06922ZP USA TITLE OF THE | NVENTI ON: H GH FLOW Gadl 3 DELI VERY CRCSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present patent application
clainms the benefit of US Provisional Patent Application Serial Nunber
60/ 812,560 filed June 9, 2006. 5 BACKGROUND OF THE | NVENTI ON (0002] The
el ectronics fabrication industry has a keen interest in conpound

sem conduct ors, such as galliumcontaining filnms. Historically,

gal | ium contai ning conmpounds have been synthesi zed by using trimnethyl
gallium That synthesis is 10 expensive and slow. [0003] @6828ZP tHa

dr awbacks in synthesizing galliumcontaining conpounds is the delivery
system for gallium sources, sugirigof PAENNGERPAORE Ure solid gallium
trichloride (Gd 3). Conventl al delivery systens for solid
precursors are not offered foM EIH%%“PEBWGQ%% h purity delivery of
Gad 3, because of the | ow vapor pressure of GaCl3 in it's 15 solid state.

[ 0004] Existing liquid pl |l iver such high
flow rates, can not a%héé%gm at e E@QT@%ove%g&%@$3 because of

their |ow t[@ﬁﬁ’ﬁr%Hb?eseﬁ%?é?ﬁhbﬁhbﬁPg ol BBl s PRAARRIEBA! U of Lhe

chl orine chem str | accel erat ed tenperatures. 20 [0005]
Exi sti ng sd?‘ﬂpacel{'ﬂéﬁeﬂ%{l“”\?'@ﬁbﬁo’ﬁ@ $6pdilad Jupe P 206 eX| st for lower flow rates

only d@e to the | ow vapor pressures of nost solid precursors. Air Products
and Chemcals, 1Inc., Alen ped a Schumacher brand

product solid source vaporkggRG@Bﬁ,&quﬁéTﬁgﬁﬁggﬁiﬁ@g I n US Published Patent
T Gui d vaperoR ?32?@9@5”@%2%@?%‘"3&9&%,2@ e Fhed e SR oA | L% Gbb er

nmodul e (ci rseﬁ"qvaﬁmriwg'y aggalium-gorigining Imsr Histericallya galiunegentaioinds, | nc. ,

Al l'ent own, cBfvpoliad havd bEBH%YAthBsikERl by using trimethyl gallium. That synthesis is

10 expensive and slow.

[0003] One of the drawbacks in synthesizing gallium-containing compounds is the

delivery system for gallium sources, such as room temperature solid gallium trichloride

(GaCls). Conventional vapor delivery systems for solid precursors are not offered for high

flow and high purity delivery of GaCls, because of the low vapor pressure of GaCls in it's
165  solid state.

[0004] Existing liquid vapor delivery systems that can deliver such high flow rates, can
not accommodate melted (above 80°C) GaCl,, because of their low temperature
capabilities, and the highly corrosive nature of the chlorine chemistry, which is
accelerated at higher temparatures.

20  [0005] Existing solid chemical vapor delivery systems exist for lower flow rates only
due to the low vapor pressures of most solid precursors. Air Products and Chemicals,
Inc., Allentown, PA, USA, has developed a Schumacher brand product solid source
vaporizer offering illustrated in US Published Patent Appllcatlon No. 2005-0039794A1,
10/902,778.

25 [0006] Another related liquid vapor delivery system is the Gasguard BSGS
Trichlorosilane bubbler module (circa March 1999) offered by Air Products and
Chemicals, Inc., Allentown, PA, USA.




[ 0007] The deficiencies of the prior art containers and delivery systens
are overcone by the present invention's galliumtrichloride container and
delivery sy, kgh allows for econom cal and high purity synthesis of
gal I i um containirng conmpounds for electronics applications. 5 BRI EF SUMVARY
OF THE | NVENTI ON [ 0008] The present invention is an apparatus for
deliverying high purity gallium trichloride in the vapor phase to a
reactor for producing galliumcontaining compounds, conprising, a source
of an i ner t[00GW]r iThe deficderatesaf thegsiotarecantaingd anti ddlivarg spdtaros plecvecothe

pressure; | | as down
o no ot e TS plopE ARRR el KB BoRBInS! ool bletbiy Wi afbwe 22, €
capabl e of fﬁ@%ﬁonw@lcalr?éldmfmuéw sygihesis of galliuexqestaining eompoupds fpé@lg@tw@@e
preferably abbiatiods. cont ai ner having a corrosive resistant inner surface
havi ng 3 supply of galliumtrichloride, a valve controlled inlet for the

carrier~gas that forns a dip tube with an outlet below the |evel of the

gallium 15 trichloride, a BRIERSUMMARY ORTHEUNVENTION renoving the carrier
gas and galliumtrichloride entrained in the carrier gas; a heater capable
of heati ng [09R8] c dhe aresent inventiorcis @napparatue far deliviaeyingiigh putity galieit or i de; a

delivery | 'tﬂéhld}ﬂ@r}?ﬁ\b%der%h&{ﬁo‘é%é(&or‘fﬂ’ﬁg&?@g‘nﬁ%afﬂh'rhlc%ﬁtafnﬂfg dbﬁfpbéfﬁd%g the

carrier gas and entrai ned l[tTumtric o a reacti on zone
conver t i ng CALNSIRG| # SHF] ¢ |3<E‘H'I'Q5$ Gagrier gas glta PresRWR eRYaledaknye éBP&?BB?ﬂfs 20
[ 0009] 10he ppessarnta punfiertapatie bisrembsing MORILPE G tHeddariie ighy Bowh tithoraper phase

dompounds, bt Bug EBAE] bERerERDE o)  BXACUEPREE AR B oo
consi st i ng 988 o alemporature ofatleasd 80FC, prefdrabiyri 108Cy arcontahenhavingraesoriobive eof at a
pressure ab@éfﬁaﬂtum%%?hﬁdcb%aﬂﬁﬁ%&é@ oflilyh ¥idMbriod. MefiR dohfidlief Fietiér PASSI N

the carrier gas t hrou ec I've renoval

noi sture td" %Qﬁ’ﬂ?frgésltn?éf?@@aﬁﬁf’d"bﬁ)\”@?%’?ﬁlﬁ\eyb%o"pﬁﬁ levebefithegaliuie carrier gas

to a t1errpe:rmcmas aD\falﬁtcohﬁéll%H oﬁmfornémémﬁbxamé%s ananam&mrmhnlda.ae carrier
gas into a b mitri o _entrain

the galliu rﬁnfl 'P%‘ﬂﬁn(yﬁ ﬁaé'"?rrgaghﬁ hEQPW&@Pb'e Qg%eagp%mfpﬂé%?ﬁgjp i Wpelhas and
entrai ned dfz galliwm trichlodides rai dibdivery lina ddneeatedibdheneeiveagadtrolddloutietforgrying

Carciier 92k AhAEH ki oA I LN abl tohERPSHAHR 2 ! eact

30 80C, prefterab action zone
gal I'i um Co,gp@wn,tr,&@lqnpp tasgaliiumpeontaining compounds.

20 [0009] The present invention is also a process for deliverying vapor phase gallium
trichloride to a reaction zone for synthesizing gallium-containing compounds, comprising;
providing a carrier gas selected from the group consisting of: hydrogen, nitrogen,
helium, argon and mixtures thereof at a pressure above atmospheric pressure; purifying
the carrier gas by passing the carrier gas through a purifying media selective for the

25  removal of moisture to no more than 10 ppb, preferably 5 ppb; heating the carrier gas to
a temperature of at least 80°C, preferably 110°C; injecting the carrier gas into a bath of
melted gatiium trichloride in a container to entrain the gallium trichloride in the carrier
gas; removing the carrier gas and entrained gafiium trichloride from the container and
delivering the carrier gas and entrained galiium trichloride at a temperature of at least

30  80°C, preferably 110°C to a reaction zone for synthesizing gallium-containing films.



069227ZP USA BRI EF DESCRI PTI ON OF THE DRAW NG [0010] FIG 1 is a schematic
illustration of an enbodi nent of the present invention for delivering

GaCl 3 at hi@% ?#'gpgé and at high flow rates for gallium containing
conpounds REFRYPE 5 [0011] FIG 2 is a graph of the corrosion byproduct

totals for various netal alloys exposed to galliumtrichloride and rinsed
with water thereafter. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0012] The
apparutus and process of the present invention enables a chem cal vapor 10
deposition (CVD) gallium fBRIBF GESCHIPTION OMTHE DRAWING al reactor using high
vapor pressure epitaxy (HVPE) by delivering to the reactor a high flow and
hi gh puri t I0GH]1 FIGWap e schenizdic SustGding etan emtxidinan of thd etaseetrigvention fons f or
solid prec f i~} I & | i very of
GaCL3, becansermp g nigh pRfaa abhighhihasds B R Cord il (P17 o
[0014] Exi s¥Ph§SiBi qui d vapor delivery systems that can deliver such high

fl ow rates, .acco te nel.ted oV 4C) .GaCl ecause of
their | tlgﬁrﬁgr ft?ﬁkésag%ng%fﬁlptcpggs,mrﬁpyg‘q%ﬁg fﬁ‘?@ﬁ r B%lfsrrﬁ%ﬂ)ag'oﬁt ure of the
chl ori ne cheposddty gaNiim dithloside andrrised aitk diatet tharagifter. t enper atures. 20 [ 0015]

The present invention was denonstrated as follows. GaCl 3 solid precursor
was placed in a 316LSS bubbl er container, where it is heated above it's

782C nel ting point. At pétG ESBESORIPION GTHERVENTION |S a liquid and can
be bubbled at low flow rates. [0016] Additional heating of the GaCl3 from

: t's (rjrel tiCIr[gomi Mhe @pPat(us d@hd b@cés%%gaemﬁﬁ?nvéég? umsm&ﬁcaleangf t he
i qui he r.pressure of . i s.90. Torr
adgquat@? y %Bg%g‘?nl @g?ﬁ?@ﬁm f‘f‘bﬂ‘}?"f’a@%’y“(ﬂ?ﬁaﬁﬁ"bﬂ JB?FQ rufsw%&;%-ﬂ Vﬁﬁgrbubbl ing. At

t hese hi ghawessereppitaxy(HYEE) by deliveringa shef reastonadhighs flawanchhigh pure Ge€ls5- 15

liter/mn wapbr result in the desirable high nass flow rates, yet |ow
enough to avoid turbulance of the liquid that can cause liquid to spit out

of t t het cgnt[abmr Oonbdribndl m%,lsdi@emwﬁyglbg%lfér%mﬁ?rdm@é@thrm efiéthd f@h{gﬁ t

sat urat ed vapor .i.s.acc e n. bu | 0 nmai ntain si sfent mass
Cranster 30ORATALR bRy ot dakle peiin Afe I vapLaresute & SR S o by
aer 0sol15dr splickstate. [ 0017] The invention process utilizes purified carrier

gas (H2, Ar, He, or N2) to bubble
[0014] Existing liquid vapor delivery systems that can deliver such high flow rates, can

not accommodate melted (above 80°C) GaCl,, because of their low temperature
capabilities, and the highly corrosive nature of the chlorine chemistry, which is
accelerated at higher temperatures.

20 [0015] The present invention was demonstrated as follows. GaCls solid precursor was
placed in a 316LSS bubbler container, where it is heated above it's 78°C melting point.
At this temperature, and above, it is a liquid and can be bubbled at low flow rates.
[0016] Additional heating of the GaCl; from it's meiting point (78°C) up to 130°C raises
the vapor pressure of the liquid GaCl, (the vapor pressure of GaCl; at 130°C is 90 Torr)

25 adequately to deliver high fiow rates (300 to 400 gr/hour) by bubbling. At these higher
temperatures, carrier gas flow rates in the range of 5-15 liter/min will result in the
desirable high mass flow ratas, yet low enough to avoid turbulance of the liquid that can
cause liquid 1o spit out of the container outlet in the form of a large droplet aerosol. Only
salurated vapor is acceptable, when bubbling, to maintain a consistent mass transfer

30 and avoid the particle problems that are often contributed by aerosol droplets.

[0017] The invention process utilizes purified carrier gas (H,, Ar, He, or N2) to bubble
the GaCl,. The ultra high purity (UHP) purifier removes moisture to below 10, preferably

-3.



the GaCl 3. The ultra high purity (UHP) purifier renoves noisture to bel ow
10, preferably -3 06922ZP USA 5, parts per billion (ppb), preventing the
generation &{9 %%L Bx noi sture reacting with the chlorine (in GaCl3).
[0018] This & YPPof noisture fromthe carrier gas controls the HC
attack of the netal bubbler wetted surface, which can contribute netal
Impurities to the GaCl3 5 precursor and cause corrosion failures. Metals
contam nants can interfere with the epitaxial crystal growh of the

gal | i um corg, aans pgr Hilidnppb)] Préddhting the genemtarsaf dHG! by madstwe reaatimgwilli theiCl  at
hi gh terrpercq.loqﬁ]%% I@aﬁl ged to the addition of another optional feature to
the i nvention PIE5T pol ynmer, either fluorinated ethylene-propylene

("FEP"), pqbyiét rmé rﬁ%e.ﬁbhmbﬁme ﬁorﬁ?fe%a}neegafé%ﬁtreemtvmwonne 10
derivatives of tetrafl uoroe ene, herei n@Lt er coll

pol yt et r af Iﬂ%‘?%ﬁ%f@ﬁ'&% d surfeeR: é@t‘%\?é” eefﬁ‘ct?%me ‘"l?é‘”tr'ﬁf’ltﬂglf %?1@6 the inside
wet Led SaJrfp&échrﬁfr ahheamto@hoswn fallurey. Metals eontarglh?imbmlﬁtedegghttdt%)a bub?l er
to better & o SOkl romthe wet t ed surface.
This coati neg? 1“% Wnﬁpf?v?@gﬂ@ "E)ﬁor{e% EPQHF" etal or alloy container if

moi sture Is[e?&ﬁam @%&fedsgqgfr%é %e&ﬁf |[|8|0a¥ﬂ FhtllRs; ha!?dd\&@%re t ubi ng, and

fittings tal n ess stee el ect ro&ol I shed. The

316L SS va|wgloapéa@t%|09tmnﬁi fegtuee tg thajayantipn. ﬂu%mvnﬁ% aither agngtgd  hi gh
t enper at ur eetﬁviembﬁner@q"mw) b@lﬁtleﬁ'éﬂtﬁhieﬂf ieng (“ETFEG lor PFA¢smpolmzesnent s can

e Pt | o etySe af masgeleliiproely Sus. Mishafo bl ByRarlofiemyne”, ="

conposi ti orprupctmelcghtingpmncbermtoldn’d onkd the m@%nfeﬂéd stpface 28thBygetabior aliay, 5% Fe

-1.5% Ha 1 éléfaﬁ%Sé g@ ((#ﬂ bubélé‘} td‘ﬂetter ovhft mI{anb n@e@qﬁnﬁbufed%ﬂn% and C -

0.01 % as a co 05|t|on ercent of
Ni - 56% Mo- 1$Mvated2wtﬁ% TlB%t@@ng 2isg inhipt s 0enesiop e \meja% oysiontainepif 0805 and

C - 0.01 %mékturyisatddently Mbdlcedcoated with silicon oxide ("silica") can be
used to dimnish corrosion. The silica can be anorphous silica, such as

Si | t ek wvaibeddle Cntdinedvales, tating) kndtitihgs mefemblyfabe 318 staifiless stavl({H80US

Steel or  redltdppOREE TR BTl oS Wi itasskity e SRER PERSUS WHITHE 558,
corrosi on rhigi tempatature oberenaiion and (@@ﬁcmrlnﬂaaac@@maﬁ COPPPNHS €30 s al |
suc Ihsflz i fl grhs%ﬁoy Tabh s HastBRYE-3 By HASRAS) B-6@lloy budrtdsNANdIof BL2208ibpN
NsckeYor Monel. Hastelloy B-3 alloy has a composition by weight percent of: Ni— 65%,
20 Mo - 28.5%, Cr— 1.5%, Fe - 1.5%, Co - 3%, W — 3%, Mn ~ 3%, Al - 0.5%, Ti - 0.2%,
Si-0.1% and C - 0.01%. Hastelloy C-22 alloy has a composition by weight percent of:
Ni ~ 56%, Mo — 13%, Cr — 22%, Fe - 3%, Co - 2.5%, W — 3%, Mn — 0.5%, V - 0.36%, Si
- 0.08% and C - 0.01%. Alternately, metals coated with silicon oxide (“silica”) can be
used to diminish corrosion. The silica can be amorphous silica, such as Siltek available
25 from Restek of Bellefonte, PA, USA. The amorphous silica coating is preferably applied
to 316L electropolished stainless steel or Hastelloy B-2 or Hastelloy B-3 or Hastelloy C-
22. Another silicon corrosion resistance coating is fused silica, again applied to a metal,

such as 316L SS. Table 1 shows the composition of relevant corrosion resistant alloys.



-4 06922ZP USA Table 1 Elenents Elgiloy 316LSS N ckel Hastell oy Hastell oy
Hastelloy 200 C-22 B-2 B-3 C 19-21 16-18 22 1 max 1.5 Co 39-41 2.5 nmax
1 nmax 3 maxoefggggt%- - max 0.5 max 0.5 max 0.2 max 0.40 Fe 16 bat -6696
mx 3 2 max 1. . M 1.5-2.5 2.0 max max 0.5 nax 1 max 3 max €M 6-8
2.0-3.0 13 28 28.5 99.0 N 14-16 10.0-14.0 mn 56 69 65 0.35 SI - 0.75
max max 0.08 max 0.1 max 0.1 max V - 0.35 nax W- 3 3 max 0.15 0.15
Carbon max 0.03 max nmax 0.01 max 0.01 max 0.01 max Be 0.1 max Nb TI 0.2
max A 0.5 max 0.01 S max P [0021] Tawetts on various alloys for materials

of constr Uct | [(Efyrhifits T EIHIBY TCHTRLSS | Kickel [ Abtbrlch TRabISy THawsioy T | VerY |1 nes
wer e conduct gd by exposure !of the pl beys|toc.gall|i Up.s B-3
% %o Yo % % %
Cr_ 19-21 16-18 22 1 max 1.5
Co 39-41 - 2.5 max 1 max 3 max
0.25
Cu - - max O5max | 0.5max | 0.2max
0.40
Fe 16 bal(~66%) max 3 2 max 1.5
0.35
Mn 1.5-25 | 2.0 max max 0.5 max 1 max 3 max
Mo 6-8 2.0-3.0 13 28 28.5
99.0
Ni 14-16 | 10.0-14.0 min 56 69 65
0.35
Sl - 0.75 max max 008 max | 0.1max | 0.1 max
Vv - - 0.35 max
w - - 3 3 max
0.15 0.15
Carbon max 0.03 max max_ | 0.01 max | 0.01 max | 0.01 max
Be 0.1 max
Nb
Ti 0.2 max
Al 0.5 max
0.01
S max
P

[0021] Tests on various alloys for materials of construction for containers, inlets,
outlets, valves and delivery lines were conducted by exposure of the alloys to gallium
5 trichloride. The resuits are tabulated in Table 2 below and show that Hastelloy C-22

exhibited the lowest measurable corrosion. Data was collected by comparing alloy
coupon (sample) weight before and after contact with gallium trichloride and by analysis
of both gallium trichloride exposed to the coupon and rinse water contacted with the
coupon after gallium trichloride exposure. However, Hastelloy B-2 and B-3 alloys yielded

10  the least volatile corrosion byproducts and therefore, is expected to produce gallium films
with less metallic impurities. A comparison of total byproducts, shown in FIG 2, combines
the corrosion byproducts found in the gaseous gallium trichioride after contact with
certain of the alloy coupons and the corrosion byproducts found in the rinse water
contacted with certain of the alloy coupons after the coupons were exposed to galium

16  trichloride.



5 trichloride. The results are tabulated in Table 2 bel ow and show t hat
Hastell oy C 22 exhibited the | owest neasurabl e corrosion. Data was
col l ected b ! i,ng all oy coupon (sanple) weight before and after
contact w t%egg%gflﬁﬁslr% trichloride and by analysis of both gallium
trichloride exposed to the coupon and rinse water contacted with the

coupon after galliumtrichloride exposure. However, Hastelloy B-2 and B-3
all oys yielded 10 the | east volatile corrosion byproducts and therefore, is
expected to produce galliumfilnms w fTable@ss netallic inpurities. A

compar i son of t ot apoQYRLAKATY CordaUARAEs BY Weloht RTMeffSAndyifs COr M osi on

byproducts fou act with
certain of the jall oy|zemBfeHasédeh:t ef WPsHanbe DIMbiAS B@tatda®unid i n the
rinse water c R &c W.LN certalj _or_tne alloy|coupons aliter|the coupons
were exposed t dgH-{-HEREARION vg gilfyr r Conpar ati ve

Al l oy CorrosioniRat efC-B% Wi ght an¢0.0ast al s Anal ypi26** Esti nat e Joased on: ou

on wt change Mgpal s &xiracted** Rﬁ]&”Descmptlo ml/yr avq mu / r 1 -22
. 028 .026** 2 %-2 ﬁ% —928*——t+meTo8—3— 0545 Caﬁs—nﬁ'ﬁﬁﬁ—%.—074 .050* 5
3316SS 3.065 . d80** lna:é88 3. 106 ' 0,0337 . 183** [Table 3 5

Rel ative Metal |ghl or|gesodel atiliti gsgzaMetal  Met Rlgsghl oride BR - C

Chromium CrCl 2 [9Z7(S]. T Cr3 1300 ¢rozZer2 17
5 31655 0.065 060"
6 WNickel 0.106 .0B6™™
7 [Eiioy b.217 183"
Table 3
5 Relative Metal Chloride Volatilities
Metal
Metal Chioride BP - &C
Chromium CrCl2 947(s)
CrCI3 1300
Cro2CI2 117
Cobalt CoCl2 1087
Copper CuCl 1212
CcuCl2 d>300
iron FeCil2 1024
FeCI3 315
Molydenum MoCI2 d 530
MoCI3 (mp 1037)
MoCl4 407
MoCIS 264
MoCl6 254(s)
Nickel NiCI2 970(s)
Tungsten wcCi2 d 589
wCl4 d 498
WCIs 288
WCl6 K2y
WCl40 220
WCI202 260(s)
Zine InGi2 732

[0022] The bubbler is available with an optional molded PFA liner for applications that
might need more protection from metal contaminants. In this case, ali valves would be

-6-




Cobalt CoCl 2 1087 Copper CuCl 1212 CuCl2 d>300 Iron FeCl2 1024 Fed 3 315
Mol ydenum MoC12 d 530 MbCI3 (np 1037) MO 4 407 MC S 264 MC 6 254(s)
Ni ckel NO2 %%%g% Jungsten WCI2 d 589 WCI 4 d 498 W5 288 W6 341

WCl 40 220 W¥s zinc znai2 732 [ 0022] The bubbler is available with
an optional nolded PFA |iner for applications that m ght need nore
protection fromnetal contam nants. In this case, all valves would be -6
06922ZP USA switched from 316L SS, to all perfluoropolynmer, such as Tefl on
PFA (body aswitchedtrsth 318258£®.all[peAkiSlopdiraen schesatTeliory BRA (sbdy ahd kedtsir t her  be
descri bed w regard to the drawing. A high purity inert carrier gas
conprising argon, helium hydrogen, nitrogen or mxtures 5 thereof is

brovi ded 2t 08B 1e| e EsbnPi e ieh GABMGE 1B UBRTBHRKIE 8RS WoRbling T | o1 g2

supply 10. The ‘carrier gas 1s dispense ow r liters

per m nute {igh ewgwnevgavagr gas COmEPF'f'Q e;gome\mmdwdmmmgoggﬁyr H’Bﬁ‘lﬁ?ﬁr eto
bel ow 1G pthefeef i8provided apar bievaaed prebidré hme%ﬂﬁoéphéﬁcﬂireés@re wlteear geoves

I | | I d
Damer ot ed. PPRI0 ThEEbteP Bl Gt f Lo s 2 5o el OB b,
bypass valve 12, purifier 14 which removes any moisture to below 10, preferably 5, parts per

billion and filter 16, which removes particulates, especially particulates that might be
inadvertently generated in the purifier 14. The carrier gas if sufficiently pure can bypass

10 any purifier or fitter, optionally, Carrier gas flow is measured and metered through mass
flow controller 18.

[0024] The carrier gas is delivered through line 20 to an insulated shell 24 containing
the gallium trichloride container 26. The carrier gas line is configured through one or
more sinusoidal bends 22 to form a heat exchange surface that can be separately

15  heated or as illustrated in the drawing, takes heat from the heater 40 for the container
26.

[0025] The heated carrier gas is delivered through valve 36 and enters the container
26 through diptube 32 as the valved inlet of the container 26. The outlet of the diptube is
below the surface of the melted gallium trichloride 28, which is maintained in a liquid

20 phase by heating the otherwise room temperature solid above its 782C melting point by
heater 40, which may encircle the container 26.

[0026] The container 26 is also called a “bubbler” because, carrier gas dispensed form

diptube outlet 32 “bubbles” up through the melted liquid gallium trichloride to entrained

gallium trichloride in the vapor phase for removal through valved outlet 34, controlled by
25 valve 38. The heater 40 is controlled by a traditional heater controller 42.

[0027] The carrier gas saturated with gallium trichloride is removed from the container
26 in delivery line 44 which is a coaxial! line having an inner line 46 carrying the gallium
trichloride and an outer line 44 forming with the inner line 46 an annular space 48 which
permits heated atmosphere (preferably inert nitrogen) to occupy the annular space and

30  maintain the elevated temperature of the carrier gas and gallium trichloride being
dispensed from the container 26 to the gallium-containing compound reactor 52 through
valve 50 to form gallium-containing compound product on target 54.



10 any purifier or filter, optionally, Carrier gas flow is measured and

net ered t hrough nass flow controller 18. [0024] The carrier gas is

del i vered t&%%%? ne 20 to an insul ated shell 24 containing the gallium
trichloride éﬁ 26. The carrier gas line is configured through one or
nor e si nusoi dal bends 22 to forma heat exchange surface that can be
separately 15 heated or as illustrated in the drawi ng, takes heat fromthe
heater 40 for the container 26. [0025] The heated carrier gas is delivered
t hrough val [0028)6 Enielapatatissarideetheilidwi@liumafchidikie tobe déivéretieo he as t he

st ace of DM FRE L FRE e Frscu S db S eatiorsdi: ROk Rl onsg R,
i quid 20 perame peyhdusat 1 105C th&403€ hwhigh is desitsable fereoenamic prodyctiondf higbve its

789C el ti nglyridPhdifundi¥YontdlS mitRingivhi ch may encircle the container 26.
[ 0026] The %Bﬁﬁ%lner 26 |§é S%Q@a¥hed a "bubbl er because, carrier gas

di Isloenseasl f fpo29) dndnatuumnﬂmérmbn gé?s bdaw leb@be td Wih Pdﬂér@i(lj@lofsbﬁﬁaﬁxbmdﬁaw ﬂw d
galliumtrig | rai ne mitri ri e vapar phase
Por | r emoval ST GTe- o0t BRIIePror Avertih piguflhe Ssonaind g heisimg
heat er 40 iwhighotetiewel | ed by a traditional heater controller 42. [0027] The
carrier gas saturated with galliumtrichloride is renoved fromthe
container 26 in delivery line 44 which is a coaxial line having an inner
line 46 carrying the gallium trichloride and an outer line 44 formng with
the inner line 46 an annul ar space 48 which permts heated atnosphere
(preferably inert nitrogen) to occupy the annul ar space and 30 nmaintain the
el evated tenperature of the carrier gas and galliumtrichloride being

di spensed fromthe container 26 to the galliumcontaining conpound reactor
52 through valve 50 to formgallium containing conpound product on target
54. -7 06922ZP USA (0028] This apparatus and nethod allow gallium
trichloride to be delivered to the galliumcontaining conmpound reaction
zone in the reactor 52 at a flowrate of 300 to 400 grans per hour at
110QC to 1409C, which is desireable for econom c production of high purity
gal I i um cont ai ni ng conpounds. 5 [0029] The present invention has been
described with reference to several exenplary enbodinents, but the ful
scope of the invention should be ascertained fromthe clains



which follow -8 06922ZP USA CLAIM5S 1. An apparatus for deliverying high
purity galliumtrichloride in the vapor phase to a reactor for producing
gal I ium conbgéﬁkpg" oducts, conprising;, a source of an inert carrier gas
at a pressure elevated above atnospheric 5 pressure; a heater capabl e of
heating the carrier gas to a tenperature of at |east 802C, a contai ner
havi ng a corrosive resistant inner surface having a supply of gallium
trichloride, a valve controlled inlet for the carrier gas that fornms a dip
tube with an outlet below the |evel GLAME galliumtrichloride, a valve

controlled outlej for | I ' .chl oride
entrained in the{'car rﬁi@%‘%@gﬁgﬁbé b@égﬁﬂ@ gg@ﬁrﬂgﬁz}ﬁogigé H}tgg}:’%é] Fai ner
suf fici ent PRRSAED @ regetor fRilpradyaing galliurh-genteising prodyetsi sompyisingine connected to

the val ve contr of b@fcdtiandter! Girief 3hd ¥t d\Sroddife Gl@VedEibVE AtmcRAeN! I ai ned
galliumjirichloride to a reaction zone for converting the gallium

trichl or? deP™®®Y'"Qal | i um cont ai ni ng products. 15 2. The apparatus of Claim1
i ncl udi ng a pur id heatercapatié of hafatifigeive camigr gasits b Wdrapdratara of aheast@OrC.er gas

Wherei n the heat bt sAAng R Bt il iondy syRoBRERS S5UdnbiGRRRT .,
capabl e of tellerdegavalke comoliechiplet tor thecawiohgast tbat forms aTtlip tubepdthanusitietf Cl ai m
1 wherein thdog e I&R Qﬁctg&aﬂﬁdnﬁ’ﬁicﬁlt@ﬁdeé, g%l%lﬁénﬂ%llmlﬁle{ Jo?i’lémcﬁ/ﬁgtstﬁﬁ&%rﬁfri er25 S.

The apparatus of C ai m, herein the source of carrier gas
downst r Eam $° andgalium;trichiqride gntraipgd in eGaEH918a%f O ai ns wherein t he
contai ner is in Aimeatersapatiiec meatimy the berthinerdffiéienttd enekihagAkuns triehlofdeai m 1

e b s BB B 9 G S Bt S °
surface t cangeantrainee gallium trishlogdes topy readtionizend foecdnyeatting thegadiibhrdrigflorideat i ng
the carri erio@@fium-cdntaining products.
15
2. The apparatus of Claim 1 including a purifier capable of removing moisture from
the carrier gas down to no more than 10 parts per billion.

3. The apparatus of Claim 1 wherein the heater capable of heating the carrier gas
20  and the heater capable of heating the container are one heater.

4. The apparatus of Claim 1 wherein the source of carrier gas includes a mass flow
controlier.
256 5, The apparatus of Claim 2 wherein the source of carrier gas has a filter

downstream of the purifier.
6. The apparatus of Claim1 wherein the container is in an insulated outer shell.
30 7. The apparatus of Claim 1 wherein the source of carrier gas includes a carrier gas

line that is configured with sinusoidal bends to provide sufficient heat exchange surface
to heat the carrier gas proximate the heater capabie of heating the carrier gas.



069227ZP USA 8. The apparatus of Claim1l wherein the delivery line is a

coaxial line with an inner |ine conveying the carrier gas and entrai ned

gal | ium trié1 QUi nd an outer coaxial |line providing an annul ar space
. . 222 . . .

cont ai ni ng cat i medium 5 9. The apparatus of Claim1 wherein the

container is constructed of a netal selected fromthe group consisting of:
stainless steel, Hastelloy, Hastelloy B-2, Hastelloy B-3, Hastelloy C 22,
Ni ckel , Monel, Inconel 686 and m xtures thereof. 10. The apparatus of C aim
1 wherein tée deThevappardtisef Claimaossdrgin tHeclbliviry ihe'®h 2baxidl isewiRichethnér om t he

0 5P et ol s viria b Byl bl BRbaindd o BierdR e Bl oo B3 ' 12
The appar at previding@nainmiar spaee eéntaininga haatingdnddiunet , t he val ved outlet and

the valves in such inlet and outlet are constructed of a netal selected
fromthe group consi sting of: stainless steel, Hastell oy, Hastelloy 8-2,

Hastel | &% B?:3, IPaRiusef Saim 1yhergin theggptainer is serstiorted gba metal ni xt ur es

]E Iher eof . | 12seldkhed fogip ee2jroisp cvinsiSlirg on ét&in%@&t@bﬁHhét_@llo\j?HMlo?M Hhastelloy _
uor opol yngr, O . e ar of C ai erein the container

has an i nmra]? 3I’ ﬁ%%%l?ogfc %I%%ﬁ%%"?ﬁ@&neﬁgg%m%%?ﬁh?rﬁg' of Claim1 wherein

the container and the delivery line have inner surfaces that contact the

gal liumtrighl ory S Y, | ' 25 of

Tatal ol or fe. 1EespARuE R ERA urReitin dlfiell IBIECHBAI il °0) O

val ved Bt | saleciggfrany the\aseupconsistingplic sfainiepe steglndasselioy diasteliow Br2: astelion f aces

that cont acs-3f Rastgrly|G-20NNidker; MoRél Meoritneed BAS Mixtirkd hefe@f have a passivating
| ayer of netal chloride. 30 16. The apparatus of Claim1l wherein the

contai ner and the delivery |line have inner surfaces that contact the
gal | i um t rithi orlihéappamtusiod Sairs d whamirsthb aelesdinlet Sis vahisdogtiétapdithe of a

aium or ' _ f Caim i1
her o1t ne o rshef TR RHA Gy Brp ARFRESSd ot el sobPRaBBRMMELNTR”) " Tng

a
out | et WaveLNHiating ofystaiNass steph Hastelinyaldestellor Bgd Hastelion B-3cHasieliod €-2hd t hose

Nickel, Monel, Inconel 686 and mixtures thereof.
12.  The apparatus of Claim 11 wherein the valves have fluoropolymer seats.

20 13.  The apparatus of Claim 1 wherein the container has an inner finer of
fluoropolymer.

14.  The apparatus of Claim 1 wherein the container and the delivery line have inner
surfaces that contact the gallium trichloride and those surfaces have a passivating layer
25  of metal chioride.

16.  The apparatus of Claim 11 wherein the valved inlet, valved outlet and the valves
in such inlet and outlet have inner surfaces that contact the gallium trichloride and those
surfaces have a passivating layer of metal chioride.

16.  The apparatus of Claim 1 wherein the container and the delivery line have inner

surfaces that contact the gallium trichioride and those surfaces have a passivating layer
of a silicon-containing compound.
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surfaces have a passivating |layer of silicon-containing conpound. 5 18. A
process for deliverying vapor phase galliumtrichloride to a reaction zone

for synt he?’%g?é%}\l‘l i um cont ai ni ng products, conprising; providing a
carder gas S€ romthe group consisting of: hydrogen, nitrogen,

hel ium argon and m xtures thereof at a pressure above atnospheric
pressure; heating the carrier gas to a tenperature of at |east 802C, 10
injecting the carrier gas into a bath of nelted galliumtrichioride in a

contai ner tt7. erithesppatai® o lidir umwheieirthe valded inlet, vBRed alitlet &fid g valve£NOVi Ng

the carrier, nal gal |i iLehl ori fromth ntainer and
ol i vori ng PREERY pEFOABL PSR R itk el et 8 crfiiishaa B8 AhF biEh 2
del i very | isusfages haveragraseivatinglayeoéf silicon-eendainis@eampaund. r eacti on zone for
synt hesi zing gal liumcontaining 15 products. 19. The process of C aim 18

I ncl udi r]sg t{]P? steﬁ of puri f_é;n the carrier gas by passing the carrier gas
t hrough % pliFi f A RGeeasdpLielivandpe varor phasegaliumdighioside & a FRsction #98e(Qf no nor e
t han 10 paré$ystheeizingigklitmeontdMingrodUo®, somieemg; of Cl ai m 18 wherein the
carrier gas is f rate of to 15 iters per. mnute. 21 The
process Gi Ga Q8 barfel @sBesien o 05 pron BTG & fuPipBo aiiosty e 25
reacti on zoliumt argon anémitureDibereof at@(pregsaresaboee atmaspher@dressbe; pr ocess of
G ai m 18 wherein the ygahdq id | | . is heated to a
tenperature in the _ra%g[lie gotf_ %ﬁ%ﬁ%%ﬂ%&ge%‘kg%&ﬂ%ﬁh%cess of Caim18
wher ei n'® he cont®pstiBe thacaries gas g 4 Bath of makedpalium trighieridedn a cartaiset Aat
]tc:lont act theerﬁlainlthwg?mt{jnﬁt‘rl&hlaﬁéjiﬂ tﬁdﬂatrﬁié?@ﬁﬁ tsu_rfaces arfhpazsi vat ed lb}’
owi ng a chlorjnated, gas rou e _contai ner an e deliver ne

bt or To del i verBIRYTE 18 Rkt 958 S0 e HEnSS ST NP Rtk e goniainel and

delivering the carrier gas and entrained gallium trichloride through a delivery line at a

temperature of at least 80°C to a reaction zone for synthesizing gallium-containing

16  products.

19.  The process of Claim 18 including the step of purifying the carrier gas by passing
the carrier gas through a purifying media selective for the removal of moisture to no more
than 10 parts per billion;

20
20.  The process of Claim 18 wherein the carrier gas is flowed at a rate of 510 15
liters per minute.

21.  The process of Claim 18 wherein the gallium trichloride is delivered to the
25 reaction zone at a rate of 300 to 400 grams per hour.

22.  The process of Claim 18 wherein the gallium trichloride in the container is heated
to a temperature in the range of 110°C to 140°C.

30 23 The process of Claim 18 wherein the container and the delivery line have inner
surfaces that contact the gallium trichloride and those surfaces are passivated by flowing
a chiorinated gas through the container and the delivery line prior to deliverying the
entrained gallium trichloride.
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