29 JULY 2004 GAS DI SPERSI ON HEAD AND METHOD 5 FI ELD OF THE TNVENTI ON Thi s
invention relates generally to sem conductor process equi pnent,29didLyY@R0H4
particularly, to a method and systens for dispersing gas flowin a

sem conductor 10 reactor. BACKGROUND COF THE | NVENTI ON Sem conduct or
processing typically involves the formation of one or nore | ayers on a
sem conduct or .15 substrate. For exanple, silicon epitaxy, sonetines

called epi, is a process in which one or nore |layers of single-crystal
(monocrystalline) silicon are deposited on a nonocrystalline silicon,
wafer. FIG | is a schematic representation of a 20 sem conduct or

processi ng system 10 in accordance with the prior art. As shown in FIG 1,
system 10 included a suscepe&ds HNISmRgIoReHrNbt Mih %ﬁ@' el reactor 14.
Susceptor 12 was typically suspended froman assenbly E%ot shown), which
rotated susceptor 12 during 25 processing. Susceptor 12 supported a
plurality of substrates 16, typically nonocrystalline silicon wafers.
During processing, substrates 16 were heated with an external radiation
source such as tungsten han;en 30 | anps, resistive heat i ng- el enent s
and/ or RF heat er'sELR Q5 i #F ocess ‘'gas was 'introduced into reactor
14 through two |njecuﬁﬁ§ iﬁ%@n@iﬁ%lﬂé ring 20. The flowrate
of the flow of % % ess gas;to |njecgg%§glggpgﬁggf %8WFF%$¢%QF%W a mass
flow 1 29 JULY 3005°E8nFRBHPE a@ﬁF@OQQ)pam}@dtaaﬂy 184, a L& ki €

coupl ed i n paraldngl syetdRg 22 dmm@eﬁé@ﬁ§s§a§a§U5$QQ5stemlconductor

10 reactor.

BACKGROUND OF THE INVENTION

Semiconductor brocessing typically involves the
formation of one or more layers on a semiconductor

15  substrate. For example, silicon epitaxy, sometimes
called epi, is a Process in which one or more layers of
single-crystal (monocrystalllne) silicon are deposited
on a monocrystalline silicon wafer.

FIG. 1 is a schematic representation of g

20  semiconductor processing system 10 in accordance with
the prior art. As shown in FIG. 1, system 10 included
a susceptor 12 enclosed within a barrel reactor 14.
Susceptor 12 was typically suspended from an asgsembly
(not shown), which rotated Susceptor 12 during

25 processing. Susceptor 12 supported a plurality of
substrates 16, typically monocrystalline silicon
wafers.

During processing, substrates 16 were heated with

A an external radiation source such as tungsten halogen

30 lamps, resistive heating.elements and/or RF heaters
{not shown). A pProcess gas was introduced into reactor
14 through two injectors 18A, 18B mounted on a gas ring
20. The flow rate of the flow of procesgs gas to
injectors 18A, 18B was controlled by a mass flow
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W th heated substrates 16 resulting in the deposition of |ayers on
substrates 16 as those skilled in the art 5 understand. The sperg9 JULyez004
gas was then exhausted to exhaust 23. As the art noves towards reduced
feature size integrated circuits, it has becone increasingly inportance
that the deposited | ayers on substrates have 10 uniformthi ckness. One
primary paraneter which affects the thickness uniformty is the flow
characteristics of the process gas into and through the reactor. Referring
again to FIG 1,Cothesg; fl ow gharacteristics were controlled to a | arge
extent by 15 i ACECEEIdSTsRe PHE (2 ougRnihithrs hesmpr acas Sicg@s Was

i ntroduced in reacpéedldn diorellpdr ttioCcwiar by, ipjectors 18A 18B ained the
jets of process,gag g@&%@%ﬁﬂ‘%:jﬁts col Iiydedl'f)ﬂ\}meet%roecaecﬁ? §Her &t % poi nt
bet ween susceptor 12 and reactor & '¥hEegebting iai ribeg depesjetenwas to 20

elininate any cPfclhaveramn #Hubadlrateby 16 08P ONEI S A 11ke shets arTﬁhCe m xed
of

jets flowed genghaklye: Soynwagfs r_substrates 16 to the botto
reactor 14 and to exhaust 23. '?8((%&%?:?1%%8? HAY &5 ddenhpehaesised

uniformty, 25%PnfEee%#ls 258A, 18B were calibrated. Calibration was

typically an iteratiNe {HOCRES moRe¥hiLh irsf | r_.was deposited on a
t.hi cknegs‘ un?l?%gr n%e[éfcggly?ﬁéti‘lr?s%“feayer was

first test subsjrate, the _

measured, and 1n] SRtV fBACUIER: Wik hagijhestcew iimcanaathgpt to 30.

i nprove the thitkpesisangs ftdiat tiie deSeEDg '1%}9%5:3"‘?3 ﬁﬁggpr&e%o?lig%gd on a
of t r

second t estysubgh{ el éﬂl%kﬁkQECk”SEES uni formty e secon was

measured, and injectors 18 18B" werk ' divn Padpust e, wirhils afifieaks and

error procedur - Was-Hep@seeduphfprmithe desineed13h bhiskaess JiLOLEI ty was
obt ai ned. Unavoildalpnocedshegag 29:d WnG a.qlq_%ugh the reactor.
Referring again to FIG. 1, these flow
characteristics were controlled to a large extent by

15 injectors 18A, 18B through which the process gas was
introduced in reactor 14. More particularly, injectors
18A, 18B aimed the jets of brocess gas so that the jets
collided with each other at a point between susceptor
12 and reactor 14. The goal in aiming the jets was to

20 eliminate any circumferential velocity components of
the jets. The mixed jets flowed generally downwards
over substrates 16 to the bottom of reactor 14 and to
exhaust 23.

To obtained the desired thickness uniformity,

25 injectors 18A, 18B were calibrated. <Calibration was
typically an iterative pProcess in which a first layer
was deposited on a first test substrate, the thickness
uniformity of the first layer was measured, and
injectors 18A, 18B were adjusted in an attempt to

30 . improve the thickness uniformity. A second layer was
Fhep deposited on a second test substrate, the
thickness uniformity of the second layer was measured,
and injectors 187, 18B were again adjusted. This trial
and error procedure was repeated until the desired

35 thickness uniformity wag obtained. Unavoidably, the
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Iterative process used to calibrate injectors 18A, 18B was tinme consuni ng,
| abor intensive and generally unpredictable. In addition to obt2s sULY 2004

desired thickness 5 uniformty, it is also inportant to have abrupt
.transitions between layers. FIG 2 is .a graph of dopant concentration
versus depth in a substrate 16 in accordance with the prior art. Referring
to FIG 2, fornmed on substrate 16 was a heavily doped | ayer Li 10
(hereinafter referred f 15 20 25 30 . 35 dopant concentration. Transition

| ayer TL was fornmed o .as nu layer LI), a transition |ayer TL on-top of HD
layer L1, and a 15RbiyedBpedess ayeed Lo (dedrbirnatt enjsef @rd agatoi1as LD

| ayer L2) on toxpasoftmfeaﬁstlhhﬁﬂnc_i;a)’?e{béﬂl— ln@gngqyeogngxaqple HD i'ayer LI

was a heavily d‘?{iﬁ c‘:XB? silicon layer formed b Ya process gas
having a high P % opan toncentration. Conver sely, LD | ayer L2 was

[ight Iy doped P typeIsi Ridonibmyes dinramed ny c AUPALYIAG: FIATAGESS 925 having
ype dopan

a low P typesas & ;iFesHhtyOf i Eh efromhlghto oW 0
concentration of ihe grocesls PS Et%cg OEFEnt 2to thaveiahamptconcent rat i on

of transition TIETGREAGAPRS }é‘f—‘l%ff(f@@d Hamnsheawd;y zoped HR-gh Lhe bottom of

transition |ayedophntOocbh@hit YadoRed R stBS Op O;ytr%gikgkgnléaﬁ$r Tk A

the art noves tovvard smaller h| gh spee
cordance with the prior art Referrlng to FIG, 2,

formed on substrate 16 was a heavily doped layer L1

10 {(hereinafter referred to as HD layer Il), a transition
layer TL on top of HD layer L1, and a lightly doped
layer L2 {hgreinafter referred to as LD layer L2) on
top of transition layer TL.

By way of example, HD layer L1 was a heavily doped

15 P type silicon layer formed by supplying a process gas
having a high P type dopant concentration. Conversely,
LD layer L2 was lightly doped P type silicon layer
formed by supplying a process gas having a low P type
dopant concentration. Transition layer TL was formed

20 as a result of the change from high to low of the P
type dopant concentration of the process gag. As shown
in FIG. 2, the dopant concentration of transition layer
TL gradually changed from heavily doped HD at the
bottom of transition layer TL to lightly doped LD at

25 the top of transition layer TI..

As the art moves towards smaller high speed
devices, it is important that the transition between
layers be abrupt. 1In particular, referring to FIG. 2,
it is important to reduce or eliminate transition layer

30 TL between the top of HD layer Ll and the bottom of LD
layer L2. However, use of system 10 (FIG. 1)
inherently resulted in the formation of transition
layer TL. This limitation of system 10 essentially
eliminates the possibility of the use of barrel

35 reactors for the next generation of integrated

-3~




at devices, it is inportant that the transition between |ayers be abrupt.
In particular, referring to FIG 2, it is inportant to reduce o29dULYi 2004
transition layer TL between layer L2. inherently |layer TL. elimnates
the top of HD |layer LI and the bottom of However, use of system 10 (FIG
1) resulted in the formation of transition This limtation of system 10
essentially the possibility of the use of barrel reactors for the next
generation of integrated LD -3 29 JULY 2004 circuits. Yet, barrel reactors
are relatively s(ij{rpl 2 reliable and cost effective to operate.
Accordingly, ~the art''riteds & mPrRE6! aneaappar aires rehiaehval § ongyiieal i zati on
of abrupt transitebimblsetaneerobayefselO{#0 G, 241 2.0arfel, _reactor.” In

uct or “protEY¥ig system

accordance with ghe pr invention, a_ seni¢ond
i ncludes a barrel 10 rtg}%{étgrs gn egha‘gs?)‘éc} siiRrrieéad wihtbhnalheedarr el

reactor. The di spRSizt iesaeti ﬁbrumastﬁetnsli&a[%hsoiagtwggﬁtI&iqgélyspg_:.rongnuShi ng

use, process gjasin s PpRE1edLorbpe di spersion head. The head
is hollow (has an internal channel) so that the process gas flows through

15 the channel of the dispersion head to the at |east one distributor. The
process gas fl ovieIMMAROUQR. The &ffveNeggé one distributor and into the
reactor. The procesg gas _contacts substrates within the reactor thus
forming a layer on the SubStYAPES. Ve iseprepentessvention, a

semiconductor processing system includes a barrel

10 reactor and a dispersion head within the barrel
reactor. The dispersion head includes at least one
distributor. During use, process gas is supplied to the
éispersion head. The dispersion head is hollow (hag an
internal channel) so that the bProcess gas flows through

15 the channel of the dispersion head to the at'least one
distributor. The bProcess gas flows through the at
least one distributor and into the reactor. The
process gas contacts substrates within the reactor thus
forming a layer on the substrates. The Spent process

20 gas is then exhausted from the reactor.

Of importance, the brocess gas is dispersed by the
digpersion head as the brocess gas enters the reactor.
By dispersing the process gas, and supplying the
dispersed process gas to the reactor, the flow
25 characteristice of the brocess gas through the reactor
is improved by reducing turbulence compared to the
prior art. More particularly, use of the dispersion
head reduces and/or eliminates turbulence and
recirculation in the flow of the process gas through
30 the reactor. Thus, the pProcess gas travels through the
Jreactor from the dispersion head to the exhaust in a
uniform flow, i.e., in a curtain-like flow, without the
_ turbulence and recirculation of the prior art.
Since the process gas flow is uniform through the
35 reactor, the process gas uniformly contacts the
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20 gas is then exhausted fromthe reactor. of inportance, the process gas
is dispersed by the dispersion head as the process gas enters t2JUb)c2004

By dispersing the process gas, and supplying the dispersed process gas to
the reactor, the flow 25 characteristics of the process gas through the
reactor is inproved by reducing turbul ence conpared to the prior art.
More particularly, use of the dispersion head reduces and/or elim nates
turbul ence and  recirculation in the flow of the process gas through 30 the

reactor. Thus, theb%)r ocess gas travels through the reactor fromthe
di spersion head £8°fhe?ehaudtcGarddngdmi f osen 6t aie idiGperkiod Gukgai n-1ike
flow, w thout theestleduirerde areaz@¢bhCyaflon of the prior art. Since the
process gas flo%£§i!ﬁ£ig)§f‘r%tehro$%g Ejhe 55%}8%12: o t?‘ﬁesﬁ?%%*’é‘“s’ée%as
uniformy contacts t - SIVRA R Regfpsitnmy tyAccBndiingt y, s itg® of the
di spersi on head thesdigrensiorhbehdr dabpensof e@gﬁcggstﬁgs Zﬂln)sé rates

i the dis

havi ng excel lgnt & GKNESS W Lky. Eurther, since tf per si on head
di sperses the prrplge%s gas ian@aggég%%é%?gﬂf‘aé‘% Fréderahien rfhridrg ‘

calibration of tHEEPHE Y §iegd hsaavioidedoi ded.s Thi $ni Sohtr£ANHASE L0 the

prior art where phivd RreCidesehafet 8,98 |i brated for each reactor and
al so had to be recalibrated Wnﬁn erorégs%tccgffr%ﬁ@tEPS{)eeC.%l.l,bli%@ Ifow rat e of
flow of 10 process gas > WeFedt aﬂg%%.h%lrg bgseeohl ibrhtspbngicon head in
accordance w th piveepsepemtmehgent i O] .S @S E1ol, gg%ego&sﬁotn 195 s less

' o] of the

| abor i ntengpve }ﬁqgi:eisg e i able than _use of the 1njec
prior art. In addition, Egéé ‘6’%&% h(gh%lll% r silGHShedde 01 owslispersdahi zat i on
of an abrupt trdifsi% i8n2BEPRBRIACE ayiehls theopmedenn {MRrtUlS! KAl @5ggThi s 1S

because when theimer eonsamgag, ifs changqdpbe Pave,& New conposition, e.g.,
reliable than use of the injectors of the prior art.

In addition, use of the dispersion head allows

15 realization of an abrupt transition between layers
formed on the substrates. This is because when the
process gas is changed to have a new composition, e.qg.,
from a high dopant concentration process gas to a low
dopant concentration Process gas, the new process gas

20  travels in a uniform flow through the reactor similar
to a curtain falling. as the bottom of this curtain
passes the substrates, the process gas cﬁntacting the
substrates abruptly changes to have the new dopant
concentration. Thus, an abrupt transition occurs

25 between the layer formed from the process gas having
the original gas composition and the new layer formed
from the process gas having the new gas composition.
Accordingly, use of the dispersion head enables
formation of substrates having abrupt transitions

30 between layers using a relatively simple, reliabie and

cost effective barrel reactor. -

In one embodiment, a system includes a barrel
reactor and a plurality of dispersion heads extending
into the barrel reactor. Each dispersion head of the

35 plurality of dispersion heads is a different tube of.a
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froma high dopant concentration process gas to a | ow dopant concentration
process gas, the new process gas 20 travels in a uniformflow t20 dUgl 200
reactor simlar to a curtain falling. As the bottomof this curtain passes
the substrates, the process gas contacting the substrates abruptly changes
to have the new dopant concentration. Thus, an abrupt transition occurs 25
between the | ayer fornmed fromthe process gas having the original gas

conposition and the new |l ayer formed fromthe process gas having the new
se of the dispersion head enabl es

gas conposition. 1A ingly, .u
formati on of subgtratgg{s‘gi a% nEg"lbfﬁr'upfrhﬁﬁanEPbé@n&t%@ldJehweaghI@fy,g_ré using a
relatively sinpl 8 fefealbird adrd orcosutef:flgﬁﬂrélfy,bacg[r%L eactor. In one

a

enbodi ment, a syshemiémlﬁaq%larlégr rtgl react or” an 8uP8’F??>P%fan
di spersi on heads extenldi ng into ffie®barrel reactor. Each di spersi on head

of the 35 plurality dH §|§er3‘§F@ﬁdheadsviriishaacﬁrfé‘sghgngn{,&p,_eic% a -5 29

JULY 2004 pl vr al neyhai itidbesiesTAESS14 extend through ports “%f a seal
plate or, alterngtively through p(ﬁ;?tsmoﬁ APTIG5Er Pad ralppdedator . Al so

in accordance with a pres&nt PROEREF d¥s &b artished]i Acheos. diggpersing a
process gas and Bipsisg ggs thavelspeisfd;nqee as to a barrel reactor.
The process gasutiiual $1LR" ouglPit he b rrelifq}(réeg’%ffg?fiﬂeaé:t%nilﬂoﬁm flow.
This results in the formation of T ayers tordnstbst fatmst ion tife 1neagk 0r
having excel | ent® MUYRAEISES Ol mni HeormddatorThiag i Al S&d Silélnttsghgﬁgbru t

n on

transitionsl0betusdarhaypr s fordred on Lhe . substrates. OEfent, a
met hod i ncl udes jplacing,a substrate ilﬁeséﬂ;ga(’:f‘o‘i‘l?r% trenkotiéuns t her

i ncl udes supplying a er%W%? G io8r thasstbseraliesner si on head 15 within
the reactor and-supplyioee edbeiinehtd & hethog includes placing a

substrate in a reactor, The method further includesg
supplying a flow of a carrier gas to a dispersion head
within the reactor and.supplying a flow of a first
p#ocess gas through injectors to the reactor. The
‘first process gas contacts the substrate

15

o thus forming a
Yer on the substrate. Upon shutting off the fiow of

the first process gas, the carrier gas uniformly

20  displaces the first Process gas thus abruptly
terminating the formation of the layer on the
substrate.

These and other features and advantages of the
bresent invention will be more readily apparent from

25 the detailed description set forth below taken in

conjunction with the accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a

30 . ,
semiconductor bProcessing system in accordance with the
prior art.

' FIG. i
) .G 2 is a graph of dopant concentration versus
epth in a substrate in accordance with the prior art
FIG. 3 is a schematic represgerntation of a
35

semi i
conductor pProcessing system in accordance with the
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process gas through injectors to the reactor. The .first process gas
contacts the substrate thus forming a |ayer on the substrate. RbdULY 2004
shutting off the flow of the first process gas, the carrier gas unifornmy
20 displaces the first process gas thus abruptly termnating the formation
of the layer on the substrate. These and other features and advant ages of
the present invention will be nore readily apparent from 25 the detailed
description set forth bel ow taken in conjunction with the acconpanying
drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS = FIG 1 is a schematic
represent ati on #rege8d smweglbheluct or processi ng systemin accordance with

the prior art. FIG p2gissa;jgra dopant concentration versus depth in
a substrate in accordance wth t ecpgpsr i%grega?)t .“? Y °oFf Pssgbgerabatic

represent ati on' Gff t§T 3BrSERF UGt Aiccprdenssi mitls e priBeagcor dance with
the -6 29 JULYia®@Atpsesent invention. FIG 4 is a cross-sectional view of

a substrate 5after pg.]g(ges%i n% in accordance with the present invention. 5
FIG 5 is a graph of" ddpant®Tsh&AParf ofopants ieonatestrhtiontheraubst rate of

FIG 4. FIG 6 depbhstheptst isutrsepaesestabi@n #f the reactor of FIG |
ow t hrough the reactor as discovered

il lustrating turbul epjgpr as i

Pt egcless%t% i - i i

by the present 10 inventors. FIG e?’ﬁLfg BERRIGEEAopeet i tee vi ew of a seal
plate, a purge B&Rfter @ IPét-silod lReatsatngy au@RILat pidcdGsLdance with
one enbodi nent efok henRhegEhe reactor as discovered by the present

10 inventors.

FIG. 7A is a lower perspective view of a seal
plate, a purge baffle, dispersion heads and a reactor
in accordance with one embodiment of the present
invention.

15 FIG. 7B is a bottom plan view of the seal plate
and dispersion heads of FIG. 7aA.

FIG. 8 is a side plan view of a dispersion head in
accordance with one embodiment of the present
invention.

20 FIG. 9 is a bottom plan view of a dispersion head
having variable diameter distributors in accordance
with another embodiment of the present invention.

FIG. 10 is a bottom plan view of a dispersion head
having a slit-like distributor in accordance with an

25 alternative embodiment of the present invention.

FIG. 11 is a bottom plan view of a dispersion head
having a variable width slit-1ike distributor in
accordance with yvet another alternative embodiment of
the present invention,

30 FIG. 12 is a cross-section view of a tubular
dispersion head in accordance with another embodiment
of the present invention.

FIG. 13 is an enlarged side plan view of the
section XIII of the dispersion head of rFiG. 8.

35 _ FIG. 14 is a cross-sectional view of a mounting
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invention. 15 FIG 7B is a bottomplan view of the seal plate and
di spersion heads of FIG 7A. FIG 8 is a side plan view of a di sgdbidn2004
head in accordance with one enbodi nent of the present invention. 20 FIG
9 is a bottomplan view of a dispersion head having variable dianeter
di stributors in accordance wth another enbodi nrent of the present
invention. FIG 10 is a bottom plan view of a dispersion head having a
slit-like distributor in accordance with an 25 alternative enbodi nent of
the present invention. FIG 11 is a bottom plan view of a di sperS| on head
havi ng a vari abl %OW%!tqﬂsﬂq?ftﬂlqulkéeddsimlaht&c&rda!ﬂ&e aceRr @lﬁél:c{,gz[ 4 yet
FI G

anot her al ternatimee;aimﬁdl ment of the present invention 12 is a
Cross-section view of Li ul.ar di spersion head in accordance w th anot her

embodi ment  of the priesent i et POREOFIIGar Fikew an and bsgeck isndaeplan vi ew

of the section l)éhhlng)fa tsttaeﬁtsspelsepr}; of; F 14 is a
cross-secti oral Qe TRUPLLN LYli'OégC?g? rgg,%l“élp §'6n head in
accordance with the present inv %Gﬁl ﬁ”@enﬁf,oﬂs a bottom plan view of a

di spersi on head havifi§ .alétiess $@1&nﬁt1ﬁ1&@@&bsbﬂt§.@f&{ dance with one 5

enbodi ment of t hesnplc@tRccbRVEPLE a,schematic representation
of a semicondugt O(ﬁeﬁl’ ocessi ng S és)%elﬁgna\yl %&ma AV B rbdnvsatedl reactor in

accordance with e CBREGH! Hercast dapke pi eBeatot e tribaindle FbE  17A
is a schematic réder esegeati OAvehtidn Sem conduct or processing system havi ng
a pluralit f ;
p Y18 FIG. 17A is a schematic representation of a
semiconductor processing system having a plurality of
dispersion heads in accordance with another embodiment
of the present invention.
FIG. 17B is a schematic representation of a
15 semiconductor processing gystem having an inverted
barrel reactor in accordance with another embodiment of
the present invention.

FIG. 18 is a schematic representation of a
semiconductor processing system having vertically

20 orientated dispersion heads in accordance with another
embodiment of the present invention.

FIG. 19 is a schematic representation of a
semiconductor processing system having a horizontal
substrate carrier in accordance with another embodiment

25 of the present invention.

In the following‘description, the same or similar
elements are labeled with the same or similar reference
numbers,

30 DETAILED DESCRIPTION
. In accordance with the present invention,” a
semiconductor processing system (FIG. 3) includes a
barrel reactor 314 and a dispersion head 330 within
reactor 314. During use, process gas is supplied to

35 dispersion head 330. The process gas flows through
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di spersi on heads in accordance with anot her enbodi nent of the present
invention. FIG 17B is a schematic representation of a 15 seni c&hdUbifof004
processi ng system having an inverted barrel reactor in accordance with
anot her enbodi nent of the present invention. FIG 18 is a schematic
representation of a sem conductor processing system having vertically 20
orientated dispersion heads in accordance with another enbodi nent of the
present invention. FIG 19 is a schematic representation of a -

sem conductor processing system having a horizontal substrate carrier in -
accordance with dhdinidiulemsodBABnB32R5 bfdidiRrahiesehealnyemtd QN s k-p t he

fol l owi ng' descriptd@br 11 Sae Pf.sidlar, elenments are |abeled with the
same or similar [eference nunberg.og%%ﬁ Lcleﬁl%ﬁﬁgéRF B¢45F ddé€or dance
with the present™? if&fi%n 314athuanf emidie tol ayeoc ess bnpssystcamzqBl.G  3)

includes a barr elthe equimr p3ddesBdgas di $RA1S] R 30, hhin, reactor
314. During e,,pfocess gas is'supplied to 35 &Qg%gregl g?]v%]xehgélsgw. The
process gas ows Through -8 29 JULY 2004 distributors 3 32A-332E of

di spersion head 330 &fd imppotaneactwse HitdiEperht 86682825 € hd

8&%
substrates 316 | : formng a_layer on substrates 316. The
spent process gaiﬂ%é&?%gghégég%%P%?jrl%ugleéWaﬁgp rgcayaulaiqmysr thace, use

of dispersion hdd®W39¢ thgupEscesmdiar tdiriomgharesctor byl £ncehand the
recircul ation i pidtess baw efatdes RIAREH [0 reactor. .314. Thus,
the procesg gastravel s through reactor 3 %gf%&é %%]f%rf*rﬁ PHPER, i.e.. in
a curtain-like fIIW: &S ndiR4 €HHypithd ike flow, as indicated by the

lines 336. This results in the formation of layers on
substrates having excellent thickness uniformity.
In addition, use of dispersion head 330 allows
realization Qf an abrupt transition between layers
15 formed on substrates 316. This is because when the
process gas is changed to have a new composition, e.q.,
from a high dopant concentration process gas to a low
dopant concentration process gas, the new process gas
travels in a uniform flow through reactor 314 similar
20 to a curtain falling (see lines 336) . As the bottom of
this curtain passes substrates 316, the compogition of
the process gas contacting substrates 316 abruptly
changes. Thus, an abrupt transition occurs between the
layer formed from the process gas having the original
25 gas composition and the new layer formed from the
process gas having the new gas composition.
Accordingly, use of dispersion head 330 enables
formation of substrates 3isg having abrupt transitions
between layers usging a relatively simple, reliable and
30 cost effective barrel reactor 314.
_ More particularly, FIG. 3 is a .gchematic
representation of a semiconductor processing system 300
in accordance with the present invention; System 300
includes reactor 314, €.9., a barrel reactor. Located

35 ‘within reactor 314, e.g., in a reactor volume typically
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lines 336. This results in the formation of |ayers on substrates havin
excell ent thickness uniformty. In addition, use of dispersion HehdUbX|
allows realization of an abrupt transition between layers 15 formed on
substrates 316. This is because when the process gas is changed to have a
new conposition, e.g., froma high dopant concentration process gas to a

| ow dopant concentration process gas, the new process gas travels in a
uni formflow through reactor 314 simlar 20 to a curtain falling (see lines
336). As the bottomof this curtain passes substrates 316, the conposition

of the process ga§irestlactsd r@@@sbﬁéﬂ65aﬁl@fa}¥%ﬂ31qha§ge§ Thus, an

abrupt transitioBuoespisr betieer Lhe [ med from t he process gas
havi ng the ori gi naI 25 conpositi gﬁkgt\% t ]eg et &er fornmed fromthe
process gas havi Rg" ‘ﬁ‘é‘/’%@% csd ApESnt vefers Acccmﬂada:galtwﬁr wse gfg di spersion

head 330 enabl essulbmn‘miasomlasf ambiunaéﬁﬁa%c? f}g\g %%0 t_transitions
ia 6 2ost™ éfect i ve

bet ween Iayer§ u rel.ativ i e “and
barrel reactor cgl\?gsr enoﬁzatrttl % ¥5F‘F§ E’F—‘Pf@atf@ iPrincdphéanef cthe

representation o’rn‘eﬁrﬁelmrconé&st)ofiopab@@%imxﬁf%%%%%gl4|£hgjaa%%%r dance with

the present invegtipnPLskhem 300 | udes react or rel
reactor. Located_35 qu thin rea%tgo?n{g} (g dispegsigncherds; F3gme typ| cally

9 29 JULY 2004 treh sHgpsysiogulead Bo Ill}czimda:is neptups1 BhfAof S a

susceptor 312 andisi#isiitares331R, Syshp 35332@”%5%“%'% silicon wafers.
Suscept or 312 agg o ut%sétrahgs 316 _are illustra A 9Fnes in FIG 5
3 so as not to detract ofrofft it plisii pHisfrébuthes Bpe@nts an28Al so | ocat ed

Wi thin reactor 314 adjuxéegtuae, spabcqialg@s33ols P PIIIY:8,0,,8Rgr Si on
heads 330. Each#l $RebshANa hg@,_gpgggldnn%ea%ecoup JIL Ilijéaildllity %lsperSJ.on

head 330 is hollow (has an internal channel) so that
the process gas flows through the channel of dispersion
15  head 330 to distributors 3322 to 332E. Process gas
flows through distributors 332a to 332E and into
reactor 314. The process gas flows downwards, e.g., in
a first direction, contacting substrates 316 thus
forming a layer on substrates 316. The spent process
20 gas is then exhausted from reactor 314 to exhaust 323.
Of importance, the Process gas is dispersed
uniformly about the perimeter of susceptor 312 by
dispersion head 330 as the process gas enters reactor
314. While the present invention is not limited to any
25 theory of operation, dispersing the process gas, and
supplying the dispersed process gas to reactor 314,
improves the flow characteristics of the process gas
through reactor 314 by minimizing turbulence compared
to the prior art. More particularly, use of dispersion
30 head 330 reduces and/or eliminates turbulence and
1recircu1ation in the flow of. process gas through
reactor 314. Thus, the process gas travels through
reactor 314 from dispersion head 330 to exhaust 323 in

a uniform flow, i.e., in a curtain-like flow, as
35 indicated by lines 336.
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di stributors 332A, 332B, 332C, 332D and 332E, e.g., 10 apertures
hereinafter, distributors 332A to 332E. During use, process gas? /Hhy 2004
di spersi on head 330 through a dispersion head coupling 334. Dispersion
head 330 is hollow (has an internal channel) so that the process gas fl ows
t hrough the channel of dispersion 15 head 330 to distributors 332A to 332E.
Process gas flows through distributors 332A to 332E and into reactor 314.
The process gas flows downwards, e.g., in a first direction, contacting
substrates 316 thus formng a |ayer on substrates 316. The spent process

20 gas is then exhaustiegef tbm peacetss idl ﬂl%mﬁ&%aﬁﬁﬁfégé.thtqﬁdhnportance,

the process gas je@issP8hgedepunif about .the perineter of” susceptor
312 by dispersion head 330 as t%eB%%T%%gsasg Jud feptdy screlrater 314, Wil e

the present inveftisdFats=ndteti nheeardinglny w2t blieai ¥pofs apehbion,

di spersing the @3cessudas, ianthe SEPRIM ; I spersed process gas to
reactor 314, _ i NRroyes .t he fl om char ac%t}%?)?lshl%g%gg?g?h%n pﬁ'"@"‘@ §§t&§‘s t hr ough
reactor 314 By mi A2iRY EEFBLl et L hiskmesedunt Sormetpr i dturaher, Mor e
particularly, usenof dispersion Béaderxd 33Qpkeduges,anf Y.Ll LA nates

t ur bul ence’ and J%%Eé&%fﬂéogn&n ée@cfe?#il ow Of - process_gas t?hr odgh *Peact o
314. Thus, the process gas tfavers O\FGh MapBRgE: ofa dtiem aEsper si on
head 330 to exh&i§pe3g3onphead 33¢ grsmafvioddedi.. e., in a curtain-like flow,

as 35 indicated by |irnes 836in_dGhe2QIVLY,.2004 Since th rocess gas fl ow
[eactor 314 the trc%’egéegggl%ﬁ% r‘?'i?'ﬁ@@oﬁ?%cts

i s uni form through h
substrat es %QG 1%888};8??19}%' U ofF 1@ -spér brantda cdlbranesal £6rin the
formation of |aperh oeasubstratasi 51_1%2;6hQ&%B%@%a‘l@i@ﬁa‘:@ﬁ%ﬁ&? S
:JEI formty. Fur bl}géess Sﬁ%éﬂ&pﬁr Sel(g):[n , h%?gw?)ge?tglc? efrltsagso% grc?égscsess gas
gas, were changed. Thus, use of dispersion head 330
(FIG. 3) is less time consuming, is lesg labor
15 intensive and is more reliable than use of injectors
18A, 18B (FIG. 1) of the prior art. In addition, use
of dispersion head 330 allows realization of an abrupt
transition between layers as discusged below.
In one embodiment, system 300 includes injectors
20 318A, 318B. Injectors 318A, 318B are located in a gas
ring (not shown, sgee gas ring 20 of FIG. 1 for an
example) between seal plate 335 and reactor 314,
Injectors 318A, 318B are substantially similar to
injectors 18A, 18B of FIG.1. Alternatively, injectors
25 318A, 318B are quartz and are moveable. For example,
motors or micrometers, which .are attached to injectors
318A, 318B, move injectors 318A, 318B thus allowing
ready adjustment of injectors 318a, 318B.
FIG. 4 is a cross-sectional view of a substrate
30 316A after processing in accordance with the present
Ainvention. As.-shown in PIG. 4, substrate 316A includes
a body 401, e.qg., monocrystalline silicon. Substrate
316A further includes a first layer 402 on body 401, a
second layer 406 and a transition layer 404 between
35 layers 402, 406. For example, first layer 402 is a
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a repeatabl e and predefined manner, calibration of dispersion head 330 is
avoided. This is in contrast to the prior art where the 10 injeé?dUtY12004
18B (FIG 1) had to be calibrated for each reactor 14 and al so had to be
recali brated when process paraneters, e-g- , flowrate of flow of process
gas, were changed- Thus, use of dispersion head 330 (FIG 3) is less tine
consumng, is less labor 15 intensive and is nore reliable than use of
injectors 18A, 18B (FIG 1) of the prior art. In addition, use of

di spersion head 330 allows realization of an abrupt transition between

|l ayers as di scygsedibeloyeq !y erfqdi, sy en130 |nc udes injectors
20 318A, 318B. 31 A, 318B are F{ggé ‘%‘é R h 4 (not shown,

| nj
see gas ring ZGad%rFF@Q 183 S%ﬁ*“@k&ﬁﬂﬁ€)4ﬂétmeem kmgﬂtlgidbpe635 and

reactor 314. IUMPQCBQI$c&ﬂ8ﬂayéﬁiﬂﬁd¥é§n§g@§}aﬂﬁIf%#é& g lar to injectors
18A, 18B O FIG 1 @I rqggé |nJectors 25 318A f are quartz and
are noveabl e. For SnE?E drt€o 3 Life r BRECEFING Wi ERGEE 3 and athed to

injectors 3518A0g8LBEr, nmviestiry et G1S 3ﬁ8fud§é§3nhﬁm%a%b|9ftﬂ rd eady

adj ust nment of o] B... Fl cross-sectional view of a
substrate é@égg& EES§%$§¥%§%%ﬁbangaécﬁ? dﬂ&émWFPRtPﬁe3b3esent

,inventi on. ASSUb§h§ﬂhe$rﬁIﬂ(are4th£@bheaaée:ﬁi&Add@@bﬁdQ&naB body 401,

e. g., nonocrystahhkpe Sifi t 31GA further includes a first
| ayer 402 on bgﬁ g & (%ggﬁh§ﬂg§%%§4§%s H%’ﬁEFﬂéﬁg FPon 1ayer 404

bet ween 35 |ayé‘ﬂ§Pﬁ6§1°fAdB°—a¢&0%&aﬁﬁ| 834fandtthweyép d08pession 11 29 JULY
2004 heaviiy depad B3bype silicon Iayer (hereinafter HP |ayer 402) and

second | ayer 406 is_a l'%%nlle % type silicon |ayer (hereinafter LD
| ayer 406). To fornf SEEHRIH'S 3 pF@F%??lgﬁFtkﬁ Bl wbah 3deprnty

" concentration gas mlxture which includes a P type
dopant gas in a carrier gas, and a source of silicon
e.g., trichlorosilane. This process gas (hereinafter

15 referred to as high dopant concentration process gas)
flows through the internal channel of dispersion head
330 to and through distributors 332A to 332E of
dispersion head 330 and into reactor 314. The high
dopant concentration process gas contacts heated

20  substrates 316 thus forming HD layer 402 on body 401.

FIG. 5 is a graph of dopant concentration versus

depth in substrate 316A of FIG. 4. As shown by a trace
502 in FIG. 5, HD layer 402 is a heavily doped P type
silicon layer having a constant dopant concentration

25 HD. The top of HD layer 402 is located at a distance

Thd- from the surface of body 401 which corresponds to

the desired thickness of HD layer 402. .
Referring to FIGS. 3, 4 and 5 together, after the
desired thickness of HD layer 402 is formed, i.e., at
30 distance Thd, the dopant concentration of the process
gas supplied to dispersion head 350 ig abruptly reduced
or eliminated, e.g., using a gas flow controller system’
such as that described in Moore, related, co-filed and
commonly assigned U.S. Patent Application Serial Number

35 09/399,611, entitled “GAS FLOW CONTROLLER SYSTEM AND METHOD”,
-12- .



5 together, substrates 316 including substrate 316A are placed inside of
reactor 314 and on susceptor 312. Substrates 316 are then heat e JHLY 2004
conventional nmanner. A flow of process gas is supplied to dispersion head
coupling 334 and thus to dispersion 10 head 330. For exanple, the process
gas is a high dopant concentration gas m xture which includes a P type
dopant gas in a carrier gas, and a source of silicon e.g.,

trichlorosilane. This process gas (hereinafter 15 referred to-as high
dopant concentration process gas) flows through the internal channel of

di spersion head 330 to and through distributors 332A to 332E of

di spersi on headyid3f iandrdiRtiRcd 68 4. The high dopant concentration
process gas cont act s %éfe& %d%sﬁ%g?£§%5¥e§i§eﬁﬂ8§‘Wﬁﬂﬁihg HD | ayer 402 on

body 401. FIG 5 is a graphi-6f Hdpantckoiadteratetarmed sus asdgpih in
substrat e 316A &IpFIGeoncepsrahoun byodedd 3RS aﬁ@ﬁoé'gﬂ-, Flllﬁi 5, HD layer 402
St

is a heavil g dapeb RdosRe rhsk! L&oR. L ayer having a ¢ a Hfﬁopant
concentration 25 HD. The tggtobgkﬁPE 90 My s bpopetssthtat exidisst ance  Thd

from the surfactaensdep h@édth@mﬂuun@pSQQQQ§iggtaﬁ§%3 $§Egegéﬁgickness of

HD | ayer 402. Refgr niRdabgafit & nd 5 together, ert desired
t hi ckness of HD Iayer_4029?s for?é%féggﬁioP Broceps (ast &hen Thavelhe dopant

concentration dF‘PhB“ﬁﬁBE@s§1@ﬁ§ﬂ§Hpﬁﬂie@act@rdﬁﬁp&ﬁﬁﬁqgrhggda330 is
abruptly reducetsirtainefFabifgged, e.g., using a gas flow controller systend

such as th descrihed,ijn More, related, co-filed and comonly assigned
U.S. Pat en?EAppI i ca?‘?oﬁi‘%e?‘i’%‘fo%ﬂfbé#u§5cggt@m,@hbgseanbgtﬁ&téﬁs FLOW

CONTROLLER SYS?EWLAN@ENE?H@ELcondb&t%&tikabgqgﬁaﬁﬂ%ggsgs herein
ocC

i ncor por at ed byoheher Bkt ntirety. This process gas (hereinafter
referred to as P §H§Ebdﬁbﬂfé%é% 5&6 a%ruptly changes from the

higﬂ/dopant concentration of the high dopant
concentration process gas to the low dopant

15 concentration of the low dopant concentration pProcess
gas. Thus, the dopant concentration abruptly falls off
from the top of HD layer 402 to the bottom of LD layer

406, i.e., across the width of transition laver 404

from distance Thd to distance Bld. 1In one embodiment

20  the transition between HD layer 402 and LD layer 406 is
such that HD layer 402 and Lp layer 406 are continucus
with one another and transition layer 404 is not
formed. Accordingly, 8ystem 300 is well suited to meet
the requirements of existing ang emerging process

25 technologies which demand abrupt transition between
layers.

This is in contrast to the prior art (FIG. 2)
where the dopant concentration of tramsition layer TIL
between layers L1, L2 gradually changed from heavily

| 30 doped HD at the bottom of transition layer TL to
%;ghtly doped LD at the top of transition layer TL. &as
discussed in greater detail beloy with reference to
FIG. 6, the present iqventors have discovered that
turbulence and recirculation in the flow of process gas

35 .through reactor 14 (FIG. 1) ig one of the primary

-13-




dopant concentration process gas although it is 5 understood that no dopant
gas may be present) exits dispersion head 330 through distributé?dUtdo2044
332E. The | ow dopant concentration process gas then travels in a uniform
flow through reactor 314 simlar to a curtain falling. 10 As the bottom of
this curtain passes substrates 316, the dopant concentration of the
process gas contacting substrates 316 abruptly changes fromthe high
dopant concentration of the high dopant concentration process gas to the

| ow dopant 15 concentration of the | ow dopant concentration process gas.
Thus, the dopant'agacenesaeticiteabriphl yhéalhgeof fabifd Qpatingt @ppafe HD | ayer

402 to the bottemnebntbht A€l ra428+ 1L cross the wwdth of transition
| ayer 404 fromdistance Thd, to di st étr?%_eogl TR iR dA6di fknt, 20 the
transition between HD'FayRriuG? sghgmpbic| ayprekif dts onsuehréhetoHD 4 ayer

402 and LD | ayepf4BBGare thnistha@usy Wikby P0e %oqtgg%rs §Q§ %{gvpsi tion layer
sul t'e 0 neet the

404 is not for ordi ngly, .system 300 1s
requi r enent sé)optjg%?é%ﬁnﬁe%cﬁ%ﬁér Pngiprovesed Iy tdehpokagies whi ch denand
abrupt transitionveetewen Imydcs. 6Thsgstésptd CONt IASLLIQedde Prior art

(FIG 2) where;the.dopantg,conggntration of transition layer TL between
| ayers L1, L2 g:rLaS(;u(z:al [y %Ba}\ﬁ ggﬁf %‘é%%%%v‘f’r’}ﬂ?(? F&Fed°HD Btusiiatsst t om of

transition | ayefOTIPRPo3qgIRt] ¢laopen. L Datindiedren by thansiddon |ayer TL.
As discussed iBog| ealmuldeicai knbehow Wi fb%‘?{h%rerll%e L9 ofd @& §1he :
present i nvent o]rfgaggve d sccovegied t hat turbulence 5%5 r &8 (doRe on in the
fl ow of process gas %5 4 r&hlaﬁ rggfgtlalfoq%ss( I8 te) resivpelafe e pri mary
-13 29 JULY 200dofadtioes desoehated 14 tHetdie Urdgakr abhgr g adual dopant
exhausted to exhaust 23. Thus, when the process gas
supplied to reactor 14 was abruptly changed, e.g., from
a high dopant concentration pProcess gas to a low dopant
i5 concentration process gas, the high dopant
concentration process gas continued to mix with the
newly introduced low dopant concentration process gas
due to the recirculation.
As a result, the dopant concentration of the
20 process gas in reactor 14 gradually decreased.
Undesirably, this proceags gas in reactor 14 continued
to react with and form transition 1ayef TL (FIG. 2)
having a dopant concentration which gradually changed
from heavily doped HD at the bottom of transition layer
25 TL to lightly doped LD at the top of transition layer
TL.
In contrast, use of dispersion head 330 (FIG. 3)
in accordance with the present invention produces a
uniform process gas flow through reactor 314, i.e.,
30 avoids the turbulent gas flow and recirculation of the
prior art. This enables formation of substrates 316A
(FIG. 4) having abrupt transitions between layers
(e.g., HD layer 402, LD layer 406) using a relatively
simple, reliable and cost effective barrel reactor.

35 In an alternative embodiment, substrate 316A of
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concentration transition of transition layer TL. FIG 6 is a schematic
representation of reactor 14 of FIG 1 illustrating turbul ent p@%é%’g%
flow 5 through reactor 14 as discovered by the present inventors. In FIG
6, susceptor 12, substrates 16, injectors 18A, 18B and gas ring 20 are not
illustrated for purposes of clarity. As indicated by the lines 602,
turbul ence in the flow of the process gas through 10 reactor 14 caused the
process gas to recirculate one or nore tines in reactor 14 before it was
finally exhausted to exhaust 23. Thus, when the process gas supplied to
reactor 14 was &BfFupfl yeSchanied using gakr adsparbigh Klorantecepcent rati on

process gas to @onhgwndepantwieh CoRcRALLat | process gas, the high dopant
concentration pr({)n%eas gag cont i nyed to%%i )'3»(9\%1;{ hgfﬁé’ “ﬁb\ﬂwlfln{:gbguced | ow
dopant concent r &8H Protes¥ryadiPabdstisli Hesintl ax Wa@tdonvenAsonal esul t

the dopant concémjeatooa. of It hecccliapeecq$ehIasi & N tQhe14 gradual ly

decr eased. ndesi i ocess .gas i n reactor 14 confinued to react
with and for% t?%lrfi%?tpli%ﬂ 'It'gylzlrdg;l (P& 22yogntheng suhsépahescdheent rati on

whi ch gradual | yierdndéag swlshredayiBigadapedpHizad e JRObEopRREcdr ansi tion

| ayer 25 TL to kh@ghthy 99Prscs t.he top_of transition layer TL. In
contrast, use of dispersion h%eg&:%%3dq?lil C;?f%‘?r BH HO0P4aRe2W®E h t he

present inventidhtpradited of @iriernepsocess. dasiddgew,t hsosghoTeact or 314,
i.e., 30 avoi dstbheispehed @nthegas 3bbow ﬁ@s%ﬁﬂé§%1%t Lon i Lhe . prior-art.
Thi s enabl eg, f OLARYLOD: O SypSiates S10A (1 havtng o Pt
transitions between layers "{ae. 6 HD | ayer 402, LD | ayer 406) using a
relatively sinple, A&t¢ndieating ofssuldieaidsy @183" kek168a5% Procds N an
alternative e”bQanﬁﬁtsuﬁ§ﬂ¥ﬂd’%h%oééﬁpiﬁgecfégg 318A, 318B to reactor
314. The flow of carrier gas is continuously supplied
simultaneously to dispersion head 330, or, in an
15 alternative émbodiment, the flow of carrier gas to
dispersion head 330 is shut-off as soon as the flow of
process gas is supplied to injectors 318A, 318B. In
either embodiment, the process gas (hereinafter
referred to as high dopant concentration process gas)
20 contacts heated substrates 316 thus forming HD layer
402 on body 401. ‘
After the desired thickness of HD layer 402 is
formed, the flow of the high dopant concentration
process gas to injectors 318A, 318B is shut-off. The
25 flow of carrier gas continues to dispersion head 330,
Alternatively, if the flow of carrier gas was shut-off
while the flow of the high dopant concentration process
gas was supplied to injectors 318A, 318B, a new flow of
carrier gas is supplied to dispersion head 330. 1In
30 either embodiment, the carrier gas exits dispersion
Pead 330 through distributors 332A to 332E and traVelé
in a uniform flow through reactor 314 similar to a
curtain falling.
' The bottom of this curtain of carrier gas passes
35 substrates 316 and displaces the high dopant

-15-



29 JULY 2004 FIG 4 is formed using gas dispersion head 330 in cong’unct
with injectors 318A, 318B, which in this enbodiment, are substa#? JHLY,200

simlar to conventional injectors. In accordance w th this enbodi ment, 5
referring to FIGS. 3 and 4 together, substrates 316 i ncluding substrate
316A are placed inside of reactor 314 and on susceptor 312. After purging
of reactor 314, a flow of carrier gas, e.g. hydrogen, is supplied to

di spersion head 330. Substrates 316 are heated in a 10 conventi onal

manner. After heating of substrates 316, a flow of process gas is supplied
t hrough i nj ect 0F§“§fgﬁ\1‘a§1@3 RYPFEHCcOeS 1i8l4eadber f3ow Of‘I‘th@l’l’tgé gas is

cont i nuousl y suppiriradiosi @ﬁlmlanleaq;c@ﬂ Yobo;di §B§u§¢$ tgaer%aq 3 gf} aﬂ@ 'I‘dgggg 15
n“Hea is

alternative embqgli, e flo arrier
shut-of f as soo(r% ag@?ken% a%sf"}é g€§§rgé§4|ss sﬁplqued trankmni b6 or s 318A,
318B. In eltheﬂaéfmsoéli)ﬁem ,nathesigmdcesangas (hereinafter referred to as

hi gh dopant soncent raLi po-RIIs & ag). .20, contacts heated substrates 316
thus forning HD Iayer 402 on boSél eQ 8?6 AFEB ke qesicegyrehigkness of HD

| ayer 402 is f&FREAted Helgh dib%fex{chethoghthi@tpaantlcﬁp ahtation pr ocess
gas to injector sond&i% radidh igrosiad arrier
D T B 5 gg i Ve CI;‘:’ym“‘iq:faalcc)ihB%f Fiasv lE)]fg arrl er

continues to dlager5|on head 33Q. ternatlv
gas was shut - of FOPHRY | SHFR S WOBF PrRge #s grsiepanhosenskhl Ik ian process

gas was suppli edheoarmjvect]onmd&m;&anamB a new flow of carrier gas is
X (s dispe i on - hes 30 ch A Saah P ST bl oS a8 AL e 03 bR reribderavel o
in a uniform flBoFRHE Jdiﬁjh lpysat 6ﬂ23414dsaemdr&r lge® a0gltapk falling. The
bottom of this @esdmibedlateaeli ¢h JaS éﬁﬁga§%ent, first layer 402 is
a heavily doped P type silicon layer and second layer
406 is a lightly doped P type silicon layer. However,
15 in an alternative embodiment, one or both of layer 402,
406 are N type or are undoped. In a further
alternative, first layer 402 is lightly doped and
second layer 406 ig heavily doped. In another
embodiment, only layer 402 isg formed. In light of this
20 disclosure, those of gkill in the art will recognize
that a variety of substrates such as those described
above and numerous other variations can be Formed using
dispersion head 330,
Further, in one embodiment, dispersion head 330 is
25 used during substrate cleaning, etching and/or other
substrate treatment. Advantageously, use of dispersion
head 330 allows an abrupt termination of the substrate
cleaning, etching and/or other substrate treatment for
reasons similar to those discussed above.
30 - Dispersion head 330 in accordance with the present
_1nvent10n also improves the ability to control
thlckness of a deposited layer compared to the prior
art. In particular, by Supplying a uniform gas flow
through reactor 314 (FIG. 3), the growth of the layer
35 Dbeing formed is essentially instantaneously stopped
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35 substrates 316 and di spl aces the high dopant -15 29 JULY 2004
concentration process gas in reactor 314. Thus, the fornation of9MEBLYa3@04

402 is abruptly terminated and to the extent transition |layer 404 is
formed, transition layer 404 is not significant. 5 To form LD |ayer 406,
t he above procedure is repeated with the exception that a | ow dopant
concentration process gas is used instead of the high dopant concentration
process gas as those skilled in the art will understand. 10 Referring
again to FIG 4, substrate 316A includes both first |ayer 402 and second
|ayer 406. As d@o8r Fhugtapsvel iqrha)rféourrbﬁdi:n@rﬁméégss(&)gals%f%rﬂoz s a
406 |

heavi |y doped Puwhipa shki @%faﬂ@rf&lﬂ‘%ds‘eC?H]qs|f. Siréi é}?ﬁ"&d-“lasﬁéaﬁoi gﬁél y dgp?ﬂ
erna irents or bo

P type silicon |ayer. HEIW?ver, 15 in an al

of layer 402, X36°4r8N t5p% B¢ ard whespetransitadrunties Tal heanati ve,
first layer 402substaghitdy dopadcandeqagatond b 06.1 s heavi doped. In
anot her  enbgdi pgnt aggk%/-érgyf% e4r021, i s.forned.f%/l%qcfég%tz &f ?ﬁ?sé%

di scl osure, those of s ] T’ i the art "WHP db¥eynez &1 ehathe baristy of
substrat es suchoistrapsat Hemckavsed TLabove and nunerous ot her variations can

be fornmed using dispessipn headq 3 rther,. in gne enbodi nent,
di spersion head 330 is__25 used c}uglgﬁg SURRTT e vHednPhga &eehing and/ or

other substratB'eFeat Heht .2 Rrgs: Bgéblel 720 ush splerdiisnenshas 3ead 330

al | ows an abr upB3oBrandatégiof tha §Hb§éé@1|[c%nc%l %?Elo“nghﬁ'e%'g%h!% - %&g/ or
ar to s&" i ove.

other substyate_tr ment . fqr . reasons sim
Di sper si on jEleadog3€ﬁ% rpré%sceon%dalr?gg PR t HeedPr dase 33bAvEothom ajeso :
i nproves the abbighly sealkotitiolan nhpeknessuiclr audeResi ve6 LAaval,Gmpared to
the prior 314A as is well known to those of skill in the art.

Although a seal plate 335A is sget of Forth, other

structures instead of seal pPlate 335A are used in

30

15 alternative embodiments. For example, in one
embodiment, a gas ring between seal plate 335A and
reactor 314A is used. _

Mounted in a conventional manner to seal plate
335A is purge baffle 720. 1In this embodiment, purge

20 baffle 720 is quartz and protects seal plate 3353,
which is typically stainless steel, from process gas.
Purge baffle 720 includes a flat plate like structure
722 and a lip 724 extending downwards, e.g., in a first
direction, from structure 722, Purge baffle 720 is

25 substantially similar to conventional purge baffles
well known to those of skill in the art with the
exception of apertures 726A, 726B and slots 730 which
are discussed further below.

Dispersion heads 330A, 330B are located inside of

30 the volume defined by structure 722 and lip 724 of
purge baffle -720. Structure 722 has apertures 72634,
726B through which dispersion_head couplings 334A,
334B, respectively, pass. '

FIG. 7B is a bottom plan view of seal plate 3357
"35 and dispersion heads 330A, 330B of FIG. 7A in

o




art. In particular, by supplying a uniformgas flow through reactor 314
(FIG 3), the growth of the layer 35 being formed is essential | y29 JULY 2004
i nst ant aneously stopped -16 29 JULY 2004 upon shutting off the flow of the
process gas from which the layer is forned. This is in contrast to the
prior art (see FIG 2) where transition layer TL had a substanti al

t hi ckness equal to distance D2 at the top 5 of transition |ayer TL m nus

di stance D1 at the bottom of transition layer TL. FIG 7A is .a |ower
perspective view of a seal  plate 335A, a purge baffle 720, dispersion
heads 330A, 33@8CRREPeACtid 31UA enbadivedance wiid hrerenembodi ment 10 of

the present invemtkagioSealrdicatrand3s8 F9Fa5 5 o ght spal wth an
upper annul ar surface %&% of reactn%? 314A ésﬁ? %%ﬁelrlfg %ﬁ’g\?ﬁﬁ?ﬁ t$fifsle of
skill in the ar PR Tt S WedMEraPRT 3B8ReY 7 0%etwhathf drt Bimidther

structures instéadsbipseat platoss336Atans &56hddtol53akher nai ve
i a gas ring between seal plate

enbodi ment s. 5 Fo iy e_ _enbodi nent, .
335A and react %#5?4% El?% ulgler%riL REGATSHST n/ % dohwemcrdaal andnvractas seal
plate 335A is Pufdehdafd Idrredar| aroksssenbodi,ment, , pyegeror%haf fl e 720

is quartz and prateetsndsdaipliat ghggéA, which is typically stainless steel,
from process gas. urge baffle 720 includes a flat plate |like structure
722 and a lip 724 extendisvgcdbiithatls, Ppeogess das dibtrsbutthmection, from

structure 722, Pungberafddry T20ths 2Baséilst antdaLLY 35k A l(?:Ls[% 9. Sgpventi onal
purge bafflgs L& ;3[61%% 9, hose of skill in the art {ni e ‘Qxceptlon
of apertures 72%%, 7 a{né sPo?geﬁﬁm{m}Wﬂaf“’étBl tkaseeess tracdtépnbel ow.
Di sper si on headSf 388Xt B30B44re Moratpariinsilde19f a38péhei MplHuNRdef i ned by
structure 722 apglod] B3634 19k on a common circle 704 which is
concentric with the circular cross-sectional shape of
reactor 314A. Further, distributors 332A1, 332B1,
15 332C1, 332D1, 332E1, 332A2, 332B2, 33202, 332D2, 332E2
are centered on cowmon circle 704. In this manner, the
process gas enters reactor 314A in conformance with the
inner shape of reactor 314A thus minimizing any
turbulence in the flow of process gas which would
20  otherwise result as the process gas conformed with the
inner shape of reactor 314a.
In FIGS. 7A and 7B, two dispersion heads 330A,
330B spaced 180 degrees center to center apart on
circle 704 from one another are illustrated. However,
25 in alternative embodiment, more than two gas dispersion
heads 330A and/or 330B are used. For example three,
four or five gas dispersion heads 330A and/or 330B
spaced 120, 90 or 72 degrees apart on circle 704 from
one another, respectively, are uged. Typically, gas
30 dispersion heads 330A, 330B are uniformly spaced from
.one another to uniformly disperse the process gas.
Alternatively, a single gas dispersion head 3307 or
330B is used, e.g., shaped as a whole circle. In one
embodiment, the number of dispersion heads 330a and/or
35 330B used is within the approximate range of one to
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purge baffle 720. Structure 722 has apertures 726A, 726B through which

di spersion head couplings 334A, 334B, respectively, pass. FIG Z2%8JUiYa2004
bottom pl an view of seal plate 335A 35 and di spersion heads 330A, 330B of
FIG 7A in -17 29 JULY 2004 accordance with this enbodi nent of the present
invention. Referring to FIGS. 7A and 7B together, seal plate 335A has an

i nner perineter 702 which is simlar in shape to a cross-section of
reactor 314A. In 5 particular, inner perimeter 702 is circular ‘and reactor
314A has a circular cross-section, e.g., reactor 314A is cylindrical in
shape. To insugrdhat the process gas distribution is conplenentary to the
shape of reactor 314A, dispersion. 10 heads 330A, 330B are symmetrical with
the cross-section d?fjrttg‘&‘ft'o?”ﬁ4‘£%5thﬂr@t@&'ﬁt Béaharty 3REpes3rdR heads
330A, 330B | i ecmrei@Ezormenitlust eatdll iwhirQlisi S7aCoNE el rids Wath bhe

circul ar crossssect] I e r tor 314A. .Further, distributors
332A1, 332B1, %.%?%Jfg%% §§gﬁ%3%@“21513,938‘%32&25%%8‘29%332@E{W@gﬁm,1“332E2
are centeréd onltcomabivei pobediBant n ltehiss rimAnetve tdiestfilbocess gas enters
reactor 314A ify£opfar mange, Wohd dih_:‘ecrfb?}@%q: shape_ of, T %a%ﬁ%\%g%#é t hus

l ow o S whi ¢ u (1:1 20

m ni m zi ng any turbul ence”in the f ~ process gas '
ot herwi se resutd@dss 38RB pPdLBss Hdeeifiyedyd word thes filveer shape of

reactor 314A. dibtdiGitofA apd dsed tir HasPebhsi i S H*Ads 330B spaced
180 degrees c r enter apart .on,, circle 704 from qne another are
Fo e 30BE | Eh 7P

i |lustrat ed. 5 i hal P erFlRIEesin o BPFeM PO t han two gas
di spersi oA0 hebidg r3d0Aocgadeed 3BOB arch: dieger5oon exanplie tihr eke four or

five gas di spefsi,0niheedsrard SN 33¢Bg ghaced 120, 90 or 72 degrees
apart on circle 704 from )
In FIGS. 7A and 7B, seal plate 335A is

illustrated. However, in light of this disclosure,
those skilled in the art will appreciate and understand

15 that other seal rings, mechanisms to rotate susceptor
312 and other conventional items can be provided
without detracting from the principals of the
invention., For example, in one particular embodiment,
one or more gas dispersion heads in accordance with the

20 present invention is (are) used in combination with
conventional gas injectors such as injectors 18A, 18B
of FIG. 1. Positions, e.g. ports, for those injectors
below seal plate 335A are identified as items 750 in
FIG. 7B. Generally, see Moore, U.S. Patent Number

25 5,207,835, herein incorporated by reference in its
entirety, which describes in detail a barrel epitaxial
reactor. |

Illustrative specifications for the various

characteristics illustrated in FIG. 7B are set forth

30 below in Table 1.

TABLE 1
CHARACTERISTIC SPECIFICATION | UNIT
AT 45 degreeg
B7 45 degrees
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one anot her, respectively, are used. Typically, gas 30 dispersion heads
330A, 330E are uniformy spaced from one another to uniformy d?%ﬂle"—yem%
process gas. Alternatively, a single gas dispersion head 330A or 330B is
used, e.g., shaped as a whole circle. In one enbodinent, the nunber of

di spersi on heads 330A and/or 35 330B used is within the approxi mate range
of one to -18 29 JULY 2004 fifty. Further, five distributors 332Al to
332E1, 332A2 to 332E2 are illustrated in FIGS. 7A and 7B for each of

di spersi on heags—336A—330B,—respectively However, in 5 alternative
embodi ments, |pss thancfive disfributors.ane wsed, e.gf,, ofgdistrifutor,
for each of dispersionQ7heads 3B0A, 330B. Alternatively;, more thanftve

di stributors ateused-ftor—each—of—di-spersibh_heads —33DA__486Bee$n one
enbodi nent, the nunber of 10 distributors used for each dispersion head is
in the approxinmate fo QNE; {fty,.1n FEIGS. . 7A and 7B, seal plate
335Ais illustrat edlfﬁﬁll—g\%e\c}esr% ?ﬁhﬁi %’h%‘l‘ of ' Thid @i SiPBerTEon qﬁﬁ?se ski Il ed
in the art will33Qpretiaferdacentérktam adbadiabnat hertiseapradeags,
mechani snms t o r Dhader S CeNinOkhidlamB g r j |1t can be
provided without detracting from the p#ﬁ%gﬁpgﬁgg§ﬁggﬂ§qﬁ?ﬁ%éﬁﬂﬁbﬁ? For
exanpl e, in -one®PattiTtist SABGHARERE Matdadr mege. ghs diepremsiaon zheads in
accordance w t hstdle £0 Gif edantjuanvent imp ﬁc&nﬁﬁgehiﬂgéfisiéh GRIg Raki-on with
conventional g i i u i nj ectors 18A, B . of FIG 1

Posi tions, e. g?éff)o%}% g}q_{%a?etﬁhgggﬁ;ggélé%%of?teﬁéla W é‘é%"?lr}'ﬂ &tfe 335A are
identified as i #eFREISEN Aean| 8309 BluGare tmlaltjingses dboraybddrSteBat ent

Number 25 5,20%3&@5,guﬁgﬂﬁatE3091@05@Q@nggrrgge&ggfﬁﬁgébigﬁﬁs entirety,

whi ch desc&bbe%xgﬂldetailda barr el fPItaXIa

cing and essentially eliminating undesirable
deposit formation on dispersion head 330C. Although a
quartz dispersion head 330C ig set forth, those of
skill in the art will recognize that any number of heat
sources can be ugsed to heat the substrates, e.qg.,

15 radiant, RF, resistive, plasma, or any other suitable
heat source. In each case, the material selected for
dispersion head 330C would be transparent to the
radiant energy from the heat source.

Extending from a channel section 802 of dispersion

20 head 330C is dispersion head coupling 334C. Dispersion
head coupling 334C is integral with channel section
‘802, i.e., is phe same piece. Alternatively,
dispersion head coupling 334¢C is a separate piece
attached to channel section 802, e.g., is a tube fused

25 to channel section 802. Channel section 802 includes
distributors 332A3, 332B3, 332C3, 332D3 and 332E3,
hereinafter distributors 33273 to 332E3.

Dispersion head coupling 334C has an internal

channel 804 coupled to am internal channel 806 of
30 channel section 802. Channel 806 is coupled to

distributors 332A3 to 332E3. During use, procesg gas
supplied to dispersion head coupling 334C flows through
channel 804 to channel 806, flows through channel 806

| -20-



reactor. Illustrative specifications for the various characteristics
illustrated in FIG 7B are set forth 30 belowin Table 1. TABLEGlJULY 2004
CHARACTERI STI CSPECI FI CATI ONUNI T A745degrees B745degrees -19 29 JULY 2004 C7
5.092 R inches D7 45 degrees FIG 8 is a side plan view of a dispersion
head 330C in accordance with one enbodi nent of the present invention. In
this enbodi nent, dispersion head 330Cis 5 an infrared transparent

material, e.g., is clear quartz such as GE 201 quartz. By formng

di spersion head 330C of an infrared transparent naterial, heating of

di spersi on head t38@Csduibngoteaiiang alo BheESURSET A1 &S cificdgh Substrates

316 of FIG 3, ifdin ed 1hus, ing.and essentially eI i m nating
undesirabl e deposit ;bglrtrératg %n onJto 53%%?1;5' Sﬁdh%%EPS%l@FCreﬁlcttﬁ@gh a quartz

di spersion head 330CDF'—§e§@%n9 dman Ut“@oiéowf ras&idf e thewabE Wil |
recogni ze t hat @ggb 3] ofh h 3R S sed to heat th
@j‘:tbc a f%g; Mok Bﬁep?%(g ocrrogﬁySS?E%‘?n%]w tabl e

substrates, g 15 ra ant resistive
heat source. | n2&§eh°EaERa e Gfift-ed SLIBAEbcant Eﬁmssuilespieopl om head 330C

woul d be transpaﬁmnhe&oaohenay‘ atliAft . enppgY ﬁéﬂﬂé@ﬁa@%@at ié gurce. Extending
|

from a channel |on 8 2 f di r |on 20 head sper si on head
sure HarilPFo be significantly gregker at

coupling 334C spers

dlstrlbutor 332A3 ad]acent to dispersion head coupling
334C than at distributor 332E3 located at the end of

10 channel 806 opposite dispersion head coupling 334C. 1In
this embodiment, distributors 332A3 to 332E3 are all
the same, e.g., are apertures each having the same
diameter. Thus, the significant pressure drop in
channel 806 results in the flow rate of the flow of

15 process gas: (1} through distributor 33273 being the
greatest; (2) through each of distributors 332B3,
332C3, 332D3 being gradually less; and (3) through
distributor 332E3 being the least. 'This‘may be
undesirable, e.g., may result in turbulence and/or the

20 .formation of layers lacking thickness uniformity.

To avoid this possible significant pressure drop
in channel 806, in one embodiment, dispersion head 330C
includes more than one dispersion head coupling 334cC.
For example, dispersion head 330C includes a second

25 dispersion head coupling 334D near the center of
channel section 802 and a third dispersion head
coupling 334E located at an end of channel section 802
opposite dispersion head coupling 334C. Second and
third dispersion head couplings 334D, 334E include

30 channels 804A, 804B, respectively, coupled to channel
806 of channel section 802. '

During use, process gas is supplied to dispersion
head 330C at both ends and at the center of channel 806
through dispersion head couplings 334C, 334E and 334D,

35 respectively. In this manner, significant pressure
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head coupling 334C is integral with channel section 802, i.e., is the sane
pi ece. Alternatively, dispersion head coupling 334C is a separ g2®JULYCH04
attached to channel section 802, e.g., is a tube fused 25 to channel
section 802. Channel section 802 includes distributors 332A3, 332B3,

332C3, 332D3 and 332133, hereinafter distributors 332A3 to 332133.

Di spersion head coupling 334C-has an internal channel 804 coupled to an

i nternal channel 806 of 30 channel section 802.. Channel 806 i's coupled to
distributors 332A3 to 332133. During use, process gas supplied to

di spersi on head CER? “HgtboléhéhPPBﬁé @Wo’ﬂg?n avstigede kng0uhe of lshvamagle 806,

flows through chafingie 80w 2& 2Rodbhy V4 HQ S bh-RULPT 31 33483112 s332E3

and fl ows throug Ji rs 332A3. to 332E37and into the reactor.
Dependi ng upon t%z}ﬁ zttw r%?tg%ofl St RdU#t ow of process gas through channel

806 and the cross-sectlilowdiratyver eaeoifnifmmﬂlls &6@ tﬁesv,gmcfdgcant pressure
drop in channrel 806 Jm\%: cuI t he [¢ |n channel
806 may be s:g(ganl fi cantlyﬂl%?glg%e%wﬁgtgﬂ T Bt &P 3524%° %f é)ﬁ‘-tt

di spersion head RotRH iify ToP3#C2than at distributor 332E3 |ocated at the end
of 10 channel 806 opposite dispersion heggh€ C%Jp| ing 334C. In this

enbodi ment, distributors 332A3 to 332E3 are a the sane, e.qg.,. are
apertures each hawvi rg—thesare—diapeter. Thus the significant pressure
drop in channel GERAGHERISTICH |t he flkowcrateanion he fllow of ydpppr oceds
gas: (1) through di strl‘apputor 334A3 bel ng th% great ést;| (2) .t hyougnh ch of
di stributors 33283 —33763—332f8—being—gradlallyless:l-and SRS hr ough

di stributor 332E3 bei n®@& he | eadgt. Thi s- n#Ey 19%e unde5| r abl encﬁeg , My
result in turbul ence ar@y or the |20 formationg.of |ayers laCkingh(thI ckngss
uniformty.

D8 1.00" inches

*Note: Dimension indicates surface to be opaque
10 quart=.

Alternatively, to compensate for the significant
pressure drop in channel 806, distributors 332A3 to
332E3 are formed with various cross-sectional areas.
FIG. 9 is a bottom plan view of a dispersion head 330D

15 having variable diameter distributors 33224, 332B4,
332C4, 332D4 and 332E4, hereinafter distributors 33234
to 332E4, in accordance with another embodiment of the
present invention.

In this embodiment, a single dispersion head:

20 coupling 334F 'is provided adjacent one, e.q., a first,
end of channel section 802A. During use, a significant
pressure drop exists within channel 806A for reasons
simiiar to those discussed above. However, to
compensate for this significant pressure drop,

25 distributor 332A4 adjacent dispersion head coupling

. 334F ig formed with a smaller crogs- sectlonal area than
dlstrlbutor 332E4 adjacent the other opposite, e.qg.,
second, end of channel section 802A opposite dispersion
head coupling 334F. Distributors 332B4, 33204, 332D4

36 have cross-sectional areas which gradually increase
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To avoid this possible significant pressure drop in channel 806, in one
enbodi nent, dispersion head 330C includes nore than one dispers2egubyazbod
coupling 334C. For exanple, dispersion head 330C i ncludes a second 25

di spersi on head coupling 334D near the center of channel section 802 and a
third dispersion head coupling 334E |ocated at an end of channel section
802 opposite dispersion head coupling 334C. Second and third dispersion
head couplings 334D, 334E include 30 channel s 804A, 804B, respectively,
coupled to channel 806 of channel section 802. During use, process gas is
suppl i ed to di spepsi dhsthebat330C s et h; gpds;, astd”?%e center of channel

an

806 through dispersjgn,hgad, gouplyi.ngs 334C, 33 334D, 35
respectively. In this mRnner ,fés)'i %nlltfhlgggﬁt Ehp eRseF BT A ghauped RFA dr ops

wi thin channel 866549815 Mely aneathe &towisetBourefr Bheak! one®fadr ocess

gas through eachisfribstsi MBS 33243,1,0,.332E3 is equal. Illustrative
speci ficatiops for the vari 5 char ag?&e’rlr%'f?%soé ﬁzihl?s#ﬁla‘f’%oo n FIG 8 are

us
set forth b2l o PREFALIE 2NIPAGbE eoch-pRACTERHSTILESREGE EACAT) QNI4T
AB8. 50i nches B8@ré&dsulehesntCGhlly98iqnahes Thi HB QQixjn”CQSQeﬁtfaWye:
Di mensi on indic . e 0 e 10 quartz.’
: I ndi @ifﬁlﬁ&gééﬂéhfﬂﬁf%ncep?guthe fléﬁjof érocess gas
through the reactor.

Illustrative specifications for the wvarious
10 characteristics illustrated in FIG. 9 are set forth
below in Table 3.

TABLE 3
CHARACTERISTIC SPECTIFICATION UNIT
A9 3.601 inches
B9 0.080 thru one wall only incheg
' 0.108 X 90° (C*gink
C9 R.26 2X inchesg
D9 0.27 x 450 chamfer inches
E9 8.23 inches
F9 7.202 inches
G9 0.060 thru one wall only inches
0.108 X 90° Craink
H9 5.913 inches
I9 0.050 thru one wall only inches
0.108 X 90° C'sink
J9 4.398 inches
K9 3.601 inches
1.9 2.804 inchesg
M9 9 degrees
o m : 18 degrees
09 : 0.040 thru one wall only inches
0.108 X 90° C'gink
P9 1.289 inches

-23-



Al ternatively, to conpensate for the significant pressure drop in channel
806, distributors 332A3 to 332E3 are forned with various cross-2egULy2004
areas. FIG 9 is a bottomplan view of a dispersion head 330D 15 havi ng
vari abl e dianeter distributors 332A4, 332B4, 332C4, 332D4 and 332E4,

herei nafter distributors 332A4 to 332E4, in accordance wi th anot her

enbodi nent of the present invention. In this enbodinent, a single

di spersion head 20 coupling 334F 'is provi ded adjacent one, e.g., a first,
end of channel -seeti-on—802A. EU’ing use,_a significant ressure drop

exi sts within fhannel @96A for ea&ensthﬁﬁngﬁ el di scussed aHove.
However, to cpnpensate for thik S|gn5 écantﬁgrgggu%gg rop, Eﬁﬁﬁ%@tributor

332A4 adj acent [dirspersion—head ,uuy..“ wWith a small gr
cross-sectional area tHan__distfibutor 332E43adj acent tqe opﬂﬁﬁmgppo<|te,
e.g., second,jend of ghannel spction 8024 osite disperston tead
coupling 334F.[Dstributors 332p4,—332¢C4, 43 130 have jcroddiCdest | opal

areas whi ch griadually Ttherease | -22 29 JURY.2004 from dijst rijhut@r 332134 to
di stributor 332D4. As @ result, although;&pqﬁﬁressure i 1 channel 806 is
significantly greater at di striputor 332AFtHan—at——di-stiri bdf'6He332F4, t he
flow rates of |the floWe? of 5 prlocess gas Rﬁrm&gh each of| di Shehbdt or$ 332A4

to 332E4 are |substantgal |y equbl. Thi s, (ﬁprn essentlall%phelln%]ates

turbul ence in jthe fTow of process gas [Hluugu t-he—t+eact H+ostrafi ve
speci fi cati onst--fer—t-he“vari-ous 110 charactedOdtj cs ill ust|rat édchasFIGl 9 are
set forth below in Table 3. TABLE 3 CHARACTERI STI CSPECI FI CATI ONUNI T

In the discussion above, the various distributors

332 are described as apertures. These apertures can be
formed in a variety of shapes and are typically

5 circular in cross-section. Further, apertures having
circular cross-sections are formed with fixed diameters
along the length of the aperture such that the aperture
is cylindrical in shape. Alternatively, an inner,
e.g., first, portion of the aperture is cylindrical and

10 an outer, e.g., second, portion of the aperture ig

flared to enhance dispersion of the process gas as it

exits the aperture. For example, distributors 332A3 to
332E3 in FIG. 8 have inner cylindrical portions and
outer portion which are conical in shape having base
15 sections at lower surface 802L of channel section 802.
However, distributors having other shapes are used in
other embodiment such as those illustrated in FIGS. 10
and 11.

FI1G. 10 is a bottom plan view of dispersion head
20 330E having a slit-like distributor 1002 in accordance
with an alternative embodiment of the present
invention. 1In this embodiment, distributor 1002 is a
gingle slit extending along the length of channel
section 802B. During use, process gas exits
25 distributor 1002 as a continuous curtain.

FIG. 11 is a bottom plan view of dispersion head
_24_



A93. 601i nches B90. 080 thru one wall onlyinches 0.108 X 90 C sink CI9R 26

2Xi nches DO0. 27 x 45 chanferi nches E98. 23i nches F97. 202i nches G5 090Yt 2004
one wall onlyinches 0.108 X 90 C sink H95.913i nches 190. 050 thru one wall
onlyinches 0.108 X 90 C sink J94. 398i nches K93. 601i nches L92. 804i nches
MB9degr ees N918degrees 090.040 thru one wall onlyinches 0.108 X 90 C sink
P91. 289i nches -23 29 JULY 2004 ®0.030 thru one wall onlyinches 0.108 X 90
C sink R95. 030i nches S94. 538i nches T9R4. 83i nches U985. 093i nches

VIR5. 36i nches W9. 000i nches X9. 000 1linches In the discussion above, the

various distri bgsor shawdidid; ar vadesblebeddas AN HYLES i IPEsKuARertiyes can

be forned in a, varlete/d of sha@%sy%@d areh Lypl cally 5 circular in
av

O ance wl
cross-section. Firt TRer” apertures alternative embodiment

of the present invention. In this embodiment,
distributor 1102 is a single slit extending along the

5 1length of channel section 802C. Further, thé width of .
distributor 1102 generally increases in proportion to
the distance from dispersion head coupling 334H, i.e.,
distributor 1102 is narrower adjacent dispersion head
coupling 334H than away from dispersion head coupling

10 334H. In this manner, a significant pressure drop in
channel 806C is compensated for by the increasing width
of distributor 1102 resulting in a uniform flow rate of
flow of process gas along the entire length of
distributor 1102. As a result, process gas exits

15 distributor 1102 as a continuous curtain.

FIG. 12 is a cross-section view of a tubular
dispersion head 330G in accordance with another
embodiment of the present invention. In this
embodiment, dispersion head 330G is a tube, e.g., a

20 guartz tube. A distributor 332A5, which is an aperture
of dispersion head 330G, is vertically orientated to
direct process gas vertically downﬁards into the
reactor in a direction substantially parallel to wall
314W of the reactor. Alternativeiy, or in addition, an

25 inwardly orientated distributor 332G of dispersion head
330G directs process gas towards the center of the
reactor, i.e., away f£rom wall 314W. Ag a further
alternative, or as a further addition, an outwardly

' orientated distributor 332H of dispersion head 330G

30 directs process gas away from the center of the

_reactor, i.e., towards wall 314W. By using the proper
combination of distributors 332A5, 332G, and/or 332H
for a particular design of a reactor, turbulence in the
flow of process gas through the reactor is minimized or

35 avoided.
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circular cross-sections are fornmed wwth fixed dianmeters along the Iength
of the aperture such that the aperture 1is cylindrical in shape.29 JULY 2004
Al ternatively, an inner, e.g., first, portion of the aperture is
cylindrical and 10 an outer, e.g., second, portion of the aperture is
flared to enhance dispersion of the process gas as it exits the aperture.
For exanple, distributors 332A3 to 332E3 in FIG 8 have inner cylindrical
portions and outer portion which are conical in shape having base 15
sections at |ower surface 802L of channel section 802. However,

di stributors having Bitierlshapesm amdauged bdde bl ﬁi@QOQEﬁEﬁg such as
those illustrated %Q §|§f$136¥ &yg% %%HOFIEi O.1s a bottom plan view of

di spersion head’ 20 330F having a siitoli Re2%i$19G st BEG1082 i#° accor dance
with an al t er nadiigeuapddrpRR, dradesspgesent supmnitddoRo Hispdision

enbodi ment, di stikRUt9HC 1Dbudh @i sSi e slit,extending alqong the |length
of channel section 8028. Duﬂq?'_uggkggéggeééé%éﬁngﬂﬁpg §g4§i3t T but or 1002
as a conti nudus 2EGPFEFRCE Pfigh f%]issegbﬁéww,plﬂmp@irs\ivonf heékdper si on head
-24 29 JULY 200403BDinda334Q i Wdkbaked Wt n%&jrft' Itiokgugg%gi butor 1102

in accordance wyth yel.anqther .alternative enbodi ment =0 e present

i nvention. In tA-EPERBEE mEC 3 4CstPFbde ?f mewtior 314 ag| Eigtugsaskt endi ng
al ong the 5 | enjehowvfishafwtersectiooRI802(2. Furt her, the width of

di stributor 1102 gen j e . | roportion to the distance from

di spersi on head coupf?%%%%%ﬁﬁgvﬁ %ggﬁltg?gﬁ%éﬁﬁnéﬂr f%ﬁZV?EMWﬁ?romer adj acent
di spersi on Head<hebapteng BsaHidhastaaksd f iR .sper sirenséeatbmadupl i ng 10
334H. In this nbebew,im S Bi.cant pressure drop in channel 806C is
conpensated for by the increasing width _of distributor 1102 resulting. in
a uniformflow rate of TABLE 4

CHARACTERISTIC SPECI FICATION UNIT
Al3 0.150 inches
B13 0.08 inchesg
C13 0.040 inches
D13 R0.020 inches
15 FIG. 14 is a cross-sectional view of a mounting

for dispersion head 330C in accordance with the present
invention. As shown in FIG. 14, dispersion head
coupling 334C extends through an aperture 726C of purge
baffle 720A and into gland 1404. Gland 1404 is fixedly
20 attached, e.g., threaded or welded, to seal plate 335B.
A nut 1406 is threaded to an exterior surface 1408 of
gland 1404 and presses a gas fitting 1410 down onto an
upper surface 1412 of gland 1404. A gas line (not
shown) is coupled to gas fitting 1410 using
25 conventional technigues. An O-ring 1414 is located in
a groove of surface 1412 and forms a seal between gland
1404 and gas fitting 1410 which prevents process gas
from leaking into the ambient environment.
In addition to pressing gas fitting 1410 on to O-
30 ring 1414, nut 1406 also presses gas fitting ‘1410 down
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fl ow of process gas along the entire length of distributor 1102. As a
result, process gas exits 15 distributor 1102 as a conti nuous c29 JHLY.2004
FIG 12 is a cross-section view of a tubular dispersion head 330G in
accordance with another enbodinment of the present invention. In this
enbodi nent, dispersion head 330G is a tube, e.g., a 20 quartz tube. A

di stributor 332A5, which is an aperture of dispersion head 330G is
vertically orientated to direct process gas vertically dowwards into the
reactor in a direction substantially parallel to wall 314Wof the reactor.
Al ternatively, emtpnaaddipicswicanidSernwadtdy ardgiftalgdndisidibut or 332G

of dispersion heads, 330G dhf e¢hsBEAC .gas towards the center of the
reactor, i.e., away from vall %MS:W Agégugsﬁt% tHeV - TErge Al RREWSS as a

further additiofSBRTBLYRAICAY COBPILERY ad ML dirsl rd hutpered32ht@fich sper si on
head 330G 30 di seetscerooEsDfgagaaway4bhf omyhe senter of the, -reactor,

<]

i.e., towar d§ wal Le314W Bf usi 0 bhe proper conbi na'E:FBﬁro?f distributors
332A5, 332G~ andfoFt 332" “a 85 ti Quring dekligyprefssesr egeimat, tur bul ence
in the flow of dpepeessomgdsatheoughihge’IRACHHAiE Fohhizador 35

avoi ded. -25 29 Y, FLLG. 13-i 3.an enl arged side plan view of the
section Xl I of 1%#%%%‘%@%&11 ﬁg% égo‘%%?e]ﬁ]@n g".eaﬂs COHPE&H%S%’(?%bove,

process gas i s 30ppriteto @-speesiehs fmank 33QECatthbeughedi spersion head
coupling 334C. HOsPeBPELdH d@ggec%f)biﬁgi@m%(y mﬂ%ﬂ g‘%ﬁ‘ge‘%ﬁl‘ n head
I's

coupling 334C is_al so used as a mount™to support i ead 330C
i nsi de of react BFESIA A PIGCEEGsTRE LHN o\eaki ndefistenthe t veddt@r . 14 At

il lustrative spebeéfsaet itdne,f Orrihg vars e dk0 agRaLagE&HIRddcs i1 ustrated
in FIG 13 are éSﬁpi£H§'§34c in place. 1In this manner, digpersion

head 330C is wmounted inside of reactor 314.

Mounting dispersion head 330C in the above manner
15 can place dispersion head 330C under stress. More
particularly, the significant length of channel section

802 hanging from dispersion head coupling 334C can
place dispersion head coupling 334C and the junction
between dispersion head coupling 334C and channel

20 section 802 under stress. Since dispersion head 330C
is typically formed of quartz or a similar material,
stress can crack dispersion head 330C in certain
instances. To avoid this potential cracking, a support
is placed at the end of channel section 802 opposite

25 dispersion head coupling 334C as shown in FIG. 15.

. FIG. 15 is a bottom plan view of dispersion head
330H having a stress relief support 1502 in accordance
with one embodiment of the present invention. As shown
in FIG. 15, dispersion head coupling 3341 is located at

30 a first end 1504 of channel section 802D, Support 1502
is located at a second end 1506 of channel section 802D
opposite first end 1504. Support 1562 extends radially
outward from channel section 802D. Support 1502
includes a body portion 1508 and a tab 1510 extending

35 from body portion 1508. When mounted, tab 1510 is
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bel ow in Tabl e 4. TABLE 4 CHARACTERI STI CSPECI FI CATI ONUNI T A130. 150i nches
B130. 08i nches C130. 040i nches D13R0. 020i nches 15 FIG 14 is a 29 JULY 2004
cross-sectional view of a nmounting for dispersion head 330C i n accordance
wi th-the present invention. As shown in FIG 14, dispersion head coupling
334C extends through an aperture 726C of purge baffle 720A and into gl and
1404. dand 1404 is fixedly 20 attached, e.g., threaded or wel ded, to seal
plate 335B. A nut 1406 is threaded to an exterior surface 1408 of gl and
1404 and presses a gas fitting 1410 down onto an upper surface 1412 of
gl and 1404. A g£@Sﬁtmenedoinshawnk.i& §oupkRdst 9 Litbhg% 1§&p fsing 25
ove o

conventional techpi qUES. ri 4 is located in a Surface
1412 and forms a sealf;I bet%eﬁpgl é)rr%ga Ti@ﬁ ald? g2R2 ¥ inlgtRg qa@otlwﬁ ch

prevents proces&UPRSTLEr eve | G 9 channehesaﬂbj_@;ﬁlta@lmll rggment. In

addition to presSkigsgas 555@ NG % L Oz 30 rj n nut 1406 al so
presses gas _fitti nggéﬂo ¥ gsg)g?JL@ei%O%O%l %ﬁp?‘é@%‘?]a%? i nsert
I

1416. Conpr edsi &/d; nq nSFGFHGHp‘:?@%lBes Fa,gwupgbram@hsomg 1418
between di spersnds heodl, cXBgH 0Ty cB3Ake BNS A { 5P urface 1420
of gl and 1404. ng Egsiggl%aﬁﬁ %% Sinterior sur (ggk %ﬁg éE%&r?ng 1418,
presses agai nst Psper3|on ad °8obf | THyLebaed |k casckingr s t he

| ongi t udi nal axik¥odfiedi spersi on head coupl i ng 334C Accordingly, Oring

1418 forns a seal bef g rM4iSRELSL ad. coup 334C and gl and 1404
mhlch 10 preventﬁagrocess]?ag'fro§1PPf£ 1O?ﬁ ghFeEEY%ﬁu

acterlstlcs 111ustrated in FIG 15 are set forth
below in Table 5.

TABLE 5
CHARACTERISTIC SPECIFICATION UNIT

Al5 1.39 inches

B15 0.87 inches

Ci5 0.266 inches

D15 FULL RAD 2X

E15 0.079 inches

F15 0.188 inches

G15 ' 0.375 inches

H15 R6.49 inches

115 R6.217 inches

J15 0.150 thru one wall inches

' only

Kis 0.250 inches
15 Advantageously, returning to FIG. 3, dispersion

heads 330 can be mounted in reactor 314 in a variety of
fashions. Recall that in the prior art (FIG. 1),
-injectors 18A, 18B were mounted in a gas ring 20.

Since use of gas ring 20 wasg requlred in the prior art,

20 injectors 18A, 18B were necessarily mounted at open end
140E of reactor 14. 'Thus, in the prior art, the
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the sanme time, Oring 1418 hol ds dispersion head coupling 334C in place.
In this manner, dispersion head 330C is nounted inside of react2®JOLY.2004
Mount i ng di spersion head 330C in the above manner 15 can pl ace di spersion
head 330C under stress. More particularly, the significant |ength of
channel section 802 hanging from di spersion head coupling 334C can pl ace
di spersion head coupling 334C and the junction between dispersion head
coupl i ng 334C and channel 20 section 802 under stress. Since dispersion
head 330C is typically formed of quartz or a sirrilar material, stress can

crack di spersi opodghdi BROC am sm@pﬂgtﬁg tlﬁ\§t sa\égl E'héhé 2&% enti al

cracking, a suppQhtysds c;}j g% %g_, e end chann section opposite

25 di spersion head coupling }f as s‘fﬂ%wli‘"%chfc@d 15. FIG 15 is a bottom

pl an vi ew of di sper si®¥n- Hdads BBQHhﬁmartng vestdRst drebhebr syipport 1502 in

accordance wtge@%mmcggsmﬁ @éant][é(gb%gtl on. As. shown . in FIG
ocC

15, di spersion lr)lead coupling 3341 is VP P Y SR GA of
channel sectd on ]%’t?ﬁt?g% 4821nj aceerdarett atith seobher end 1506 of
channel secti oneﬂ&i’dlme:mp@ﬂj ttelef bEete@ndi dR0d § pUPPRL

radially out {rom channel sec]rll on 802D. élt?gl;org %g%g ﬁ{gﬁ gles a body

portion 1508 and- = 14 516 extelBify H¥vatam B@d?cggrﬂﬁlmﬁ ¥E0&  When
nount ed, tab 150@i¢ ssmbRiin@at)Ur¥a2004 Ji0m tisDnefeirled Sbffarcdt $o 1N slot

730 in purge baffla o724 $8e kLG a slot in a seal plate, and thus
supports end 1506 of channel gegtl oné%d%t? el 8 OF fovEackrEper si on

head coupl ity 33U4B siip it tdesPekbon 5@ ltﬁaqﬂmnﬂaHBsenﬂlmmm%B eByl

supporting bot hcg &iﬁi&:eﬁb&&ér 3206 o6 shannele3ele 20,8080 3d184’?3y SRLESS N

di sper si on head OH i.s and cracking is avoid
P é%er51on g‘%?HI is mounted.%djacent closed end CE

of reactor 314B opposite open end OE using any of a
number of conventional mounting techniques well known

15 to those skilled in the art. A seal plate 335C formé a
geal with open end OE. Located within reactor 314B is
a susceptor 312A and substrates 316B which are
illustrated in shadow lines in FIG. 16 so as not to
detract from the principals of the invention.

20 In accordance with this embodiment, susceptor 312A
including substrates 316B are loaded into reactor 314B
through open end OE, i.e., through the bottom of
reactor 314B. This may be advantageous depending upon
the particular application.

25 During use, process gas is supplied through
dispersion head 330I at the top of reactor 314B
adjacent closed end CE. The process gas flows
uniformly downwards through reactor 314B confacting and
forming a layer on substrates 316B. The spent process

30 gas is then exhausted,ﬁrom reactor 314B through seal
plate 335C to exhaust 323.

FIG. 17A is a schematic representation of a
semiconductor processing system 17002 having a
plurality of dispersion heads 1702A, 1702B, 1702C,

35 1702p, 1702E, hereinafter dispersion heads 1702A to
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Illustrative specifications for the various 10 characteristics illustrated
in FIG 15 are set forth belowin Table 5. TABLE 5 ° CHARACTERIZSTJUQLY 2004
SPECI FI CATI ON UNI T A151. 39i nches B150. 87i nches C150. 266i nches D15FULL RAD
2X E150. 079i nches F150. 188i nches G150. 375i nches H15R6. 49i nches

115R6. 217i nches X7' 150. 150 thru one wal I i nches Kl5only inches 0.250 15
Advant ageously, returning to FIG 3, dispersion heads 330 can be nounted
in reactor 314 in a variety of fashions. Recall that in the prior art
(FIG 1), -injectors 18A, 18B were nounted in a gas .ring 20. Since use of

gas ring 20 waslT&zf ried aiqn:otrldenpei mtlaratnotf?é} leRbeat fEa: 18A thk8B were
necessarily no %ﬂ ﬂit { taor 14.. Thus, in the prior
art, the -28 235% 201 E%:gglﬂbl I |? d%%ﬁ Wﬁé%iﬁa %rlé%ae%tsorgas at the
closed end 14CG14Gf Eré!aot Gr bﬁltr%srm@mmdectn BktGordénts aitdchdmat i c
represent ati on &fhctinkai, cga@ncggrdpgig@g%ﬁjrpqle% ?t g%}}@opo hayd-ng ;an

cor

inverted 5 barre(s é’feactor 4E in ac ance W
ifferent tube of a p lurality of tubes, e g , gquartz

tubes, extending into reactor 314cC through ports of
seal plate 335D and the distributors are the ends of
these tubes. Thus, a different single flow of process
gas exits from each of dispersion heads 1702A to 1702E.

10 Optional, dispersion heads 1702A to 1702E include
showerhead-like distributors 1704A, 1704B, 1704C,
1704D, 1704E, hereinafter distributors 1704AR to 1704E,
which disperse the flows of process gas from dispersion
heads 17023 to 1702E, respectively.

15 The flow rates of the flows of process gas to
dispersion heads 1702A to 1702E are controlled by wmass
flow controllers (MFCs) or BMV metering valves, i.e.,
regulators, 1706A, 1706B, 1706C, 1706D, 1706E,
hereinafter MFCS 1706A to 1706E, coupled to dispersion

20 heads 1702A to 1702E, respectively. Use of MFCs 1706A
to 1706E allows the flow characteristics of the flow of
process gas through reactor 314C to be accurately
controlled. For example, although use of dispersion

" heads 1702A to 1702E disperses the process gas in a

25 repeatable and predefined manner, in some instances, it
may be desirable to adjust the flow rates of the flows
of process gas to dispersion heads 1702A to 1702E with
MFCs 1706A to 1706E, respectively. These adjustments
may include increasing the flow rates of the flows of

30 process gas to particular ones of d15perszon heads
17027 to 1702E and/or .reducing the flow rates of the
flows of process gas to other ones of dispersion heads
1702A to 1702E.

FIG. 17B is a schematic representation of a

35 semiconductor processing system 1700B having an
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enbodi nent of the present invention. Reactor 314B is a bell-jar as an
exanpl e. However, in accordance with this enbodi nent, reactor Z2NHJLY 2004
inverted conpared to reactor 314 of FIG 3 so that an open end CE of
reactor 10 314B is at the bottom of reactor 314B and a cl osed end CE of
reactor 314B is at the top of reactor 314B. Gas dispersion head 3301 is
nount ed adj acent closed end CE of reactor 314B opposite open end OE using
any of a nunber of conventional nounting techniques well known 15 to those
skilled in the art. A seal plate 335C forns a seal with open end CE

Located within imeetted 3bdeils reacsus CEPION 3 heAo2REnsE b 189 LGE whi ch
are illustrate oW ¢l s k0 ELG. 16 as not to detract fromthe
princi pal s of t%mel!)cl%n\?%%t%l \((g‘rjlE Itgg neg%%%rl E%Wh PHP LB nhothBrert | .
suscept or 312A FIGc|/d g §ub§tﬁat:e§llmeﬁnaﬂari tadedst aih 01 TeEaC tod 314B

through open engr&E,17a Grcht hheueiac&,? &f%%’@ of ack8BCLPI T B Th' s may be

advant ageous degendl ng@ on Ircation r'ig use,
process gas 3 FﬁFSGgﬁomEf"”é%rté? (¥I¢al¢éQ¢T 330C¢ of RJ}ﬂa tigp..of reactor

314E adj acent mﬁesqmmn@umaﬂyheopé@caﬁﬁ cﬁza%ff QWS Lo ™ 145 Thay sdgunwar ds
t hrough reactor, 314%e0ﬁnt acting and form gﬁa Fager on substrat es 316B. The
f r&fif-e

spent process i Yas s IheRSeRHatiErmY € Be obogaom afhr ough seal
plate 335C to exdruistr 323D.F| Bisp@tsion deackenabphlr epr eRHat-an of a

sem conduct or p. N e 7 of di spersion
heads 1702A, 17% %O%C%%Eg %}71%2%9%]}7% %ﬁ&%%ﬁf?@?o fpé’lp?f’on heads

1702A to -9 2endGBy 2d0401209Ebod Hnepto o ddanees iwh hhembd HE028abodi nent  of
the present invesuBiOBreSyabes dX00MIME udesqh p&ACE Vs RLdPore 0., 2

barrel reactor. 344} accor dance with this
In light of this disclosure, it is understood that
use of mass flow controllers (MFCg) is not limited to
15 the particular embodiments illustrated in FIGS. 17A and
17B, and that MFCs can alsgo be used to control the flow
rate of the flow of process gas to other gas dispersion
heads in accordance with the present invention. For
example, first and second MFCs are coupled to, and used
20 to control the flow rates of the flows of process gas
to, dispersion heads 330A, 330B, respectively, of FIGS.
7A and 7B. As a further example, first, second and
third MFCs are used to control the flow rates of the
flows of process gas to dispersion head couplings 334C,
25 334D, 334E, respectively, of FIG. 8.
Recall that in the prior art (FIG. 1), a single
MFC 22 was used to control the flow rate of the flow of
process gas to both injectors 18A, 18B. Thus, there
was no ability to control the flow characteristics of
30 the flow of process gas through reactor 14 by
controlling the flow rate of the flow of process gas-
through each of injectors 18A, 18B in the prior art,
FIG. 18 is a schematic representation of a
semiconductor processing system 1800 having vertically

35 orientated dispersion heads 330J in accordance with
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enbodi ment, each of dispersion heads 1702A to 1702E is 5 a different tube
of a plurality of tubes, e.g., quartz tubes, extending into reax2 dULY12094
t hrough ports of seal pI ate 335D and the distributors are the ends of

t hese tubes. Thus, a different single flow of process gas exits from each
of dispersion heads 1702A to 1702E. 10 Optional, dispersion heads 1702A to
1702E i nclude showerhead-like distributors 1704A, 17048, 1704C, 1704D,
1704E, hereinafter distributors 1704A to 170413, which disperse the flows
of process gas from di spersion heads 1702A to 1702E, respectively. 15 The
flow rates of theothemeemtiocnrmmssfgaﬁetpre&l;rsﬂmirrﬁ,le%lggadsh;?%to 1702E

e " equl a or i TBE | PSEREIO5CER95 LR o ehenk Akl er  MWECS

1706A to 1706E Péé@blféb D @esﬂ@ﬂgilbndmhwdss NE0RACFOrddORk: 314E,

respectively. UseeOf MeseldiQRANebls1T the flqw character'istics
of the flow of g(raogesst{ﬂgs’Qe i roﬁghsreg@tﬁo%%%dtownggréﬁcwaﬁ

control l ed. ¥orV }Z'éh’fﬁ]e EiUerﬁ’Q‘h uSE brpektspursi unrehebdd ﬁﬂ@ﬂaﬁaﬁ o 1702E

di sperses the pgaeeﬁ:s sg@]l:nacﬁaﬁnge@le@tp@{gﬁdaqg pRegdefi-nefy granner, in sone
[ [ just_the flowrates of the flows of

i nstances, it desira

process gas to gﬁ%lé?e%lcg %&l‘g f’?oggﬁ‘{oc’flfb@f%sﬂﬁn Mds 33BBA to 170613,
respectivel y. Th@gfer@xﬂglaﬂt mepich suhytiaicd wlesd Rt@hea&i:ﬁgmﬁf@aédéHN rates of
the flows of 30, pg@g@gsgag,asfltoﬁ 9%55&&%6}:{ CE[ Z’U%TPF%:@E%#S eads. 1702A

to 1702E and/ or_ reducing t rates o Mas to
other ones Ht dPepEIERIFCIEs depgnding GDTIL'FO@@arEILGJlaﬂB is a schematic
representati on abpphicathidgmen conduct or processing system 1700B having an

-30 29 JULY 2004 |nv1erted barr% react r 314D i n accordance w th anot her
I various figures a ove, e.g., see FIG. 3

susceptor 312 is a vertical substrate carrier such that
the principal surfaces of substrates 316 are orientated
15 wvertically, albeit at a slight taper angle as is well
known to those skilled in the art. However, in light
of this disclosure, it is understood that substrates
316 can have other orientations, e.g., horizontal
orientations. As used herein, horizontally or
20 wvertically means in a plane substantially perpendicular
or parallel, respectively, to longitudinal axis 1800 of
reactor 314E. For example, referring to FIG. 19,
substrates 316D are supported such that the principal
surfaces of substrates 316D are horizontal in reactor
25  314E. More particularly, substrates 316D are held in
notches of rods 1902, 1904, 1906, 1908 which
collectively form a horizontal substrate carrier 1915.
Although carrier 1910 having rods 1902, 1904, 1506,
1908 is set forth, other horizontal substrate carriers
30  can also be used. For example, plate type horizontal
substrate carriers can be used.
The drawings and the forgoing description gave
examples of the present invention. The scope of the
present invention, however, is by no means limited by

35 these specific examples. Numerous variations, whether
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enbodi nent of the present invention. System 1700E of FIG 17B is
substantially simlar to system 1700A of FIG 17A with the exceffl JUhYi2004
reactor 314D in FIG 5 17B is inverted conpared to reactor 3140 of FIG

17A. More particularly, open end CE of reactor 314D, which is a bell-jar
as an exanple, is at th to 1702E1 are adjacent closed end CE of reactor
314D opposite open 10 end CE. I n one enbodi nent, dispersion heads 1702Al

to 1702E1 are tubes extending through ports of reactor 314D. In light of
this disclosure, it is understood that use of nmass flow controllers (MCs)
is not limted e8plisithe Parn dol &heenpedi PEMYS; di bgtshg@t egid,fp FIGS. 17A
and 17B, and thatfMeLSh&a 3 d to control the f rate of the

fl ow of process as to ot her ggggagltgggfs‘itlon SRy s apf HEEO‘P%ance with the
present inventi BATSERL . S&spresibilest Hae segendiMERS aﬁeemmi G_LCA; to, and
used 20 to cont abl 1é¢de: fdsoWwroaldeasokitbg rocess gas

~di spersion heads 330A, 330B, respecfél vel yﬁ}%&f&égow%gga l‘fﬁ As a
further exanple, first, second and third MFCs are used to control the flow
rates of the flows of process gas to dispersion head couplings 334C, 25
334D, 334E, respectively, of FIG 8. Recall that in the prior art (FIG 1),
a si-ngle MC 22 was used to control the flowrate of the flow of process
gas to both injectors 18A, 18B. Thus, there was no ability to control the
fl ow characteristics of 30 the flow of process gas through reactor 14 by
controlling-the flowrate of the flow of process gas- through each of
injectors 18A, 18B in the prior art. FIG 18 is a schematic representation .
of a sem conductor processing system 1800 having vertically 35 orientated
di spersi on heads 330J in accordance with -31 29 JULY 2004
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anot her enbodi nent of the present invention. In this enbodi nent,

di spersi on heads 330J are substantially parallel to the |ongitu2f dblLYa2004
1800 of reactor 314E, i.e., dispersion heads 330J extend downwards in the
5 vertical direction. O inportance, unreacted process gas is supplied
along the length of reactor 314E through distributors 332J of dispersion
heads 330J. Accordingly, each substrate 316C contacts unreacted process
gas from adjacent distributors 332J, which may 10 be advant ageous dependi ng
on the partic#&IMSpplication. In vari ous figures above, e.g., see FIG 3,
susceptor 312 is a vertical substrate carrier such that the principal
surfaces of substrates 316 are orientated 15 vertically, albeit at a slight
taper angle as is W& ICladdown to those skilled in the art. However, in
light of $his disalosure dysten WRALLILIQd .t hat substrates 316 can have
ot her orientations hori zontal "orientati ons. As used herein,
horizontally or 20av§PgF@&lF?aﬁ§§ﬁéh@Nl&QpﬁaﬁérgubsraqroasFy perpendlcular
or parallel, Séspeohaueb%apbo Iongltudlnal axi s, 1800 of reactor 314H. For
exanpl e, referrlng al @4 Es@'d subst gs 316D are supported such that the
principal surfaceS of SubStPREES SPePCare"hbRiBonRad Parrehct or 25 314E.
Mbr e part|cuI§Pﬁ9t0§ub§andtésrstGDlaperbebﬂ h&ad NebKPLSs Phgreds 1902, 1904,

1906, 190% whighstcghke hori zont al substrate carrier 1910.
Al t hough carrlersi91gla gé?%?hﬁuEBE %3181@64 e3Ypeone 19hBE T O for t h,

ot her hor|zonF8W9§ﬁﬁéP9a€efé§$Fl@létr3bu0an ah seedvendis@ls t Fsuanpl e,

pl ate type hoanaoatahlrauaﬁgfggg g§£r|§£ C sed._ The awi ngs and the
f or goi ng descgﬁgtlon ues 0 ﬁd E?%%in |nvé%FFbﬂlé¥%e scope of

the present TRVERTISN! lﬁ%ﬂeéégpr?%u¥8fruﬁ#k#uﬁﬁqqnﬂtdxbﬁgabﬁtdﬂwse
specific exan@m@ssabwnehnné dbst ol by W a circle, said

15 circle being concentric with said circular Cross-

sectional shape; and

a second dispersion head, said second dispersion
head lying on said circle.

20 2. The system of Claim 1 wherein said at

least one distributor is centered on said circle.

3. The system of Claim 1 wherein a center of
said first dispersion head is spaced 180 degrees
25 apart on said circle from a center of said second
dispersion head.

4. The system of Claim 1 wherein said first

dispersion head comprises an infrared transparent
30 material.

5. The system of Claim 4 wherein said infrared

Lransparent material comprises quartz.
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-32 29 JULY 2004 explicitly given in the specification or not, such as
differences in structure, dinension, and use of material, are pdRdUbiYe2004

The scope of the invention is at |east as broad as given by the follow ng
claims. 5 29 JULY 2004 CLAIMS W Claim 5 1. A systemconprising: a barrel
reactor having a circular cross- sectional shape; a first dispersion head
within said barrel 6rea.5{,:}tu(a)rg sgid f%rst di spersion head conprising at 10

| east one distributor, said At FBast ohdMist¥hexein saihpfisitg a first
di stributor, alseeendiensheadutwrthenncompthiss digtrdbuiar,.sai g first

di sper si on heaﬂea@ngo§§ign%§rst distributor, said second distributor, and
said third distributor lyihg on a circle, said 15 circle being concentric

with said circular cross- sectional shape; and a second di spersion head,

sai d second di spersyon Thead dvdQ,ON-Sad incle.. 20 2. The system of

C ai m1 wher ei&.fgailgl at_ | Zéa&t one di slf%rgu' S fad b FFtsaid circle.
3. The system'of &l }Wﬁé:i iU et wisesal diamstl dicapdiosi,on head is
spaced 180 degiaed Afmpdr tseatt isai Gohigald QN %GL".”BL ][as%f osal d second

di spersion heagh 4. g, systemof Caim1l wherein sai irst”di spersion
head conpri ses asné%lrﬁrar%d transparent 30 material. 5. The systemof Caim

4 wherein said infrared transparent material conprises quartz.

10 8. The system of Claim 7 wherein said first
dispersion head coupling comprises a channel coupled
tora channel of said channel section, gaid channel of
said channel section being coupled to said at least
one distributor.

15

9. The system of Claim 8 wherein said first
dispersion head further comprises a second dispersion
head coupling having a channel coupled to said
channel of said channel section.

20

10. The system of Claim 6 wherein said first
dispersion head coupling is a mount for supporting

said first dispersion head in said barrel reactor.

25 11. The system of Claim 10 wherein said first
dispersion head coupling is located at a first end of
a channel section of said first dispersion head, said
first dispersion head further comprising a support at
a second end of said channel section opposite said

30 first end.

i2. A system comprising:

a barrel reactor;

a first dispersion head within said barrel
35 reactor, said first dispersion head comprising:

at least one distributor;
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-34 29 JULY 2004 6. The systemof Claim1l wherein said first dispersion
head further conprises a first dispersion head coupling. 5 7. T2&JU¥t 2064
of Claim6 wherein said first dispersion head further conprises a channel
section, said channel section conprising said at |east one distributor.
10 8. The systemof Caim7 wherein said first dispersion head coupling
conpri ses a channel coupled. to a .channel of said channel section, said
channel of said channel %sé&dtFdn PEReF douphead cospildngt, Wwhastinone
distributor. 15 9. Paddsyitrem dfi sfleaisTich WaakeBusaiid f'&ES% mdlgpersi on
head further conprisgs ?ugggggg di spersiqn head coup?in aving a channel
coupled to said channe SardIcRanflelf 1¥8¢t PdaPereicon. hend system of
Cl aim 6 wherein sai §ffr berraispensicom, headdcgupktngibsefs ION ML "
supporting 5said fiestipdiggersk in said barrel reactor. 25 11. The
system of C ai m 10 mﬂe?ei Qs%?%? i?gggtﬁasﬁgrgigﬁrﬁEaﬁn othl#ng is | ocated
at a first end of &"¢HBRAnefeSkéPnonfosasdi ditst sdidbspeisn ondead, said
first dispersion headdfurther conprising a support at a second end of said
channel section opposite_said 30 first end. 12. A systemconprising: a
barrel reactor; a first Ui SPFontheadsarend nerdiof beai@lchadmeleact or,
said first dispersi@sechean coppsisengaidatileasingne,distributor; -35

10 . a purge baffle having a slot, said support being

positioned in said slot.

13. The system of Claim 1 wherein said first
distributor comprises an aperture.
15
14. The system of Claim 13 wherein said
aperture has a first cylindrical portion and a second
flared portion.
20 15. The system of Claim 12 wherein said at

least one distributor comprises a slit.

16. The system of Claim 1 wherein said first

dispersion head comprises a tube and said at least

25 one distributor comprises an aperture in said tube,
said aperture having an orientation with respect-to
said barrel reactor, said orientation being selected
from the group consisting of a downward orientation,

an inward orientation and an outward orientation.

30
17. The system of Claim 1 wherein said barrel
reactor has an open end and a closed end opposite
said open end, said first dispersion head being
located adjacent said closed end.
35
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29 JULY 2004 a first dispersion head coupling, wherein said first
di spersion head coupling is a nount for supporting said first d2%8gbilsi 2004

head in said barrel reactor, said first dispersion head 5 coupling being

| ocated at a first end of a channel section of said first dispersion head,
and a support at a second end of said channel section opposite said first
end; and 10 a purge_baffle having a slot, said support being positioned in
said slot. 13. The dyst erhl6f s@Skiem PiveEredim 19aitietrcint 2 geatr bhater

conprises an aﬁemmura.sballéitﬁh%agypk%ghp% G aim 13 wherein said aperture
has a first cylindrical portion and a secong' flared portion. 20 15. The
systemof Claim 12 wherein said at |east one distributor conprises a slit.

16. The system of CﬂahnlIhaheyetemsafdcﬂbﬁ&t17d%§@§é§ﬁo§aggaga§9QPrises a

tube and said akzleast 25,0 i gt.ributor conprises an aperture in said
tube, said aperture héviﬁgﬂg%goﬁ%gntation wWith respect to said barrel

reactor, said orientation being selected fromthe group consisting of a

downward orientatiopg. an pvaLgd.eLi.epkathon and_an outward orientation. 30
17. The systemof Claim 1 mhere?ﬁ sgiﬁkbgggé Pr%ﬂﬁﬁ?ﬁrrﬁ&m%ﬁuﬁﬁéh=end and

a closed end opposi et *EaF drepehaket, cenpliedi tatsalidpersiton head bei ng
| ocat ed adj acedispsatdichosesdengna35 -36 29 JULY 2004

10 a second regulator coupled to sgaid second
dispersion head.

21. The system of Claim 1 further comprising a

horizontal substrate carrier.
15

22. A system comprising:

a reactor having a circular cross-sectional
shape;

a first dispersion head within said reactor,

20 s=said first dispersion head comprising at least one
distributor, said at least one distributor comprising
a first distributor, a second distributor, and a
third distributor, said first dispersion head and
said first distributor, said second distributor, and
~ 25 said third distributor lying on a circle, =aid circle

being concentric with gaid circular cross—sectidnal
shape;

a second dispersion head, said second dispersion
head lying on said circle;

30 a horizontal substrate carrier; and

a substrate, a principal surface of said

substrate being substantially perpendicular to a

longitudinal axis of said reactor.

35 23. A method comprising:

placing a substrate in a reactor;
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18. The systemof Claim 17 wherein a seal plate fornms a seal wth said
open end. 19. The system of Claim 17 wherein said barrel 5 read®JULY 2004
bell-jar. .20. The systemof Claim1l further conprising: a first regulator
coupled to said first dispersion head; and 10 a second regul ator coupl ed
to said second di%perjiqn head.. 21. The systemof Claim1 further
conprising a hori ZOMFaY bt ridi® @fr 14 erarris 2 asA tey st emisgRmRNicsi Ng: a
reactor havi ngeadciwichliar seriob seseaidonalng shape; a first di spersion head
wi thin said reactor .saj d first dispersion head conprising at |east one
di stributor, said gpppéggggbﬁ%igfgfF%LEtéFI@ﬁnﬁFp§ﬁﬁg gasf ichsbudhst ri but or

a second di st FPBEECEPTsake saithivedatiost,r Wbdtein sakd %&E§E Lspersi on head
2

and said 3irghsdishehbuloL ;SAl cond distributor, an Sard-third
di stributor lying on a circFé? ?ng%EFFSre bei ng concentric with said
circular cross-sectional shape; a second di spersion head, said second

di spersion head | ging oneSakEL6H! Slre; a,horjzontal substrate carrier;
and a substra&g,fargrincipal,surface g%gggi% gh%ﬁ??%t% gé?ﬁb %ﬁb%¥antially
per pendi cul ar "t o" 3" Fdnght GaiHaFubRFsabe Supd sesdtoont 85t 23itA a®idod
conprising: plastngracsabsgaate in a reactor; -37 29 JULY 2004 supplying a

flow of ggcarrier gas to a dispersion

25. The method of Claim 23 further comprising
heating said substrate.

426. The method of Claim 23 further comprising
15 shutting-off said flow of said carrier gas during said
supplying a flow of a first pProcess gas.

27. The method of Claim 26 further comprising
shutting off said flow of said first process gas.

20
28. The method of Claim 27 wherein said shutting
off said flow of said first process gas further
comprises supplying a new flow of carrier gas to said
dispersion head. |
25

29. The method of Claim 28 wherein said carrier

gas displaces said first brocess gas in said reactor.

30. The method of Claim 23 further comprising
30 shutting off said flow of said first process gas.

31. The method of Claim 20 wherein said carrier

gas displaces said first brocess gas in said reactor.

35 32. A method comprising:

dispersing a process gas; and
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head within said reactor; and supplying a flow of a first process gas
through injectors to said reactor, wherein said first process 29dULtY 2004

contacts said substrate. 10 24. The nethod of C aim 23 wherein a first
| ayer is fornmed on said substrate fromsaid contact with said first
process gas. 25. The nmethod of Caim 23 further conprising heating said

substrate. 26. The .0of Claim 23 further conprising 15 shutting-off
said flow of said C§§F?§§18 s S4dF) RGOSEFE 988ppPyingaareloweattartir st

process gas. 28UPSegrenthgonerliddddbpElratmy26hui-bhgr <GOAPLI.SLOY. Shutting
of f said flow etagand thkst, Br%ggas gas. gg. The nethg §?§%§%?n$2$aﬁherein
said shutting off said Tl ow of &4i 8 fFrst TFREEREsIRa3 wuifmem Ehowpri ses
supplying a new flow of carrier gas to said dispersion head. 29. The

met hod of @ aim 28 sler ei nasai,deLar Ll . di spl aces said first process
gas in said reactor. 30. The %ethod oﬁé%f§?§923 further conprising 30

shutting of f said fToR*bFesaF@®FEPEt process gas. 31. The nethod of O aim

30 wherein said carai®eal gasatkspl aces said first process gas in said
and -38 29

reactor. 35 32. A q;t%g@ gg@griséqg: di spersing a process gas;
JULY 2004 suppl yi ng said process gas? 1394 iideipFattand silisequent to
sai d di spersi MirNferesactaid process gas travels through said barre
reactor imoa uniforgn fi.ow, %lﬁggé Sf@jteec ocror?c,rrciastier:ig:in said gas
ring; and
a first dispersion head within said barrel
reactor and adjacent said geal plate, said first
dispersion head comprising at least one distributor.
15
34, A system comprising:
a barrel reactor having a circular cross-
sectional shape;
a first dispersion head within said barrel
20 reactor, said first dispersion head comprising a
first distributor, a second distributor, and a third
distributor, wherein said first distributor, said
second distributor, and said third distributor of
said first dispersion head are centered on a circle
25 concentric with said circular cross-sectional shape;
and
a second dispersion head comprising a first
distributor, a second distributor, and a third
distributor, wherein said first distributor, said
30 second distributor, and said third distributor of
said second dispersion head are centered on said
circle,

35. The system of Claim 34 wherein said first
35 dispersion head and said second dispersion head lie
on said circle.
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a barrel reactor; a seal plate; a gas ring between said seal plate and said
barrel reactor; at least 15 one gas injector located in said gas29dUhY: 200
a first dispersion head within said barrel reactor and adjacent said seal
plate, said first dispersion head conprising at |east one distributor. 34.
A system conprising: a barrel reactor having a circular cross- sectional
shape; a first dispersion head within said barrel 20 reactor, said first
di spersi on head cor‘rgri sing a first distributor, a second distributor, and
a third distributor *%her eilies&vetey of @ilstini Bot ohersdind s588C8Q0 1

di stributor, ameastiot Hhaisr ¢ AirSli-RUL.QL id first .dispersion head are
Lo B Rt Eﬁapgﬂl §P18r 68858act i onal

centered on a QEEEI:Lgmzﬁ cg}}gcenﬁ?rl,c W th saidCi
shape; andﬁa aecgnl di s FEPE o N HELd Ca 5RPL R ngaadf Fiskt dispeibubar, a
second di st¥i bbed#, lyadgaonhar ¢irdist r ERWEOE; WRET BLBsaLd first.
di stributor, S@EQhP’Qai@C%}!gs i_gter'tbut ot nLSTS PRind agg‘f??g’ﬂf%r of
sai d second di spersion head are CehPBPedS8RP8aid circle. 35. The syst em of
Claim 34 wherein said first 35 dispersion head and said second di spersion
head lie on said cagycle. 79 2 Y. 2004 36._ The system of O aim 33
wherein said bflrrel react or hagsgglg'r%gs-]s@c i Yharhehepe, said dter oss-
east one disgtributor is centered on said circle.
10

38. The system of Claim 3¢ further comprising a
second dispersion head, gaid second dispersion head
lying on said circle.

15 : 39. The system of Claim 38 wherein a center of
said first dispersion head isg spaced 180 degrees apart

on said circle from a center of said second dispersion
head.

20 40. The system of Claim 33 wherein said first

dispersion head comprises an infrared transparent
material.

41. The system of Claim 40 wherein said
25 infrared transparent material comprises quartz.

42. The system of Claim 33 wherein said first
dispersion head further comprises a first dispersion
head coupling.

30
43. The system of Claim 42 wherein said first
dispersion head further comprises a channel section,
said channel section comprising said at least one
distributor.
35
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sectional shape being circular, said first dispersion 5 head lying on a
circle, said circle being concentric wth said cross-sectional 2hdpbY 2004
The system of Claim 36 wherein said at |east one distributor is centered
on said circle. 10 15 38. The systemof Caim 36 further conprising a
second di spersion head, said second dispersion head |ying on said circle.

39. The system of Q4ai m 38ryhe sajd first dispersion head
i s spaced 180 4 é}(’asalrgl T r(éf%l"f‘r%%‘é hegptarsa¥d ddinstsecond

Jdg}gees apart _on
di sper si on P herd syeuehing @ep S8s Whetleimh SR Ehi

St
di spersi on hea@I cloimid BesSt adk i df 4Gk £ ranspar ent rial F The system
of O aim40 whgrein ]Zal d 25 infrared itransparents‘?i"r%str? erfadTn‘?:]o
quartz. 30 35 SR d?e@%lq?ﬁ%%etr@&asalatf]d&tt cﬁlzleSperS| on

head furthér c@i@n:ﬁn&c&rfl rst dispersion head coupling. 43. The system of
Claim42 wherein said first dispersion head further conprises a channel
section, said channel section conprising said at |east one distributor.
-40 29 JULY 2004 445 .-The $Bhst @maﬁerrdom 143 vvaer &jHR %8I d fllﬁs‘t"é di spersi on

head coupl i ng 1GMER o3RS @ & ed to a _channel of said channel
section, said _channel. of sai anne p%"éftei ot Beitty cd@Fhrédutersand at

| east one 5 distSESeHCA 1str1but0r said second distributor having a
10 greater cross-sectional area than said first
distributor.

46. The system of Claim 45 wherein said first
distributor is adjacent a first end of said channel
15 section and said second distributor is adjacent a

second end of said channel section opposite said first
end.

47. The system of Claim 46 wherein said first
20 dispersion head coupling is adjacent said first end.

48. The system of Claim 42 wherein said first
dispersion head coupling is a mount for supporting said
first dispersion head in said barrel reactor.

25

49. The system of Claim 48 wherein said first
dispersion head coupling is located at a first end of a
channel section of said first dispersion head, said
first dispersion head further comprising a support at a

30  second end of said channel section opposite said first
end.

50. The system of Claim 33 wherein said at
least one distributor comprises a first distributor}

35 said first distributor comprising an aperture.
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45. The system of Cl aim 44 wherein said at |east one distributor con‘pYri ses
a first distributor and a second distributor, said second di st r2$JtbsY 2004
having a 10 greater cross-sectional area than said first distributor. 46.
The system of C aim45 wherein said first distributor is adjacent a first
end of said channel 15 section and said second distributor is adjacent a
second end of said shannel Tggcti PR@S| .saiLd first. end, 47. The system
of Caim46 vvhgﬁgi p.said first _yg(e)egli ggnggéﬁ hgaﬂh‘éﬁﬁb‘?i ¢ s adj acent

said first end P48 "THe8§stehibFt Crulindzimhtr pont sah dafd r&tsedhsper si on
head coupling f$amedopottion. supporting said first dispersion head in said
barrel reactor. 25 49. The systemof C aim 48 wherein said first

di spersionghead coupling is located at a first end of a channel section of
said first dispersion head, said first dispersion head further conprising
a support at a 30 second end of said channel section opposite said first
end. 50. The system of Claim 33 wherein said at |east one distributor
conprises a first distributor, 35 said first distributor conprising an
aperture. -41 29 JULY 2004 51. The system of C aim 50 wherein said

aperture has a first cylindrical portion and a second flared portion. 5
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