19 S EP20031 MTHOD AND APPARATUS FOR PROCESSI NG SEM CONDUCTI VE WAFERS
Field of the Invention This invention relates to the processing of |arge

di anet er sem conductive wafers into integrated circuits 5 (and,si 'é

devi ces) wherein the wafers are put through a series of process?ﬁggé 2@@
one or nore of which steps involve depositing on an exposed surface of
each wafer a thin, unlfornllnsulatln
(Si 2) by nmeansé i AR Rf PROCESS TN DS A t he
art) to which thgem@f@fstnéel Q@g a A connnnly used process i's known as
sub- at nospheric™ chepj cal deposi D) IM , Backaround_of the

I nvention The processrhg vaggﬁ%g%nﬁﬁt?% é@fgﬁl SREGEEHH % ?% tdPscs of
single crystal siibinebr) sammcvaduOUSveHWQgeE&enhtqnnnﬂﬁqm§t@§ndlscnntar

devi ces) ig wel '<ahaowmamakhae@£&es> Tond Bl en o0t Wﬁc%liree'p%toi:h%lbugh

t hroughout the world various nmakes and designs of equi pnent hi s
pur pose. BecaudeSSFieReCpr BEPSEBRLING %6%E¥ru%@¢cﬂF P oﬁ@ﬁ&?t@ﬁepﬁo
requi red of suchneqmv@naaposaﬁﬂngh@nuanf@kpmégd|§uﬁﬂwm£$ﬁimgche&ei&ary to

obtain a high yi l.d wit spec atio V. C he
cau prent | s ofbefsl YELESTBLERE hREThe outh, € 14Yee R Bl R gh
therefore that t(8dOgapbyameand opechemngabosesccibmﬁ Qﬁuﬂiﬁ@@uﬂpﬁ@@ﬁ for a
gi ven product i on:hoRghpHt inPehe’ sgeyeféoaﬁhm@m&é WREsSPle BeGRIY

sem conductive wafers with a dianeter of 300 nn1% %ﬁne er) .have becone
available to th@-CHEWQPéXtHF@?SPBPC?ﬁFeb?aF%%W%|? Lﬁq Qﬁﬁ%ﬁfﬁﬂ‘io 30

previ ousl y avai lchleia c200vapowatiepss{otorvé¢sasvm) I'er  ones), a 300 mm waf er
offers a potent@%] 3y praduch i ¥htYo f nore than two to one. Use of
300 mMmm wafers rs—#%ﬁs“ﬁggﬁFy—agrracgrve—ﬁ roma cost standpoint. In_a
SACVDTM process st ep ThieePEOSEBFEBE B%i HeMi€OBGUGE YR WIS t @t g thin

insul ationson a Wil off eaayiveceassas sim@bbnknﬁmmblvaﬁiunsnﬂnaygﬁaaﬁa an
organi ¢ vapor in . heli,um or nitrogen,

t.el
together very QFE¥ES (R8FeSERE aﬁhﬁﬁvbgeﬁg éhﬁﬁﬁﬁegfgkxinlxe

2M3 To this end manufacturers offer throughout the world

DA .

various makes and designs of equipment for this purpose.
Because of the precision in construction and of operation

20 required of such equipment, and the uniformity in

' processing necessary to obtain a high yield within

specifications of devices being produced, the equipment
is expensive to build and to operate. It is highly
desirable therefore that the capital and operating costs

25 of such equipment, for a given production throughput, be
reduced as much as possible.

Recently semiconductive wafers with a diameter of

300 mm (0.3 meter) have become available to the
manufacturers of integrated circuits. Compared to

30 previously available 200 mm wafers (or even smaller
ones), a 300 mm wafer offers a potential gain in
productivity of more than two to one. Use of 300 mm
wafers is thus highly attractive from a cost standpoint.

In a SACVDTH process step where silicon oxide is

35 being deposited as 1nsu1at10n on a wafer, reactive gasses
(well known in the art such as an organic vapor in helium
or nitrogen, and ozone) are separately mixed together
very close to where they will be used, then immediately



2 introduced into a hernetically seal ed chanber. The m xed gasses flow
into a chanber at desired pressure and flow rate and are continuously
exhausted fromthe chanber by a punp. A wafer within the chanber is held
at a desired 5 tenperature (e.g., in the range of 200 to 8000 1} SET M8 ¢ he
reactive gasses flow over an exposed surfgce of the wafer and in so doing
deposit thereon a thin layer of silicon Oxide insulation, Since the |ayer

of silicon oxidéPhEPAYCEBpLRTe cd Rpfet e iaf dicadipduichapbess uRReoRi¥ad as
possi bl e over thgasntirelvafl enits u f@tambeOm cIdArddo presBurthgngeatbive

gas stream shoul ve .t o] ne ses thar hl 1 xed. t oget her
bef ore i npi ngi ngggggt %ré& %ﬁ%e??g%ﬁgg?lﬁ%f%aefugs%sesegrs og'}lg FP%“V‘\/th y a
perfect, or neaPuperfedtvwaferfoiphiy herchdemntis deddeatoh dheitrsd

exposed surface @bmpBeav@lber (e NeN; Uik fOkd tandd) dF %iodd tandoer &) opheiet he
reactive gasses _results in an insulating |ayer (Si02) bei n% depagsi t ed
unevenly onto th& fafEPCti¥ReIFRETH 1 }%M%‘g%!%/ an exppFed fuckere 8f ERenner,

in sone places thafiernag@ bhhso sdoileedewen smildraqeealks tand/ aayeal beys
begin to Sho“’“@%%@cﬁﬂ bisgbathog 4 5ﬁ.t|¥%1k%§§§&9?%§e9'Egubgiicéﬁr
i C e wafe

simlar devices) w are being produced on can_be rendered
defective and t h@¥lBechbRengciaposited erlagreshehadhinsr shovdld RRdagoppaiform

Fli fficult }1@ achafevpﬁa&abéowéﬁ uﬁéf&amﬁdhda{réﬁ%uf}f&c@g f?‘@ﬁ'l f:bﬁwle@gtef
arger volunes of t reactive gasses as the ar a wafer is made

| arger and | ar gef ‘Te. ghe FPRnt AV ai Ehe R Tt ﬁt?‘ﬁ% %taifea\ggisa FBPRGRE300 mMm
or greater). Thugasemspthoroeghly efifxed , tqyadessibef aepimptingingt endetef or
200 mmwafers S0,628001 ofBI Ehy RexS4: f%s%%oéc}{b%ﬂdz%l%% Wigh perkdct) dor

enough to handle 300 mm wafers and sti uc integrated circuits
havi ng zero, or REaF| PeFépetderttermity savemithg anddiis exerors thet he
apparatus ase regipbedd sibBeapeesenthé nwerdt on in one of its aspects

D For oo TARESERTENT 8 aSell AR Jh PR Etbcpiye
300 M. 1 9 S Egpsgee3rgsubrevinushyingsiawingflayati d¥60g) sbadng nuch
smal | er, deposited unevenly onto the wafer. .The resulting layer
is thus thicker, or thinner, in some places than in
20 others. When even small peaks and/or valleys begin to
show up in an insulating layer the integrated circuits
(or similar devices) which are being produced on the
wafer can be rendered defective and thus become scrap.
It becomes however, more and more difficult to achieve
25 absolute uniformity in the mixing and flowing of larger
volumes of the reactive gasses as the area of a wafer is
made larger and larger (e.g., from a diameter of 200 mm
to a diameter of 300 mm or greater). Thus, in practical
effect, processing apparatus intended for 200 mm wafers
30 cannot merely be scaled up in size so that it is big
enough to handle 300 mm wafers and still produce
integrated circuits having zero, or nearly zero defects.
Substantial modifications in the apparatus are redquired.
The present invention in one of its aspects provides an
35 effective and economical solution to this problem of
achieving uniform processinglin chambers for large
diameter wafer (e.g., 300 mm).



there have been attenpts to conbine two wafer-processing chanber cavites
into a single piece of equipnment. Thus common usage could be nade of
certain elenents of 5 equipnment such as housing, platform gas %@p@ﬁa
control circuits, etc. The provision of dual-cavity chamnber e(ﬁl pren
woul d therefore offer increased productig)n t hr oughput along with

substanti al savings i t Bu bI e of u af rocessi ng,
as 10 di scussed above ea\ggpustl nW%%trﬁeVa ﬁ;'g‘m ?e%l u é o 1P somcgla‘l
chanmber equi prerthexg thiste Hasn memtﬂat@r gombihe pW@s‘e&tlfermanmng’l

another of its agpedisr EketedPANRIPLe sdUgheCRYLEY shaghelpRaRar alif g
capabl e of processi r? two such _sem conduct or waf ers si rrullt)aneously 15

Summary of the ITRASIAT HPA9P £OUFCdRGBade RToRETEEPBCEL G Sventi on
there is psovidegthipmaithahaf as thionginhggephar fowm, sgpar aippl sdg eans of

gasses whi ch rea&é:hézo té‘ﬁfcu 3:’2% tef'l%g p&ﬂgph&xv%gmw 08 &0eM L4

waf er - processing C I'n's € reacting gasses wll
result in the d@ﬁi@?@f cﬁqlbﬁpn@qﬁ g’l@lu}duﬁhﬁéiﬁﬁplfay@ffﬁr sRErerterdxi de

i nsul ation onto ;ardcmcgfacqi AT RIGhPRIY G0BAYCiYR Bab8tan¥i i dud ey s haber .
The wafer |ies on, heat| ng _el erren; in th chanber and is jymintai ned at

a suitable 25 eI Eifer atiite Ilgmlsh(? \NBPF‘g"B’F‘ PheCefarer Hte kept
at a nuch l1@wer dmmesﬁd,lrasodage ¢evleanturbhygi dtpherpedasansunpresidided hi n t he

wal I's thereof. Tg,Achi &y ) BEMALE o I@;ﬁlﬂgg\'% g”@ggtgg?féngoi)f Wemm 9ASE&S I n

the separate streans, one streamls ngentrally Into a mX| ng
bl ock having a s?mmwet%aynv(%mw 151nanp|t,§e§t Rér 1§‘e‘r%§ﬂ$¢‘§3|mﬂ

tangentially i rﬁ@séiﬁ@aiuauy-dahtd@e cORRB®SiT apgaﬁ:aehsoeapirblé éesul ts ina
vigorous stirring. and Ju X t &nt er ]h

cavity. The nowiXed TERELTVe Sélé%ls??n%g%%gﬁf’ttﬁﬁar'ﬁefﬁo%v“g%lf BIETHE N xi ng
cavity dowhSt hr dBupmerry pfirtdid thnventionf or at ed gas di spersion plates, which

evenly spread the gasges;ddQishdd Mlch B?l'ef Q"sg‘é@\:xb!érEhefiH\\Péﬂ'tgl&Yeihé’fb
area slightly larger than the area of the 4 wafer. The

di spersion pi at aﬁ’%o‘é“&%? & PGk |°§uF'érEfin§n&°ﬁ‘SEH?EdtWt%eP%%E%t to
each other, the sixéargs of gasses which react together, and then promptly

flowing them into a wafer-processing chamber in such a
20 way that the reaCting gasses will result in the
deposition of a highly uniform layer of silicon oxide
insulation onto a large diameter semiconductive wafer
within the chamber. The wafer lies upon a heating
element in the chamber and is maintained at a suitable
25 elevated temperature while the walls of the chamber are
kept at a much lower temperature by coolant fluid pumped
around and within the walls thereof.
To achieve immediate and intimate mixing of the
gasses in the separate streams, one stream is injected
30 tangentially into a mixing block having a small veftical
cavity, and the other stream is injected tangentially
into thebcavity in the opposite direction. This results
" in a vigorous stirrihg and mixing of the two gas streams
as they enter the cavity. The now-mixed reactive gasses
35 continually flow out of the mixing cavity down through a
plurality of perforated gas dispersion plates, which
evenly spread the gasses into a highly uniform mixture
flowing over an area slightly larger than the area of the



cavity, and a wafer in order to obtain gas flow over the wafer with the
necessary high degree of uniformty. The 5 reactive gasses fl ow down upon
and -over an exposed upper surface of the wafer and are exhaustf Jq

bottom of the chanber by an evacuation punp. After an insulating ayer of
desired thickness (and virtually perfect guniformty) has been deposited on-

the wafer; the i's r from.t_he chanber tic
nechanlsn1(mellm@ ﬁ%&n |%Q éqéﬁéﬁgﬁﬁﬂj gan|ﬁﬁeb§§ecéa§3Xp88n 5 ¢ he
chanber. The cl e@RAnYOYALEPasbieds Jterﬁnﬁfgh tcheeadhx iotdpergavheymikheg gas

di sper si on.pl at egavagg, dena mm ANGbrdfl f e iahgaleti o6t Fathe
residues left over fromaltl reV|ous roceSS|2%_step or steps,of formng

an insulating | §§&FTa¥Lt rQﬁﬁﬁﬁﬁf dhdhé &§§aﬁésu§ﬁgormeYs ofh¢ he
chanmber, ané t herequtpv:engasses hitisow efshre dipdrolamgnolvier anatepope@Ccesseng

step. . Vi eved frgmegsepagceﬁé @PPEC tand NS LISIANL 2R L QRANELR P G SF T &

to a nethod of formn ayer ness on a sur ace
seni conduct i ve mﬁh@rc PPOLH P c QMﬂﬁHaUdéﬁbianbn ﬂﬁ@@waanlxnaubabing

reactive gassesiajybe aﬁtaeglﬁ&mmnﬁﬁéuéébe (%Ir@osrltiftuafmszrrpegféé@m separat e
streans of first ang secon? %glr Qol_ 25 like swirlin %ure of
the gases in cl o8B pPERTHY yg 4;ﬁﬁﬂu99\RPQN¥F§Fron i%ﬁ & i§er
of unifornﬂOthickﬁmssedsfrombéhdepnsﬂnﬁdInandlkmnmmagltrmabhhalsm1KW@IB of
gases a un|forn1gh5QHr§no£héh§rgp d‘@i sﬁggvgkﬁﬁgaglhgg pjxed

reactive gasses over and 30 upop the surt ace o S0 as orma
| ayer of un|forﬁ??ﬁP%Rnes§h%nc¥¢ﬂP%ﬂﬂf&ﬁﬁaﬁﬁsﬂﬁﬁet@éﬁﬂé@n&ﬁ@tNWélnﬂafer

Vi ewed from one aavatﬁtUShQS@£@tdléﬁérdmdﬂﬂﬁﬂatdsnv%&H!aawhstﬂkbﬁgheﬁnéo

apparatus for fo n y |for thldgpess a surface of a
seni conducti ve még%rgFrghgrgga@?ve ga Xﬁgtﬁf%goﬁﬁ?Fsggog a
housi ng déﬁln|ngraveﬁaﬁb9r0@¢ﬁ§¥nglsﬂﬂﬁ|QﬁnSn$nH)qﬁ3ﬁpamdna agem conducti ve

waf er during pr ogﬁgﬁwglﬁ?dwyé&ww e kreho¥ed ERn? @83 Easgsé_f;éal Bfq2 gas
m xing cavity. A fiis ?f rance of the mxing cavity receives a fi_rst
d

reactive gas in Bf eEP?oﬁh?QFEﬁﬂHQQﬂIEPqrﬁﬂ?%ﬂm?nﬁl%?nﬁheﬁvF?§d1%@

second for another wafer-processing step.
"~ Viewed from one process aspect, the present
20 invention is directed to a method of forming a layer of
uniform thickness on a surface of a semiconductive wafer
by chemical vapor deposition from a mixture of reactive
gasses. The method comprises the steps of: forming from
separate streams of first and second gases a whirlpool-
25 like swirling mixture of the gases in close proximity to
~ the semiconductive wafer on which a layer of uniform
thickness is to be deposited; and forming from the
- mixture of gases a uniform mixture of the reactive
gasses; and flowing the mixed reactive gasses over and
30 upon the surface of the wafer so as to form a layer of
uniform thickness on the surface of the semiconductive
wafer.
Viewed from one apparatué aspect, the preéent
invention is directed to apparatus for forming a layer of
35 uniform thickness on a surface of a semiconductive wafer
from reactive gasses. The apparatus comprises a housing
defining a chamber therein configured to contain a
semiconductive wafer during processing and a mixing block



entrance of the mxing cavity receives a second reactive 5 gas into the

m xi ng chanber in the opposite direction tangentially into the m xing
cavi.ty such that gasses flow ng through the first and secondqensgpnggs
swirl around and mix together in the cavity. An exit of the mxing
chanber is in close proximty to the semgonductor 10 wafer. In a preferred
enbodi nent the I her. I r head
conprising firs gkgcoygtsd?%ﬁcelr glrrgé{,%ﬁgfe R Pﬁi& &L‘%'Ida%s%g?)sﬁls%n\éepl ate
defining a plur amm:lylgofcawmtefs relgeiveRr su§hrstheeagtive RS pdt I6n pl ate not

having a perfor aiﬂx@‘tdlwtt%g&t%m? 1868t ChetHEX LR . caitecyf i r ot slcR@r si on
plate has perforations t ed in close rOX|mt%Ceto t he eX|t of

the nixing cavi t§*ERRGS Ao eElPﬁlrnéJl GEEILYr BRFFTYSS tD TFROULIGRFELY

di spersi on Pl at gasTHmtsnem:w midiisge chaobepl anethasopmd;ms direadtdsm
proximty to th th e u dhere is
formed a layer §;f gln fJC(r)laﬁi:\1 hi ctnegél%o{rzlﬁlzL felgsg%~t V\Q‘;‘ t he ein conductl ve
waf er. The i nverftlioing |Yhneasighetier Lamgsr §ﬂ@o€eﬁ@@ﬂ1 eRerancss ¢iMidd nore

detai |l ed descri pirdithd f&s@m/_*ﬂxt  dge@ nd% aﬁcer{aaaavﬂgydr aph NG sk Qﬂlﬁ ms
Bri ef Descrlptlon, of th avvlns Fl

gerﬁgectl Ve View, c;)ad;
broken away, off i HifIC h&ﬁ‘b& OSFaP68x Pahdt BY TRF TS SEES
appar at us 10 acoerfiance Im tah p:rfeeﬁemr@dentnbpdvmantonhe Q@R tys |@Jla1her
expl oded perSpeCédn\i?rl‘ée"é"’sg‘)fbl%c@;%sr AL¥endnfl 8RKWER ﬁ&&&”@'é’a%ﬁé’!ﬁé] the

pr esent invention mati ¢ cross-sectional vi ew of a center ’
part of the m xifigrH Gl SRAANGY 94 SPETsAPrRi RY2ESSI YIRS SR SR $ 18kt i ve
gas feed lines Wlﬁﬁtcﬁﬁflrﬁ&g e paealfke of h61asschefratmmwgm,ssusaact| on

of a portion of par at of_.Fl 1l.s L X}
especti ve set ot NI S Baces "t Aapedd: & PREteRbidn LBt
under si de ®% t heat m,he amhtEs cherenifng a‘hleeéwstaésemrglow R¥nte Vieder

thereon for proggssidyhtiddy mr@x@w@%rca%d thecappar proRimftE td dige a
schematic plan view of the upper one
exit of the 1x1ng cav1ty and is located in close

proximity to the second dispersion plate. The second
diépersion plate has outlets in close proximity to the

20 surface of the semiconductive wafer such that there is
formed a layer of uniform thickness on the surface of the
semiconductive wafer.

The invention will be better understood from the

following more detailed description taken with the

25  accompanying drawings and claims.
Brief Description of the Drawings

FIG. 1 is a perspective view, partially broken away,
of a dual-cavity chamber, large diameter wafer-processing
apparatus in accordance with the present invention;

30 FIG. 2 is an exploded perspective view of a gas
mixing block in accordance with the present invention;

FIG. 3 is a schematic cross-sectional view of a
center part of the mixiné block showing a gas mixing
cavity and separate reactive gas feed lines connected

35 thereto; /

FIG. 4 is a schematic cross-section of a portion of
the apparatus of FIG. 1 showing a mixing block and a
respective set of gas diffusion plates attached to the



5 the gas diffusion plates of FIG 4; FIG 6 is a schematic plane view of

the I ower one of the gas diffusion plates of FIG 4; and FIG 7 is an

enl arged vertical cross-section view of a hole through the cen{lgr Eﬁ’f @m

plate of FIG 6. 10 Detail ed Description Referring nowto FIG § e? IS
shown apparatus 10 in accordance with thg present invention. Apparatus 10

is useful for prQgcessing sem conduct or fers and .conprises a chanber
housi ng 12 (partﬁéﬁ%fls ?%k%#? %\%3#“&5 éﬁ\é\%iaﬁt‘fc’as?\%legv tbegﬁgﬁb@?sembly
(ot herwi se not sWoth)a waféd theserblfor Hramtsdng atitbhim d6chpabér abt y
broken away) cophai ghpgr@ygutomati c mechani sm (not shown).. This

mechani sminserts wafers into the respective chanber through horizontal
slots (not shown) in YH&- r2als o SHeenaf it iiany vieward EBRoVEREY hengwedfer s
after a pro6essi hfje gaepdiSbedi ok cheisdnds me.l sknown and is not further
descri bed herein. Theglid assenbly .14 conpri.ses a.fra ate 18 as

m xi ng bl ocks 20 and Eté agc %aarl]i e Ctzsr%p;blﬁ?el VEY28R ZEL ngo‘ﬁegi%{‘? &t
cl eaning gas supphy amedPBiusiorgelates gis FISupgliyaodnduit 30 and a
simlar reactive gas supply i§CEﬁ“%ﬁlé¥§ed”V%ﬂﬂf@a§S§§6QE¥sééti§H'Ggewsof
shown in closed posjtion by solid Ilinés and in open position by ashed
lines, is hinged®abfos? HPEAYER the 2Rn4SF 1He tH6 RIBERNGTE1EIGanA: when cl osed
(down posi Loon) ided Desteipeionr seal for the two separate

waf er - processi ng cavl i t (not_, shown ithin_the housi
12. Each of the gas rr%z%(#%grﬁ%c‘{g@" %@a@r@?f'i é:hgé:%t é%ewhogg 98??1:%%11? yﬁgver
a respective chatBeRCeanddyceiwhih the prassng inyenthenb| odkpadatygs 10

connected at itsisopséput heor %@qééé@iry MM nauRRbega EWRENahgqui red) a
flow of cleanin

gas. (e.qg., Jonized NF3 to the m. xing block 20 19

SEP2003 7 and tﬁ@#@él o° aar%;%?i&?’f &é"‘gﬂg{ ﬁzof(PFFfélélFl&%bEFo{‘ﬁBtaw%l‘lbwn)
beneath tha5l i d havendly tivo dawity | drandeeaniotipergdsel noe 26Bowa) ¢oankttd ed
to the top of thgsblask,22, They @&%ﬁf ﬁ](ﬁ f [ 6 are
connected 5 together ti(;i.,a common supp ty I né%BéE)\%ﬁ?Fgﬁillg gg%ﬁéét%ﬁ%%

containing an automatic mechanism (not shown). This

méchanism inserts wafers into the respective chamber

through horizontal slots (not shown) in the rear of the

20 housing 12 and removes the wafers after a processing
step. Such mechanism is well known and is not further

described herein.

The lid assembly 14 comprises a frame plate 18, gas
'mixing blocks 20 and 22, a cleaning gas supply line 24
25 and a similar cleaning gas supply line 26, a reactive gas
supply conduit 30 and a similar reactive gas supply
conduit 32. The 1id assembly 14, which is shown in
closed position by solid lines and in open position by
dashed lines, is hinged at 34 along its rear to the
30 housing 12, and when closed (down position) provides a
hermetic seal for the two separate wafer-processing
cavities of the chamber (not shown) within the housing
12. N ' '
Each of the gas mixing blocks 20 and 22 is centered
35 vertically over a respective chamber cavity within the
housing 12. The block 20 is connected at its top to the
gas line 24 which supplies (when required) a flow of
cleaning gas (e.g., ionized NF3) to the mixing block 20



a source (not shown) of ionized gas. Gas conduits 30 and 32 are connected
to m xing blocks 20 and 22, respectively, and supply each with two
separate streans of reactive gasses. Wthin each conduit 30 gqndsgR@ e a
10 pair of separate gas |ines (not shown) which apply the gasses unm xed
to each block 20 and 22, as will be explained shortly The ot her ends of

the conduits 30 and .32 (and their res ective i ne are
connected to ga?“@o&?‘@é‘s: ( Bt 2shERR§Ct 4% el?éﬁ‘%’rtrxr%{r%‘ﬁ %g‘aﬂlb@ g)nof:here is
shown an expl odetown) elveobabhetbhé 1hé gasembky np bl dclesin(iilae. clehaibfock

20) L bs o bedindens! 9gdskhabnhbecghner, Bhockod loff cne HiBJ agk 2ghai s

substantially i i ca a mrror conprises a
top portion 37, O&hIeéfvv@PdQOOSO‘Fb?oﬁa§81M?§hzﬁa%n% Q%Wé?e Q‘Pcﬂqeé’\}\?e& ub 40, an
"0 ring 42, art%g@tq%mé&l l&dr !aCabmﬁBHbQﬁ By Thee | 34 tvatioM lils resinedtetihs t he

I bl ock t 38 37 d 38 et I
Lovertical axi s MgoEEen FPE g0 RS e iagzb%%?”n%%%h 3 ok 384800
FIG 2, the uppé&2 poet iconndé¢tefl themirirgnglotlesk2@@mthR2a fl at surface 50
whi ch t it t but

I ch nmates w %e%ﬁc‘%'i@egﬁr Qﬁg%ﬁﬁ?%gg?géﬁ W08 &b dée}.ﬁsﬁ arshv helgsbu

shown in FIG orl ace provi entrance to an
i nternal passag®f FGRCEHYRNIREFEF - nwﬂﬁﬁln%a%p%‘?n% & ith e 3¢ A& @

cleaning gas camp=ant &f iseparkhe gabxamgebl (071,13 Ql@oﬂnﬂ)dlvﬂﬁit(ﬂd applan taver ow 54,

and flow dowmn along the axis 46 int h es e fer-
processi ng chant¥&y® f‘lﬁ]@lgﬁéatfgt SEC%OBT ﬁ% %g\/\%r‘ a‘?)%rtalpsgﬁ‘hgé‘ ob}gat he m xi ng
bl ock 20 has an copd@iimgdsshaircdr. 35That esheit ands ehdld canduds Adhaodt 30

(not shown hereszb%nahmﬁ:nrgggecexve 1hLbSha rédd C Bl ANt second
orifice 58 in the opening ortion 38 provide entrances to

separate inter naﬂ°‘15‘§s§3§§]e§°( A8f §HBﬁ/ﬁeﬁer(€?tls§° 2003 8 in the |ower
portion 385 The r eactﬂ'e\f@xgaageﬁowuppl Fed.by, therseparsianmgasn laxpEodad t he

92;32??3'; 20, S e DB bRy SRonRoe 12 400 s e
has a vertical 29 ndilfl d& twabe Bmdeéfﬁéoadcéh@‘ﬁatheg%"sh?ﬁ Xirpk (i.e.,
the block 22) is substantially identical, though a mirror
image. The block 20 comprises a top portion 37, a lower
20 portion 38 which has a lower, hollow stub 40, an "O" ring
42, and a cylindrical member 44. The latter will nest
within the lower block portion 38 when the portions 37
and 38 are put together along a vertical axis 46, as will
be further explained shortly.
25 As seen in FIG. 2, the upper portion 37 of the
‘ mixing block 20 has a flat surface 50 which mates with an
end of the cleaning gas line 24 (not shown here but shown
in FIG. 1). An orifice 52 in the face 50 provides
entrance to an internal passage (not shown here) in the
30 upper portion 37 so that cleaning gas can enter into the
mixing block, as indicated by an arrow 54, and flow down
along the axis 46 into and through a respective wafer-
processing chamber of the apparatus 10. The lower
portion 38 of the mixing block 20 has an opening 55 which
35 mates with an end of the gas conduit 30 (not shown here
but shown in FIG. 1). A first orifice 56 and a second
orifice 58 in the opening 55 of lower portion 38 provide
entrances to separate internal passages (not shown here)



cavity 65 centered along the axis 46. Near the |ower end of the nenber 44,
on opposite sides thereof, are a first wall cutout 66 and a second wal |
cutout 68. Each of the 10 cutouts 66 and 68 provides a tangentiﬁl 9@5
through the wall 64 into the gas mxing cavity 65. The respe i§/ streans
of reactive gasses (indicated by the arrgws 60 and 62) flow tangentially
through these cutouts 66 and 68 and into the cavity 65 where the gasses
are 15 vi gor ous| yPntRed YR RRFL10ME & x dhegae36s iVReAasFRfreBREREI 54 oW

down t hr ouGghBt hethel bepasitd s lalﬁles ridi Q:Qiee@aBYC@ﬁda&EOMGEIOReiﬁEcB :j ng
now to Fl I own che cr.o ctl the neste
cylindri cal rrenbgfﬁégi o’fl{]%(:ees rﬁf#?ss’erﬁﬁ é&l §¥o§{2 26°SRAG HYow of

one reactive _gaQISPWéaﬁQ andli©cat ed by the arrow 60 |s al ong an i nternal
passage 70, swhich revegses tdyee oy ofo thiics. gas tP%t &emwaa hgkoge it

tangentially flows through the. cutout 66 (see a in the menber
44 into the 25 c¥GFEYCaS5. Cﬁ«ﬁeﬂ%cﬁﬁ]ofwlﬂe%handr éaéﬁm?éaéasg%?r’éaﬁng

i ndi cated by thecaviow 62 ¢@1t8é1ﬂ=!tg aﬁl.@h_:prtihd Rixdsnak . pReaagehd21ewdr féys

tangentially thrgug u |ntot cavity. 5|nad|rect
opposite to that 8gf Q?%h;ﬁe %Igtiq‘s’t ream? gls\}éigs 381?8"‘& % Sor o]%%rSt
whi rl pool 30 Ii kHaHxF%@OIa‘th%tand mgsetﬁortdwevatl\lo cgaoust f8ansEaghi of tlmapon

m xi ng i nmegdi at eEMtBh@&" @'@Vﬁhci m’@%ﬂ‘b\hﬁf‘eé‘@ |t%‘ﬁg%h¥l§al49péﬁ1hadtﬁ%€
the arrow 69 in F ferring nowto FIG 4, there i5s shown a sc ematlc

G
cross-section of © p‘d‘?]rjro 4 PR HE) HAS MISINY. CRELY £8- 3%N€hown a
portion of the | 'relspeanevéSStztémnsriod npdaiticie 2@ sard danpdnentd bhetkeof

see also FIG 2 i 0 h

|(or evi ously been 2155%?% g@ diAI SO S o%ﬁrgl%u{%qﬁqgl}lgr gﬁgbpgﬁsttwebg Sﬂgg‘gt% P
2003 9 diffusi oR6(BREcRBIING| Hiko dthe T bitat &6 Wlteﬁehéhésgaﬁseﬁ azgcond
gas diffusien (fa@gbrah@ly‘: xﬁﬁ:kmvafo deady. 82he pAKEAr ghedewi thehol es 83 and

cerm conduct i ve ATBFOI S st TRt ot LB e HEg 151 PREBNAR cPSassenbl y
84. The bl ocker ipfliacated lamdam rwfrftaceﬁﬁbl ate (shower head) 82 together '
serve as a neans for REPM-PONG MWNY B8 f Of Menere is shown a schematic
cross-section of the nested cylindrical member 44 of the
20 now assembled mixing block 20. The flow of one reactive
gas stream, indicated by the arrow 60, is along an
internal passage 70, which reverses the flow of this gas
stream just before it tangentially flows through the
cutout 66 (see also FIG. 2) in the member 44 into the
25 cavity 65. The flow of the other reactive gas stream
indicated by the arrow 62 is along a short internal
passage 72 and flows tangentially through the cutout 68
into the cavity 65 in a direction opposite to that of the
 first stream. This gives rise to a vigorous whirlpool-
30 like mixing and stirring of the two gas streams, which
upon mixing immediately flow down through the hollow stub
40 as indicated by the arrow 69 in FIG. 2.
Reférring'now to FIG. 4, there is shown a schematic
cross-section of a portion of the apparatus 10. There is
35 shown a portion of the 1id frame 18, the mixing block 20
and components thereof (see élso FIG. 2), the gas line
24, and the gas conduit 30 which have previously been
described. Also shown in FIG. 4 are a first gas



m xture of reactive gasses down onto a wafer W as will be further

expl ai ned hereinafter. It is to be noted that 10 two face plates 82 are
seen in dashed outline (lid open) in FIG 1, there being a rd§)§5f’|w face
plate 82 (and shower head) for each of the two chanber cavities (not
shown) within the apparatus 10 As seen ign FIG 4 the bl ocker plate 80 and

the face 15 pl 2.are b bl e therw s

described to an%t 58 d0fe | ?i HX‘F‘.E négl%?rgﬁffﬂaﬁ* Jt:tg%thé)}&? ?ﬁ'tﬁe
vertical axis 465ecnm@1 watfsediﬂfhsioaut(ﬁaraeb cplatye costtmread hmad)hi $2axi s 46 by
a tappered shoyddeio 38 <3 Q4RE hBeeki B0 &hs @&%@f HAGP 85 hingh 20 abuts

the rimof the wafer W The heater assenbly 8 in an "up" p05|t|on SO
that the wafer \%%S@“\&lapéﬁp apg| & 1€F8§e1i§/a‘ﬂ%%‘é5tﬁhelﬂf'é”¥%1ﬁﬂeatwé‘ & Huring
processing.5 Af tpeisia ignedn opr acespi figest 8p, of hEhélel@éaﬁ{exasmﬁﬁ{Myl 84.hoved

to a "down" POSighi I.n ted.b rrow 89 not
shown) so that t'IL '"1151 %%e\ﬂ/ %%g% go én@v‘ég fr%%?t%laztc%a eorwecraweta ) ﬁ]&
anot her waf er |tm9@rtth@(1 S?Iﬂfe'ehéét ar masgenﬁby BYowinrg tehrivieghdry novid drinf t

fingers 90 (onl Ynltaé&r%CUfalrle)éc%EQ\éﬂbaHQgﬁrﬁs% hoxtltlfk? Iafler W Waich ane
rai sed up from "down" positi.on _Shown g éﬁﬁr a mechani sm not _shown) to

lift the wafer lfb’\?éhtel’fee ¢ai8pds herespa perhf 11§ (tq Ppaated tpat
removed fridm thevecifadeeplaaest B2i ara weynpievidastsed omiitimmed idlfepen)

reactive gasses,; af ei xed.toget LOr s ddes 5 V.65, |

downward as i ndi catEIeIS; bl‘:l tﬁ'geg]?r %\% ég & gggﬁ!ag%%‘;eglfm([ae aFHathesp?rzfe {%\Mby t he
bl ocker pl ate 8Ghawen ﬂ@aﬁ‘él &orgeaghepLahhar bEO deltamksr WaviHelagaf @obW The
face plate 82, aMuwel) hatnanmeel hﬁbgggtﬁgr@gr of hol es 83 through |t t han

does the bl ocker pl ate 80, then rther 0
reactive gasses into”% §mForm § ufleth?lgez\ﬁ’ﬂﬁ Ho‘%na ]%O a?ﬁpc{]ﬁ%lfr aé’)?posed
face of thé waf @late 8Pherkl ataghedabyi seigabie smedamss enmalmilrmj:vhrm a :
| ower part of a n The, s of
 BdRAAE 8 o QEfE‘Xd@ BEMPné | P{dsﬁoag«@ 14 uald

each chanber, l1d assenb are nalntalned at
a much | ower terﬁ?é‘rboﬁr@deol?’h&ﬁe f’ﬁﬁiléﬁlt AEifcater HROMANSE g4 idhd the wafer
Wby the flow cfuteaelitddiallyqdetteleaush phpgSarid PaIsRIeTdiPered

shoulder 88 around the rim of the heater face 86 which
20 abuts the rim of the wafer W. The heater assembly 84 is
in an "up" position so that the wafer W is properly held
closely beneath the face plate 82 during processing.
After a given processing step, the heater assembly is
moved to a "down" position, as indicated by an arrow 89,
25 (by a mechanism not shown) so that the wafer W may be
removed from the chamber cavity and another wafer
inserted. The heater assembly 84 has three or more lift
fingers 90 (only two actually shown) underneath the wafer
W which are raised up from the "down" position shown (by
30 a mechanism not shown) to lift the wafer W above the
heater face 86 and permit it to be easily removed from
the chamber cavity in a way previously mentioned.
' The reactive gasses, after being mixed together in
the cavity 65, flow downward as indicated by the arrow 69
35 and are initially spread by the blocker plate 80 and its
holes 81 over an area defined by the wafer W. The face
plate 82, which has a much larger number of holes 83
through it than does the blocker plate 80, then further



shown. 10 Referring nowto FIG 5, there is showm a schematic plan view of
the bl ocker plate 80 and the holes 81 through it (see also FIG 4). The

holes 81 are schematically illustrated here but in fact they #r® SEQra0gsged
on concentric circles in a specific pattern, 15 provided in accordance with
an aspect of the invention. The bl ocker pjate 80 has a zero (11011) index

indicated at 92 to ich the holes 81 are referenced, The follow ng Chart
1 gives the radi%ﬁr%"’f\fgs aﬂb‘hl’%ﬁacﬁdé’iet 98RSeSa i tPhe YALFBER S GFEHSF es 81 in

each.circle in thiowlmrkivwiphgion 260 3@per,aexpesetli faeabofli themtwadfer W.

apparatus of themov. i ]_q%sd' d [ o]g Ssli fer The
holes 81 are agﬁéﬁxﬁ%‘%% 2 n%'?ﬁe g{a}%gﬁga%gghgkgguggg?%%i% 1SOI arrret er
ext endi ng t hr ougPP¥thePh|ntkeHE Chifyicc IfhpdbgFoby 20P3MPnERCE hPRRWIThe e e

approxi matesy 13} 10 dhezddh Me®Hed] iahd ehel 1iBubstkBabeyi 84 endial®i i n the
center of the blocker. plate 80., In.an jllustrat bvi enbogll nent the ol es
lé’t?r‘#c i reIEE,

are arranged eveht Y SphtedH MKy U8 &t A guc THRELH Bt et
whi ch are gi ven tat ncheshe 3B GsdendRyt 8ar anGhahe dabean@tley Hngl e

ndex. 10, 750822, ER 810 DRBUL S 20078 08 AT PLoRLE3. BBBoRD 00 82, BE0110

72.5001116. 50 825%%@46. 00 93.0501710. 50 103. 350190 19 SEP20M 5 10
10 Referring now to FIG. 5, there is shown a schematic

plan view of the blocker plate 80 and the holes 81
through it (see also FIG. 4). The holes 81 are
schematically illustrated here but in fact they are
arranged on concentric circles in a specific pattern,

15 provided in accordance with an aspect of the invention.
The blocker plate 80 has a zero ("0") index indicated at
92 to which the holes 81 are referenced. The following
Chart 1 gives the radial and angular positions, and the
numbers of holes 81 in each circle in the blocker plate

20 80 in a specific embodiment of apparatus of the invention
designed for processing 300 mm wafers W. The holes 81
are approximately 28 mils (thousandths of an inch) in
diameter extending through the plate 80, which is about
0.3 inch thick. There are approximately 1310 of the

25 holes 81 in total, but there is no hole in the center of
the blocker plate 80. In an illustrative embodiment the
holes are arranged evenly spaced along 28 concentric
circles, the diameters of which are given in inches.

Hole Pattern Chart 1
30 Circle No. Diameter # of Holes Angle Offset Counter
(inches) ' Clockwise in degrees
from 0 Index

1 0.750 8 22.50
35 2 1.250 8 0
3 1.500 7 6.00
4 1.750 8 0
5 2.000 .9 10.00
6 2.250 11 0
40 7 2.500 11 16.50
8 2.750 14 6.00
9 3.050 17 10.50
10 3.350 19 0



15 11 113. 650209. 00 123. 950260 134.350335. 50 144. 750364. 00 155. 150385. 00
16. 5. 550440 176.000512. 00 186.450540 196. 900583. 00 207. 350620 217.850735. 00
228. 350780 238.850822. 00 249. 350870 259.9001013. 00 2610. 4501070 49 SEP 2003
2711.0001245. 00 2811.5501300 20 Referring nowto FIG 6, there is shown a
schematic plan view of the face plate 82 and the holes 83, and the center
hol e 85 there throughi(see al se.édoG 4). The hwles 83 (and hele 85) are
schematically illustnated here3.dmst in fact they are arranged on concentric
circles in a 25 speaiBfic patter¥s0 al so provigkd in accordanéesai th an
aspect of the inventildn. The faec®0pl ate 82 haséa zero ("0") 4i-Pex
indicated at 93 to whch the h8t¥Y 83 are rederenced. This Bnéex 93 and
the index 92 of the 25l ocker pPat® 80 are alifthed with each oth®&r when the
30 face plate 82 and Yt’he bl ockér®YQ ate 80 are’hassenbl ed togéther
underneath the lid friﬁrre 18 (s€e,J1G 4). Thef ol | owi ng Chart, 2, gives the
radi al and;,angul ar pggitions, .2 t he nunbergzof holes 83 in‘each circle
inthe face plate 82,in the spéglfic enbodi ngnt of apparatug.%g 35

desi gned for processijBg 300 mmgwgders W In apg illustrative enpodi nent the
hol es 83 are approxi mately 28 gmdes (thousandghs of an inch) qi godi aneter
through the plate 824 which is. sdpout 0.6 inchsthick. There areo

approxi matey 7350 ofesthe holes.8® in total. Tdwe center 40 hal.eo 85 (of

smal l er dianmeter) passes through.45%e center 107 0
27 11.000 124 5.00
28 11.550 130 0

20 Referring now to FIG. 6, there is shown a schematic

plan view of the face plate 82 and the holes 83, and the
center hole 85 there through (see also FIG. 4). The
holes 83 (and hole 85) are schematically illustrated here
but in fact they are arranged on concentric circles in a

25 specific pattern, also provided in accordance with an
aspect of the invention. The face plate 82 has a zero
("0") index indicated at 93 to which the holes 83 are
referenced. This index 93 and the index 92 of the
blocker plate 80 are aligned with each other when the

30 face plate 82 and the blocker plate 80 are assembled
together underneath the lid frame 18 (see FIG. 4). The
following Chart 2 gives the radial and angular positions,
and the numbers of holes 83 in each circle in the face
plate 82 in the specific embodiment of apparatus 10

35 designed for processing 300 mm wafers W. 1In an
illustrative embodiment the holes 83 are approximately 28
mils (thousandths of an inch) in diameter through the
plate 82, which is about 0.6 inch thick. There are
approximately 7350 of the holes 83 in total. The center

40 hole 85 (of smaller diameter) passes through the center
of the face plate 82 and is aligned with the vertical
axis 46 (see FIG. 4). The holes 83 and the center hole
85 are arranged evenly spaced along 50 concentric circles
(including the center), the diameters of which are given



of the face plate 82 and is aligned with the vertical axis 46 (see FIG
4). The holes 83 and the center hole 85 are arranged evenly spaced al ong
50 concentric circles (including the center), the diameters ofl SUSESH2008 e
given 1 9 SEP 2003 12 in inches. The holes 83 and the center hole 85 wll
be described in greater detail hereinafter. Hole Pattern Chart 2 5Circle
No. Di aneter # of , Hol esAngl e é%%set Counter (inches)C ockw se in degrees
lcenterifrom 0 | hBek® : 25080 AORP sH0 P ABe756P86T510H8082 1% 4. 250300
71.500363 1581. 78642011923 0D 4PiedilPr 260540 hb2e50860¢r122. 750660

20112. 500601 133. 000720 143. 250781y, 0900 25174. 000951

184. 2501020 194. 50010822047 541402 T5 GOGToNT = St225 2501260, 235, 5001321
245. 75013805256. 0001447 266. 250450035276 1 c1°§kwif:% in dogress

from 0 Index

1 center 1 0

2 0.250 , 6 0

10 3 0.500 12 5
4 0.750 18 0

5 1.000 24 10

6 1.250 30 0

7 1.500 36 3

15 8 1.750 42 0
9 2.000 48 1

10 2.250 54 0.

11 2.500 60 1

12 2.750 66 -0

20 11 . 2.500 60 1
13 3.000 72 0

14 3.250 78 1

15 3.500 84 1

16 3.750 90 0

25 17 4.000 95 1
18 4.250 102 0

19 4.500 108 2

20 4,750 114 0

21 5.000 120 1

30 22 5.250 126 0
23 5.500 132 1

24 5.750 138 0

25 6.000 144 2

26 6.250 150 0

35 27 6.500 156 1
28 6.750 162 0

29 7.000 168 2

30 7.250 174 0

31 7.500 180 1

40 32 7.750 186 0
33 8.000 192 1

34 8.250 198 0

35 8.500 204 2

» 36 8.750 210 0
45 37 9.000 216 0
38 9.250 222 0

39 9.500 228 1

40 9.1750 234 0

41 10.000 240 2

50 42 10.250 246 0
43 10.500 . 252 1

44 10.750 255 0

45 11.000 264 2

: 46 11.250 270 0

55 47 11.500 276 1
48 11.750 282 0



286. 7501620 297.0001682 307.2501740 317.5001801 40327. 7501860 338.0001921
348. 2501980 358. 5002042 368. 7502100 45379. 0002160 389. 2502220 399. 5002281
409. 7502340 4110. 0002402 504210. 2502460 4310.5002521 4410. 7502538 SEP 2003
4511. 0002642 4611. 2502700 554711. 5002761 4811. 7502820 1 9 S EP 2003 13
4912. 000288 1 5012. 250294 0 It should be oted that the last two hol e
circles, 5 nunbers 43gand 50, if doge Chaﬁt 2 gxtend sonewhat; beyond the
rimof a 300 nm di aneper wafer 1¥Wasphi s i nsuresgs uni formfl ow of reactive
gasses even beyond the rimof such wafers and is inportant in the

depositing of highly wuniforminsulating | ayers by the reactive gasses. By
way 10 of exanpllg, showdflebeWhosedektdaduthaglapsocessimlaboutcl®®, mls bel ow

the bottomdof t hgface Qba%ﬁdS?ao R?BeEﬁlsn@hQP%"ﬁoefé&d 7sorﬁem?fa‘?: HeGoRROWN

in an enlarged vertical cross-section throu ortion of cénter of
the face plate &hedéis of éf3pﬁem@eﬁﬂéWeHSFeW§%eBﬂw Aﬁmﬁﬁbéwuﬁ%ﬁﬁ of the

hol e 85 has a fiurSisodmrabar obe"e@.c@ELvQ5g§§§@§dé‘ﬁ@1tH%m tmstribiotnot al |

of the plate 82, The Iomer of, the, hole,85 has.a S&f on r. bore
96 through a reﬁﬁé% ngﬁIC s&soﬁmPﬁﬁt Bkaf% ey boreng%gﬁéter

is larger than timdform insulating layers by the reactive gasses By way
10 of éxample, a wafer W is held during processing about 50
mils below the bottom of the face plate 82.

Referring now to FIG. 7, there are shown in an
enlarged vertical cross-gection through a portion of the
center of the face plate 82 details of the center hole

15 85. An upper part of the hole 85 has a first diameter
bore at 95 extending through most but not all of the
plate 82. The lower part of the hole 85 has a second
diameter bore 96 through a remaining thickness of the
plate 82. The first bore diameter is larger than the

20 second bore diameter. The axis of the hole 85 coincides
with the vertical axis 46. The smaller bore 96 of the
hole 85 lies in the lower part of the face plate 82 just
above a wafer W (see FIG. 4). By way of example, the
smaller bore 96 of the center hole 85 has a diameter of

25 about 23 mils, and the larger bore 95 a diameter of about
twice this. The smaller bore 96 extends through about
0.1 inch thickness of the plate 82, the total thickness
of which is about 0.6 inch. The holes 83 in the face
plate 82 are closely similar in shape to that of the

30 " center hole 85, but the diameter of the smaller bore of
the holes 83 is slightly larger (e.g., about 28 mils)
than that of the bore 96 of the center hole 85. This
dual-diameter somewhat funnel shape of the holes 83 and
the center hole 85 insures high precision in the shape

35 and exact locations of the holes, and this precision in
turn contributes to obtaining virtually perfect
uniformity in the insulating layers deposited on wafers
W. Making the diameter of the smaller bore 96 of the
center hole 85 slightly smaller than the corresponding



20 second bore dianeter. The axis of the hole 85 coincides wth the
vertical axis 46. The snaller bore 96 of the hole 85 lies in the | ower
part of the face plate 82 just above a wafer W(see FIG 4). ng (}%
exanple, the smaller bore 96 of the center hole 85 has a diane eq ?
about 23 mls, and the | arger bore 95 a di gmet er of about tw ce this. The
smal | er bore 96 ext ends through about f i nch thickness of the pl ate 82,
the total thi ckn@ég-mGB?rV\ﬁf-cﬁh?sS%blﬁr(b@ﬁ%(ﬂf— thiee hedees 883 (Pngt he2d ace

plate 82 are cl omghy sepbharas rtnﬁt@peftt@utétatc&ttﬂlmt%@ eenbet;atlﬁtﬁ 85, but
t he di aneter of PE gmal er ore of t 83 is sli g% ?ﬂélﬁeg,
about 28 nils) ar? of t’ﬁleebb?%u Jorfgt EEPEF o5 E859 1 3Hpke
dual - di anet er soﬁﬁvvhb@ Vahers Whape of the holes 83 anq the center hoI e 85
i nsures hi gl preci si 0finsNabBGe SHEREr B AR f;%aﬁttérfa%%t iong19lsthac

and this precision_in "turn confributes to obtaining, virtual Py per e
unifornmity in t hBRAnBAFat P nyimitat Lo ephsi e dBieidos s VAL IRHR Hgnf’ﬁe

dlh amet ﬁr of the enghges bﬁreh@&n@thé@ean@em@ramj@fd&&ﬁ&hb@hlt ltn;tysgabuﬁr f
than the corresp P.2003 .14 rote mal | res o
the holes 83 (e 98 ngsé QF&F%?SUS ohe rﬁ“fs’) afrﬁ{etci?élr con thlgé Pg

obt ai ni ng uni foﬁﬁpayt@ngtﬁeomnmeﬁpmgltt ayerscey o¥s tthleel@lv&nenensasof t he

wafers W 3qThe QEQVEogﬁﬁcihpéhQnabéoxhﬁE&F'ﬂ?@ d 1 sinld .UStHAL QB mpa @d E'Hé in
limtation of the invention hanges in the net

appar atus descri BBHeﬁ'EEIOBCEﬁrnOF oltrﬁb%%d s‘k‘? I'tl?-fd HLP Qa9 185 Ofaﬁﬁoc‘é{ﬁfﬁﬁs nmade
wi thout departi Wgatrohet semsptimé or sSeDpky afo tdle ipreerissdngasfliasers

forth in the accaspanyifq &l alPer FOTaRSTILE A6 AMENE OBibBcNgha

limted to the processm WO waf ers tine or
t he processing O\Sh@ﬁ%r@ bhe 300l agn Eieerglerthengss ﬂi@ﬁ@?&épnnnﬁﬁeﬁg Cenzes

and shapegsof the ﬁaheﬁléargyg@httty g@sa@é&ﬁwcﬁwnmrﬁixeszaeaatiénaem
nodi fied sli ghtlﬁ %o acconmnodat g variations in wafer _processing
conditions. Furti& %rBrOFﬁﬁseQ%c?on 1% %nd %ﬁﬂwet'hé? a§*fxi ng
bl ocks can be changed asdnehhpest of aclkengasl atisdisig b wkisatdaendei khanged

processing condgbin@ifiat to accommodate such variations in processing

conditions.



19 SEP 203 15 Wat is clained is: 1. A nethod of formng a | ayer of

uni form thickness on a surface of a sem conductive wafer by chem cal
vapor deposition froma mxture of reactive 5 gasses conprising the steps
of: 10 formi ng fromseparate streans of first and second gases1® SEP 203

whirlpool -like swirling mxture of the gases in proximty to the
sem conducti ve \%f er,on \_ﬁlm ch all ayer is to be deposited; and form ng from
the m xture of T xture of reactive. gasses; and flow ng the

cloud of m xed reactilve gAsyethodept éﬂmmmtmmﬁfae@léfomhe waf er so

as to forma |a)(:%&ckﬂfas%”bhoémshlﬂfﬁléée% Qnséthco'ﬂﬁd@eq&réﬁwa@f@ by
sem conductive 15 wafer. 2. The neth of claim1 further conpri.sing t he

step of flow ng Cﬁ‘ﬁg‘lﬁia}eﬁaBQ&gngFbHﬁ?ny’é‘F‘?ear “ﬁ‘l%uﬁf Y STGHYE | east
one gas di $per sigazsplsacemgetishinggthe patperofof plurality of holes there

through and having an 20 arenARPEOXKTBLELY. EUA -ddhd Nt Fri8c0bhe

surface of the seniconductive ose proximt t he
surface of the s&fosdngasesve Whtslpogl-¥hke n%w#mrtﬁ iR YReL Offurt

conprising the t=RRS jof pr2>§<1fnhe B8 the BixeeoBRSSES P WATRid )bnafwil'ﬁfchﬁh_Xl ng
through a first ]%'s di, spers ate ich gefl nes a pattern of plurality
of holes there t Y(?Egi’rsalrr&’ pogp ipfBXimty to a second gas

di spersi om®l ate; and f | oiomgringe fronethgasiestafe erf syameshavaiidsgsd 30

through the first;.935dic5Pek glcgfqvgl ggﬁsggtoggg a second gas dispersion

pl ate which defines a pattern urality of holes therethrough and has
an area approxi mtely eqfdPwigdt ﬁ@eaPéQu@fo Heixeq FERaCHVS (g sses over

sem conducti ve va&f&mwm the isirghese off exenwiFet Osé hees 0o sEomne endusteirve

waf er, the first cond,pl ates bein preciLs e er
such that a unif l%ne (r]It o %angcﬂ vghﬁ %Esa(gm?f r\%ﬁ% sgeenzl:locn é:?y%and
fl ows overliand umfren he surface of the sem conductive

2. The method of claim 1 further comprising the
step of flowing the mixed gasses promptly after mixing
through at least one gas dispersion plate defining a
pattern of plurality of holes there through and having an

20 area approximately equal to the area of the surface of
the semiconductive wafer and being in close proximity to
the surface of the semiconductive wafer.

3. The method of claim 1 further comprising the
steps of:

25 ‘ flowing the mixed gasses promptly after mixing
through a first gas dispersion plate which defines a
pattern of plurality of holes there through and is in
close proximity to a second gas dispersion plate; and

flowing the mixed gases after same have passed

30 through the first gas dispersion plate‘through a second
gas dispersion plate which defines a pattern of a
plurality of holes therethrough and has an area
approximately equal to the area of the surface of the
semiconductive wafer and is in close proximity to the

35 semiconductive wafer, the first and second plates being
precisely indexed to each other such that a uniform
mixture of reactive gasses exits the second plate and
flows over and upon the surface of the semiconductive



1 9 SEP 2003 16 wafer and fornms a uniformlayer on the surface of the

sem conductive wafer. 4. The nethod of claim 1l wherein the layer fornmed is
silicon dioxide and sanme is formed using sub 5 atnospheric chem ggl
deposition. 5. The nethod of claim4 in which the first gas conﬁgissééga@%
organi c vapor in a gas such as heliumor j@itrogen, and the second gas

stream conpri ses e .. The thad. of claimb5b rejn.the fo tion of
10 the silicon d‘i’%ﬁ{%earf(gyfe?r |Ssrz§our{1el |°nrma(igﬁgﬁb81rlmgﬁ %lﬁﬁ%ag%u %g%heent to
said formation t$emdrndertive sad@ared using a cl eaning gas such as ionized

NF3 to renove chem 084, r eﬁfiéjlﬁ%%lﬁfd tdte 183Gt 1 VRnhERE$RSEhd - 1@@@@6&%& or
formng a | ayer pf um form15 thickness on a surface of,a sem conductive

wafer from react¥ IBHSIS S5y SaendasFRGNEET PRTRY SHRhanmber
t herei n con$i guradnodphennind adhrendi ceamiveagpadudepveivwabar during processing; a

m xing block defining a gag,m é}%cfao"é tHiain2 ] i‘nfkﬁ%he%éaf‘ffs@f dde
m X1 ng cavl ty f or repe| ving a 1l I"S react |_ve gas I n one di rec_ | ong
tangential |y i nteonpelgfsiany QEAnic vapsacdndacaasafivehfas hekbinioy a

second reactivenf@soddd 0 4t tHXIdHbHRY idaYs LRrbhR eaﬂgﬂé@s 25zthé ect i on
tangentially into the m xing cavity such_th sses

at | ow ng t hrpugh the
first and second entr@ncest eéﬁt}l}g[da%rﬁ}aa"ﬂ‘ds SY5gRt hdf F%r‘f“"h‘él%'g\ﬁ'{y;
and an exi toof thiee ngXiinprcalddyideilaydm icl deae pnoai ochéybéo dimé@ that
sem conduct or T ' ALUS 5 i { t her kSt hg:
first and seco\rll\gélggsse |%I§:er%(?gsn‘%8¥g es vs\tn %%l %é%cghéﬁggrggoﬁfgﬁ%%%d%g}%i ng
a plurality of hdleseamr® Jashrvigh as Horjzes: NEpsper 5PBAVE| akemiet! havi ng
a perforation |pssi@seatoft hehs efdfit e IR@ses35 the first dispersion plate
havi ng perforations ,&her f located in close proximty to thE exit of the

Jo¥stiRE uRLES

m xi ng cavity and bei hy | TR B Brgnft y2¥ 65t ha

di sper si onl1pl at ethiekind®s D1E P A0OFce of a semiconductive wafer from
reactive gasses comprising:
a housing defining a chamber therein configured -
to contain a semiconductive wafer during processing;
a mixing block defining a gas mixing cavity;

20 ’ a first entrance of the mixing cavity for
receiving a first reactive gas in one direction
tangentially into the mixing cavity;

a second entrance for receiving a second
reactive gas into the mixing cavity in the opposite

25 direction tangentially into the mixing cavity such that-
gasses flowing through the first and second entrances.
swirl around and mix together in the cavity; and

an exit of the mixing cavity being in close
proximity to the semiconductor wafer.

30 8. The apparatus of claim 7 further comprising:

first and second gas dispersion plates with
each dispersion plate defining a plurality of holes there
through, the first dispersion plate not having a
perforation located at the center thereof;

35 the first dispersion plate having perforations
thereof located in close proximity to the exit of the
mixing cavity and being located in close proximity to the

second dispersion plate; and



17 the second dispersion plate having outlets in close proximty to the
surface of the sem conductive wafer such that there is forned a | ayer of
uni form thickness on the surface of the sem conduQive wafer. 9 FEP 2003

Appar atus for processing sem conductive wafers using reactive gasses to
deposit on a surface of the sem conductiive wafer a uniformlayer, the

apparatus conprising: a egesgeeoﬂgfaﬂéﬁgréi@gﬂ%ﬂ{e & i8lgN cheAbkguigd 10
to contain a wafer durlng_p[oce55|aﬁ, alid frame on top of the housing for
forming a her mtiO8Ss REPXEBHEY hEP e hSEREAFR RT Hf e HEMRECtdNEnber ;. a

heat er assenbl y waifiehi suthethausthgrehagbesrmed for1diaddiorg vmisaker center ed
al ong a vertical_,ax}s d_at..a tenperatuge above anmhient .dur

processing; a m?%ﬁ%?nﬁsgcEgaFP?x%HE?%C?h%E|?%Ff%?rﬁ?%ﬁﬁ?c Tavi H% grgas
m xi ng cavi%y generaPl.y aRpgasdtubofigrt brocessitnglsexicon@@td v wefers

reactive gas SURRIHCYHERLESvEOgasEEESto &BHEENECPTa IdE-FlcE RE ¢RI LY 1N
one direction tangéntially |n?o the m xing cavity; a second reactive gas

suppl y coupl ed 5675 COIEUGREVENTRERE e oL ReTHi 1G¥RY ¢ 4% PERR & Sopposi t e
25 direction targemrialihg:i nto the m xing cavity such that gasses flow ng

through the first and secandogntpanaes: ookl araund and JdMeUAby aLbx
together in the cavity; gas spredding neans having at least one pngorated
di sper si ontQl at &h®pnkgianaarwafenpgrsxngapepgessnequal to the area of a

wafer; and a punp for exhgustungrdasses E£68Mbf hendlnduind 36t YordWg a
t hrough the gas s readlng means ang out,o%E t he chanber. 10. The appar atus
of claim9 wher 15T o562 135°96FBSH Kitheths RIS SF YT &r pl ate

and a face platehanbesely spaced and i ndeked relative to each other, the
bl ocker . pl ate defining holLe e t ' ol e,
L ﬁghgég g%%%ﬁggg39§%hfﬁ ehd HEUME Y CR@Ier!

the face plate definin%_hole ] )
15 for holding a wafer centered along a vertical axis and at

a temperature above ambient during processing;

a mixing block affixed to the 1lid frame and
having a gas mixing cavity generally aligned along the
central axis;

20 a first reactive gas supply coupled to a first
entrance of the mixing cavity in one direction
tangentially into the mixing cavity;

a second reactive gas supply coupled to a
second entrance of the mixing cavity in the opposite

25 direction tangentially into the mixing cavity such that
gasses flowing through the first and second entrances
swirl around and immediately mix together in the cavity;

gas spreading means having at least one
perforated dispersion plate having an area approximately

30 equal to the area of a wafer; and

a pump for exhausting gasses from the mixing
cavity, down through the gas spreading means and out of
the chamber.

10. The apparatus of claim 9 wherein the gas

35 spreading means comprises a blocker plate and a face
plate closely spaced and indexed relative to each other,
the blocker plate defining holes there thfough but not
having a center hole, the face plate defining holes



therethrough including a center hole aligned along a vertical axis wth
the center of the wafer and with the gas mxing cavity, such that

semi conductive wafers as large as 300 nmin diameter have |ayer$ SEGF 2003
uniformb5 thickness forned on the surfaces thereof. 11. The apparat-us of
claim 10 wherein holes in the blocker plpje are about 28 mls in dianeter,
and a center hole i theface te is abo in diameter and the
remai ni ng hol es HEH qq'élalﬁgdiaaﬁ&fl gﬂg ﬁilﬁﬁee% Fiﬁ Thé face

pl ate being sorrewmrattldajnmsdlshaptéd thelzentee apptahatmf@r h@ivatlhl thiger ei n
the holes in  tNGadlbokels RIAKEAr Gudhy %’ﬂ%dsb{ﬂléo%@é’@{@é e Pald ern.

given in Chart esi'n face are arranged in a
predet er m ned paﬁ’?ﬁ% & AP i Gﬁlatdtlaﬁ‘etfg PSVGAbﬁé?‘é? u%ff‘b?lﬁﬂ’%esm ng a
sem conductsve Vel tkndEy i figneedicieieS sagrhaegetnsrd®P. nmto form by sub-

at mospheric chem cal fpor de%%ﬁac&[uﬁ 8? ggglmmlét Uflg gln ﬁ&&él Ve gasses,
Rhi n

a silicon dioxide | a sur ace
sem conduct i ve velecker helad® apEparcdcars Eenprilsi Ag: daahetst ngrrtct 08P

chanber for suchy,pf oGeSHIERle B L s %blo'uq §§SﬁYPJSY1ﬁOd1£IQétE@f‘9and
together with the housing a hernmetic seal of

(iha er; 25 a he@%er
assenbly within PR FRIRHHPSE hakss a%raq%qtd@ﬁgma fatBr L3R LT B
vertical axos inhprepein iosifdan ;ﬂmte'iﬂoeelngvabmdwheﬂpéuanel eshaped.

processing; a gas mxjng block a%fgggdst ¢ (A4 h\ 913§ﬁ89§£>{ tROOL OAYL NG, @

gas mxing cavity in TThe Wit R Vert ical® 30 axi § an opening 1nto the
waf er chamber; athe¢rklogker tplatgdrs @piapdedndnf gr prﬁjieté@mgne Pi¥RTYas
into the mxing §Wéﬁylnacr$@§@r@ rBRL tinee rﬂﬁ%ssaapltnel fa@efp1at@1 geéding a

second gas into the mxin Vi t 35 a ed bl.ocker fixed to
the underside ofTF#RIFE o é?ﬁf%l‘%ﬁﬁ?}é"l”%é{ t?ﬁgnggévﬁpx?ﬂ ﬁ%’ﬂ:%, t he

bl ocker pl ate spreadi ng. ovmpmtargaafohﬂ-p@déslélmoa gemigppdogt hveevyferqual
to that of the syrfage of 3idliferSEMHLONANLT 1L IR\ Gy £8NEorm by sub-

atmospheric chemical vapor deposition, using a mixture of
reactive gasses, a silicon dioxide layer of uniform
thickness on a surface of a semiconductive wafer, the

20 apparatus comprising:

a housing enclosing a chamber for such
processing of a wafer;

a 1lid assembly for forming together with the
housing a hermetic seal of the chamber;

25 a heater assembly within the housing chamber
for holding a wafer centered on a vertical axis in proper
position and at elevated temperature for processing;

a gas mixing block affixed to the lid assembly
and having a gas mixing cavity in line with the vertical

30 axis and opening into the wafer chamber;

a first reactive gas supply line for injecting
a first gas into the mixing cavity;

a second reactive gas supply line for injecting
a second gas into the mixing cavity;

35 a perforated blocker plate affixed to the
underside of the 1id assembly just below the gas mixing
cavity, the blocker plate spreading over an area



a perforated face plate affixed to the wunderside of the lid assenbly

cl osely beneath the blocker 5 plate, the face plate spreading into a

uni formm xture the reactive gasses over an area greater than 4 &afpofpp

waf er, the bl ocker plate and the face plate being indexed relative to each
other and the vertical axis, the blocker jgpl ate defining a plurality of

hol es t heret hrough_but not. 10 includin center hole, and_the face plate
defining a cen %Pr%ﬂg‘a?ﬁéye?ﬂ%{ﬁgﬁoa%% ¢ e&beerﬁuirgglceafifs tglrefd defi ni ng
a plurality of eemécohdhetivhewataroughd the holes in the blocker plate

and in the face plate bei ggp-3EHRREEd AR SHSIETIRMGE PRI @has such that a
uni form 15 layer of silicon dioxide is deposited aon the surface gﬁpg%{gg

d de 1's
sem conduct i ve WRASrsidg ofnhEhgpbafarfeenhly| GHeReY RFESEHR the
reactive gas suppbkyel, i BBei Saceuplatet apgeadind | intan onmifoirde mifktlre m xi ng
cavity and the second_reactiy ply 20_gas_| i ' l.ed genptLally
on the opposi te%gjiedge&p%1¥%eg§§§fg$yogﬁ5 ?% %ﬁ%%geﬁég%fﬁfg&aﬁorﬁtgg 't%%ehfi rst
line, such thawaflea,r thet blechasspiataj aedethe niare md atgy ieingswindexgdound

glnd rkrix tggr O:JQ{Pe)iﬁtt(i%t %L eial-ﬁ- oIH@raagar@ﬁ&sv@étdfdﬂ 'Hx_]iiéﬁ\’\’f&@ireeib'lfbﬁér .
ocker plate has its holes arranged i n_accordance w a an
the face plate Rdéte: §efaPd8gapy Hﬁ@éag?‘ﬁyaeﬁol??i]a?ﬁé:h%e[tﬁ‘r@fg?‘[ E’?,t £RE

center holm in tieluddegphatenbavi hgla, dhaneherfade ghiaute Zefiinling vhe
remai ning hol es J ey acelat e, AdLL el G5 I dedl agker it e
out mils.~16. a C

having 30 di aneters of a _ paratus o aim 15 further
conprising a cléefdindggagas pdupplityi AEé athexedotes dhafstdirpwitt, &S he gas

m xi ng bl ock fomdile@Ming thkedlbbfedaplhBEONEA {Merndlipdde) fatd beiligocker
pl ate, face plate and wafer 3

5 .chanber 50 repove cheé}ictl tresi dues of the
reactive gasseSTFPP9E% RaPEFPIREETBEBARPPREESERY . SUCH ii?paraatuﬁlsl o
sinmul tanedas| y prayess sifng iflviwons dibzdddudsi deport eed oreddie mawvifiagea of

di aneter as |arg§ A%k cSnBulRt2023430e300 MM to apply by sub-atnospheric
chem cal vapor eposition, using a mxture_of reactive gasses,_ ,a |ayer of

uni form t hi ckness of 14i-l i d88 @PPA&asHsr e§petpinel3 wherein the 'first

reactive gas supply line is coupled tangentially on one
side of the mixing cavity and the second reactive supply
20 gas line is coupled tangentially on the opposite side of
the cavity and in opposite direction to the first line,
such that the reactive gasses injected into the cavity
swirl around and mix thoroughly together.
15. The apparatus of claim 13 wherein the blocker
25 plate has its holes arranged in accordance with Chart 1,
and the face plate has its holes arranged in accordance
with Chart 2, the center hole in the face plate having a
diameter of about 23 mils, the remaining holes in the
face plate and the holes in the blocker plate having
30 diameters of about 28 mils. |
16. The apparatus of claim 15 further comprising a
cleaning gas supply line affixed to an upper part of the
gas mixing block for flowing cleaning gas through the
mixing cavity, blocker piate, face plate and wafer
35 chamber to remove chemical residues of the reactive
gasses after a wafer has been‘processed.
17. Apparatus for simultaneously processing two

semiconductive wafers, each having a diameter as large as



surfaces of the sem conductive wafers, the apparatus 5 conprising: a
housi ng enclosing a first and a second cavity of a chanber for such
processi ng, each chanber cavity having a respective verti cal axj?@gphm@
assenbly for formng together with the 10 housing a hernetic seal of each
the chanber cavities; first and second hggter assenblies, each such heater

assenbly being Wthin a respective chanmber cavity fo hal di ng_a_waf er
centered on a rggégc??VeEQe LRSI ANG 1%Fqﬁ%ﬁﬁﬁgkb§%Fpﬁﬁagn3g89reIevated
tenperature for dépopibiessiwging dimbtturel of smectdvgagassresngablagkr
affixed to the bid,asseph! ¥niQabsSUsh MO Bnddespbttige cavity

inlinewth a respective vertical axis_and opening into a respective wafer
chamber cavity; SBTHafFessefrhetFRieRRITHING Watked st othenPRRRFAGYSa fi r st
gas into eagh of cbhprikxhgg cavities, and a second reactive gas supply
line for injecting a second as.lnto each, of t m, xi_n avities, .the
first reactive gas line b%i% ?%%%1%%§ﬁﬁﬁﬁghfigﬁﬁ?toﬁn né gﬁgggéfc%%%%YZS
m xi ng cavity andft aechanbed feuncsicl precesgimceiaagh Icheabed tamgbntial ly

on the opposite ghdengfaepelpLavivy vandiddn oppasite direction to the first
line, such that +the Teactive, gasses Injected into a respective cavit

y R
swirl around therein and i ki R8P §PorfRUIGHING FOICSHEENEEEhather st
and a second perhoustiad &l hekest pt aseal eaf heanfh Wiee lrhiambeff icsedttiest he
underside of theelid, aagenblinkUslabel WLANSSREE! e 038 M Xeggegavi Ly,
each bl ocker plate ;greadlng over “an area approxi‘nmately equal o that
of a wafer nixedapegwplyebgingewlthbni agresreptdve ahsabery €anilkyngogavity;

and a first and ao38¢afdapRateratedtésc® o esRA RS vehitGlals aghfibi xgd
to the underside_of th ssenbl clos%b%_beneath a
|
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respective bl ockBFOBFQteB?ISéE?:‘Hn ?%‘Eeaf)l%lf%v%tp‘?‘ié:cﬁ“%e AUE S form m xture

the reacti u® gapzeseoséngan area greater than that of a wafer, a

respective blocker plate anfiﬁge Qﬁéig 5@%5Hhi§5§”ﬁ¥king block affixed
to the 1id assembly, each such block having a gas mixing
cavity in line with a respective vertical axis and
opening into a respective wafer chamber cavity;

20 a first reactive gas supply line for injecting
a first gas into each of the mixing cavities, and a
second reactive gas supply line for injecting a second
gas into each of the mixing cavities, the first reactive
gas line being located tangentially on one side of each

25 mixing cavity and the second reactive gas line being
located tangentially on the opposite side of each cavity
and in opposite direction to the first line, such that
the reactive gasses injected into a respective cavity
swirl around therein and immediately mix thoroughly

30 together;

a first and a second perforated blocker plate
each of which is affixed to the underside of the 1lid
assembly just below a respective gas mixing cavity, each
blocker plate spreading over an area approximately equal

35 to that of a wafer mixed reactive gasses flowing from a
respective mixing cavity; and

a first and a second perforated face plate,
each of which is affixed to the underside of the 1lid



5 relative to each other and a respective vertical axis, each blocker
plate defining a plurality of holes therethrough but not having a center
hol e, and each face plate defining a center hole and a plurali4y sHp bgpjes
t heret hrough, the holes in the blocker plates and in the 10 face pl ates
being arranged in predeterm ned patterns,gsuch that uniformlayers of

silicon are deposited the surface of each sem caonductive wafer bein
processed. 18. ?ﬁ§e§8b3r8}9§e%¥ %?%?%FHTavﬁﬁﬁﬁﬁq¥¥§§bﬁaﬁF§8EeP aBFatggﬁ%s
its hol es arrandgedei placteospaaaéing t intGhaa turdi fordb mixttueac bhkareapkare has

s hol es arrangedeig AGER! JANGELM LRo NG tifon WHRLCRR & WoLe, 8 each face

pl ate having a anmet er of about 23 m remal ni ng holes in the face
pl ates and the Eespsctivenblorbekeplaptatantafiadh) Plditenbedry ardsrstdt 28

mls. 20 1% Thecappakat us ehck! athe8ahd 4 UrddiRictiRenbictttican wikib,a

i xi g bl oks. SR BRPREr P AR rie DR PR e e Shet P8 m xing

cavities, blockaerpithtresghfaoe pbatbasviang aedentethddiersand easbyv&azs

chenical residugsef {ReiheAGt LVE.HREEeRoRL tha & WARa1iR3s JreaB1REOCesSed.
therethrough, the holes in the blocker plates and in the

10 face plates being arranged in predetermined patterns such
that uniform layers of silicon are deposited the surface
of each semiconductive wafer being processed.

18. The apparatus of claim 17 wherein each blocker
plate has its holes arranged in accordance with Chart 1,

15 and each face plate has its holes arranged in accordance
with Chart 2, the center hole in each face plate having a
diameter of about 23 mils, the remaining holes in the
face plates and the holes in the blocker plate having
diameters of about 28 mils.

20 19. The apparatus of claim 18 in further
combination with a cleaning gas supply line affixed to an
upper part of each of the gas mixing blocks for flowing
cleaning gas through the respective mixing cavities,
blocker plates, face plates and wafer chambers to remove

25 chemical residues of the reactive gasses after a wafer
has been processed.



