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TECHNI CAL FI ELD This invention relates to mcrowave w ndows, and nore
particularly to mcrowave wi ndows adapted for use in a | ow pressure (i.e.,
vacuum ch enabl e the introduction of high-power nm crowave energy
froma soufvgg%ég%erlnal to the 5 chanber to pass through SGENSHAKdW i nto
such chanber. BACKGROUND As is known in the art, many applications
require the introduction of high power mcrowave energy into a | ow pressure
chanmber froma m crowave source external to the chanber. One such
application is plasnma enhanced chem cal vapor 10 deposition (PECVD)
processing. In such appli cBHPHEOWER M{CROWALE SHBIDAWi s i ntroduced into

t he chanber (or reactor) through a dielectric wi ndow Thus, the: windowis
di sposed on an open portion of the wall of the chanber. A wavegui de

term nates on an.outer surface of tkbgNCAdeME fecause the gas pressure in
the chanber (or reactor) is |low and the mcrowave electric field (i.e.,
the E-field) is at hnfsdnvention glpfaste migowave atindows, and metedartionlerdrte i s a probl em
of Paschen br emkee ahdbReadaprittiomise in¥BH-grddbiie Q€ CWetum)thathsddgNsi ty pl asnma
forns on the rea@t r .sige é)i. ..,, | OwW pressure or _vacuumside) of the

wi ndow. This pi™¥RH*HHIRYTY OLHBERBET MIFEOvaNe enersydrom e e ithgy | eadi ng

to hi gh | ocal i dedbdreapdsntrabh sudlewitidow @ito suchetgmbeert ai n conditions, this
heating causes failure of the wi ndow due to thernmal shock. Wndow failure
causes the 20 reactor to vent air thereby destroying the high vacuumw thin
the chanmber and the desired proceBAGEGCRPUND t he chanber. SUMVARY In

accor dance i th { NI ESRRn hoMERiahPbpliciBhGEMIRUR iloBERB Stiget ure for a
| ow pressure chanber is provi ded. The wi ndow Structure enabl es m crowave

energy 25 to DECRRRERIRVeENCraN it ¢ hev-piprws ehambeblimae Bisigvewe srer nal to the
chanber. The dxR@fiMo the chamber. One such application is plasma enhanced chemical vapor

10 deposition (PECVD) processing. In such application, the microwave energy is
introduced into the chamber (or reactor) through a dielectric window. Thus, the
window is disposed on an open portion of the wall of the chamber. A waveguide
terminates on an outer surface of the window. Because the gas pressure in the
chamber (or reactor) is low and the microwave electric field (i.e., the E-field) is at its

15 highest level at the reactor, there is a problem of Paschen breakdown on the window.
When this occurs, high-density plasma forms on the reactor side (i.e., low pressure or
vacuum-side) of the window. This plasma strongly absorbs the incoming microwave
energy leading to high localized heating of the window. Under certain conditions, this
heating causes failure of the window due to thermal shock. Window failure causes the

20 reactor to vent air thereby destroying the high vacuum within the chamber and the

desired processing within the chamber.

SUMMARY
In accordance with the present invention, a microwave window structure for a
low-pressure chamber is provided. The window structure enables microwave energy
25 to be introduced into the chamber from a source external to the chamber. The window
structure includes a fixture having electrically conductive walls, Inner portions of the

walls provide a peripheral region of an aperture within such fixture. The fixture is
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structure includes a fixture having electrically conductive walfcto bBEQbUG
portions of the walls provide a peripheral region of an aperture W

such fixture. The fixture is | 9 October 2006 WD 03/097891 PCT/US03/ 15161
adapted for g to a sidewall portion of the chanber having an opening
t her et hr ougwm%g %f{] d, nicrowave energy transparent diel &TUSEMIGhdow is
included in the w ndow structure. The w ndow i ncludes: a periphery portion
affixed to the fixture; and, an inner region disposed with the aperture of
the fixture and aligned with the 5 openi ng through the chanber sidewall
portion. A first surface .of the inper &gl on is disposed jn the chanber

t hrough the cHRYFR%EOLBRmIRgP 2AdeRHbRAgton D 5 Shambeshpving @BORSRINEt he i nner

regi on w dow itﬁerdhr&@glﬁ @dsoﬂx,tnaelﬁahveteﬁerghaar@mmelélecﬂb@muwdoﬂwdua@ ind
si dewal | portl nvvlt of ter mthgléflrst surface

nati.n
of the wi ndowSHHIY %%‘c‘?chF?ds‘JBﬁH‘ ﬂ‘ér“le? °% %P?HP?%W P?f{ij°’g"nfﬁ’fel‘i’é° fiier y
portion of thendyandiom: redibiedidfdsslivdenviad dpeipate bf tharfixaihre tuldkalighstldeith the spaced from

et on” dr. ¢ B RRHE bY Srnb it pidsl ARty SEARDRE TR o
dielectric w rdahpvaedartde tiamberdlroughti dhmber bpaingh dndoend, (oapcsﬂe mﬂatee:cf “"triple
et o = LB AT LR LR LR B BB e e
surface 15 i sidewjlepariiarwitfa fabtend themsl t@mtlmﬁtmm thzh fatteaface of thewindoe from t he
triple juncti r e nducti ve

ple | QRd a 585t end ﬂeﬁﬁft@ﬁﬂ%ﬁ@é bt (;frlel ﬁbg J:ﬁo%%f[h %F:}cfo@ E‘BQ

surface, especi al épf rom sharp e ach collision
bet ween tHe emidevabpestiancf therdndaivinspaprd f@mth%mllwfthph@du@nveﬁé@tm c wi ndow

mul tiplies the nunbeh sah fhR&IERGS, tpama@atttﬁ&oﬁﬁ&%a@@&%oxa@h@ Wi nost
dielectrics is g‘ﬁeater than unity (for exanple, up to a multiplier of 4 for

silica). 20 ASf @X@F"e@ﬁdiﬁﬁﬁmﬁwwgwt%ét@dﬁ?”&‘ffbw‘é?mﬂ‘ﬁ@laﬂib@](éé‘r?ﬁued wi ndow

they produce ayplejnekion") 1s@%}il§¢eﬂgrohptﬂé ZoatihcBife R 0BAS fikiuRAKgRWN to occur on
the window. In o t he erl her{x{?&)’ortl on_ of the wi ndow contacts

n
the inner poPRf ‘ﬁ%r yof’neﬂ?‘?ﬁp PIPE‘“’BF iating micromaveturakday i acosy HYHASd 1 egi on

of such nmner igiajetticans clédtrons ento the dlelectrlc surface from the triple junction. Here,

electrons are field-emitted from the conductive surface, especially from sharp edges or
burrs in the walls. Each collision between the emitted electrons with the surface of the
dielectric window multiplies the number of electrons because the secondary yield of
most dielectrics is greater than unity (for example, up to a multiplier of 4 for silica).

20 As the electrons cross the surface of the dielectric window they produce avalanche,
causing ionization and gas breakdown to occur on the window.

In one embodiment, the periphery portion of the window contacts the inner
portions of the walls of the fixture adjacent a rounded region of such inner portions of
the walls. With such an arrangement, the rounded region reduces the amplitqde of the

25 electric field at the triple junction therefore the number of field emitted electrons is
correspondingly reduced.

In one embodiment, the sidewall portion of the window is paraliel to the inner
walls of the fixture. With such an arrangement, the direction of the electric field
established across opposing portions of the conductive wall is normal to the surface of

30 the adjacent portion of the window (i.e., normal to the displaced sidewalls of the

window).




the walls. Wth such an arrangenent, the rounded region reduce
anplitude of the 25 electric field at the triple junction thergf%ér}g’beﬁzoos
nunber of field emtted electrons is correspondingly reduced. In one
embodi nent, (the sidewal | portion of the windowis parallel to the inner
walI's of the ¥ryttre. Wth such an arrangement, the diredCir8i'%Fidthe
electric field established across opposing portions of the conductive wall
is normal to the surface of 30 the adjacent portion of the w ndow (i.e.,
normal to the displaced sidewalls of the wndow). 2 9 COctober 2006 WO
03/097891 PCTI US03/ 15161 In one enbodi nent, the second surface of the

wi ndow i ncl udes t h&t @ieemRodimettiRywred swifqegef the windyy ingludesdhereima ar r angenent,

t he magni t ude @hugdw seh &tk WEh iuuehchrtaﬁ%enmr @lemgﬁlﬁa@bﬁﬁé ae%&mtfm iwi ndow
t her eby redum ng d,across the wndow. 5 In one

eak electric fie
embodi ment , FP‘F‘E‘F’Q‘%PFS&E%W'B‘TI"“{ therely rﬁ%wgﬁléf‘speb‘é%{%é“cafﬁéﬁ WEPT8Ys  therein,
such peaks benmgdrﬂrepar ated one fromthe other by a length | ess than the
nom nal - oper ati ng vel en h of t m.crowave ., ener bei n i ntroduced into
t he chan%er t hr ougﬁ “teﬁ@ “ﬁme%ttsﬁrf%cﬁé’ 5??’"5@?’5%&@ %“ﬁés i nner
surface porti aheref, sutl’m&almhadlgwepaﬁteﬁaﬁcaﬁdrﬁthebﬂleﬁlﬂeil&{gﬁﬁlbislﬂi'anftﬁee' d vector is
broken up by t bwavel e tructures aks and val'l eys)
to reduce the nt[E)kr%o agB?ﬁraUtn§ Sgl?étiifog 8%‘2"3"’}{’5?@6&?’3’ kfe&gﬁﬁfogb‘%s HiKtheqdi tion the
sanme subwavel ehgtber girough thervésdoar &itlesdhginedarigemelt,ithd indd eurfand pordomadfe

reflections c | r nst ant bet ween
t he wi ndow anghﬁsﬁgd%émlél%@gﬂ%ﬁ11%150 J£Oglsém%relg%‘%‘ibrye ?‘r%gﬂﬁ ?FE s of the
i nvent i ont%ar e syesturkpii-ehtbe peakhand valieyside dparile propabiitipwif mgfcadischbize

descri ption b%[@fye?{ 1oglﬁ1§fdlt{0§?'fel§£lﬁé b&QJeEﬁétﬁ stpﬁﬂlges a%gi\é% eag)ee mlcfr];atet he

invention wll appar ent om the desc on an S, and fromthe
cl ai ns. microwave reflections caused by the large differentlal in dielectric constant between

the window and the vacuum.
The details of one or more embodiments of the invention are set forth in the
‘15 accompanying drawings and the description below. Other features, objects, and
advantages of the invention will be apparent from the description and drawings, and

from the claims. !

DESCRIPTION OF DRAWINGS
FIG. 1 is a sketch of 2 vacuum deposition chamber having a pair of microwave
20 windows according to the invention; -
FIG. 2 is a plan, top view of the mjcrowave window structure according to the
invention;
FIG. 2A is a cross-sectional view of the microwave window structure of FIG. 1,
such cross-section being taken along line 2A-2A of FIG. 2;
25 FIG. 2B is a cross-sectional view of the microwave window structure of FIG. 2,
such cross-section being taken along line 2B-2B of FIG. 2;
FIG. 3A is a cross-sectional view of the microwave window structure of FIG. 2
affixed to a low-pressure chamber and being fed microwave energy from a source
thereof external to the chamber, such energy passing from the source, through a

30 microwave window of such structure of FIG. 2;



DESCRI PTION OF DRAWNGS FIG 1 is a sketch of a vacuum deposi tigtb&BgFE% 6
having a pair of mcrowave 20 wi ndows according to the invention; - 9
is a plan, top view of the m crowave w ndow structure according to the

i nvention; g,bg @84 S a cross-sectional view of the m crowave w ndow
structure of "FPG ®%, such cross-section being taken al oR§TUSHESIA. 2A of
FIG2;, 25 FIG 2B is a cross-sectional view of the m crowave w ndow
structure of FIG 2, such cross-section being taken along |ine 2B-2B of
FIG2;, FIG 3Ais a cross-sectional view of the m crowave w ndow structure

of FIG 2 affixed tggasg 3 - bei ng fed m crowave energy
froma source thereof egﬁgﬁﬁgﬁ?#%ﬁtsﬁ%&ﬁgﬁgg?ge%%%Vg%’ﬁ@’r’ WEELEY g from
the source, thPbUiGh? afizel tap kvopiassere whambevendbeisgifel mitrowakunegofiochG. 2; 3 9

Cct ober 2006 VMr&3INQQESQI A gﬁlytglgﬁfbgr?gu@ﬂ' g@\%ﬁﬁlgﬁé ifr%mqhed %Lgcg[tggﬁgél 85 fived

cross-sectional ,view of the m crowave w n u€ture

to a | ow pressIHEOHEMEPW 2hRch grushirs o F1Gi2entovibashambreyrsgsh drossisection sour ce

t her eof exi er nadthdghal tdthe GOREB@IONal SHGHLEAEEYY Passing from the source,
t hrough a m'crovvavngvg?.ndow of such structure of FIG 2, into the chanber,
0

such cross section 1B ARGy af g fixkiee uspdigshegpipowavearindavesyughreRf G 3A; FI G
4 is atop vielWlbf a fixture used in the m crowave w ndow structure of FIG

. FIG4A is an explr_q((flve‘&,i Si de1 El evation cross-sectional view of the fixture
of FIG 4, such cross $ett] ¥R ‘iﬁ»ﬂ@e HeyRiion wpssrglienahuew af halighreREG 4; to

FIG 4B is an Bixpi.oudctrosssadontieiny aikeoslony 108 3ASRCIAFRal  view of the fixture

of FIG4,;,such cr i on bhel n aken along.lipe 413-4B of FIG 4; FIG5
10 398, 43G¢L exploged %%?ratboni cross-prationasyiesy et ke fixthg ofy

is atop view of a mcrowave*™w nad
FIG. 4, such cross section being taken along line 4B-4B of FIG 4;

FIG. 5 is a top view of a microwave window used in the microwave window
structure of FIG. 2;

FIG. 5A is a cross-sectional view of the microwave window of FIG. 3, such

15 cross section being taken along line SA-5A of FIG, 5;

FIG. 5B is a cross-sectional view of the microwave window of FIG. § , such
cross section being taken along line 5B-5B of FIG, 5; and

FiG. 6 is a cross-sectional view of an enlarged portion of the microwave
window structure of FIG. 3A, such portion being indicated by the arrow 6 in FIG, 3A.

20 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
Referring now to FIG. 1 a chemical vapor deposition chamber 9 is shown. The
chamber 9 has a pair of microwave windows 10 for introducing microwave energy
into the chamber 9.
25 Referring now to FIGs. 2, 2A and 2B, a microwave window structure 10 fora
low-pressure chamber 12 (FIGS. 2A and 2B) is shown. The window structure 10
enables microwave energy to be introduced into the chamber 12 from a radio

frequency (R. F.), here microwave energy source 14 external to the chamber 12, as
shown in FIGS 2A and 2B.




structure of FIG 2; FIG5A is a cross-sectional view of the nig Egrz 06
w ndow of FIG 5, such 15 cross section being taken al ong I|ne 5A: ?
FIG5; FIG 513 is a cross-sectional view of the m crowave w ndow of FIG 5,
such crosswa%?w,},g% being taken along line 5B-5B of FIG 5; and FIG 6 is a
cross-sectiona w of an enlarged portion of the m cr oR&VESIHEHdow
structure of FIG 3A, such portion being indicated by the arrow 6 in FIG 3A
20 Li ke reference synbols in the various drawi ngs indicate |ike el enents.
DETAI LED DESCRI PTI ON Referring nowto FIG | a chem cal vapor deposition

chamber 9 is shown As-gn(ﬁwn 19'%?(5935"2/&9 ﬂﬁzeia (?ﬁ%n%d’ow%g nggﬁ@{\’é{?f(ﬁes‘@f&%’é"’s 10 for

I ntroduci ng m crowave ener% Into t erring now to FlGs.
2, 2A and 2B, # (GCsx bhaaddBhdwshswvr ndlGP et 40 afidAB, the fixowe rimssur e chanmber

12 (FIGS. 2A aﬁ]ﬁer%@hoh@O@ leowzmnmnwgwﬂﬁ f'f)h’lﬁ'& Y8 fas %%Qm &M RbRRCHJ.CT OVave

energy to be introduced into the ‘chanber froma ra requency (R

F.), here ni crédtyviBe emndicye ‘é’é)‘!froé Blellﬂpeéﬂ?@ﬁfh%ﬂtj heingtingicated Sy andxthe as  shown
in FIGS 2A andeodfuctife @al@'&&h@ﬁer%@l@i@n ZM@&E 19&(?&1%%303/8@7 H%%IJEQMUA‘S SBOWI"I

in FIG. 2, 2A, _and 2B, the window structure 10 i hcludes a fixtureé
(FIGS. 4, 4A aifd o4 therondustiveslin2il, 28k pigvidg 2 perirbespldesion ofppaparse2fr e 20 has

an upper por tywigtin 2RbfiRae 29, Irﬁé/\ﬁiturmo Isl a@#ptedGbr moliiing th %k B§Bing@s has
200 bei ng 1 i QR bAAY S SR eE e EBHIGE IR T of ¢ he | over porti on
20L bei ng i ndi cat edsbiyow2h FIGSIDETA §AB| @ﬂﬁldﬁﬂihbowaw?e%e@j‘z trhiRgar&@nduct i ve
fixture 28, TrAHRR TR B AR A Boae Ry i RSP AGhT S %5‘38% Rz (Fi oS
3A, 3B) thr ougthn&msstniemal 10 (PiGiSt 2,24 andl 2BheTte hamtbo@r30,1sBown more clearly in
FIGs. 5, 5A and 5B, includes: a periphery portion 40 affixed to the conductive walls
22 of the fixture 20, (FIGs. 2, 2A and 2B); and, an inner region 42 disposed with the
aperture 26 of the fixture 20.
15 More particularly, the upper and lower portions 20U, 20L of fixture 20 engage
the periphery portion 40 between them. The upper and lower portions 20U and 20L
with the periphery portion 440 sandwiched between them are fastened together with
screws 23 (FIGS. 4, 4A and 4B to secure the window 30 to the fixture 20 with the
inner region 42 within the aperture 26 of the fixture 20. _
20 It is note that a first surface 30U (FIG. 3A) of the inner region 42 is disposed in
the chamber 12 through the opening 28 in chamber 12 and a second, opposite surface
30L of the inner region 42 is disposed external to the chamber 12. The second region
30L has incident thereon the microwave cnefgy being introduced by source 14, FIGs.
3A and 3B,
25 Referring to FIGS. 5, 5A, 5B and 6, it is noted that the window 30 hasa
sidewall portion 44 with a first end 46 thereof terminating in the first surface 30U and
a second end 48 thereof terminating at the periphery portion 40. The sidewall portion
44 of the window 30 is spaced from the wall 22U of the upper portion 20U of fixture
10 as shown in FIG. 6.
30 The periphery portion 40 of the window 30 contacts the inner portion 24U of

the walls of the fixture 20 adjacent a rounded region 50 of such inner portions of the

5
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As shown in FIGS. 2, 2A and 213, a solid, mcrowave energy traglwf,ggg;zm
dielectric w ndow 30 (shown in nore detall in FIGS. 5, 5A and 513)-
included in the w ndow structure 10 (FIGS. 2, 2A and ZB) The wi ndow 30,
shown nore in FIGs. 5, 5A and 513, |ncI udes: eri phery portion
40 affixed \tglc))%?]w%éonductlve walls 22 of the fixture 20 C @E@SSYGQ 2A and
2B); and, an inner region 42 disposed with the aperture 26 of the fixture
20. 15 More particularly, the upper and | ower portions 20U, 20L of fixture
20 engage the periphery portion 40 between them The upper and | ower

portions 20U a Zeire sxmp p&tﬂ?rhgfgfl tl%h“%rrl oigﬁzl%_.i) 2 lel Q?Qheil%g%ﬁ&%%%%{l g? tween

them are fastene t oget her secure
t he wi ndow 30 ths ftXWée artan 308, @Oshw:thﬁl(ﬁﬁa Santhr(Inegmtemthdche/mtcfmmvet he

aperture 26 of .t ff'drﬁ(ﬁdﬁ[‘c% IZ%fed?Q) the w%?ov\pﬁ)ttﬁ%&gn%% %éﬁlgr%%w%j;lrc%ugﬁ 30U (FIG

3A) of the inner reglon I s di spos t he
opening 28 in &H ?ﬂ@aséfr?dlaﬁo‘gwwl\l(ﬁﬁ)@gi theregimpaehe §@iricdleldmhe i nner

region 42 ks dirgR0g &hoRu ke MebiadwiltddRiok Q@E%@rﬁnﬁrédgﬁula;- Qﬁﬁé&g g\'rkghelae gion 30L

has incident thereon the m crowave energ ntroduced by source 14,
FIGs. 3A and 38wrEsasshows iniFilg 38 FIGS. 5, 5A 5B and 6, it is noted that

t he wi ndow 30 R@l@rtiﬁ? tSFIGSVRl4A QLB A sebthd bhrkRe Sorf 6frtl%t d(ﬁﬁ&\' fl[ﬁhag Qﬁ’?(gtp f

termnating in_the |rst surface 30U and a second ereo

terminating at TFHE 3FOFH rsff“‘ﬁ'&fPWVé‘?ﬁ %hﬁiec‘ﬂ?ém%ﬁt@éﬂmﬂﬂ themrthg digfectrir of t he

wi ndow 30 i's spmemst offfh@ oM@d 3012&%&%@&%930199% aBQ&deQi%l Poffeg T 1 Xt Ur e
10 as sho I n qu i phery portion 40 o he w nd 8 %
contacts V\@e |Wﬁlé?teﬂﬁ’1t‘{‘$]6 &GWQVP@IC"Mpﬂugleakmt@qgéhqu@w ell®0 adj acent a

rounded regi onwbRgeifle BlFhs HioPMEEIfED e GRRcBiE sthékeeleénc%ltﬁil?lﬁ?%rtgﬂﬂﬁdome)o o
e w \W I

gg/r g|9|72|91t E C;”h%él{s g‘%é&“l?qr?’lv%f““\ﬁ/g}elpeﬂ‘fé g?%ﬁ'a g{ﬁtt.‘!’é‘c’)%ﬁ‘?f{‘ Figﬁ"f’éw indaw.shown i n
FIGS. 5 and 2BThe(eldments imtht ewdckt diaiinadehuty Hil-0i8160E-constant, low-loss-tangent
material, here Teflon material. Every other plate of the stack is smaller in the H-

15 direction of the waveguide than the adjacent, full-sized plates. The purpose of the
stack is to cause the incident single-mode radiation to go multi-mode, thereby making
the electric field more uniform. Thus, while a waveguide is designed to operate with
only one mode possible, here the waveguide has a has a half-cosine distribution of E-
field strength across the wider dimension of.the guide, with the maximum in the

20 center. By going multimode, waves with muitiple cosine patterns become possible.
By distributing the wave energy into many modes with lots of smaller peaks, the E-
field becomes more uniform. A more uniform field will have lower field maxima, and
is therefore less likely to cause arc breakdown. The design of the stack also serves to
match the wave into the higher-dielectric-constant material, minimizing reflected

25 power.

The first surface 30U of the window 30 has peaks 54P and valleys 54V therein,
such peaks 52P being separated one from the other by a length less than the nominal-
operating wavelength of the microwave energy being introduced into the chamber 12
through the window 30. Thus, a sub-wavelength structure is provided which also

30 serves to eliminate microwave reflections caused by the jump in dielectric constant at

the surface of the window parallel to the E-vector (i.e., the electric field vecior). Thus,

6




energy fromsource 14 is fed to the wi ndow 30 though a rectanglcitober 2006
wavegui de. The waveguide 52 has the narrow walls 52N (FI G 2B) thereof
support the electric field EE 5 Thus, it is noted that the sidewall portion
44 is perpe‘ggiﬁ?@ggr to the electric field vector E, as shown in FIG 3B).
Referring t 714, 4A and 4B, the second surface 30L BFTURE/WShdow 30
has affixed thereto a corrugated structure having a dielectric constant
greater than the dielectric constant of the upper portion 30U of the

wi ndow 30. Also, a stack of dielectric plates 10 with alternating |engths

not modi 11 ed. THE ‘i SRETEI R EL BPY ety B R TR BEE e | wi ndow
structure, rec&mﬁ&stﬁiﬂehqolﬁﬁkredisliaoedl(Regbrf“eblygl IRl Rhguﬁﬂmd‘(ﬁmmlsmqbﬁllddf t he

\IMO\r/]\E IO\cl)Vss :Qﬁggﬂaﬁ”‘g [%4~1?§7he?ré3ﬁ$9?1 ac‘i’tnl et aélr?réllml radml {nﬁéé{cl‘)%fn%%)gsg? n{ he
stack i s smal | tereduge thbmmam%ﬂtpmcmsbf avirohagnte m@a&gm; rdﬁectlblamaxt #iw adj acent,
it o IS SRR QB LRSSk PR RALE 2211
nmore uniform mﬂw@d Wekie aéd autwépl@gw]déhm sandelouy rfédvem, tblpemmaeh bisthe only one
£ 1 ol d st ot e S A A e R RN R SEHER L ' Che maxi mum
in the 20 cent®#veepihegisighigeshatpraduredhe oprssling saflectediiaresi plets, bogriee pat terns

become possi bl Qyantd3¥ oﬁ!h&%ﬁb'-»bé%leﬂ@h stﬁemmyﬁaﬁmmsmmaee IporiRges with lots
of smaller peaks, the E- field nore uniformfield

will havelt ovveﬁ"r“?tPréf ‘EPnr‘f'é.‘kP%lelf&rﬁlﬂ’elqc@cﬁl?éf’é‘i"%ﬁ]@f‘?béﬁlqng@’élpﬁ {¥ethause arc

breakdown. Thesshgshedride thiRR ichb@GKthat dhectDR bEitedk Mg ufBleGlrtcB Bitovave into the
hi gher-di el ectric-cgnstant material, mnimzing reflected 25 power. The

first surface SHOISHH rigivclysmabpoiehalfifersmessks 54P and val | eys 54V t herein,
such peaks 52P bei ngusppaifeinbeiigads Jfieitcitonteticebdes@tide@N@héiibeRss t han t he

nom nal - operatl e h of the. mi crowave en bel n roduced into
The chanber - 13 Wibhe S o abet i B rdey be S YAAoF RHE KO et ur e | s

provi ded whi Chhﬁip&ﬂ:aﬁ&)scﬁpe’c\mﬁelhﬂn&dm. mm&ﬁ@lymmé@mwméﬁi hesfithimmie caused by
the junp in diel eth{he(i‘olfonSt nt at

3Cope o owIng claims.




the surface of the window parallel to the E-vector (i.e., the Qbﬁtbbéﬁzooe
- q,w%%%} Thus, 6 9 Cct 0b@fw:2006:: N0 03/ 097891 PCTI uso3/ 15, oL
P*T% Yiﬂﬁﬁ N0 Q escribed in "Antirefl ectys
SeErier e
G M Mris, Applied Optics pages 1154-1167 March 1993, act in a manner
simlar to graded-index coatings to reduce or elimnate reflections of
el ectromagnetic reflections, reflections can also 5 be elim nated by
adjusting the thickness of reflecting elenents such that nmultiple
refl ected WwWHARIKICDAIMED fthase and thus cancel out. However, this
approach has the disadvantage of creating standing waves with potentially
high el ectrijc Al upd EHEGIHRE, ht»hea wiRkHESeddbfingancel i ng
refl ected vvalves vﬁb@&n’cﬁpg{b\aﬁ?& Fztﬁé\i'/ant age 0 t e soub wavel en tﬁgstructure
is that2the b|mdmswawazemeo@:pmduce¢ inththe ehargbes fromersehes exigmaf ththpar al | el
to the glectri meking the path length along the
surface§rmch I‘%(;hr?mebresgﬂm %1%9[1{?6'3&@1&?% R and br eaki ng up the surface into
regi ons4of relat |a\fedt:;tei;a‘ah$ elpastientlyi cohdusivef veallerroels Inngx patiape f &k veallsodi nent s
of the invention hav e C 1£6:5m bk Wdoke BEn&Nder st ood
t hat vaF| oud %%‘in\g (Pa?ﬁgﬁés] %@ggﬁlgcféd}g\n@h%&t% deparre’t%ung roem ri t he
spirit and sdeped ffr mduetingwoersidennll pAgiooodtheghgmbest her enbodi nents are
W t hin the scope, o the Bl RR8LvaR06 WHAT | S
cLAI MED'I'S: 1. ARWH %Bn\}\?rg% uc?g\dfgggﬁaﬁ%p%egrcg\?\}zgrg%ssure gﬁag’o such w ndow
structuse enabling Zamenpltmaptetxeneﬁﬁgpdtocth@ﬁxtwr@: roduced i nt o t he chamber
froma source external ful? fkSing: 4 a
fixtur eghaw ng- el ectricarl BEQ%'M}S%P%%HI'ﬁg%&tﬁ%ﬁ%ﬁ Borji'{rlﬁons of the
wal I's 16 providi rsgrfacepﬁtthqahmraégiarebﬁmmd!sﬁosmnalpﬁeqhamb@ apft alsegenduch fi xture,

such fi 1)1<t u.r & bel no%posite surface of the inner region widow being disposed external to the

12 chamber;
13 a sidewall portion having a first end terminating in the first surface and
14 a second end terminating at the periphery portion, such sidewall portion of the
15 window being spaced from the walls of the fixture.

1 2. The window structure recited in claim 1 wherein the periphery portion of the

(3]

window contacts the inner portions of the walls of the fixture adjacent 2 rounded

3 region of such inner portions of the walls.

1 3. The window structure recited in claim 2 wherein the sidewall portion of the

2 window is parallel to the inner walls of the fixture.

1 4. The window structure recited in claim 2 wherein the second surface of the window
2 has a cofrugai:ed structure having a dielectric constant greater than the dielectric

3 constant of the window.

1 5. The window structure recited in claim 4 wherein the first surface of the window has

peaks and walls therein, such peaks being separated one from the other by a length

=

AMENDED SHEET




6 adapted for nounting to a sidewall portion of the chanber; 7g@&8bbf2006
m crowave energy transparent dielectric wi ndow having: 8 a periphery
portion affixed to the fixture; 9 an inner region disposed within the
aperture of the fixture; a first 10 surface of the inner region being

di sposed in the chanber and a second, 1 i opposite surface of the inner
regi on wi dow bei ng di sposed external to the 12 chanber; 13 a sidewall
portion having a first end termnating in the first surface and 14 a
second end term nating at the periphery portion, such sidewall portion of
the 15 w ndqQw I imgr@@a\felaﬁe @eink 2. The w ndow
structure reg?stsglf‘“qﬁ %qongnﬁ%ér\%ﬁgr‘g%let Ogth?l phery porl'tg?on gf the 2 wi ndow
contacts the uhtﬂdtﬁbecpmmm@mnbﬁrtbtﬂégb\ﬁlelvﬁmg’Wthe fixture adjacent a rounded
3 region of such inner portions of the walls. 1 3. The w ndow structure
recited in claim2 wherein the sidewal | portion of the 2 wndowis
parallel to the inner walls of the fixture. 1 4. The w ndow structure
recited in claim2 wherein the second surface of the window 2 has a
corrugated structure having a dielectric constant greater than the
dielectric 3 constant of the window 1 5. The w ndow structure recited in
bl aim4 wherein the first surface of the wi ndow has 2 peaks and walls

t herein, such peaks being separated one fromthe other by a length 8 1.°
AVENDED SHEET 27 9 2QQ4? 9 Cctober 2006 |ess than the nom nal operating
wavel ength of the m crowave energy being introduced into the chanber
through the window 0 9




