PROGESS AND PLANT FOR THE PURI FI CATI ON OF TRI CHLORCSI LANE AND SI LI CON

‘TETRACHLORI DE The present invention concerns a
process and plant for the 5 purification of trichlorosilane and
silicon tetrachl oride. More in particular the invention
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chlorosilanes, ~ being a recycle product from the production of
organosilanes, is generally contamined by carbon impurities.
The presence of metallic impurities, boron, arsenic and
phosphorus chiorides and of carbon-chlorine compounds, does not allow
30 the direct use of TCS TG or TET TG neither for the production of silicon
polyorystals for electronic use and for the growing of epitaxial layers in
convenient reactors named Epi, nor for the production of electronic
semiconductor devices.
in order to use TCS TG and TET TG in these processes, i.e.
35 can be classified as having an electronic purity grade, they must be further
purified, in order to reduce the concentration of impurities by a factor of at
least 10000 or 100000 times.



5conpounds. Table 1 Low boilingH gh boiling ConmpoundT(C) ConpoundT(C)
Trichlorosilane TCS 33,0 Silicon tetrachloride TET57,6 10Boron
trichloride BCI3 12,5 Phosphorus trichloridePCl 375,5 Dichlorosilane
DCS8, 3 Arsenic trichloride AsCl 3130, 2 Nevert hel ess,
sinple distillation requires using colums having a high nunber of
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process, the re f TCS and/or TET with noisture carried by
nitrogen | eads to the J@bfeotmati on of Si02 and hi gh boiling point
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reaction of TCS and/or TET with moisture carried by nitrogen leads to the
20 formation of SiO2 and high boiling point poly-siloxanes (Si-OH bonds),
acting also as complexing agents. The purity grade that is obtainable by
means of the purification process with “wet N2" does not exceed a P-type
value of 100 ohm-cm. In fact, the complexing effect of the H20 molecules
and of the polysiloxanes is in any case lower then the complexing capacity
C 25 praper of electron rich big molecules.

This kind of capacity, proper of some compounds, is
exploited in the purification processes by means of complexation of the
impurities with tin or titanium chlorides or with electron rich big molecules,
wherein a first step of complexation is followed by distiliation, This class of

30 processes, in spite of the fact that they are improvement with respect to
the direct distillation and to the complexation with H20, does not grant an
optimal level purity of electronic grade TCS and TET, in terms of p-type
resistivity (this feature being very important in cases where the obtained
purified TCS is subsequently used for the growth of the layers in epitaxial

35 reactors).

Amongst the purification processes by means of
complexation of the impurities, a process is known (developed by




Anongst the purification processes by neans of conpl exation of the
inmpurities, a process is known (devel oped by 3 Anongst
the purification processes by neans of conpl exation of the
impurities, a process is known (devel oped by 3Pechi ney, patent
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complexes and subsequently allowing the distillation of pure TCS.

As a common feature, these additives (about ten are listed in

C 25 the patent)} have a very high electron number and consequently have a

great aptitude to the formation of covalent bonds, N (nitrogen) bonds, S

(sulfur) bonds, OH groups (examples: 6-methyl-2-thiouracil, N(phenyl)N-

CH3-SH, . N-methyl-2-thicimidazoline, H-N(phenyl)N-CH3-S,
phenothiazine, HN-{phenyi-phenyl)S).
30 This process also was developed in the second half of the

sixties, when a TCS EG purity level around p-type levels of about 1000

ohm-cm was considered sufficient in order to meet the market
requirements.

The solution according to the present invention is to be

35 considered in this context, with the aim of providing a process and a plant

for the purification of technical grade trichlorosilane and sllicon

tetrachloride in order to obtain electronic grade trichlorosilane and silicon



35 considered in this context, with the aimof providing a process
and a plant for the purification of technical grade trichlorosilane
and silicon tetrachloride in order to obtain el ectronic grade
trichlorosilane and silicon 4 tetrachloride,, by nmeans of a reaction
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t he present mnetrighenyichloromethane, with the formation of complex macromolecules
25 having high boiling point,

- first column distillation of the complexation step products,
wherein the complexed boron impurities, together with other metallic
impurities are removed as bottoms, and

- second column distillation of the tops of the previous

30 distiliation, wherein electronic grade frichlorosilane (plus dichlorosilane
possibly present) and/or silicon tetrachloride are obtained as tops and
phosphorus chlorides PCI3 and phosphorus containing compounds,
arsenic chlorides AsCI3 and arsenic containing compounds, aluminium
compounds, antimony compounds and in general all the present metals

35 and metalloids compounds and carbo-silanes compounds, having a
certain residual amount of trichlorosilane and/or silicon tetrachloride, are
obtained as bottoms.



35 and netal | oi ds compounds and car bo-sil anes conpounds, having a
certain residual amount of trichlorosilane and/or silicon
tetrachl oride, are obtained as bottons. 5 The
purification process according to the inventison can conprise a
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pr ef er abl 45 f or twickithe aprunbof iphatyldhieremethdmeur s, and, fol |l owi ng t hat
period of total reflux, 5. di st i 8. C WMt
reflux flow conprised befnv@%%' w%é%t&ég@%‘a%?ﬁgmgatﬁgﬂ%@%gﬁ@ tﬁﬁ%‘)hﬁﬁﬁ
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C 25 distillation is conducted with a top reflux flow comprised between 0,3 as a
" minimum and 2,8 as a maximum, preferably 1,33 as far as TCS is
concerned and between 0,17 as a minimum and 5 as a maximum,
preferably 2,5 as far as TET is concerned.

Said values represents the reflux ratio, i.e. the ratio between

30 the flow of condensate tops returned to the top of the column and the flow
~ of extracted tops (distillate)).

It is further a second specific object of the present invention a
plant for the purification of trichiorosilane and/or silicon tetrachloride
comprising the following apparatuses for treating technical grade

35 trichlorosilane and/or technical grade silicon tetrachloride:
- a column for the complexation and distillation of boron

(trichloride BCI3) impurities and other metallic impurities, working in batch,



- a colum for the conplexation and distillation of boron
(trichloride BO3) inmpurities and other metallic inpurities, working
i n batch, 6 by adding di phenylthi ocarbazone and/ or

triphenyl chl oronet hane, with the formation ofs high boiling conpl ex
macr onol ecul es, wherein the conpl exed boron inpurities, together with
ot her conpl exeobmddmg|obphenyuhlpcarbazman@nbmeaylcblﬂr@mnmananmth the
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collected In order to~con orr
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phosphor ugs contp ﬁm?% PR A sdid %?ﬁﬁugn&hharuhﬂmﬁa@lrﬁwgaﬁaﬁme

cont ai ni ng conpou ni_um co and

general all thé&® %mﬁr?d‘dn@ﬂé“a“@i\ Golyn am %Wﬁiﬁgiﬁh@ deg khpenstitide a -
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said purification plant acdudhen disfilaion ofolurha,i der the 1Bottoms of said
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appar at uses,  and/or stllcon tetrachlonde are obtained as boftoms.
In particular, according to the invention, in said purification
plant according to any of claims 11-13, characterised in that the bottom
‘ temperature in said complexation and distillation column is comprised
30 between 38 and 48°C (preferably is 42°C) for the npurification of
trichlorosilane and between 65 and 75°C (preferably 69°C) for the
purification of silicon tetrachloride, white the thermal fluid femperature of
the exchanger at the botiom of the column is comprised between 58 and
73°C (preferably is 60°C) for the purification of trichlorosilane and between
35 75 and 83°C (preferably 79°C).
The purification plant according to the present invention
further comprises linking conduits between the different apparatuses,



7 linking conduits to other plants, inlet conduits for the materials
to treat and outlet conduits for the treated materials, punps,

adj ustnent and control instrunents. The effectiveness of the
purification process and plant 5 according tg the present invention
are self-evident. In fact, the use of the two conpl exing agents TCM e

DTZ and the ri giwkBgscangits & ofhyer plants dnpt eonsduits for thagaatgrialedo tieatand,

much hi gher bor@uilef@enditsaidrithe itraded maReridledparhps Adjustindnt aimdt dehtrol
previ ously kno&ﬂ%ﬁ ocetgses and is able to guarantee a remarkabl e

stability and e Pve repeatability over 10the tine.

In particular, even if TThkeasHedivBness af the mewification processplaedaplanh
of TCS andgTET 4 ol g ¥ | g T I

conpl exat i gn ofé%%h%fgégﬁ%gggﬂﬁ%%n Wé@.ﬁ%erﬁbﬁ\ﬁaﬁgstg%sé of the
conpl exi ng agerfv® EQRjBleXing agenisedeM i Ridand; ihe: sigoreys gpntrelnel the

15inpurities. complexation témpeatiresiene aheneaMpighed Bébioactanal metic

and DTZ shows q L e IL,Ci enc r I Nng_a_syner .
Mt respect t ophifts, SRR BiBD sFarl it Rl dousii KRbyR SnPgSoRs b ie
conpl exi ng agerabie torguaranteshairemarkable biabiibs and hualitative repeatabiity over
il lustrathyge, 3felBnie non limtative, purpose with reference in

particular to Figure 1 epclosed, in whi, ,t IS schemati c

flow diagramrel ated to G‘n@a jruiar; &Yen dgwﬁﬁt?ﬁ‘%w&fi’%ﬁ% rga‘#ﬁeof‘he

ﬁi con t et r acdompledatioancei TCSgahd 'EE'bﬁmbEﬂti?dalsUbiﬁcﬁingl:hrlsohsémQT CM
sent inventi ; I ' , '

st i1 at on coows the comploxation, of fiatlf kil cAbepthiBHR fc Bk B 1RELS

distillation colomplexingfagends dogather dsi needed rireorder clol soowlaxard e

shown. 15 impurlties. conpl exation and distillation colum 1 is the

RS- TR TN gt X

si i con t et r acldptimiall eomripiexation @ffisiensyq rereatingaa beynergy mithe espect to the

o oc 4 BRSRERAE) LR RRFIALL) Bl ) bR R

(TCM) . The cohipf énfengon al bP\ﬁiﬁsCﬁb@drgﬁte"ﬂ thelaw iferaitlusirative,

coval ent bonds bpet wae Ninitkeive Mpukpddes withn fefefiick e pdridiEety SSigure 1

causing the enclosed, in which it is shown a schematic flow diagram related fo the
purification of trichlorosilane and/or silicon tetrachloride according to a
preferred embodiment of the present invention.

in particular, a complexation and distillation column 1, a

C 25 distiliation column 2 and a further distillation column 3 of the dichiorosilane
free trichlorosilane are shown.

The complexafion and distillation column 1 is the device
wherein boron impurities (trichloride BCI3) and other metallic impurities are
removed from trichlorosilane TCS TG and/or from silicon tetrachloride TET

30 TG by means of a batch process constituted by a complexation reaction of
said impurities with diphenylthiocarbazone (Ditizone or DTZ) and
triphenylchioromethane (TCM). ‘

The complexing additives promote the formation of covalent
bonds hetween the impurities and additives themselves, causing the

35 formation of high boiling complex macromolecules. In particular, the
reaction takes place between the big molecules of Ditizone and TCM, rich
in available electrons, and the molecules of BCI3 and other boron



35 formation of high boiling conplex macronol ecules. In particul ar,
the reaction takes place between the big nolecules of Ditizone and
TCM rich in avail able el ectrons, and the nol ecul es of 8CI 3 and ot her
boron 8 conpounds and possibly other netal lic chlori des nol ecul es

poor in el ectr ofgndiHgd! BAg SbB&‘ﬂyCB’ﬁ‘iPlL ?l%jfllﬁat‘fhlaﬂdé? Vlﬁhbécmeghgoor in

boi i ng point.
in order to obt&legtrans, m@mstwgr@mmaxe%mawnma vapURigh; ﬂlngtp@lrﬁontrol

the tenperature at whichijitigey eriffedrFeasd bf)th|§ wﬁes@n ui k@St Pl @istain A

fact, it is re d a very ri,gorous.contr e rat
at whi ch t he e arifval o ¥ tpifies oiaRntgl s BaiRERGr pkAich 1
obt ai ned cbnpl exomplexatiodersantiars éakest plage. Ilnb‘ecmdcssmuy'edca venyt nigdrous

that the tenper, Fof?ﬁ\ tf@ﬁ‘gﬁpét?%ﬂé ?@,hﬁ,%g?@hﬁﬂ%)ﬁeﬁamhﬁ%’

bet ween 38 and (pre er
purification offiage cothermyse| tﬁﬁe @@lﬂ%@mm@sm@ RAcRENOsEs Ihydll e

(preferably 69Qeckesaryhe dontrof thatthe ferifersivke a0 thd Bbiiemhbotheddiumn is

I RO I S SN R a5

whose t enplr at Jhe PRJQf jopr ofswiahlpeasiiees, e Bkerplacs and Meemﬁﬁyands'wc
15equal to 60C) gréfé}abﬂ%gl’ &9 forthe hhﬁdﬁtt@h%klh@dl‘?te%‘ébhfohﬂét i on and

bet ween 75 and 83C (pref 7 or t urifi n,of silic

G rachi o do. oC (PTE Fhe ooy O%W@ FRRRIEKABN 2 ilaticmm ka5
evapor ati on of heated W\Emnb@fhlhegt excinageds, inside whitshda theraefilil dows) o
et These, SURBK SRS 4CodRaRAY, ARG AS YR ForE iAoy p,
the top st@ge. equpkto 60°<£‘c)nabﬂt§e¢a® @fafusl@lgrqsﬂane/apriﬁmroaoambmeenr?5
Ui | e um | 5 oo ey praelaiyT7oO) R paniation eRSMELP Iraghlorde.
and the liquid flow descgﬁﬁ{i% Bpgg'"t‘?fecoélﬁﬂ% 1c8? ﬁ"eaﬁ@ R d
bor on |drrpur |bt i dise slmp?‘stagi}lbng |®mdaechmlﬂ&§dhl§{shthmbﬁ tceztlhebEI 'ﬂ%je
renoved as bot tcB ofd 9§ %Jt?t 99&ine %! \H:gt oldkfie™ © Iﬁ:d«at d&’ﬁn |

he™equi Qb ol

I I'TpUI’I ties. I um condr’ t ons,

initially Q)per altf&uewﬁ&tag%s inowhish #ie @muran is dividedup tarthertop 5@96 Here, a
equi | i bri um corgdhdénderas atsas iRe. V@Bh&%ﬁdéﬁawrﬂﬁemeﬁcﬁéﬁuﬂ' ﬁgtl'lteo

O S kloniob onciSarBo e 2AS Rt 1o aeL beAage oo i
the distill ati dowcascerding, inside wolunin 4| @l therliquidflow elescending irsidd thee

e S Wﬁé*%%?@ﬁnﬁbﬁ%é%é%{?@% e
t ai ni n€P confusimByritigssheing rernpmed ge botteras D galunen Jdapethepwithiatharg
complexed metallic impurities. In order to reach the equilibrium conditions,

column 1 is initially operated with a 100% reflux at the top. After the

equilibrium condition are reached, column 1 is operated according to

design specifications untill the complete depletion of the batch.

30 The tops of column 1 are used fo feed an intermediate

section of the distillation column 2, in which electronic grade trichlorosilane

(and dichlorosilane possibly present) and/or silicon tetrachloride are

obtained as tops and phosphorus chiorides PCI3 and phosphbrus

containing compounds, arsenic chlorides AsCl3 and arsenic containing

35 compounds, aluminium compounds, antimony compounds and in general

all the present metals and metalioid and carbon-silanes compounds,




35canpounds, al um ni um conpounds, antinony conpounds and i n general
-all the present metals and netal |l oid and carbon-sil anes conpounds, 9
together with a certain residual anount of trichlorosilane andtor

silicon tetrachloride, are obtai ned as bott ofs. The
distillation cedgdifbriwith o GRARRY b Wi ThrichIbk 6
at the top and a@S W, ?gnrﬁﬂﬁSBet ween &téﬁg“%c??n{gﬁﬂm'n
and distillati 8" %"ﬁ’ﬁ ?J a'!"ﬁ PMBati on col uMm 2 an

i nter rr}edit a1(:]I e vessel 8 i sﬂséﬁdlstilzation oMurmhztuéla doﬂvﬁowba]gleéddlw?ﬂapﬂw&h a.
accurnul ated in | e feed o
distillation Cgﬁﬁcﬂﬁkﬁ@@?%@pﬂﬁgkﬂaﬁ%ﬁ gﬁiﬁ'&?’é’*ﬁ? 't he subsequent
operative &ycle of the cﬁﬁﬁweenathe@nrrmlﬁxatlomandlchstillahon@blumm 1.and the
Further, 10 i f

can be rri xed tg&g?ﬁg\%luﬂh%?ﬁ tr| [ Sggloéﬁgﬁ@pﬁdiﬁc eir‘?igl# ne
ool vari bue i mabEolesT g poRuRRI e hilp aresererer g feed
inpurities), cofrthegdistifationheolomac?,oduringfthe siattingrpirisel off the subseqoent

duct | t f
feed t hIeOQSp Bberatig il O e cotidbitibf il okt Boftify 2 il
whi ch is 1 esetsidenthes derpediatecvessehit the ders of iaoion otigam behaixedo
be used for t hgﬁf&mwm @ﬂo@fofftmmc%sﬁne' ahéﬁroiesﬂhﬁefa%ﬁtvaﬂbﬁﬁ hfurities

TP X e R L g
for the deposi taa@tombfammsdalllﬂmglwm praductidngslanmtst i | | ati on col um 3
Is al so a packed col um, tH@H?orosgﬁﬁEﬁOﬁ &g’rﬁ#@ Fa?% Lﬁ@ﬂ B feggoq,\éer

10 at the bottom in Whl |'orosi’l ané 1ree

silicon 11t r aciiesmediate,section af Adurtaer distilation gojunes Shahich ishpresentds
POl 3 and phospbaymecaeétmr{jm BEadeORBRIURHane has i Be%barfbﬁiﬂr% difesitioAnd
e o B SRR T 2, TR R B S ot e
car bon- si | anescardaipsuadsertaip pércantage ofs dinbkdrositaneEXDOBY) Bhat mist be
o e R TC R B o g PaF P Gt P! o
20 The distillation column 3 is also a packed column, with a
condenser 9 at the top and a reboiler 10 at the bottom, in which
trichlorosilane and/or dichlorosilane free silicon tetrachioride are obtained
as tops and phosphorus chlorides PCI3 and phosphorus containing
, compounds, arsenic chiorides AsCI3 and arsenic containing compounds,
C 25 aluminium compounds, antimony compounds and in general all the
present metals and metalloids and carbon-silanes compounds are
obtained as bottoms,
EXAMPLE .
in the following the features of the various process
30 parameters of a plant for the purification of trichlorosilane and/or silicon
tetrachloride realised according to the present invention are listed.
Table 1 shows the features of TCS TG fed to the
complexation and distillation column 1,
Table 1
35 Parameter RangeNotes
TCS (% by weight) > 99,7
DCS (% by weight) < 0,1




tetrachloride realised according to the present invention are |isted.
‘Table 1 shows the features of TCS TO fed to the conpl exati on and
distillation colum 1. Table 1 35Paranet er RangeNotes TCS (% by

wei ght) > 99,7 DOS (% by weight) <0,1 10 TEHQ (% by wei ght) <0,2 G H,
Transm ttance (Cell path.s5 , 37 -~ 3,42 >75% Met hyl si | anes
(total) < 6 ppnBy weig %Tégég%%% ppl')< wei ght 5Phosphorus <5
ppbBy wei ght Arsenic <G-dpbBpsmiftayice (Talbpeth>= $6owm) t 1337 e34a@r ex 76%
TET TO fed to the conpmgi@ﬂegrc@téﬁ stid I‘l}‘ﬂ{‘l on gsp.}qg{aml. Tabl e 2

5

10

16

20

30

35

Boron <300ppb By weight
Phosphorus <5 ppb By weight
Arsenic <5 ppb By weight
Table 2 shows the features of TET TG fed to the -
complexation and distiillation column 1.
Table 2
Parameter RangeNotes
TCS (mg/kg) =500
SiOH (RC) 0,30
~CH (RC) 0,30
Fe, Co, Ni(mgkg) =0,10
Cr, Mn, Cu (mg/kg) <0,10
Titanium {mg/kg) £0,01
Metals total (mg/kg) =0,30
Aluminium (mghkg) <0,10
Boron {(mg/kg) = 0,50
Sodium (mg/kg)= 0,50
Calcium (mg/kg) £0,20
Methyltrichlorosilane (mg/kg) < 0,50
In the following the standard and preferred values are
reported for a series of operative parameters (with reference to the case of
trichlorosilane (TCS) and silicon tefrachloride (TET) purification):
Complexation and distillation column 1 level: above 2500 kg
(preferably 6900 kg) for TCS; above 3500 kg (preferably 11500 kg) for
TET.
Complexing agent amount: preferably 50 g of TCM and 25 g
of DTZ for TCS; 100 g of TCM and 50 g of DTZ for TET.
" Column 1 total fop reflux functioning phase time: above 3 -
hours (preferably 3 hours) both for TCS and TET.
Top reflux flow at Total Reflux conditions (during the starting
and compiexation phase): between 3100 and 3800 kg/h (preferably 3500
kg/h) for TCS; between 3500 and 6000 kg/h (preferably 5000 kg/h) for
TET.



10Par amet er RangeNot es TCS (nmg/ kg) 5 500 SIGH (RC)5 0,30 -CH (RO)5
‘0,30 Fe, Co, N (ng/kg)5 0,10 15Cr, M, Cu (ng/kg) 50,10 Titanium

(nmy/ kg) 0,01 Metals total (nmg/kg) 5 0,30 Alum nium (ng/ kg) 50,10 Boron
(my/ kg) 5 0,50 20Sodi um (ng/ kg)5 0,50 Cal ci urinl(ng/ kg)5 0, 20

I\/Ethyltrichl.orosilane(rrg_/kg) 5 0,50 o In the follow ng the
standard and preferred vdioRe&Xipetianefiom ddistiiates affer i eemplexation dimek

paraneters (w tRetivebR EID0Cand 2400 I (prferdbly 1500 kA foATES; Hetveand
silicon tetrach | drleﬂTéJ@T%gazrg}l cgﬁyl %gé iy for Conpl exati on
and distillatiofPUd prefergbly 2098k O TF Ef er abl y 6900 kg)
for I1CS;, above 3500 kg ( @okiren aloftorl S@thpegatuferr bERFeen 38 and 48°C
5 (preferably 42°C) for TCS; between 65 and 75°C (preferably 69°C) for
TET.
Column bottom reboiler thermal fluid temperature: between
58 and 73°C (preferably 60°C) for TCS; between 75 and 83°C (preferably
79°C) for TET.
10 The present invention was described for illustrative, but not
limitative purposes, according to its preferred embodiments, but it is to be
c understood that changes and/or modifications can be made by those
skilled in the art without for this departing from the related scope of
protection, as defined by the enclosed claims.
15



Compl exi ng agent anount: preferably 50 g of TCM and 25 g 30of DTZ for
TCS; 100 g of TCM and 509 of DTZ for TET. Colum 1 tota
top reflux functioning phase tine: above 3 hours (preferably 3 hours)
both for ICS and TET. Top reflux flow at Total Reflux conditions

(during the starting and conpl ékati on phase): between 3100 and
3800 kg/h (preferably 3500 35kg/h) for TCS; between 3500 and 6000
kg/ h (preferably 5000 kg/h) for TET. 11 Top extraction

flow (distillate after conplexation tinme): between 1000 and 2400 kg/h
(preferably 1500 kg/ h) for TCS; between 1000 and 3000 kg/h

(pref elCdiing 2000 kg/ h) for TET. Col um bottom
tenperature: between 38 and 48C 5(preferably 42C) for TCS; between 65
and 75C. Apraskss b pyrifiBg)echuical BEaKe trichlorosilane andZot teomidabytadensiliedroi | er

t her maketfacHofdd iRRGERoHICYradeatiiéBsiRie ahdlor déctldpiciredcddifdbn 8faknbRle, the
TCS; bﬁ?o‘@@?é"coﬁ rgmg 83C (preferably 79C) for TET. 10The present
i nvent i on was cPes i bed for |IIustrat|ve but not limtative

pur pos ?ﬁd ta&?ﬁﬂ%@ltﬁgcérgaiokg élﬁﬁ ?r p%r éﬁ&lgf%% tﬁe Bet%ﬂhgél ec; %dse t} ?q]wlgrgsnane

under s Cat T oRe

ski | | e@"§/Ar epnicy! ﬂr%ﬂ/gtswem t%raqh'qrmeéo H’é’ﬁé’Pt"ﬁp “FP'J!W f'Ren OF‘@FE'&P@H WétEope
of pr otrerritienin thstedbifical gthdetrichireosiinnd esdor tettmicnb grads siliraetschloride, the

impurities being selected from the group consisting of boron impurities, metallic impurities, and
combinations thereof;

distilling the technicai grade trichlorosilane and/or technical grade silicon tetrachloride having
complex impurity macromolecules in a first column distillation, wherein the first column
distillation results in first distillation tops and first distillation bottoms, wherein the first distillation
bottoms comprise complex impurity macromolecules separated from the first distillation tops;
and

distilling the first distillation tops in a second column distillation resulting in second distillation
tops and second distillation bottoms, wherein the second distillation bottoms comprise a residual
amount of trichlorosilane and/or silicon tetrachloride and a compound selected from the group
consisting of phosphorus containing compounds, arsenic containing compounds, aluminum

- compounds, antimony compounds, metalloid compounds, carbosilane compounds, and
combinations thereof, and the second distillation tops comprise electronic grade trichlorosilane
and/or electronic grade silicon tetrachloride.

2. The process as set forth in claim 1, the process further comprising distilling the second
distillation bottoms into third distillation tops and third distillation bottoms in a third column
distillation, the third distillation bottoms comprising a compound selected from the group
consisting of phosphorus containing compounds, arsenic containing compounds, aluminum
compounds, antimony compounds, metalloid compounds, carbosilane compounds, and
combinations thereof, and the third distillation tops comprising silicon tetrachloride and/or
trichlorosilane free of dichlorosilane.

3. The process as set forth in claim 2 wherein the phosphorous containing compounds include
phosphorous chloride and the arsenic containing compounds include arsenic chloride.

4. The process as set forth in claim 1 wherein adding diphenylthiocarbazone and
triphenylchloromethane to the technical grade trichlorosilane and/or technical grade silicon
tetrachloride comprises adding the diphenyithiocarbazone and triphenylchloromethane in an
excess stoichiometric amount.



1. A process for purifying technical grade trichlorosilane and/or
‘technical grade silicon tetrachloride into electronic grade
trichlorosilane and/or electronic grade silicon tetrachloride, the
process conprising: adding di phenylthi ocarbazone and

tri phenyl chl oromet hane to the technicéd grade trichlorosilane and/ or
technical grade silicon tetrachloride to formconplex inpurity
macr onol ecules with inpurities in the technical grade trichlorosilane
and/ or technical grade silicon tetrachlorlde the inmpurities being
sel ect d fromthe 0 consi s oron inpurities, nmetallic
o | B B8 PRt KR TEHa haRde einist Py ERD banRch Al L ierrgralie
trichl @em@eh aheCanntf 41° G doiihg paificgiiondd tachhicalgmadedtichiohbiank dod hatwieag 65°
conpl exc. anPpusd Cyfoimae ponfdagerbf@schnitabgrhiid SificomabtBhlodst i 1 | ation,
wherein the first colum distillation results in first distillation

t ops aBdTid protesdiastset forthiirdelaikod WherBIn tié Brsedistillatich Bdtlofls M 8t d lehpletite

bOttO”EI 23 rfbtstﬁe QRbh df'i‘rg!ﬁéirééﬂa PEPIEG tﬁé@ﬁi@ﬁtﬁ q?gméénomthe
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first t|o t ops; stilling the Tirs at1on tops
in a "um distillation resulting |n second distillation tops

and se d dlstlllat bot t.0 wher ei disti]latiaon
bot t o Q@%F%Sé 2 SO IRT SR b e oBhs et sTEdRnaHen iahosbectrd wina
t et r ac Htdrefx chihe fést@mﬂ%@n@ugtélhétth@dnwm@m eoeplgietydprnt emmnier impyrityf
phospheragenatstiuEsni ng conmpounds, arseni ¢ contai ni ng conpounds,

al um num conpounds, anti nony conpounds, netall oid conpounds,

car bosBl| Beprocasp @ esiortadclaimmvhatinansinitb b0 fefluadtihé it siewranich tops is

di stil Latib@Buitiors ILRMPhL5e. el ectronic grade trichl orosil ane and/ or
el ectronic grade silicon tetrachloride. 2. The process as set forth
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distil

R xR RGN i
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conpouhtd Praress fARHBME el 9mAe Trehleyosianaanserdechnisakarpes silicon
conpoutettschlarartetiniidlantrenic gragieurdhiorosiate eaditn eledtionicgradecsilieoh fet@nklotides the
third giosédd domtdriegt ops conprising silicon tetrachloride and/or
trichlorosilane free of dichlorosilane. 3. The process as set forth
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tri phenyl chl oronethane in an excess stoichionetric anount. 13 5. The
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distilling the technical grade trichlorosilane and/or technical grade
.silicon tetrachl oride having conplex inpurity macronol ecules in a
first colum distillation, wherein the first colum distillation
results in first distillation tops and first distillation bottons,
wherein the first distillation bottom4conprise conplex inpurity
macr onol ecul es separated fromthe first distillation tops; distilling
the first distillation tops in a second colum distillation resulting
in second distillation tops and second distillation bottons, wherein
t he second djstillation bottons conprise a residual anpunt of .
L ohi GRBLR g seser dagan ol G Ruric il en i A dapIt A ety
f r om t Bahigg enlipne digtiliadion, tige bird gistiltibo boitortsoranairising g womoohsdected amnithe
cont ai oLy consTEIMYA Bhosphils RUMaMMGROHPLERCsABISEATE BYntaiaINg @YMBEunds,
metal! Qi ATBAHA RS CRRGR) LaRSor RIRALBRT it RETREABLARRS oRBERA!

and the qgco d dis Ml tﬁb tQps copprise el ect.roni rade

Fr1 chi apd e afons iesetanitine BT g inn e dorre PR sHiadiHE briRside gRgor
14 di strichlorgsganenfeessef clinfitprefiilang.| | ati on bottons into third distillation
tops and third distillation bottons in a third colum distillation,

t he t hilf.drhgi Eesesp a6 seffointdaim orisreis pAgnadipbepttineprbedoae @ad/of r om

t he gr olppecydstdirsinbthgn®fo thé asphioalusadearitiadrbsirge andipoieniitcal arssleilicon
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and t h& TR P |§1|T3%P? tops conprising silicon tetrachloride

and/ or ,trichl orosila free of dichlorgsilagne.. 11. The process as
Sot fopent PR aies b i%tefgﬁ&%wec.'%mgﬁaﬁ@e'af*ﬁﬁéﬂ_wlﬁ*@e_&PE%{%E@_ Ba or
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silicon tetrachloride. 21. The process as set forth in claim 20
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temperature between 38° C. and 48° C. for the purification of technical grade trichlorosilane and
between 65° C. and 75° C. for the purification of technical grade silicon tetrachloride.

21, The process as set forth in claim 20 wherein the first distillation bottoms are at a
temperature of 42° C. for the purification of trichlorosilane and 69° C. for the purification of
silicon tetrachloride.

22. The process as sef forth in claim 18 wherein the boron impurities include boron trichloride,
the phosphorous containing compounds include phosphorous chloride and the arsenic
containing compounds include arsenic chloride.



