The preseg® invention is concerned with chenical vapor deposition
(CVD) reactors and nbre particularly relates to apparatus for grow'ng
epi taxi al structures by chem cal vapor deposition conprising a CVD
reactor and a 5 gas flow system connected thereto. The
I nvention enables us to provide apparatus of this ki nd whi ch
mnimzes the del eterious residual effect of hi ghly concentrat ed
dopant gas in a reactor plunbing system and on the reactor chanber
surface. By mnimzing 10 this del eteri ous resi dual ef fect, t he
I mpurity concentration of silicon epitaxial |layers can be
controlled in consecutive production runs. Sem conduct or devi ces
such as di odes and power transistors are often fabricated on silicon
wafers. To 15 formthe multiple layerys of given resistivity and
polarity necessary to obtain the devices, conventional diffusion
processes are emieoyedsehbieifvéntivh waflatesstanckenl candvapor dep@RtE@dnt 0
sources of various inpurities |evel and type at el evat ed t enperature.
Ther eafter t¢npwwnagqgoaseauﬁceqreznﬁrtnqwﬂerﬂMdtviquaﬂs éﬁpﬁssmht%mlﬁﬂﬂea
connected to term nals an The ped | ayer nust
be fornmed i VR ;Fearc‘s}:o[}-r éléﬁg& mlm.mf)zes t%e deleterious resniua? 9fecgl
highly concentrated dopant gas in reactor plumbing system and on
5 reactor chamber surface. By minimizing this deleterious residual
effect, the impurity concentration of silicon epitaxial layers
can be controlled in consecutive production runs.
Semiconductor devices such as diodes and power transistors
are often fabricated on silicon wafers. To form the multiple
10 layers of given resistivity and polarity necessary to obtain the
devices, conventional diffusion processes are employed. The
silicon wafer is masked and exposed to sources of various
impurities level and type at elevated temperature. Thereafter
the wafers are diced into individual chips which are connected to

15 terminals and packaged.

The doped layer must be formed in a very precise manner.
Otherwise, the physical and electrical properties of the
resulting devices will not meet specification. Moreover, the
fabrication of quality semiconductor devices must take place at a

20 commercially acceptable yield rate.
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manner. Ot herwi se, the physical and electrical properties of the

resulting devices wll not neet specification. 25 Mor eover, the
fabrication of quality sem conductor devices nmust take place at a
conmercially acceptable yield rate.

2 Certain silicon wafers for usegin making sem conductors are

formed by an epitaxial process known as vapqur depositiqn. The silicon

| ayer is grown Gartaife£dgdFoncHARBES fOr WRSTATPPREKIRE SEEPPRBRLCTR b5

mai nt ai ned,_The chanber. I.e,conmnl cal | 1 cal deposition
( CVD) reacf%’i:”ée.ds%y an epllﬁf’a ﬁglc&f)or%%%t’%"r@ns%%pﬁggé%s%§ o\éggqgé. utilized in
speci fic agpiits, anddinde greraCihi £80rL SO AndhBer W WHIRRSBEEEIO Jr oW
silicon layer wth precisel’y controlled properties on a heavily doped
silicon subshdit fonsCainted @adhity intleseTtese shagbers aymsy copbhixicdlled
silicon wafers which nust be transferred to a separate chanber called

di ffusi on chemicdhvapnmmtepesigioandfhRl rAsEPXsayer. This is necessary for
sem conductor fabrication.

Recently, a new al]. epitaxial process
for growing a mi CHISyRYD EEATESHauEPBPLY 93555 (8 RRcUBLLAF <o sl BBETET Sich
a process is_descrli | - dj gp%lhrt%tl 4 1 | i shed
under the ﬁﬂﬁg@?go Wergogﬂee%gggﬁgi Iﬁ'gﬂ?o LS. aS%Pi gg???%%&ofé égélwf il ed
9th Februaky; ; 49931 ek anfdr IgibciMehlyi bawerod dropkrbiédidilaenandiipt hod
for Fabricati %lg Sane” If’i,%smdesgri bed ?n de?ﬁo? irn t hat e?ppl [ czt)iwgn,
the nul til apeedssilibcon esubectinedes Tonyphtionally, these are single layer

10 epitaxial silicon wafers which must be transferred to a separate
chamber called diffusion tube.for formation of another doped
layer. This is necessary for semiconductor fabricatioen.

Recently, a new all epitaxial process for growing a
multilayer semicoﬁductor structure has been invented.. That

15 process is described in our co-pending application of even date corresponding
to U.S. application 015,384 filed 9th February, 1993 and entitled "ultilayer
Epitaxial Structure and Method for Fabricating Same"

.(Lloyd Wise, Tregear & Co. Ref. 37926). As described in
detail in that application,'tﬁe unique structure includes abrupt

20 profile interfaces, é lightly doped layer and a relatively
heavil? doped, very low ohmic layer, for example with impurity
concentrations in the ordef of 1 x 10' per cm. The presence of
such high impurity concentrations in a CVD reactor normally have
adverse affects on subsequent productions runs in the reactor

25 pecause of the so called residue "memory effect" of the dopant

impurities remaining in the gas flow system and reactor chamber
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profile interfaces, a lightly doped layer and a relatively heavily doped,
very low ohmc |ayer, for exanple with inpurity concentrations in the
order 'of I x10[err] per cm The presence of such high inmpurity
concentrations in a CVD reactor normally have adverse affects on
subsequent productions runs in the reactor because of the so called residue

"menory ef fecfdces. t HEheopardsidyalr ikpesitieni my@reNvenhepyesisdd ow system
and reactor charnber '

3
surfaces. TR&3ELIBIFYUSPNFRDLIrIR iVPSRERePEDERTEHT ARG 48 Fhei haRATy control
I n subsequent &ﬁoceS§ing in the chanber. There will be descri bed
bel ow a gas fl oWPEFFstidh BnBRITINY PP 3 R A¥TVSEEP emlpdeing this dovgndion
react or whj | S ' i t.axi oge r Y heavy
mour Lty OSBORR TR oD gebs e BBl GCIF MISLE Rulla Bk o
si gni fi cantdey atedetesheheyr eapetitly rerieyitebt e6hs b f idepaheavypuritiilelst Yre
concentrations, |leading to nore precise resistivity control in subsequent
product i on pngsengnd ThessnEheersignidicaptisf seducesdiiia negifwahirpgrerydevi ce

yi el ds. As conpared to, conventional CVD reactqr gas fl ow systens
the syst em§tEetonst Fhet BG2YVY b‘é?‘fﬁ"tt%(ﬁﬂ”rc(?r‘tﬁ?tf“ﬂ%ssﬁ'&ﬁ%ﬂngft‘&lcﬁ%ﬂ sour ce

gases at & LAGAU00 N e e (oL0-€0pRN, QRRSHRRLY LIORATLACENN: Lol e

% and
port “as “oppose convent ona em wher e the gas

M Xi ng occuirud hilghRridRadeRy’ Phrorde! redul tiaddihi pf?néﬁaedgean}i&%%.suppl y
line is separately vented fromthe other gas supply Tines.

10 This objective is accomplished by modifying

conventional CVD reactor gas flow systems to permit control of
the supply of dopant source gases at é location in the main
dopant gas supply line adjacent to the reactor input port as
opposed to conventionai CVD system where the gas mixing occurs in

15 the gas control panel. 1In addition, the dopant gas ;upply line
is separately vented from the other gas supply lines. Flow:
control devices, such as valves or check valves, etc., are
located in the flow lines at places where gases might otherwise
mix. Exhaust scrubber conditions are maintained such that

20 adequate pressure conditions exist on all vent, purge and exhaust
lines from the reactor in order to minimize or prevent back

pressures and contaminations.

The practice of the present invention enables us to:
provide a gas flow system for a CVD reactor which significantly
25 reduces or eliminates the residual memory effect on subseqguent

production runs due to the presence of heavy impurity
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Fl.ow control devices, such as valves or check valves, etc., are located in
the flow lines at pI aces where gases m ght otherw se m x. Exhaust scrubber
condi ti ons are maintained such that adequate pressure conditions exist on
al b vent, purge and exhaust lines from tshe reactor in order to mnimze or
pr event back pressures and contam nations.

4 congentiragiongst ens for CVD reactors are disclosed in uU. S

patent 4,533,410 (Ogura et al), published Japanese pat ent application
JP- A-55-018 024 (tecerabsder#l ated Patent Abstracts of Japan, Vol. 4,

No. 48 (E-Q 0 t e r
oot 1(988 983 » £ 1% %@ste%aﬁfgg a C@ﬂdrefﬂo@ gﬁoﬁﬁ’%cggg.gb guﬁye_ﬁilfeﬁfel %gﬂ% and

third of thgseeﬁlomlraﬁﬁtﬁ-oauedpattacwmﬁ )psz@:ﬁﬁ&t@etdue\/\llrtebctor inpgitopbRy
epitaxial materials by a MOCVD or MOVPE process - nmetal organic CVD

and net alg organi ctovgggg,lag@e epitaxy 10 respectively. JP- A- 55- 018
024 dlscloses ayv | nes

which th
i ncl ude t he gﬁb’bﬁzf}? sp“p%fy ﬁéfIStﬁ’Fxg‘arvﬁ‘[cf"l‘}qrji[rgP%%’és"’hgﬁ ef%hsa%f %§§i§nd t he

di scl osure | il WealehY gdLT 86, 1QnRY01 di ng the etchant gas
passi ng thrgﬁa 3 %%C(E:%ume aus?t punp a l?ﬂthenoutput port 15 of the CVD

reactor. In adtSrafideeniith bR3 ddfect 3C eReSprRRALaiMserftdlongr @W ng
epi taxial structures by chem cal vapor deposition of the
gas flow system is provided for a chemical vapor deposition
10 reactor ‘of the type used in growing epitaxial structures having
multilayers of high impurity concentrations as well as light
impurity concentration. The reactor has a chamber with an input
port for receiving gases from first and second gas supplies and
an exhaust port. The system comprises first and second gas
15 supply lines connected to said first and second gas supplies,
respectively. A vent line is provided. First gas supply liﬁe
valve means are located in first gas supply line, adjacent to the
input port. The vent line is operably connected to the first gas
supply line, prior to the valve means. An exhaust line is
20 connected to the output port.
The system also includes check valve means in the first
supply line in a preferred embodiment.
Preferably, the first supply line comprises first and second
sections. The first gas supply comprises a source of a first
25 dopant gas and a source of a second dopant gas. The first

section is connected to the first dopant gas source. The second
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ki nd conprising a chem cal vapor deposition reactor having an i nput

port and an output port and a gas flow system 20 I ncl udi ng a nai n dopant
gas supply flow line connected to said input port through a main
dopant gas supply valve and a dopant gas vent |ine connected to said

mai n dopant gas .. g According to the present
i nventi on aﬁﬁﬁ?&ﬁﬁslﬁchﬂéec 8d to e SRERRS | LR B4R eri zed in that said

main dopant 9as pjy gy s%%EEEX VQiYE’Aé%n%OQQSCié%Lé?ﬁ @ReQEe5¥¥ﬂlt'§BH£1 orts

said mai n dopant gas supply vent l1ne I's connecte
dopant gas Byydng ldeke iRhOX¥hIREensaid] a¥@i Nocated in the sedfifec@asnsupply

val ve, and said gas: fl ow system further conprises:
three branch suppihe Isys¢ereathohinthies rfespecamd/esecond clwstk/eratlhermemns
connected to feed said main dopant gas 5 upply i

etchant ga& Hugps §ined éﬁﬁnéEFéﬂdt%F%ﬁ%QTSvnﬁﬁ?Pe°t1V91§ortThe second gasa
o 1LCon 90 YRR L SASELRR LR SR r  POT oY 20
The first supply line valve means comprises a solenoid
~valve. The first and second section valve means are located in
the second section.'

10 The system also includes first aﬁd-second check valve means
in the first and second sections, respectively. The second gas
source comprises a source of diluent gas.

| The first supply line valve means comprises a ;olgnoid
valve. The first and second section valve means also comprise

15 solenoid valves.

In accordance with another aspect of the present invention,
‘a gas flow system is provided for a chemical vapor deposition
reactor of the type used in growing epitaxial structures having
multilayers of high impurity concentrations, as well as light

20 impurity concentrations. The reactor has a reactor chamber with
a gas input port.adépted to receive input gases from first,
second and third input gas supplies, respectively, and an output
port. The system includes first, second and third branch lines
operably connected to the first, second and third gas sources

25 respectively. Each of the first, second and third branch lines

also include a gas vent section. The gas vent section of the
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_supplylline and to said silicon gas supply line to provide venting
separate fromsaid nain dopant "gas supply vent l'ine. The

et chant™ gas supply vent line and the silicon gas 15 vent supply |ine may
be tonnected to forma conmon vent | i ne separate fromthe main dopant
gas supply vent Iine. For the gontrol of the operation of the
gas fl ow system various other valves nmay be provided. The
enbodi ment torbe iskesct Hedskpsrate epactthecothevevent secliiony. Tfe ghe main

dopant gas supply vent line, the etchant gas supply. line and the
silicon gasl§abblﬁe¢§%ﬂﬁs PHEsEPSEIRAE conn Ctﬁﬁth 4§%épﬁrvéT3¥e p°rt'

The th b b t d
o respecti 08 EOUPEES HAPgRaRPeGae Loy Theg i pifhe ghapmek BRenf REES

two lines is connggled b9, egd first bPQEcﬁ“&ﬂﬁedQBﬁgfléggsvﬁwpglﬂbédsne The
t hrough a respective chec% val ve. The third branch line is connected

to a sourcs wafive meandiilsuentusreurdgecgas iicheasnpytrppgen.
6 Appar atus conprising a gas flow system connected to
The first input gas supply may be, for example, 'a source of
dopant, the second input gas supply, a source of etchant and the
third input gas supply may be a source of silicon. The first
input gas supply preferably includes a first source of dopant gas
10 and a second source of dopant gas. The first branch line
preferably includes a first gas source section and a second gas

source section. Each of the first and second gas source sections

comprise valve means.

A gas flow system for a CVD reactor, embodving the invc

d'
P

(9]
g

15 Will now be described with reference to the

accompanying drawings, wherein like numerals refer to 1iﬁe parts
in which:
Fig. 1 is a schematic diagram illustrating the dopant supply

control aspect of the present invention; and -
20 Fig.2 is a schematic diagram illustrating the separate

venting aspect of the present inventions.

 as seen’ in Fig. 1, the CVD reactor chamber, generally
designated A, is provided with an input port 10 and an exhaust

port 12, as is conventional. Input port 10 is connected to the

e
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a CVD reactor enbodying the invention will now be described with
reference to the acconpanyi ng "draw ngs, wherein |ike nunerals refer
to like parts in which: 5 Fig. 1 is a schematic diagram

il kustrating the dopant supply control aspect of the gas flow system
and Fig. 2 is a schematic diagramillustrating the over al
gas flow system As seen in Fyg. 1, the CVD reactor chanber
generally 10 designated A, is provided with an input port 10 and an

exhaust por Bopant aSupl ¥ Pot@AbnobEl the dapifloposystiénivhich incTodewect ed to

t he 7 dopant supply portion
of the gas PRéw SymAMMAMT GMPPAY| bdbs - Madnnsuppintl iges 14uppl Yurn s 14,

Mai | I 14 t by th h 16,
. "Br anen (feAaSY e AR Brahsy spppifol Bet i 2Pe. Sen ATl Lenss g and
di fferent sQurcg,0fn@ eyt Yrle! $alRPEHndASa £6SREE) |¥& HGh&s %t an

sources of gases cont §£n|ng boron or phosphorous. Braé*ﬁ ?lne
connect ed 4 GmpuritPClbysnta gld uer&tspeaﬁlvém,h sashhydr ee@fbeg/\ﬁafclaaaay be

m xed with t he dopant gases prior to entering Chanber A or may be used
as a containing boron or phosphorous. Branch line 18 is connected to
receive a diluent gas, such as hydrogen, which may be mixed with
the dopant gases prior fo entering Chamber A or may be used as a
purge.. |
10 Each branch supplj line 16, 18 and 20 contains a solenoid
valve 22, 24, and.26 respectively, which controls gas flow
therein by opening and closing in response to the application of
the appropriate electric signal. Further, check valves 28, 30
and situated in lines 16 and 20, respectively. The check valves
15 are located proximate the point where the branch supply lines
converge to form main dopant supply gas line 14.
Main dopant gas supply line 14 'is connected to a vent line
32 which serves to vent all of the dopant gas supply lines. Vent
line 32 is connected to main supply line 14 close to a solenoid
20 wvalve 34 which controls the flow from the main supply line into
input port 10. Valve 34 is located in main supply line 14
adjacent to input port 10. A solenoid valve 36 is also present
in vent line 35. This configuration permits the entire supply
line system to be thoroughly purged when required.
25 The exhaust portion of the gas flow system includes an

.exhaust line 38. Exhaust line 38 is connected to reactor output

Ths&mﬂjﬁwBum haﬂ
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purge. 10 Each branch supply line 16, 18 and 20 contains a sol enoid
val ve 22, 24, and 26 respectively, which controls gas flow t herein by
openi ng. and closing in response to the application of t he appropriate
electric signal. Further, check valves 28, 30 are situated in lines 16
and 20, respectively. The check valves 15 are |ocated proxi mate the point
where the branch supply |ines conveﬁbe to formmai n dopant supply gas

line 14. port 12)\Mhijn dopant gas supply line 14 is connected to a vent
l'ine 32 whi ch, sery

eswél th pan %95 sg_ gty # ngs. Vent
line 32 is connebt®d fo* WﬁF 66|§kﬁl %eﬁ cﬁ@?e%} £ E hoi d'¢ 26P88tve
34 whi ch Coehbgif w&{ww J&URARG aagﬂgﬁm %, igepféfegabl¥ ddput port
10. Valve 34 s Tocated in main supply Iine 14 dj acent to input port
10. A sol eneitguvatved 386si 51 Blstrateds@nt Fig. 1.n vewevér N€od2simpliicity,
configuration permts the entire sug ) li ne systemto be thoroughly
pur ged whes theqdPpaat gQS SUPP1YTH§ RRGUSLIYRITRteR 8% & Indngds FURPAYsySnem
i ncl udes an 6 Tghaugt Qe 38. ustor ige 38 is co ne%ted tq:%e%gtor
out put 16. e e S apt 19as supp Ypr n 1s generally designate .
The silicon source gas supply portion is generally designated D.
Etchant supply portion C includes a supply line 40 with a
solenoid valve 42. Supply line 40 splits into a feed line 44 and
10 2 vent line 46. Similarly, silicon source gas supply portion D
includes a supply line 43 with a solenocid valve 50. Line 48
splits into a feed line 52 and a vent line 54. Feed lines 44 and
52 are connected to the input port 10 of the reactor. Vent lines
46, 54 may be connected for form a common vent line 56. However,
15 vent line 56 is separate from the dopant gas supply vent line 32.
Solenoid valves 58 and 60 are situated in lines 44 and 46
respectively. Solenoid valves 62 and 64 are situated in lines 52
and 54 respectively. Flow rate control devices 66, 68 and 70 of
conventional design are situated in lines 16, 42 and 50 of each
20 gas supply portion B, C and D, respectively, such that the rate
of gas flow through each'portion can be regulated precisely.
It will now be appreciated that there has been described a
gas flow system for a CVD reactor in which the control valve for
the dopant gas supply is located adjacent to the reactor chamber

25 input port. Moreover, a separate vent line is provided for the

dopant supply, the other gas supply lines having a different
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Fig. 2 illustrates the overall gas flow system The dopant supply
portion, generally designated B, is preferably as structured as
illustrated in Fig. 1. However, for sinplicity, 5 the dopant gas supply
is'here illustrated as a single supply line 16. The etchant gas supply
portion is generally designated C. Thg silicon source gas supply portion
is generally deS|gnated D. Et chant supply portion C includes a
supply line 40 wit sol enoid valv ne 40 splits into a

oY heaxents Vafxesonre eratasicadny taft iRl ko PRErIT SPEBE cLER upal v
t D | ud | 0. Li 48
o Lo o mi%iRE, 87 BpBBBLiat i phisubly fng BNV Eeddy 120, LI Ne

are connect %ﬁfaghhsthaaumﬁmizé& ek peekeass Ana YORtahiMRSons. 46, 54
may be connected for forma common vent |ine 56. However, 15 vent line 56
is separate fronWhlidedopant ogaspmrfspined/ embofliment32f each aspec§obénthe

val ves 58 and 60 are situated in |lines 44 and 46 respectively. Sol enoid
val ves 62°arRF£Mr dPYPRLAPBINRYS |Bfds HFclosed nfpxs purpepesiqfvel yv. Fl ow |

rate contr ol ieuliGes 100 080000l B Ofone anBOBUENH AN0RIoE Gk AeaghLuat o

in lines 16,% of “ea gas suppl y por

respectivel yghstedd .t hake tlaelﬁe&ﬁded t&fcc%sr hhovet wr@%ghm@@mo%%hgnaﬁﬂ

be regul at ed precisely. - It will now be appreciated that there has
been descrlb@akratlonsga&1bhoﬁa$¥s¢rxh1ﬁ(nheasebﬁbrﬁfuﬁhar1hmeNWNdﬂj tabe
control valve for . t he dopant gas supply is |located adjacent to the
react or changefines; hyn e 68390W1W®r%kﬂkﬂ'- a separate vent line is provided
for the dopant supply, the other gas supply lines having a different

Tlns Sheet Has Been Replaced

IIIIIIII T



9 wvent. Valves are strategically located to prevent gases from m xing. By

appropriately pressurizing the ' system this configuration m nimzes back

pressure and contani nations. Cl ai ms 1. Apparatuéwm___

for grow ng - epitaxial sem conduct or structures al vapor
deposition, comprising a chemi cal vyapor deposition m Ji ,ll |”
havi ng an' i nput port 5 (10) and an output port (12) a

system (B, CCLAIMS: D) i ncludlng a main dopant gas supply flow line (14)

ted t d { { t h t |
(34) and o dopdit Tpaes duny SR Bl EntROA BB qerorSRY IOV

dopant gas rSiPRIY df e il adéﬁ%ed Gar agkefh zadvingt Bpltaxial sai d
mai n dopant gas supply valve (34) 'is connected

structures, the reactor having a chamber with an input port for

5 receiving gases from first and second gas supplies and an exhaust
port, the system comprising first and second gas supply lines
connecting the first and second gas supplies, respectively, to
said input port, a vent line, valve means located in said first
gas supply line adjacent to said input port, said vent line being

10 operably connected to said first gas supply line prior to said
valve means, and an exhaust line operably connected to the output

port.

2. The system.of Claim 1 further comprising second valve
means in said second gas line.

15 3. The systém of Claim 1 wherein said first gas supply line
comprises first and second sections and whefein the first gas
source comprises a source of a first dopant gas and a source of a
second dopant gas, said first section being.connected to said
first dopant gas source and said second section having connected

20 to said second gas source.

4. The system of Claim 3 wherein said first section
comprises first section valve means and said second section
comprises second section valve means.

5. The system of Claim 3 wherein said first gas supply

25 further comprises a source of diluent gas further comprises a

third section connected to said source of diluent gas.

umnmﬂmxd
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adj acent said input port (10); sai d maim-dopant gas supply vent

line (32) is connected to said main dopant gas supply lin 4) 15
proxi mate said mai n dopant gas supply val ve (34)35.“”“3&!“!”“[‘M&| d gas
fl ow system further conprises: three bnd [ (16,

18, 20) each having a respective valve therein (22, 24, 26) connected
to feed . said mai n dopant gas supply line (14); 20 an et chant

gas supply lineg(40yne0Rpeetftdot 138l 3 furthePPEbnPLidingl@hirst and a
silicon gas supply line “(48) connected to said i nput port (10); and

a respecti \secsedd chieak (4lveS4in sxihefiret badsaedon@Ssectdtophant gas supply
line (40) and to said silicon gas- supply line (48) to provide
venting separat §-f r fessiygtem of Gk im dopdrereddssaigplirstemnd sgeopd2) .

2. Apparatus as clainmed in Claiml jn which.the et

gas suppl y SRafX Mal@emereandtratediin cﬁ:?r?‘dga%r?ﬁpﬂghg%!rﬂ"d sectipnge (54)
forma C%mg)xnoxvi%rgtel isnaeid( %@rséeggé aét?pgf}? nfi%%i.d
8. Thé system of Claim 1 wherein said first gas supply line
valve means comprises a solenoid valve.
9. The systenm 6f Claim 3 wherein said first and second
sections cémprise solenoid valves.

10 10. A gas flow system for a chem;cal vapor deposition
reactor of the type adaptéd for use in growing epitaxial
structures, the reactor having a reaction chamber with input port
means adapted to receive gases from first, second and fhird input
gas supplies, respectively, and an output port, the system

15 comprising first, second and third branch lines operably
connecting said first, second and third gas supplies,
respectively to said input port means, each of said first, second
and third branch lines respectively comprising a gas vent
section, said gas vent section of first branch line being

20 separate from said gas vent sections of said seccnd and third
branch lines, and an exhaust line operably connected to the
chamber output means.

11. The system of Claim 10 furﬁher comprising valve means
in said first branch line located as close as possible to said

25 input port means.

12. The system of Claim 10 wherein said first input gas
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mai n dopant gas supply vent line (32). 3. Apparatus as clained in
Caimlor 2 in whichsaid 5 mai n dopant gas supply vent line includes

a val-ve (36). 4, Apparatus as clained in daiml, 2, 3 in which
sai d etchant gas supply line jncludes a valve (42: 58) 5.
Apparatus as clained in daiml, 2123 or 4 in which said silicon
gas supp ldiles las®an®0ga82) . 10 6. Apparatus as cl ai med
in any plrsée{gﬁ%]yng claimi r?av?h\ﬁac\b% ° each of two of said branch supply
lines (16, 20)3] S The systied edatiam 3ai dhewein dopbhtsegasndsdapphy damw | i ne
(14) t hrough a respective check valve (28, 30}). 7. Apparatus

as cl ai medpphy Claianspuncenafoletshiant @@s-15  branch supply lines (16 20)
are connected to a respective _.squrce of.a ﬁf%r%h gas-
Apparatus as &fai mERE iTYSESR BT G2 ihilonVPRESIRI T rd inpyt dg?)?anch

suppl y Ilnes i s_connectgd 10 &, source of a diluent or purge gas.
20 EI ré%u TS n€as| n%ny one of Clains 1 to 5 in whi ch
two Of sai d thgee ﬁ‘ié‘%é&ﬁ’p&ﬁ’ 1465 101 Ghe2@inaEgid firstCAMDRE! gdst O
respective sources of ant gas and the third branch supply Iine

(18) is chuppast @dm§ﬁ1§e§0ﬂr§@ufh§e of a fiidsttedbpgat.gas and a source of a
second dopant gas and wherein said first branch line comprises a
first gas source section and a second gas source sectic_:n and a
10second gaé source section, eac.h of said first aﬁd second gas

source sections comprising separate valve means.
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