh adriscondapribigs apd ﬂ&t thirg aﬁnbmes mn&nwé w1th the

first and second attri butes used to create the nornal




map; and conbi ning an anbient |ighting conponent with
the diffuse |lighting conponent and at | east one of the

wo poospw1rml second attributes to form an i mage PCT/US2004/024169
representing a select feature of the object that is
substantially indistinguishable in its natura
environnent. 28. The system dofg cl ai m 27, wherein at
| east one of the first attribute and the second
a ; Ng;
B N R Ao el PR o fom the
condiherdmagm of two or nore attributes forma hybrid
attribute. 30. The system of claim 28, wherein the

first ggtrifl&eATRCIaHES420NerGRTR HRiHePRorial IMP iCereated using
more attributeS conprising anplitude, frequency,

pliestiird piéniteie and dhephiag eldribugois spabiagd wih pie ambiiemytighting component
ar,a8 | tH . r e el ocity,

5 DrElEhordthde [ORhg LomBEBHR Kim APEARIE Frack™! 00
Iitholq?y and the second attribute conprises at | east
one at #fi bukhe systemmobiplpin 27 derther papprisingythe gitmaefedispiryinerat least a
> PORloRF e GRNRLA ARl B B4 TULD, gradient, fluid
factor, acoustic inpedance, velocity, pressure,

porosity, perneability, stratigraphy and |ithol ogy.
31. Tha8-systhermysem of alpim 27 Whekratr die Airst eribnibarshhe second attribute
| gt . j L ghtyi
D Ml A 28 Ot PR g BB UG A e v
10 atayingytheecrdimensiogaltspatit eeprdinattde nor mal map. 32. The
system of claim27, wherein the anbient |ighting
componggt dj loi i 0 . .
corbi ned v Ther vy SRS %5, SBkleD0uCRRRRE hp Xofrises mulipl
aPentyrbas rornal vigelers thad arer degived frm theoerassl prodiet of3Byerfi¢a component
S ' rising the steps of:
séf&e%ﬁr%gntgﬂ c?hﬁ?%%}ﬁo% ?;lic%@tg gﬁ{ﬁﬁg third attribute
having its own vertices; creating another normal map
deri vet-f r drheaystine abelaignd/, gihereinethe firss attrityecanddhasrgond attribute
15 tRbhsiRtlhichu.gs, the another normal map having its
own Vvertices; converting the another normal map
vertices and the vertices of the at |east one of the
first,4secdhd syyrm phelrig 2 thetsin e figs etriuge andethe eecombatiribute
apghhak aghidahimap i nto another matrix representing
anot her tangent space nornal nmap; calculating a
di ffuse |ighting conponent fromthe another tangent
space ¥or nelhepend dum &t Visain thhembient Hehtiigrepmponent is a
SgfAfEnARd bl attributes used to create the another
nor mal map; and conbi ning the anbient |ighting
conponent with the another diffuse |ighting conponent
20 and at43 eadihe syreempef dat % fugther comprivies hp sepsafi d
attributes to form another inage representing a sel ect

feature of chid@a@fy £6ieculddlighting co¥pbiRM BbmGhA tdN:d? s al
wherein the thi?%jattribute c%npr?ses t he coé%?nat?%ﬁlmnn

of t hemahiddhr atisaghane 9 the St ad preond a{ibyies pagd do create the normal
I'i ghtigQgp; ggponent and the at |east one of the first
and second attributes. 35. The system of claim 34,

wherein the apother normal map is created using at o
| east one GPMPREES ithestSPEGRr s HEHHE £OMPPISYE e hea rignbigng  lighting
25 third @bpbhdtife Hﬁqu@{l%&tﬁ%QoﬁfprﬁbnE BEATRI £Mast Lighbe Mg first and

component and t he anot her diffuse |ighting conponent

t o forsfendattEbiestie formipiemagss. The system of cl ai m 34,
wherein the another normal map is created using the
third attribute and the third attribute is conbi ned
with the anmbient |ighting conponent and the anot her

di ffuse lighting conponent to formthe anot her i mage.
37. The systemof claim 27, further conprising the
step of displaying at | east a portion of the inmage on
a nmonitor to a user. 38. The system of claim 27,
wherein the first attribute and the second attribute




each conprise multiple data val ues and correspondi ng
spatial coordi nates, each data val ue having a

wao boossitssrensi onal spatial coordi nate). 39. TheECHYS1084024169
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of claim 38, wherein the normal map conprises nultiple
perturbed normal vectors that are derived fromthe

cross product of a vertical cognponent and a hori zontal
conponent for each data value. 40. The system of claim
27, whgy ei ' at4r i ;

attri bﬁ’ e 2%%%?%%2 Bfrsréé%il?lcigF fuﬁtﬁ%ﬁoﬁi}%gﬁ?_ﬁg %ﬁg?@g?gm of
claim27, wherein the first attribute and the second
attribute coBmigse imegingsy Behd seuice tahe imgee;syst em of

claim 27, wherein the anbient |ighting conponent is a
predet er m neglHaRtRRMon of Ihe ﬂiﬁge fyasdsem of clai m 27,
further conprising the steps of: calculating a

specul ar li.ghting conponent fromthe tangent space

normal nap ! tﬁ?ﬁ‘c?‘%g’ TZpOs{iog e aB{‘?%St gre ?fht&e fagmarylight source and the
seconddiggdliyel RHigR FelidRA b Ancsfaaiheot e diBREYHRlimABAo tRNMer; and
conbi ning the specular |ighting conponent, the anbi ent

l'i ghting conponent, the diffuse |ighting conponent and
the at Iea§%£@W%“%Tmﬁﬁ@3?$ﬂ§ﬂn&ﬁﬂn cond attributes to

formthe image. 44. The systemof claim 27, further
conpri4d.ng A; bateat (&ﬁ@)rigifng ai’:mpgrg&h REpraae dhﬁ&gfeac?a[bléhw Hfibchine, the
source to the i e; displaying a portion of the inmage

¢ BOREE oyioe (PRI P BPGoP oo T ISR GrGbaPlE A8t Tnmaghine for
t hBaginpog belevt Yeahir€ B ars 61)£dt @had gl sidbBEntEhll§ RhAUBGuishBELin its natural
relative tqQ a line of sight of the disEIaye i mage to

t AREYIQRBFLL S5 PYjesh edprTyer MEltiplesitiriPhies ethe disgactions CpmpHging the
2d%epddy: A system conprising a program storage device
readabl e by a machine, the storage device enbodying a

pr ogr am of instructiQBs ?xecg%able by the machine for =

i magi ng a SEFERE PIYE BHjiRlg tatteibres. fhe attribute having its
subst agd rfidgs;i ndi stingui shable in its natura

envi ronnent, the object conprising multiple

attributes, the instructions rising the steps of: . |
Sel ecting &TF°Hta T PR s eHEoTh e g e dbs Rormak e having its
t he atdwd fauiRs;having its own vertices; creating a

normal map derived fromthe attribute, the normal map
having its own vertices;. converting.the norml map . .
vertices ar?amfeﬂ’élg\}%er pqrpak gy V?rﬂ%eszfgfl thep{seiees ﬁ% the é‘ﬁnbute nto a
mat r i xmitfp EpEBReting g tagém BgRAhorgRBGEp;NOr mal  map;

calculating a diffuse |lighting conmponent fromthe

t angent space ,nor nal,. .and the attribute; and

conbi ni ng 5%03%51%%{11#&?% ilf?a]i[‘]tﬂlé CoRsBT rffo%%ehta $rot space normal
di f f useag inghlid aagibeeymaenent and the attribute to form

an image representing the select feature of the

obj ect. 46. system ¢ i.Si a program st oyage s
device r ea&%@’%‘ y¥h aﬂ%ﬁf nlgth[};?% & og'lp 8‘?%‘8@’@}3\}{‘% ghffuse lighting
enbodydongorenpi@ghamiribhitei to Sdrin@timagsrepreepth otk 8elbyt fédd@e of the
nachin%.for I magi ng one or nore features of an object,

the oB°6€t conprising multiple attributes, the

i nstructions conprising the steps of:selecting a first
attri bist e angsamsemprigngih proghimi stofap® R videGeddableibglaBmachine, the
attriba%es, tHe first attrihute and the second .
at'P'PED (P ECR SCRONER ATTEm RinnyBicHPsegxeciplie (§yn e gmachine  for

NigagRly dWBPr edkd feadrel OB abjedtLMs obRReorfpribiAe nfuldpis aditfites, the
second attrihutes, the normal map having its own
VléuﬁtchE%@;compnsmg the steps of:




converting the normal map vertices and the vertices of
at | east one of the first and second attri butes used

W@ 0080eRse the normal map into a matri x repr esSPOL/USZP0£024169
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tangent space nornmal map; calculating a diffuse
l'ighting conponent fromthe tangent space normal map
and the at |east one of the fq4grst and second
attributes used to create the normal map; conbi ning an

anmbi ent | i offcigh LOPRBHE M b Secbh®ardivhle te A1 attributes,

conponent and at” | east one of the first and secon
at t ri bthedisst pripuse pdahe depmndattriee each havipgjitaowe vertees;
feature of the object; and displaying at |east a

portion of &BginkBYEMAONR HSEkd HoREalPRidkIRR ofkhe 8t and second
di spl ayed |na%e conprising at |east part of the first

at t ri baftrbugpsdheyagrialgnan heing éig oWe Vertiees; but e. 47. A
conmput er data signal enbodied in a transm ssion medi um

conpri si Ng RAvirtiRdBe MERLAE %%Btv!eﬂﬁesaarﬁlet&lg GLrab&adtUk Saf one of the
an object, the object conprising multiple attributes,

t he i nfeandosennid sitAbptes wsed totcreaterthe parmel mpaplingy s webindepresenting

attri byt.g.5ek Eéﬁ?n&.ﬁ .the multiple attributes, at
| east a p%rtiéiw o tLeﬁ%nage being visible to a user,

the portion of the visible inmage conprising at |east
part of thealoplagg ardiffyss Jickting gorpranentofiom Hee smgemdpace normal

attri bubeandifle atleROIRWBle H1aaAd SiONRhRIRAYE& 0 fa@ the normal

transm ssion nmedi um conprising an I nmage representing a
sel ectmfg@at ure of an object that is substantially
i ndi stinguishable in its natural environnent, the

obj ect coMMbhibidid MH! ihlbR AdHink b nexﬁh@id‘l ITt‘lalgeiliffuse lighting
conprising an attribute selected fromthe nultiple
at t ri benepopenitan @b fepstzonp of ttheofirsbind prsondvaigribungitngorm an image

vi si bl ﬁpkgenﬁné@ §dlect feature of the object; and

displaying at least a portion of the image to a user, the portion of the
displayed image comprising at least part of the first attribute and part of the second
attribute.

47. A computer data signal embodied in a transmission medium comprising an
image representing a select feature of an object, the object comprising multiple attributes,
the image comprising a first attribute and a second attribute selected from the multiple
attributes, at least a portion of the image being visible to a user, the portion of the visible

image comprising at least part of the first attribute and part of the second attribute.

48. A computer data signal embodied in a transmission medium comprising an
image representing a select feature of an object that is substantially indistinguishable in its
natural environment, the object comprising multiple attributes, the image comprising an
attribute selected from the multiple attributes, at least a portion of the image being visible

to a user.



