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25 " Moreover, the hydrochloric acid used in the synthesis of

chicrosilanes, being a recycle product from the production of
organosilanes, is generally contamined by carbon impurities.
The presence of metallic impurities, boron, arsenic and
phosphorus chlorides and of carbon-chlorine compounds, does not allow
30 the direct use of TCS TG or TET TG neither for the production of silicon
polycrystals 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 TGS 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.



The follow ng Table 1 shows the boiling tenperature of the different
conpounds. Table 1 Low boilingH gh boiling ConpoundT(C) ConpoundT(C)
Tri chl or osMOR46183%5233, 0 Silicon tetrachl ori deTET 57, 6 BoEHH2005/000662
trichloride BCI3 12,5 Phosphorus trichloridePCl3 75,5

Di chl orosil aneDCS 8,3 Arsenic trichlorideAsCl 32130, 2
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The purification of TCS TG or TET TG is generally obtained
by means of hyper distillation, based on the difference between the
impurities boiling temperature and the TCS and TET boiling temperatures.
The following Table 1 shows the boiling temperature of the different

compounds.
Table 1
Low boiling High boiling
Compound T(°C) Compound T(°C)
Trichlorosilane TCS 33,0 Silicon tetrachloride TET 57,6

Boron trichloride BCI3 12,5 Phosphorus trichloridePCI3 75,5
Dichlorosilane DCS 8,3 Arsenic trichloride AsCI3 130,2

Nevertheless, simple distillation requires using columns
having a high number of plates and very high reflux ratios, implying very
high columns and high strake diameters, requiring high investment costs.
For such boron compounds having a boiling point very close to that of
TCS, distillation even is unable to remove the impurity in an efficient way.

An alternative purification process is constituted by the
purification process by means of wet nitrogen bubbles. In this process, the
reaction of TCS and/or TET with moisture carried by nitrogen leads to the
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
proper 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 distillation. This class of
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
reactors).

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



Neverthel ess, sinple distillation requires using colums having a
hi gh nunber of plates and very high reflux ratios, inplying very high
col ums an@WOrRgaNS4X2ake di aneters, requiring high i nvest PERT2¢05600562 15
For such boron conpounds having a boiling point very close to that of
TCS, distillation even is unable to renove the inpurity in an
efficient way. An alternative puri®ication process is

constituted by the purifi bRGsLPT $eeS puRiicdi®ANSpice¥ds Nik! OfRANs  of
bubbles. In this ro‘%g(sg, @e react| o,p of TCS and/or TET wi,th

noi sture carri edc'fWp afiony el (e JPUFTIEhe 2 BT HRlS JHON &leveloprfl by
hi gh boi |l i ng poi Rechinty,- pateak SBA75080) Ghakingdse, ofatini argl ditasvuraschlorides
conpl exi ng agent ' -S40 | P
the purificati OnfSr}%_lg:aSr@Jmcglﬁ,%&@ﬁ%hﬁ%b@?finﬁl@ﬁeﬂg e]g)’QKP&tﬁgggo \?jgidbzg
of 100 ohm &m | RhesRhorus fre Péenandie sgmpleei tat ambipet ereperatuse in as2-24
and of t t h§5pol yshb@;sajaﬁ& b?cléﬂTlﬁélﬁulﬁwcﬁlehFMﬁO\mwthélmtmm@maﬁis and
capacity proper,.of el ect.ron i . ' .
ki nd of capaci ty?thﬁrr OIH&M%%‘QS@%&C%%%U%S,ea(f%ﬁg&"?jl 8”’@8 Mn Vf”‘ﬁé&h%) 1S
purification prockiaines by agueeipiatiarostsrext iaddingf triphenyieplorompthene or
with tin or titapigHBhGieMyiciasri®d (TEMh Elershieyrade Ta8 & feheguthingd by

wherein a first s egéof | exatton, i, s followed by distillation.

cog‘g s fo
This class 18f 3075P88 S asybsequantdistiizfion he fact that they are

i nprovement with respect tlhet heitgievetthadicanilld elttaimed oydmeans béthe above
conpl exation wth, i i .

el ectronic gr ade%@ég%%%g%‘?w snlﬂ:[cggé%‘gﬁﬂgy%pﬁ !{nﬁge%gosffég? |E\lﬁ|= (![:{S/ C?hf’“_é'"g 2
feature being vePyyRepaHeMit100R ehugem igrransidsred sutligientdndast fhis dinpcef

i s subsequently prresé Wast dsvelbpadt it ®fetibe wikelnis iovebpf padtyakas able to
35reactors) he purification processes by

3 Anonast
means of céﬁpl ex%egweomaflﬁy%%%ﬁeﬁsés, a process is known ) ]
(devel oped by Pechi ney, pdh duth@BOTBESe) forskenpurification ¢fi ghigresilanes, in

ta o Thoor der dgﬁ"“g??p! ﬁ%g'”%"ewh“@"%’*?bﬂ‘@méa@eﬁ%n oAjduel Bleldped by
’ Ve Nt 45 RB0RE B! 208 il nekof ois8 ToE s’ o the

anbi ent tenper at
renoval of the icompxatoh oebatch amdl noethlic imppdiies by sn¢anscbf ase wormoore

al um ni um ~@ant i aadi i bt ai -acLol i .
by adding £t prlcraqr?m%r r9qRE thotndcfect ?'?.F’%ﬁ@r‘#g?éﬁ@t% ?E%P?%&ET%T%’"Q
El ectroni ¢ gr adeniregen §N} azRagisf an heteragyeliofpd fodsuiidr (IRsRATERAL another
distillation. heterocydlic rifdi@anausdity ablevelblddkathe dmpubiiesibtthe feh bi/solid

Trans o L Ao DS RS AR SO BRI bl e e s
sufficient. In fact, thisAdagomman isatys, fese additivep (abau ten prerlistrd in
A'TUrther Broces e B e R e oriseAUeny TRl o
par ;J i cul ar IoTCS, %@agﬁﬁ%iﬂ@e?‘e T‘bﬁefgg'a#éorbgﬁ 8ﬁ‘ﬁﬁ]§)?t%ﬁi‘gasd§€mi¢5ﬁ%@)l}gpnds’ S
Dynamit Nobel (péutfor) lEBta4 OH growrsd (evakees) se-mefthyd-Zpthintess], fpheng)N-
conpl exation of ppmogyand newalleuft bRidihidhesingy Mean {pRaRIN-CPRLS,
phenothiazine, HN-(phenyl-phenyi)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 ftrichlorosilane and silicon
tetrachioride in order to obtain electronic grade trichlorosilane and silicon
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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 distillation, wherein electronic grade trichlorosilane (plus dichlorosilane
possibly present) and/or silicon tetrachloride are obtained as tops and
phosphorus chlorides PCI3 and phosphorus containing compounds,
arsenic chlorides AsCl3 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 boitoms.
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75C (preferably G30)is {fifiallytpapatelivifts kAl refius of tiedps, in order to allow the
boron and other metals impurities complete complexation, preferably for a
time period of at least 3 hours, and, following that period of total reflux, the
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 trichlorosilane and/or silicon tetrachloride
comprising the following apparatuses for freating 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,
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that 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 purification of
trichlorosilane and between 65 and 75°C (preferably 69°C) for the
purification of silicon tetrachloride, while the thermal fluid temperature of
the exchanger at the bottom 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,
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preferably 69C | fi | Lal.jC t | '
the thermal 11, 86 fehBuft R %1884 dnalbinalet M0 2B RIAEH po KM
colum is conpri@elumentieen 58 and 73C (preferably is 60C) for the
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are sel f-evi dent gblenofqeranteda researkéble xtability andnpladiative repeatabiliyCber
DTZ and themri g0{hgt{§nd§ontrol of the conpl exation tenperature, have a

much hi gher "boron"and netal lic inpurities reducing q_ovver t han t he
previ ously known processedn Zaitianmguen § oM andePTd allowirafalise the

stability and qugdrhpiafich bEIES aid TEY vRnitiddtdiso tiff BRgularly used (TCM
In particular, even |{ TCM alnd DTZ 1igil | ow t o Teal i se.the.c I exat;[hon

of TGS and TET | AIANS theecomplexatian of many Jpeipls, Sebl pesimyy sl uss RL tnete
conpl exat i on of ocEmplerippabgertsctquethesr in)needrd iserdér thesemplex all the

conpl exi ng 1ggent§nﬁlpﬂg§_her I's needed in order to conplex all the

15i npurities. I n concl usjon, the conpine ffect T
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silicon tetrachl oride d?cir(\:%hqfi:ﬁ% Lo a oref gé]{e‘ﬁglat%r%qlgildﬁf;d}gmofeg{gﬁ to the

present inventi O?.pclose _ i
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
25 distillation column 2 and a further distillation column 3 of the dichlorosilane
free trichlorosilane are shown.

The complexation 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
triphenylchloromethane (TCM). ’

The complexing additives promote the formation of covalent
bonds between 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



In particular, a conplexation and distillation colum 1, a 25
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di chl or osi trichlorosilane are shown.
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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 chlorides PCI3 and phosphorus
containing compounds, arsenic chlorides AsCI3 and arsenic containing
35 compounds, aluminium compounds, antimony compounds and in general
all the present metals and metalloid and carbon-silanes compounds,



30 The tops of colum 1 are used to feed an internedi ate section of
the distil ti' Woﬁ Lumm 2, in which electronic grade trjchlorosil ane
(and di chl PR °possi bly present) and/or silicon t P HEHIBPPYEE2
are obtained as tops and phosphorus chlorides PCI 3 and phosphorus
cont ai ni ng conpounds, arsenic chlorides AsClI3 and arseni c containing
35conmpounds, al um ni um conpounds, anti nony congounds and in general
all the present togeties witld areedaihoredicanat acsunb of dritilorsilane@odiatssilicon

WO 2006/ 054325qutlla'gﬁ@gﬁép%%%iﬂg? %Ig%bﬁgrthswi th a certain residual

anount of trichlorosi or silrcon tetrachloride, are qbtained
as bottons. THedistlatipr cobini 3 isimeommen paglaehepiumacwih a .

colum, with a cefstismser 6at e fobearidapraddilert? tefheibottony, at the bottom
5Bet ween t he conpl exati on L1l ati .COl 1, t

GLStiT At of coltmm 2 an EREeRRIH tCS%L?Q‘gBﬁgﬁé’Hggdf%‘H%ﬂﬁ? ?.Bﬁ%ﬂcm%
tops of col um 1distliatiepcealumatlean infeonetiatet wessehs is shewnainrekich Hhe taps
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ol umm 1. Eur t heb Ingotisfleiba.SaltEn 2 i enng, SeUBa.SRe phibe siisegent
colum 1 can be operativé ayelehef theé tdorgpléxation cind distilibtioro soluamre,1. Further,
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| ayers. In fact, TCS EG suiheabpéoms girdigiilladionidolwon ey disgdt igf feed the

contai ns aqgert ajnferRrRe sa8for br @i ahther @still=ior ddRiAm 3, WAtichTisSprelent in
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20 The di st aFRSIEGIEHTC pEAd GENBRRIeRe HOE 47 deriesth Toh fip déHositn
condenser 9 at t bieepitaXiad halems.rlabfact, dICSL EGasuitabée b prasiucei silicahi petiycrystal
trichl orosil ane [ 0§} r oy t | gy
obt ai ned as tops@(sz;ﬁr:]1 m%h%s% o@ﬁsﬁéﬂﬁggﬁgegﬁﬁ%égﬁ%ﬁés h_rfJHsaltdI‘?lue[r Be
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all the present @@bﬁg?%ﬁ%{z%’d G20 rGRBIBP ™M t2HHRS LSRBROURRihich

are obtained as o o _ .
trichlorosilane and/or dichlorosilane free silicon tetrachloride are obtained

as tops and phosphorus chlorides PCI3 and phosphorus containing
compounds, arsenic chlorides AsCI3 and arsenic containing compounds,
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



In the following the features of the various process 30paraneters of

a plant foy,t yrification of trichlorosilane and/or
et

tetrachl ori

LlLicon
2Zed accordi ng to the present inventi T/gzg%{op%sﬁed.

Table 1 shows the features of TCS TG fed to the conpl exati on and
distillation colum 1. Table 1 35Paraneter Rang,Fd\lot es TCS (% by
wei ght) > 99,7 DCS (% by weight) <0,1 WO

2006/ 054325PCT/ | T2005/ 00DBE 2%ty Weigh{)% by Owi ght ) <0, 2 C-H,

Transmttance (Cell pat F%FH']:'QE‘@O}S%B;%(%?@R@@ 10Kt BBl érage% 73%,)/

(total) <6 ppnBy wei ght

wei ght

10

15

20

25

30

35

oron ht 5P h 25
Nletrhylsilanes (tofal) . <6 pp',n%‘ %y ﬁg@h?r us pp

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 distillation column 1.
Table 2
Parameter RangeNotes
TCS (mg/kg) =500
SiOH (RC) <0,30
-CH (RC) < 0,30
Fe, Co, Ni (mg/kg) <0,10
Cr, Mn, Cu (mg/kg) =0,10
Titanium {mg/kg} =0,01
Metals total (mg/kg) <=0,30
Aluminium (mg/kg) =0,10
Boron {mg/kg) = 0,50
Sodium (mg/kg)= 0,50
Calcium (mg/kg) <0,20
Methylirichlorosilane (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 tetrachloride (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 top reflux functioning phase time: above 3 -
hours (preferably 3 hours) both for TCS and TET.
Top refiux flow at Total Reflux conditions (during the starting
and complexation 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.



Arseni c <5 ppbBy

wei ght Table 2 shows the features of TEl TG fed to

t he conpl e@iog&ﬁo@gsdi stillation colum 1. Table 2

10Par anet er Range
0,30 Fe, Co, N
(rmg/kg)5 0,01 Me
Boron (ng/kg). 5
Met hyl tri chl oros

10

15

TCS (ng/kg) 5 500 Si OH (RC)5 0, 30P<H2P4E)es62
(my/kg).5 0,10 15Cr, Mh, Cu (ng/kg) 5 0,10 Titanium
tals total (nmg/kg) 5 0,30 Alu '1ni um (nmg/ kg)5 0, 10
0, 50 20Sodi um (nmg/ kg)5 0,50 Calcium (ng/ kg)5 0, 20
i lane (my/kap oximction flow (distilate after complexation time):

between 1000 and 2400 kg/h (preferably 1500 kg/h) for TCS; between
1000 and 3000 kg/h (preferably 2000 kg/h) for TET.

Column botiom temperature: between 38 and 48°C
(preferably 42°C) for TCS; between 65 and 75°C (preferably 89°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.

The present invention was described for illustrative, but not
limitative purposes, according to its preferred embodiments, but it is to be
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.



In the follow ng the standard and preferred values are reported for a
series of operative paraneters (wth reference to the case of
25trichlorosilane (TCS) and silicon tetrachloride (TET)

purification): Conpl exation and distillation colum 1
| evel : above 2500 kg (preferably 6900 fg) for TCS; above 3500 kg
(preferably 11500 kg) for TET. Conpl exi ng agent
anount: preferably 50 g of TCM and 25 g 30of DTZ for TCS; 100 g of
TCM and 50 g of DTZ for TET. Clainfsol um 1 total -‘top reflux
functioni ng phase tine: above 3 hours (preferably 3 hours) both for
TCS and TET. . Top reflux flow at Total Reflux conditions

(during the starting and conpl exati on phase): between 3100 and 3800
kg/ h (preferably 3500 35kg/h) for TCS; between 3500 and 6000 kg/h
(preferably 5008 prageds)fof purii¥iEg techdigal grade trichlorosilfiopameidrrtenbhicaingridesilicon

distill / ' Lhne)n betyween 1000 and..2400 kgl h,
gpr ef er gﬁ%@&gg%ﬁ%%@%&%@r&?ch@e %/\I/ea%enanf%%aﬁ FREFSTHY HP ﬂ%na&londe’ the
(pr ef er alvbaes2@dPrkigth) for TET. : Col um bottom
R o N P i S
reboi | errithiemsitdne f b/t tebmieslainde: sibadnwaerachiBridd Ot 7 36 Rogiphikaburity
60C) for '%)ce

pr esent W?%‘El (’Jl}f\é\ev@gi Zig@%%g%%gt f)tg‘ghr%{clg g‘tglﬁgtt‘?? ?m%](ﬁ)‘[r‘e ! Té’r! ﬁ%o’?&]‘%{ rde
pur posesilicas eadiachlsiife! he ihipurtieebetig lbcRATREH M8 Bichp cBibistihg of BordPinkRrities,
under st ood: . hat changes and/ ar di fjcations can be nade by those
skilled I?%albﬁ’én%‘f’fleihﬁqcﬁ??ﬁ’t%ufa&?mtt ‘?rgoflijeparti ng fromthe rel ated scope
of protecti odistifigg @RS iettekab grath &iNRdAERardl R tBdhnicaDerade 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 cdﬁlplex impurity macromolecules separated from the first
distiliation tops, wherein:
the first column distillation initially operates with a total reflux of the first
distillation tops such that the impurities completely form complex impurity
macromolecules; and
after the initial total reflux of the first distillation tops, the ratio of the amount of
condensed first distillation tops returned to the top of the first column distillation to the
amount of condensed first distillation tops that is extracted from first column distillation
is between 0.3:1 to 2.8:1 for trichlorosilane and between 0.17:1 and 5:1 for silicon
tetrachloride;
distilling the first distillation tops in a second colurﬁn distillation resulting in second
distillation tops and second distillation bottoms, wherein the second distillation bottoms
comprise a residual amount of trichlofosﬂane 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.



12 Cfains |. A process for purifying technical grade
frichlorosilane and/or technical grade silicon tetrachloride into

el ectronic grade frichlorosilane and/or electronic grade silicon
tetrachl oride, the process conpri sing: addi ng

di phenyl t hi ocar bazone and/ or tri phenylghl or omet hane to the technica
grade trichlorosilane and/or technical grade silicon tetrachloride to
formconplex inpurity macronol ecules with inpurities in the technical
grade trichl orosilane and/or technical grade silicon tetrachloride,
the inpurities_being selected fromthe group consisting of boron

i mpurities, rfetlAfPiogess abeleiny 1, e pregess icampiising distlEng e second distillation
distil ] iieiokd Shed BEARAALIAAAGNG HiQMRHO% RACHI Y Bl LOGND WAl BhaHE
silicon tetrachloride having conplex Inpurity nmacronolecul’es 1h a”
first cdohignfigilletion baitgnen comprising p ¢dmepoiind selected Umm dhs tgrdupatonsisting of
results j Lost . dist-i L1 atl 0 first distillation bottons
wherei n-t Bsgfh? Ji[u? s% |t| sdtlé I_CP%P %ﬁg’bgl§?ng%o%tglr?%l i g%m%%f?%spl aéWWBuF?nE‘%Phnds’
macr onolastwbescawpands extafloid rombamtis, catbosilast borhpiunds) atd@snbinvdionehereof,

e S b Pl B i

f or m conipdhdorodilapir i ty nmacr onol ecul es; and after the initial ~
total reflux of the first distillation tops, the ratio of the anount

of condensedxfir di.stil ! ati on tops returned.to t.he t of, the first
col unm di still at ?ﬁc}?\ F%E%sﬁe%grr%ﬁlﬁ} ic)if kRN ddngfiélglﬂcnﬁll%g?‘iafqaé‘fnieoﬁn or
t ops t hatiphiesylehlonomethent fo dm febliidal qoddentrichlbsbildnk adnd@R téchinfostt Waes silicon

0.3:1t 1. for trich i | d_bet 17:1 5:1 for,
o1 i con s 8rlarin Qs e BRE PR T Pudor rasoillomsongho o

a secondxdaeed storvhidmeltic kinatriton resulting in second distillation tops
and second distillation bottons, wherein the second distillation
bottons conpyise residuya nt, of ;trichl orosil.gne and/or silicon
tetrachl oride an g% @%ﬁ%%uh% se ec%edﬂ?%%%1 gﬁbréﬁﬁn%@%%?g??ﬁ@ gge/or
phos photiphensdeiieromethgnec tnheutecimjcab igedai tdcldansikingi and/or cschmivaldgade silicon
al um nu QAR t] Y, conmpounds al | oi.d conpounds

car bosi Fggﬁe C o&r%p%anﬂ) 5 ggg %dégi%ctgﬁ%einﬁgﬁmg Hat nﬁé‘? %witﬁg%gb%% Sl fgrount of
di sti | | &iphewyl¢hdqyemetbmei se el ectroni c grade trichl orosilane and/ or

el ectronic grade silicon tetrachloride. 13 2. The process of

claiml, thesp j: S1 | St dh ) e secon

G oti1 1 at i or haRe BResstlf i, SRE Ond) g%ﬁlkégﬁg%gﬁ%lﬁ 3 Memperature
di sti | | betwern TEE @odrd8iChfoa thetpurification ofitechtiisd gtalatricblvrostidre anbbetdreen 65°C
disti 11 ald ARCRALLOID:AOMR e - RM:A ATRAUIASELRRLET [T om the group
consi st ng o phOS orus contal ni g conpounds, g %em c cont al ni ng

Compounds, aluninun1congoqnds, anti nony conpounds, netalloid
conmpounds, car Bespoegse ot daipodireereintht fostndistiatiorobstonts eresfs tempetatutvent

third disid ' 1.Si | dgb ri and/or, .. °
tri chl of o8, T ans PR oy AR rbsisBod oo €%k A bR R e Ak Shonie
1, wherein addi ng di phenylthi ocarbazone and/or triphenyl chl oromet hane
to the techni chic ypeseot ¢dlaienl.orhsesin thednisinltotst raflas loh thedirstatisidletion topeion
t et r achl ghd At ERIPLISSFo@ddi Ng the di phenylt hi ocarbazone and/ or

tri phenyl chl oronmethane 1n an . t. excess stoichionetric anount.

4. The process of claim1l, wherein adding diphenylthiocarbazone
and/ or 8. The process of claim 1, wherein the ratio of the amount of condensed first distillation

tops returned to the top of the first column distillation to the amount of condensed first
distillation tops that is extracted from first column distillation is 1.33 for trichlorosilane and 2.5

for silicon tetrachloride.



tri phenyl chl oronet hane to the technical grade trichlorosilane and/ or
techni cal grade silicon tetrachloride conprises adding tw ce the
anount of di phenylthiocarbazone as the anount of

tri phenyl chl or onet hane. 5. The process of claim1, wherein the
first distillation bottons are at a temgperature between 38C and 48C
for the purification of technical grade trichlorosilane and between
65C and 75C for the purification of technical grade silicon
tetrachloride, The prodss dhst B5H:9C 85 sla ICI\n%h‘EIn@he%%nelrﬂbuhh@s rffcfuﬁg boron
distillation bottons are at a terrperature of e purification
of trichiighledds, ﬁwevhawowgscmwwmonmum ipeledearhosrhorus tijende and the arsenic
tetrachl Qhne compounds-ind %ﬁl% ef claim1l1, wherein the initial
total reflux of th 11?|rst |st| Iatlon tops is carried out for at

| east 3 hours. . The process of claim1, wherein the ratio of

t he anount ofIOCJﬂ?ﬁ@FPé‘fE% ap sptdrilyincalaim) 3 wheveint thp shospharpsendnemingronpopnds
of the f SHOTY i A R

distill al?flg%e#hg%)s tﬁg'tc ﬁFgéée%Frt%r%eg] fcrggtr% I rs%llp codgﬂrr{ralﬂl ?E‘? I %él{lﬁdﬁ is
1.33 for trichlorosilane and 2.5 for silicon tetrachloride. 14

9. The procedd: AsPraesss fo5pariying teqhaicah radapiehletopilann andderrterhnicabmradersilison
i ncl ude DRLARHR KR QEdtdSic iR uﬂ!ﬁ%ﬁ;@ﬁ@éﬁ/&%g@dnﬂ CRRA WalShioride, the
i ncl ude phosphorous chloride and t arseni ¢ contaf ni ng conpoundé

i ncl ude PAPSESTIOEWERRST | de. 10. The process as set forth in claim
2, wherein t h i Qj Lude .ph ous
chl ori de andla?dﬁg g@@mp@g%‘%%% ﬁ%g@%gﬁpéﬁgﬁg@g?%éé degarﬂ% qumggl 'élade
chl or i ddrichlorosilang jandforpitesbrisd ftade pﬁlhcdwltclgﬁchlenﬂnm toalforgr a@mplex impurity
trichlor I int

el et rone AGaRY Ml hRERR FE e AR it RN RS G Bt f oce
t et r achlstichul tetrachiayidsr e upuritionpeingsedmgted from the grbdp mgns1stmg of boron impurities,

o hae + P CHRERAREAN G2 bl FAE MG, SEARMIEARh B e, SR o s e

form compioemﬁdipbenwtiuonabawnul ecules with i rrpurl ties i n the t echni cal

grade trichl 1 i t.echni r %g nt
the inmpuriti gs m%ﬁ% sglfn éfiqd rocrlﬁi elalger ot Or%%%g’icg A % COB()tFtBat‘fg]%nde
i mpurit ih@sng penEéd nmaummmaarbmelsquland adpstiebnaini dutdatidhe aakin the first column

di phen carba n dded.in t e t.h mount  of .

di Bhen§ SEIII%IC ar o %m ‘g“‘fﬁa 14 {qps; 34 ﬁﬁ'é dfsgjéﬂﬁ’inc gitogsp gierein the first

trichlo ﬂmsllitmnebamﬂsof:ommm neaadlexg iapheit$ | hadiiolk@ildsasdpbarteddomattie NGrst

conpl exd ﬁEL{ &%I{S romol ecules in a first columm distillation,

wher ei n lum distillation results in first distillation

E) ops and fi réistilihg thiel ﬁm Biafilldtioh ttoEsin a/\/@&bfu aonl;lﬂﬁ cﬁétﬂl&ﬁorﬂlegﬁl;lhé a bdﬁﬂnd
ottons .Cc rise compl ex i cronol ecul es, separ at romt he

first dfigsf ﬁ%oﬁt fo8h 4B EDﬁﬁlsﬂha%ﬂnﬁ?f@ms* MhsEs e ﬁ?qog tﬁ%tslkam &pttoms

tops i ncc&nﬁﬁ@wﬁesmhluﬁlﬁbﬂitsdﬂ tricHbioeiTane ediok isN@oh RettRRIBAG dhd b dohpblen

tops and seco& stl |l ation botfons, wherein the second distillation

bot t oms 5¥ ¢ | ZEUPRPRFISURN L o PRASPIOTYS cORtadning CPEPRINES FIESRICSGONIaHRE
tetr aChb&iﬁ]bdiﬁd@Wﬂﬁﬁ%%@dn@ehﬁﬁﬁ&ﬁ éo&xgishﬁ&elﬁa%ﬂ &%%hﬁs' B ilane

phosphorus contai ni ng conpounds, arsenic containing c nmpounds

al uni nuRYTBRAVRE ARFsCo qﬁﬁﬁh‘}ler@@%@%ﬁhlgecon%@amlla@p@t%ﬁmmgglectromc grade

car bosi hﬁ:ﬂ&&ﬂ&ﬁ%%%?ele%&%%&ﬁysﬂ%h%%clﬁ eeof, and the second
distillation tops conprise electronic grade nichlorosilane and/or

el ectronic grade silicon tetrachloride. 12. Thee‘?r ocess of
1

claim 11, the prideagecesyof saimchinghs srasgssqfosthen eommyisingedigdliemehe second
di stil | afdiRioR BbkeHI® it tlrdl mbt{lﬂtlgﬁ %p'slah@tﬂhﬁlndl% Hﬁo@@gﬁ&ﬁg dahthh'g-column
distillation boettons in a third -collum disti atlon e

di sti | | éisiiliaionotheofrisd cbﬁ#@wm hottems eorppiising & slompoedl Selestadt fremgthe gmoup
15




consi sting of phosphorus containing conpounds, arsenic containing
conpounds, al um num conpounds, antinony conpounds, netall oid
conpounds, carbosil ane conpounds, and conbi nations thereof. the third
distillation tops conprising silicon tetrachl oride and/or
trichlorosilane free of dichlorosilanejs 13. The process of
claim1l, wherein the first distillation bottons are at a tenperature
bet ween 38C and 48C for the purification of technical grade

trichl or ggidsane OP%oﬁBﬁ%néﬁﬁgaE@u Arcls] %seﬁxbecoﬂféﬁﬁﬁcl Eethp RO falumi
techni cal grade si'licon tetrachlori e process of c

13, wher eqmpoupds, f ptisnony| §9mp¢tmﬂ$,omet§@olﬁomma¢@dat carbo@m@r@mwpwd@i and
42C for I 0 I §

pur 1 caty b HEReE Bl bk MRl ARE B ks tcioride snor
11, mherEmhbnhémkﬁhspfémMgnmmMWst|IIatlon initially operates with a
total reflux of the first distillation tops such that the inpurities

conpl etely form ﬁ%@&&éﬁqbf@é{ﬁf fy \x}?ﬁ%{noﬁlpk‘?s;f ldlsﬁﬁa‘aon ttomé‘% a}-{ Q%?mpm ture

process of claim® erein thernitia ref ux o
distill abqtmﬁnt%}& and 488y for te pguﬁcatlm ofatechnizakgrad® inichlpwsilane and between HIEC

Process %ﬁ et or(t)l{ n'ﬁE%IPO!II%%F]QCﬁLﬁ’If al es%cr(])nttcgﬁc{ﬂ 5! | mpuri ties

i ncl ude boron rlc orl or ous ‘contai ni'ng conpounds
i ncl ude phosphorous chloride and the arseni ¢ contai ni ng conpounds
i ncl ude ar serffc Tonpweesdef claim 13, whereirthe fipst disiitation Sotmts droritatenperainaiof

12, whergj émﬁ o RRGRBRO! R4S o?%ﬂﬁéunﬁ%gf@ﬁg;}é’bﬂﬁg+%§lé Hgéﬁ%@gg%m%g 5

chlorlde an e arseni c contal nrng conpounds

chl ori de. ‘
15. The process of claim 11, wherein the first column distillation initially operates with a

total reflux of the first distillation tops such that the impurities completely form complex

impurity macromolecules,

16. The process of claim 15, wherein the initial total reflux of the first distillation tops is

carried out for at least 3 houxs.

17. The process as set forth in claim 11, wherein the boron impurities inchude boron
trichloride, the phosphorous containing compounds include phosphorous chloride and the arsenic

containing compounds include arsenic chloride.

18. The process as set forth in claim 12, wherein the phosphorous containing compounds

include phosphorous chloride and the arsenic containing compounds include arsenic chloride.



