1 METHOD FOR BORON DOPING SILICON WAFERS This invention pertains to the field of the
manufacturing of silicon wafers that go into the process of producing semi-conductors and photovoltaic
cells, and in particular to operations for doping siliconl wafers. The object of the invention is a process
for P-type boron doping of silicon using boron trichloride as a precursor, which process is carried out at
reduced pressure. It also has as its gﬁigct a furnace that is desiglrEd to implement said doping process as

well as its application to tHY M&R&P@%B&%ﬁ&%ﬁé’a FAWVEMEERS |1 the process of

developing integrated circuits for electronics as well as solar cells, the production of semi-conductors
rests on technologies based primarily on the inherent modification of the silicon material by doping. The
doping of a material consists in introducing into its matrix atoms of another material. These atoms will be
substituted with cEM&IRTSRAPRRSHARNS AR ohiRsoaea e me o sHicor Baists Hale i insertion
of electron-deficit elements into the silicon mesh results in a material that is considered to be positively
charged, HBRGEWFE PSR IE gHRHHAORHC 195t SRERARIaNP IRl AUt RUBFMY &be.  Doping'is
commonly carried out in a reactor or furnace, subjected to specified pressure and temperature. The
doping elePRERLETH S dpLRE AHiCOI FafRESce in the form of a precursor compound in the vapor state,
where it reacts with one or more reactive gases for producing the doping compound per se that is
deposited and diff feRPife QbPIRGAGREP A TALRETHId HetadPR BPEAR LiRUBh O LIHNRAieBomD the
chamber of the furnace using a carrier gas that has the role of driving it to the surface of the silicon
wafers. Tot%l{ﬂ%%%adﬂff@ffs%r’ which process is carried out at reduced pressure. It also has as its

object a furnace that is designed to implement said doping process as well as its application to
the manufacturing of large boron-doped silicon slices.

In the process of developing integrated circuits for electronics as well as solar cells,
the production of semi-conductors rests on technologies based primarily on the inherent
modification of the silicon material by doping. The doping of a material consists in
introducing into its matrix atoms of another material. These atoms will be substituted with
certain initial atoms and thus will introduce more electrons or create holes. The insertion of
electron-deficit elements into the silicon mesh results in a material that is considered to be
positively charged, hence the P-type doping term. The boron element produces such a doping
type.

Doping is commonly carried out in a reactor or furnace, subjected to specified
pressure and temperature. The doping element is introduced into the furnace in the form of a
precursor compound in the vapor state, where it reacts with one or more reactive gases for
producing the doping compound per se that is deposited and diffuses the doping agent in the
atomic network of the silicon. It is introduced into the chamber of the furnace using a carrier

gas that has the role of driving it to the surface of the silicon wafers. To do this, it is diluted



in the carrier gas by contact with the source of said precursor, the latter being able to be a solid, liquid or
gaseous source. For the industrial production, horizontal or vertical furnaces are used, whose
chamber generally assumes the shape of a cylindrical tube and in which the silicon wafers are arranged
on a substrate made of quartz or silicon carbide. One of the ends of the chamber is equipped with a door
for allowing the introduction of the wafers. The other end is blocked by a stationary terminal wall. The

doping gash the CAFHEregaly£00 s Ykt guss Ot st bRsHEAnIOa LB UL thBSalls of the

chamber, conveniently through the terminal wall. It is known that the operating conditions, in particular
the temperiifel S iRbS3rEQER AL critical parameters of the dynamics of the fluids in a reactor, but
also that they have a decisive influence on the reaction kinetics, with the formed compounds being able to
be greatly differeAPREROIRHEHIHREPHREHOSS MRHARN R parfelsal T HscHSSaR 1o BRGER IR Formation of
compounds that are aggressive toward the reactor or harmful for the operators, and also to limit the
productione6RE@ESgaPre dbtishaprodf ity Wdr cBhiePRAasi0rE B Gt ol PRIRG 8 ¥hamber
and polluting the gaseous effluents. It is imperative that the gaseous circulation be optimum for
obtaining &h8HBSEAKIIAdGSlHEEE PSSRy saide  OaFrah e blerhitle charadRHy #ABIPR reactor
(i.e., a contact of the gaseous mixture with all of the surfaces to be treated) and a unjform deposit over

the entire (4w d8 Hliowiag hrdnedurton /f dusafeir ihhamthskicrdibrPldkre Betursor be

controlled so that the desired compound forms and is deposited correctly, without causing the formation
of undesiraBioRantdermirabets. The depmigis o rudetsanits: Hs ety ot Ees, called "open
tube” because it is carried out in a furnace at atmaspheric pressure, the silicon wafers are introduced into

the 3 furnJEEPARCFHBIYRSY Rinserals il rhyBRer-iRryenvaty shoeeh i 198yeal il temperature

is necessary for ensuring the penetration, by diffusjon of the doping agent in a superficial layer of the
silicon Wafesr/ t1s kno%vn thgt the operating conditions, in particElargthegtemperaturepand the Y

pressure, are critical parameters of the dynamics of the fluids in a reactor, but also that they
have a decisive influence on the reaction kinetics, with the formed compounds being able to
be greatly different according to the choices made. In particular, it is necessary to prevent the
formation of compounds that are aggressive toward the reactor or harmful for the operators,
and also to limit the production of secondary reaction products that come to disturb the doping
quality, fouling the chamber and polluting the gaseous effluents.

It is imperative that the gaseous circulation be optimum for obtaining a homogeneous
wetting of the wafers that are arranged over the entire length of the reactor (i.e., a contact of
the gaseous mixture with all of the surfaces to be treated) and a uniform deposit over the
entire surface of the wafers. Furthermore, it is essential that the oxidation of the precursor be
controlled so that the desired compound forms and is deposited correctly, without causing the
formation of undesirable reaction products.

According to one of the most used doping processes, called “open tube” because it is

carried out in a furnace at atmospheric pressure, the silicon wafers are introduced into the



However, these processes generate significant risks for dissemination of acid in the furnace and the
environment. In the reactive chamber, this presence of acid obtained from the doping agent has
repercussions on the repetitiveness of the treatment 0f wafers and often creates problems of pitting of the
silicon surface by HC1. The possible release of acid vapors into the environment of the furnace leads to
extended maintenance shutdowns and a loss of productivity. Because of a great depletion from one
point to théUadeothbrenghitien piBrsadaschaté sensari NWogivachiyP oW #adel €9O¥taid Bihomogeneous
distribution over all of the wafers, which generates a significant consumption of gas and consequently of
effluents técheeratteads Beeehssey dprisisue plethsrbfartestianrhtigl dfgoion ohifsraapyne aisping dithout
excessively increasing costs, the furnaces have to remain moderate in size, making it necessary to treat
wafers of mingelseidinrensiond¢ladisenaraia.cm?2), and a relatively large space (greater than 5 mm) is to be
provided between each wafer. The number of wafers that can be loaded into the furnace is thus limited to
about 50 units. THIe@YtraiptciPIoaeteer 2P dismtrgabuskiotothd rannitan g B Welleds for solar
cells. More specifically regarding boron doping, attempts have been made to develop doping methods
whose puritBecisaesiridg eavitprsensy bl din seadsie Fornbpgtaiffaressnse RinaduteBinra Ve BES carried
out. However, there are numerous obstacles to overcome. Boric acid mixed with tetra-ethyl-ortho-silicate
(TEOS) is d0BcIRAT Arsd tReEai e Rh tAtFe PR Bt HIEBS A e G ratmsmp gfityafestndditais iron, which
cuts the yields. The conventional 4 BBr3 is a toxic and harmful liquid for the operators as well as for the
equipmentCIBABSRIRIIHICH REHNSS SR tidi episs Whera d v HEIschig gessibledBlaatesod arae Miangsons.
Because of these drawbacks, the producers are seeking a technology that uses a gaseous precursor of
low toxicitynto thBegfeaHfaH Rk ide fgraﬁééé@ﬂﬁsteéfﬁs@gﬁmﬁaﬁ%ﬁé@@ thiddeynrandentost Rhs been
abandoned, however, because of the difficulty in controlling its reactivity. On this subject, it is possible to
mention tf@%\@h‘ﬂb’s 4 381 213 that describes a method for boron doping of silicon wafers by BC13, the
latter requiring numerous stages. An oxide layer of 50 Angstroms is first formed for protecting the surface
of the wafers frorP&GYre it dlsPls HoRHEUmNFRRifib P dhers Harid ko rpBbsE HasastsiRiRing stages.
Then, a gaseous composition that contains the boric precursor is introduced into the reactor at the same
time as an'®RRIERGGEs2 tHehWHNE AR AP R ARRIMASSBF A E SitdedopR i [t iBevedRr®. 7 Pa and
66.5 Pa for forming a layer of a boron-containing compound on the wafers. Finally, a heating stage
causes a ré8iSHHBRRFGAEY bYEHGARtEOMEBIRIRARS 23 1 coarsavarinebeldinatadplis raledver, it still
remains to achieve the re-oxidation of the boron-containing layer so that it can be eliminated without
damaging BeeatrraE it drlchorrior oblipingia SpstoaHRER oL daringptdthey iféresd¥ciile spacing

between the wafers or to increase the gaseous flow rate, which is not satisfactory as it was explained
above. increasing costs, the furnaces have to remain moderate in size, making it necessary to treat

wafers of modest dimensions (less than 10 cm?), and a relatively large space (greater than 5
mm) is to be provided between each wafer. The number of wafers that can be loaded into the
furnace is thus limited to about 50 units. This constraint is particularly disadvantageous for
the manufacturing of wafers for solar cells.

More specifically regarding boron doping, attempts have been made to develop doping
methods whose purpose is to remedy these problems. Tests for using different boron sources
have been carried out. However, there are numerous obstacles to overcome. Boric acid
mixed with tetra-ethyl-ortho-silicate (TEOS) is to be eliminated because, even with the

maximum degree of purity, it still contains iron, which cuts the yields. The conventional



Other approaches have resorted to treatment under low pressure, but these technologies are very
restrictive in their use. Still others have been turned toward the use of very different technologies, such as
ion implantation, with very cumbersome economical and industrial characteristics that are unsuitable for
the applications targeted here. 5 Thus, there is a need that has been expressed for numerous years
and not met until today of using a technology that makes it possible to implement a doping of silicon by

boron that?SFofhbiEriestd haprodliarid ok dhrenBRICETE WRIEASHRIKES RAYTRSHIE tDHEEH one cycle

more than 100 wafers of large size, with a moderate consumption of gas. This invention has as its
objective /&SR thaBBMME Mk disharest s sHES By PropBeryss A Sfocess for
doping silicon by boron. The proposed process offers the advantage of operating at reduced pressure,
i.e., at a prEasiknate RIGHUSFRGEFHEFENS it (FARRASY, (hah1Sei BB HRISSHIEE B I cesses that
arise from the technologies of LPCVD (for Low Pressure Chemical Vapor Deposition) that are on the
order of sé%}%iﬂ‘)ascals. The operating conditions that are defined make it possible to use boron
trichloride BC13 (also called trichloroborane), a gas that is considered as having a reactivity that is difficult
to control as a preCORMBE LHRNSAFTIB R RS RIS RrareHIEHD b s i el BYn gt B5s8e particular
operating conditions, it is possible from now on.to carry out boron doping. using a precursor gas that offers
the advanfRjamnsdinty skt O Ak Ao G 1 F AL Lo AR YaVAR LSS BPIR: Sroposed
process rests on_a tight mixture of gases in a certain aorder, which promotes a uniform deposition over all
of the Wafé?sP.OT’ﬂBlf)g‘?fﬁ’r?ﬁﬂﬂ‘&éhfé%ﬁgnfhg§ achitvdd BRLAE R pousiBafy FrRARYPHiE the doping of
wafers of large size and in large quantities, which are usable in particular for the manufacturing of
photovoltaf CaMVHRR A% BldelBRd HiEtremy iR IRE S afdacsaret, VoftisRsor o0 PR HARS industrial

constraints for carrying qut the oxidation of the precursor and the deposition and then the diffusion of
boron in tHe %fﬁI:B‘H‘i‘é‘i%e?"én@%%%%?&é&ea%féﬁ?rﬁﬁ%ﬁfe‘ﬁ’ﬁfﬁrﬁ A% 6&%{95818&HbOE')‘F‘EF?e??Fé‘é‘i%gBOvafers.

reaction of the boric compound in the following stages. Then, a gaseous composition that
contains the boric precursor is introduced into the reactor at the same time as an oxidizing gas,
the whole mixture reacting under a controlled vacuum of between 6.7 Pa and 66.5 Pa for
forming a layer of a boron-containing compound on the wafers. Finally, a heating stage
causes a redistribution of boron and its incorporation in the wafers at the desired depth.
However, it still remains to achieve the re-oxidation of the boron-containing layer so that it
can be eliminated without damaging the surface of the wafers.

Certain approaches have attempted to increase the spacing between the wafers or to
increase the gaseous flow rate, which is not satisfactory as it was explained above.
Other approaches have resorted to treatment under low pressure, but these technologies are
very restrictive in their use. Still others have been turned toward the use of very different
technologies, such as ion implantation, with very cumbersome economical and industrial

characteristics that are unsuitable for the applications targeted here.



6 Thus, this invention has as its object a process for boron doping of silicon wafers that are placed on
a substrate in the chamber of a furnace of which one_end comprises a wall in which means for introducing
reactive gases and a carrier gas of a boron precurso? in gaseous form are located, whereby said process
comprises the stages that consist in: a) - In the chamber, reacting the reactive gases with boron
trichloride BC13 that is diluted in the carrier gas at a pressure of between 1 kPa and 30 kPa, and a
temperature of beie ETOEHGY HIO BASEPIBIMRIGACH RN RIRRe A5 8rg Kk 14y Bt untd) - Carrying
out the diffusion of atomic boron in silicon under an N2 02 atmosphere at a pressure of between 1 kPa
and 30 kPEday of paipgdricsanglegibat SuakRsd bl SuNAY ot SRiftE STHESHRHBBPE commonly
horizontal cylindrical tube, provided with a chamber that is hermetically sealed bgha door and into which

wafers arditisdinRescrrauAsREIbsiNs oy Higble ranthdtishgnakse d irresthls EnLRAER ORter perfectly

controlled flow and pressure conditions for accomplishing the stages referred to above. The extraction of
gases is eRStifel By SRR dBtiBALTDINE et inViHR AWANNS e RISKIBPUIPRE bisning of this pipe is
located at the end that is opposite to the gas injection pipes, preferably on the left side. Heating means
that consist of, fo?%%dﬁ?’ﬁfé@‘g}é}ﬂ?iﬁ%ft?e%gﬁ%é’%% LR R eER s i ieRst by els APSELAFrom the
latter or else touching it. The furnace is provided with gas extraction means, comprising suction
means thaf i 8EMeRIBRCHINAA BB PEOSTSH L IESAB R H RO Rontributing to creating a constant
and controlled partial vacuum in the chamber. This suction makes it possible to direct and to maintain the

speed of the gasaS FrPIRBAARA RIS VI SIS ANYAP S QT ARTAHRE AHERES IREFETHEF ‘<o 45 o favorably

shift any chemical balances during reactions, These gas 7 .
pressure that 1s sub-atmospheric, but, however, very superior to pressures of processes that

arise from the technologies of LPCVD (for Low Pressure Chemical Vapor Deposition) that
are on the order of several pascals. The operating conditions that are defined make it possible
to use boron trichloride BCls (also called trichloroborane), a gas that is considered as having a
reactivity that is difficult to control as a precursor compound of the doping element. Owing to
the development of these particular operating conditions, it is possible from now on to carry
out boron doping using a precursor gas that offers the advantage of being relatively easy to
manipulate for the users. Another advantage of the proposed process rests on a tight mixture
of gases in a certain order, which promotes a uniform deposition over all of the wafers. The
performance levels thus achieved open up the possibility of carrying out the doping of wafers
of large size and in large quantities, which are usable in particular for the manufacturing of
photovoltaic cells, with an excellent yield and under unequaled safety conditions.

The other industrial constraints for carrying out the oxidation of the precursor and the
deposition and then the diffusion of boron in the silicon layer are observed and culminate in a

high-quality doping of the treated wafers.



extraction means have as an essential component a membrane pump whose elements in contact with the
gases consist of a perfluorinated polymer compound, In the same way, all of the elements in contact with
the reactive gases are made of perfluorinated polymgr, quartz or silicon carbide. According to the
process, in a first step, the decomposition of the boron precursor produces an oxide compound B203 that
is deposited in the form of glass on the silicon of the wafers, and, in a second step, there is diffusion of
boron atoms in thEPftidBiF ANEFISER AdAERABIT SR Qe B RatRB A RIASHRIIRE OB HErERy B stage
carries out the doping of silicon per se. These two stages are conducted at so-called sub-atmospheric
pressure 180&R%Ad e SBRIBALRIR WiRNAERRATQY BB nilahitBromfecerbetiRbEt R YAl vacuum,
unlike tools and processes used in low-pressure technologies such as LPCVD and in atmospheric
technologi¥&ich megpser (RIFEEUEE HFIATS HeBRIFSHEN, T8 FEA L HASOE ML REF $8THRE 1§88t react with
the precursor gas (excluding the precursor gas itself). Typically, for the sake of clarity and although other
gases canBELES 9&4@%&3}%@@&@&%%@@%@ f HaSSR YRR EShiirogen, with the carrier gas

being nitrogen. The carrier gas can be introduced into the chamber whether or not it contains the
precursor gas, acPordiidho thmiiel&eaf e Prosdite gorssusihRaien Wihlwidsdtlathtise context

does not make it obvious. The primary characteristics of the chemical reactjons in question and in

particular HEHFIARHRS FAVE S8 ATEUTRSHEG Bl Ry tseRd khty IR sRAIE R 3 RRRSERRA. Soc.: Solid

State Science and Technolo%, Jan 1976, pp. 133 to 136. 8 It is also emphasized that the physical
re,

values (tePidieaRY%bfednad bl Mbl tatorating alkoprBndisls ByQe@ashiy/ss normal temperature and

pressure conditions. According to one particular embodiment of the invention, in stage b), the
pressure in the cRamdet iy haREdherdiioad domEPaspmhesdsan sedsisaN¥nd 900 mbar). Thus,
during this second phase of the process, it is possible either to maintain a pressure that is identical to the
one of the AFAPHNSER BB RseYERSEhEIPiEsE dedireio’ ddderate the diffusion of the doping agent in the

silicon network, without hampering the desired quality of the final product.
The process 1s carried out in a furnace, assuming, for example, the shape of a

commonly horizontal cylindrical tube, provided with a chamber that is hermetically sealed by
a door and into which wafers are introduced. The furnace comprises pipes for injecting gases
into the chamber under perfectly controlled flow and pressure conditions for accomplishing
the stages referred to above. The extraction of gases is ensured by an additional pipe located
in the wall of the reactor. The opening of this pipe is located at the end that is opposite to the
gas injection pipes, preferably on the left side. Heating means that consist of, for example,
electrical resistors are distributed around the chamber, separated from the latter or else
touching it.

The furnace is provided with gas extraction means, comprising suction means that are
connected to the above-mentioned evacuation pipe, contributing to creating a constant and
controlled partial vacuum in the chamber. This suction makes it possible to direct and to
maintain the speed of the gases in the chamber while constantly evacuating the effluents

therefrom so as to favorably shift any chemical balances during reactions. These gas



According to one preferred characteristic of the process that is the object of the invention, during stages
a) and b), the temperature in the zone of the chambej in the vicinity of the wafers is between 900C and
1000C. The object of interest here is specifically the treatment zone, i.e., the zone of the furnace where
the wafers are placed during the cycle and where the deposition of the precursor occurs, with the other
segments of the furnace being able to be regulated in temperature in a different manner, as will be seen
later.  IRGHEIRNARERIABUE BMBSARTEHY SPERRORGOEATFIARTERSJR B tHROBBFAHIFRIIBYde is provided
in the chamber at a rate of 20 cm3/minute to 100 cm3/minute. It is preferably introduced into the chamber
with a flowPiadhat hebregiitscappib ahiRer uiingisdpal BrenedBarrat drihe Mpetdodh.  As
already indicated, boron trichloride is distributed using a carrier gas, the one being a neutral gas, for
example niOBEMERaIGGNIACAY (TR dsH B 6855 ApRafed RS IHETHIIEORILERS CBIAEDY very large.
Thus, according to the invention, the boron trichloride is diluted in the carrier gas at a concentration of
between 3%1%%@54%1%y volume. 9 According to another advantageous characteristic of the process
that is the object of the invention, the total gaseous flow rate in the. chamber is less than 5 liters per
minute.  AccofdfigBng AhRRES UL _UshEteRidhe detARRREEeaoHAE RYIRD BEEESS the invention,
the reactive gases and the carrier gas of boron dichloride are introduced into a free zone that is located in
the sectioPEIHRS THAMBET BURPEERt R Qnthah 4l dargstie! d Rfionmohearpatomlinousidisne wafers,
where they are mixed before flushing and wetting said wafers, with the free zone advantageously
occupying {H55%5 8O 3 ORGP0 HIFRE Sk ERa AbReron alRpys, g sitisamaitd Bt ases is done ex
situ, i.e., before_their injection into the chamber, the reactions are difficult to control because of the high
reactivity JPEE EBHPLUNES SHOE R IXE AR ReN S BRE SABLER YO HE SPriBa&lel of the
wafers, the homogeneity of the doping is very poor, and reproducibility is uncertain. The deposition of
oxide is satSF9&BR’ Sihen the mixing of reactive gases with the precursor is done in situ, i.e., in the very
chamber, at the leyel of the free space that is lacking wafers, provided for this purpose. This free volume
thus appeared n §éwoa%$8ﬂ§ﬁu%d%q%%mﬂ§ﬂlﬁaﬁ '%‘Bﬁﬁ?gfﬁfaﬂﬁ?&uﬁé%ﬁlm‘(ﬁ%ﬁerem
gases that have t% reac#toqeth%{ SQ as, to carry out the deposition of bo_rqn oxide. Pr .feratl)xlﬁ, for reasons
of implem&RTARYEY g PSRN E Y IBRATO BRYHY L& TRUIGE ShPSREEHA' (s eHE- SIS A9 Ace that is

rovided with the door. , : . .
P and processes used in low-pressure technologies such as LPCVD and in atmospheric

technologies.

For the purposes of this description, the reactive gases refer to the gases that react with
the precursor gas (excluding the precursor gas itself). Typically, for the sake of clarity and
although other gases can be used, the reactive gases mentioned here will be oxygen and
hydrogen, with the carrier gas being nitrogen. The carrier gas can be introduced into the
chamber whether or not it contains the precursor gas, according to the stage of the process in
question, which will be specified if the context does not make it obvious. The primary
characteristics of the chemical reactions in question and in particular their kinetics have been
published by V. Geiss and E. Froschle in J. Electrochem. Soc.: Solid State Science and

Technology, Jan 1976, pp. 133 to 136.



According to another advantageous characteristic of the process according to the invention, during stage
a), the temperature in the free zone of the chamber ig less than 5% to 15%, preferably approximately
10%, than the temperature of the treatment zone. The heating means of the chamber that are used here
consist of, in a known manner, several independent elements that make possible the embodiment of an
adaptable and controllable longitudinal thermal profile. One of these elements is placed at the free zone
and is controlled Thia 26 SBIPARsHE EIh G PR R o RIS Ca RERTEH Ee DR GPeSIT this free
zone than in the treatment zone of the chamber. In an advantageous manner, in the process
according ¥°tATS YiflrehRibFEIfenga de 8 aHARFEHBPHRRR ANSFBELTYGF SPBBNYBEN and hydrogen, the carrier
gas is nitrogen, and each of said gases is introduced into the chamber by a separate pipe. It goes without
saying that the caMiet g L I8BHRH UntaprarbreyPeRiftidnaieninteit, YA bR YE IR d by itself
during operations related to the treatment itself. Thus, contrary to other techniques, the reactive gases
and the pritUFABIBFEARRIBHASY dodhe s, WXkBadaseasieare! pjhas dubaP9mhathd ihtsract only starting
from the time when they enter the chamber at a given temperature. The mixing is all the more effective as
it can be dOHEBER STERhNg el iR Erechisa L She st fssBer AR drfiBlaif Preis st e advantage of
homogenizing the N2-BC13 and H2 mixture before initiating the chemical reactions that lead to the
oxidation dfitPtia!de s immnobiind peiior! ridHESPASEHIE dedbtditp Atssttsriedherditbitg reaction
kinetics that take place only in the chamber. According to a preferred characteristic of the process that
is the objett BretHRRIRARIN HHBAIHFOY Sl ST W i agare i e St iR I:‘PFa?’gS’ég with the
boric precursar are introduced into the free zone of the chamber in the vicinity of the end wall, and the
oxygen is Riediced in the vicinity of the treatment zone. Thus, the precursor gas that is diluted in the
carrier gas and hydrogen are mixed before reacting with oxygen, in the vicinity of the hottest zone, as
close as possible16E L RiBARUELHTEd RS SHHS ST Btrinarms ibatis e sBieat8lddScuated by an

extraction pipe whose opening opens gpposite the end wall, with said pipe being connected to a suction
S0 h
g

unit that i Sl]éwBBléudngas%lse% q;ml céfmaperature in the zone of the chambeT 1n the vicinity

of the wafers is between 900°C and 1000°C. The object of interest here is specifically the
treatment zone, i.e., the zone of the furnace where the wafers are placed during the cycle and
where the deposition of the precursor occurs, with the other segments of the furnace being
able to be regulated in temperature in a different manner, as will be seen later.

In one advantageous embodiment of this invention in stage a), the boron trichloride is
provided in the chamber at a rate of 20 cm’/minute to 100 cm’/minute. It is preferably
introduced into the chamber with a flow rate that represents approximately one quarter of the
flow rate of the injected oxygen.

As already indicated, boron trichloride is distributed using a carrier gas, the one being
a neutral gas, for example nitrogen or argon. In an unexpected way, it appeared that the
dilution factor could be very large. Thus, according to the invention, the boron trichloride is

diluted in the carrier gas at a concentration of between 3% and 95% by volume.



11 and controlling the pressure that prevails in the chamber. The reaction kinetics appeared improved by
this device. According to a particular embodiment of this invention, in stage a), the gases are introduced
into the chamber in the following volumetric proportions: Carrier gas + precursor of boron: 55% to 80%,
Hydrogen: 0.5% to 15%, Oxygen: 15% to 30%.

According to another advantageous characteristic of the process that is the object of
the invention, the total gaseous flow rate in the chamber is less than 5 liters per minute.

According to an advantageous characteristic of the process that is the object of the
invention, the reactive gases and the carrier gas of boron dichloride are introduced into a free
zone that is located in the section of the chamber between the end wall and the treatment zone
that accommodates the wafers, where they are mixed before flushing and wetting said wafers,
with the free zone advantageously occupying 10% to 20% of the total volume of the chamber.

Actually, if the mixing of gases is done ex situ, i.e., before their injection into the
chamber, the reactions are difficult to control because of the high reactivity of the compounds
involved. In contrast, when the mixing of gases is done at the level of the wafers, the
homogeneity of the doping is very poor, and reproducibility is uncertain. The deposition of
oxide is satisfactory when the mixing of reactive gases with the precursor is done in situ, i.e.,
in the very chamber, at the level of the free space that is lacking wafers, provided for this
purpose. This free volume thus appeared necessary and adequate for carrying out in an
optimal manner the mixing of different gases that have to react together so as to carry out the
deposition of boron oxide. Preferably, for reasons of implementation, this free zone is located
on the side that is opposite to the end of the furnace that is provided with the door.

According to another advantageous characteristic of the process according to the
invention, during stage a), the temperature in the free zone of the chamber is less than 5% to
15%, preferably approximately 10%, than the temperature of the treatment zone. The heating
means of the chamber that are used here consist of, in a known manner, several independent
elements that make possible the embodiment of an adaptable and controllable longitudinal

thermal profile. One of these elements is placed at the free zone and is controlled in a



These particular proportions illustrate a combination of possible values from among others for producing a
boron-doped silicon layer, meeting the requirements of homogeneity and uniformity. For example, it is
possible to use 1/4 oxygen, 1/8 hydrogen and 5/8 ca}r$ier gas + precursor. It also appeared, in an
unexpected manner, that a small quantity of hydrogen was sufficient for an entirely satisfactory
implementation of the process. In addition, in an advantageous manner, the process according to the
invention CSRY5HIEERMAEHESBFECUMYASHRRDEINLINE WRIBRCHE BpIY tin d PR renfcteR B e reactive
gases and the carrier gas - namely flow rates, pressure, fluxes, and temperatures - are stabilized. During
this stage, WFRIEIFH LM Plithashad@iigral tens of seconds), a superficial moist oxidation of silicon occurs,
which prevents the undesirable formation of compounds such as SiyBx during the contact of the
precursor and silitbf! $HEHAEP VPP IS TolhiBe my%%&&?&ﬁ%*%@ﬁmwgmo@s&am B8t the
production of the process according to the invention, one skilled in the art will set the deposition time of
the precur&SICENA RGBT BF oBnopa8er B FesliRg Lo thtaH rads brubiheshtiibidt teibping
element and the depth of penetration in the silicon. For 12 example, stage a) for deposition of a boron
oxide B20845fdS 1ayar st B SR d iy sapprisinetell S%Sé’dﬁgﬁthé& O SEAGEB) for
diffusion of atomic boron can last from approximately 10 to 30 minutes. At the level of the industrial
operation, At H o MEhmRARca TR G R parabahi cBavRRssed Oy b1l S Wigs
reproducibility, including following restarts after shutdowns. No excess (overdose) of doping agents nor
any memct)EHEs IebedhoBsdne]. fsclomparison with the atmospheric technologies or LPCVD,
the peripheral property is satisfactory; the frequency of cleaning is greatly reduced. As a result,
maintenance times &te SIYHREAN ISR sTBRKY R e sarahg NthE OPEAIRY 0oLk 4rping
proportionately reduced. The process claimed here can advantageously he implemented in a furnace
whose gerd8FN G281 E O RECrHIS IS ERYUA R ang S FEh RIS Giag 1 BmﬁEeJHBSr“flé?ihced
pressure, in particular relative to the means for producing partial vacuum by a memprane pump and the
monitoringﬁé%ePé&f?%"tiSIPFHfb[?ﬁéi“paaﬁi‘é‘f%FéﬁB‘?{ﬁt%{FchT RE D% LS b TR HE PR USBllcation FR 2

824 663 but comprising suitable characteristics able o satjsfy the partjcular featyres of boron doping
under the CORGRDAS S ARHMEBE e RO A A BoTH dBPnG B silion waers placed

R e R SR R gy e v o
oo, e SRS PR bl e ompris e o eseiung
for receiving the spbstate of e walers, whereby. seid fiep 2cjie QGsumies g, 10% to 20% of the toal
According to a preferred characteristic of the process that is the object of the

invention, the hydrogen and the carrier gas that may or may not be charged with the boric

precursor are introduced into the free zone of the chamber in the vicinity of the end wall, and

the oxygen is introduced in the vicinity of the treatment zone. Thus, the precursor gas that is

diluted in the carrier gas and hydrogen are mixed before reacting with oxygen, in the vicinity

of the hottest zone, as close as possible to the location occupied by the wafers. Furthermore,

the gases are evacuated by an extraction pipe whose opening opens opposite the end wall,

with said pipe being connected to a suction unit that is equipped with a system for regulating



13 The furnace that is the object of the invention is advantageously equipped with means for heating
the chamber that consist of several independent elements that make possible the embodiment of an
adaptable and controllable longitudinal thermal profile, at least one of these elements being dedicated to
specific heating of the free zone. In an optimal manner, five elements are placed along the wall of the
chamber, each one b,eing?equipped with sensors and means for regulating the temperature in the

correspon@ilCeBHMERE Samechiia At PRy AR dRdRnTdATNEveits treippsiietitse'BPEREtal differences

along the treatment zone of the furnace, in particular at the level of the door, while making it possible, as
is desired HEPEOYEBY S Hs¥itémperature at the end of the chamber.  According to a preferred
characteristic of the invention, said furnace comprises two separate pipes: one for introducing a first
reactive gas, for EXERTBIEHIRIFRIERCHURTIREUHHRINOP i HIGRGOMMe L EASErge ] #AEBAFEN precursor),
the latter emptying into the free zone in the vicinity of the end wall, and a pipe for introducing a second
reactive gArRINESAHINEIODHBREE MY MNNG YIRS B tROBRUL ANt zone. It also comprises a gas
extraction pipe of which the opening opens opposite the end wall, with said pipe being connected to a

suction unit equippe& WHATLLY &BFRAYPPEERRG ard /A8 fing the pressure that prevails in the
chamber. The process that was just described meets the requirements of quality and effectiveness
desired by the produddredo i giifdn Grafers. In particular, this technology is compatible with a
number of pieces of equipment used to date. It ensures an excellent uniformity of treatment over the
entire surface of the Q&N Water” 4 ¥%h wafer of the same batch (lot of wafers charged on the
substrate), as well as from batch to batch. It also makes 14 possible the treatment of wafers without size
limitation, which constitutes a certain advantage, in particular for the photovoltaic applications.

These particular proportions illustrate a combination of possible values from among
others for producing a boron-doped silicon layer, meeting the requirements of homogeneity
and uniformity. For example, it is possible to use 1/4 oxygen, 1/8 hydrogen and 5/8 carrier
gas + precursor. It also appeared, in an unexpected manner, that a small quantity of hydrogen
was sufficient for an entirely satisfactory implementation of the process.

In addition, in an advantageous manner, the process according to the invention
comprises a stage preceding stage a), during which the operating parameters of the reactive
gases and the carrier gas - namely flow rates, pressure, fluxes, and temperatures - are
stabilized. During this stage, which is short (it lasts several tens of seconds), a superficial
moist oxidation of silicon occurs, which prevents the undesirable formation of compounds
such as SiyBx during the contact of the precursor and silicon. The water vapor is formed by
reaction of oxygen with hydrogen.

For the production of the process according to the invention, one skilled in the art will
set the deposition time of the precursor and diffusion of boron based on results sought in

terms of concentration of the doping element and the depth of penetration in the silicon. For



This is why the application of the process as described above to the creation of P-type junctions on silicon
slices with a surface area that ranges from 50 cm2 tg 700 cm2 is also an object of this invention. Round
or square, boron-doped silicon slices, whose surfac %rea corresponds to that of the wafers with current
conventional dimensions, are obtained. The technology that is described here also offers the
advantage of allowing the finer manufacturing of doped conductive plates that therefore consume less
silicon. The*applleatisrecP s frBestornasahoserdsdde e Qrartaet! Pt e SQBHBA ST $5788-doped
silicon slices, with a thickness of between 100 m and 150 m. The combination of a larger size and a

smaller thiBRHOS&eahE b oh-BopeassARbOHpRites MdRedifisianel plaiic RMYSERABI f6PTheir use in

the field of the manufacturing of photovoltaic cells. It allows in particular the manufacturing of
semi-condtRRIPS iBHateY dihtcdhEiRESEss silicon, which is decisive in a context of irregular supplies of
raw materials. The inventive process actually finds its application for the production of type P junctions
on lots of one or S¥VBFAFKERIrEY ShsusiiahcBessinac e BrPdTe R Sub AR lsschRef A that is less than or
equal to 5 mm. Actually, the performance levels achieved by this process are such that it becomes
possible td’?ﬁé‘étl]é“i%’rﬁgfer%‘ﬁfﬂa'é‘?céflw&fé%f‘iﬁs SISBFRGRMb e AR R Ve FE SRR EGEN if they
are arranged with a small spacing between them. This represents an undisputable industrial asset.

This inventiBH48 RIS SEHESIBMIAGTR) tl I HsAsIKHhERt mem@rﬁe%&‘&ﬁﬁ)émﬁa@actunng of
photovoltaic cells or any other, requiring a P boron doping, with a high 15 productivity, and makes
possible irPBriEthal e R RIAR SPHHBEPQFB%TS%RQ%‘%?&%%PCV BRI process as

described can advantageously be aErpIied to the &roduction of boron-doped silicon slices designed for the

manufact RGO SHVSHEAR bl oM et T RARgradEcdii¥sAdyced. As aresult,

maintenance times are significantly shortened, and more generally, the operating costs are
proportionately reduced.

The process claimed here can advantageously be implemented in a furnace whose
general model is that of the furnaces used in related technologies for doping under reduced
pressure, in particular relative to the means for producing partial vacuum by a membrane
pump and the monitoring and regulation of this partial vacuum, such as the one described in
the patent application FR 2 824 663 but comprising suitable characteristics able to satisfy the
particular features of boron doping under the conditions specified above.

This is why a furnace for boron doping of silicon wafers placed on a substrate,
comprising a chamber of which one end comprises a wall in which means are provided for
introducing reactive gases and a carrier gas of a boron precursor in gaseous form, is also an
object of this invention, with said furnace being characterized in that the chamber comprises a
zone for receiving the substrate of wafers, said treatment zone, and a free zone located
between said end wall and said zone for receiving the substrate of the wafers, whereby said

free zone occupies from 10% to 20% of the total volume of the chamber.



Other advantages and characteristics of the invention will emerge from reading the description below of
an embodiment given by way of nonlimiting example. EXAMPLE 1 Figure 1 exhibits a diagrammatic
cutaway view of a furnace according to the inventior}?or the treatment of silicon wafers. The furnace
according to Figure 1 is equipped with an airtight chamber 3 combined with heating means 9, into which
the silicon wafers 1, placed on the substrate 2 and having to undergo the treatment, are introduced. The
chamber 3, of cyitiirdanasaiba is erhirt afy s muenipRdsabiansyary S aarRR e HEIHI 4 and by
the door 13 that is protected by an opaque quartz thermal plug 14 with a diameter that is slightly less than
that of the fRIJ¥2TRE BrhBPTUIRAISaS thelteutmbdsarrisnastr i dRa Gk B PetiPlfdRers 1 are
arranged in the chamber 3 of the furnace in a manner that is transverse to the direction of flow of the

gases. cmnodEsm gimeadars s pateravsliableiengitidival BerpabReS MdrasbadeAt fsgfents

9a-9e, making possible the creation of a suitable and controllable longitudinal thermal profile. The
segment FaGRIAE ReiRgfYsdied 1S TReIBRARAIIAR & the Hree2ofie B 2 ORHBH IR0 rises the three
pipes 10, 11, 12 for introduction ofﬁg%ses into the chamber 3 and the gaseous effluent extraction pipe 15,

which is c6HREIERES Bieedatrgre W e tfidhe fasrbemicasdinga der8 ¢ iRRsd iR s P HSARYurnace in

a moderate zone, The 16, , , ,
means for regulating the temperature in the corresponding segment of the furnace. This

arrangement prevents the appearance of thermal differences along the treatment zone of the
furnace, in particular at the level of the door, while making it possible, as is desired here, to
reduce the temperature at the end of the chamber.

According to a preferred characteristic of the invention, said furnace comprises two
separate pipes: one for introducing a first reactive gas, for example hydrogen, and the other
for introducing the carrier gas (and boron precursor), the latter emptying into the free zone in
the vicinity of the end wall, and a pipe for introducing a second reactive gas, for example,
oxygen, emptying in the vicinity of the treatment zone. It also comprises a gas extraction pipe
of which the opening opens opposite the end wall, with said pipe being connected to a suction
unit equipped with a system for regulating and monitoring the pressure that prevails in the
chamber.

The process that was just described meets the requirements of quality and
effectiveness desired by the producers of doped silicon wafers. In particular, this technology
is compatible with a number of pieces of equipment used to date. It ensures an excellent
uniformity of treatment over the entire surface of the same wafer, on each wafer of the same

batch (lot of wafers charged on the substrate), as well as from batch to batch. It also makes



suction unit 16 comprises a flow-back suction pump, advantageously of the membrane type, produced, at
least for its elements in contact with the gases, from a material that can withstand corrosion, for example
based on a perfluorinated polymer such as polytetra} uoroethylene (PTFE) or perfluoroalkoxy (PFA),
better known under the generic trade name of TEFLON. The suction unit 16 also comprises elements for
monitoring and regulating the partial vacuum in the chamber of the furnace. The pipes 10, 11, 12 for
introducind G4Ye At AR AbYAEESRITRRIN tHE S arans W actn Sile ey SHRAM8 1S ree zone
6. The gas extraction pipe 15 also passes through the terminal wall 4, but it originates at the opposite end
of the chah‘?ki&r.“?ﬂléﬁ‘igg‘i ihpeheiortkici2erlpHgen in the vicinity of the wall 4, and the second pipe 12
introduces the mixture N2-BC13 also in the vicinity of the wall 4 for preventing the expected cracking of
the H2, N2-HC13TRikdanshyr e sRRd 93 pRoldlied¥ sty ah drterthied dbantbier BC srRatopaldriyigs into the
chamber 3 at the treatment zone 5, close to the location occupied by the substrate 2 of the wafers 1.
EXAMPLEWCORs{E slishiptlicfsstiibasyridraarrthidines bpa 3 s dAlsters Hy%Barticular
embodiment of the boron doping process according to the invention. . The treatment is done in a
furnace asPBISSERbEY MR HPacEQIRY kst PREOR D IRl sHrgellRith SHHESIEH wafers with a
150 mm diameter and is placed in the treatment zone 5 of the chamber. 3. The door 13 is hermetically

sealed, antPIFSNGHG alideler akas Wibb SUBFO L6 YRS AL imaRY aBinperabiaiedt-o60C for the

treatment zone 5 and 17 880C in the free zone 6. At the end of several minutes, the reactive gases are

allowed into the chmBIRIPEYbbil At dhhretsilse aigHdhe ahaprssailievaedhahngsa.

manufacturing of doped conductive plates that therefore consume less silicon. The application
of the process described above is claimed for the production of boron-doped silicon slices,
with a thickness of between 100 um and 150 pum. The combination of a larger size and a
smaller thickness of the boron-doped silicon plates makes the latter particularly suitable for
their use in the field of the manufacturing of photovoltaic cells. It allows in particular the
manufacturing of semi-conductive plates that consume less silicon, which is decisive in a
context of irregular supplies of raw materials.

The inventive process actually finds its application for the production of type P
junctions on lots of one or several hundred silicon slice(s) placed on their substrate at an
interval that is less than or equal to 5 mm. Actually, the performance levels achieved by this
process are such that it becomes possible to treat a large number of wafers in a homogeneous
manner and in a single cycle even if they are arranged with a small spacing between them.
This represents an undisputable industrial asset.

This invention is finally applicable for any technical development in the field of the

manufacturing of photovoltaic cells or any other, requiring a P boron doping, with a high



The carrier gas is nitrogen; the boron precursor is gaseous boron trichloride BC13. The reactive
gases are oxygen and hydrogen. The injection takes 15 minutes, with a total flow rate on the order of 5
liters of gas per minute in the following proportions: é 13: 1 vol/minute, 02:4 vol/minute, N2 and H2:
volumetric addition. The active gas BC13 is initially mixed with nitrogen in strict proportions due to the
use of a mass-flow monitoring device. The pressure of this mixture is adjusted and controlled to

approximaREN B Wnidihnakes Ropaibls iRAInLea iR BaNVRER NS akbiksiahahpie PR for introducing

gases ensures the pressure drop that is necessary for obtaining the desired pressure in the chamber of
the reactoP!#{fthe same way, the composition and the flow rates and pressures of hydrogen and oxygen
are strictly adjusted and controlled. At the end of this stage, a layer of boron oxide B203 is deposited on
the surface of the'sAEEEion. theRrefftisisilpiradedsciner tuHagrasd yhesortifLie mnrmdvsioting
manner: the temperature is kept at 960C, and the pressure is hrought to 250 mbar for a better heat
exchange Sn¥fiTRg ARFHiRHAAR SHFES Hiperasdriy BrrHBrcRr R aiRIBRATRY Jftfe BiifUEH. The flow rate
of nitrogen and oxygen is kept at the same level as in the preceding stage. At the end of the complete

treatment BYCRIWECHa#Edeie88 N for different

Other advantages and characteristics of the invention will emerge from reading the
description below of an embodiment given by way of nonlimiting example.
EXAMPLE 1

Figure 1 exhibits a diagrammatic cutaway view of a furnace according to the invention
for the treatment of silicon wafers.

The furnace according to Figure 1 is equipped with an airtight chamber 3 combined
with heating means 9, into which the silicon wafers 1, placed on the substrate 2 and having to
undergo the treatment, are introduced. The chamber 3, of cylindrical shape, is hermetically
sealed at its ends by the stationary terminal wall 4 and by the door 13 that is protected by an
opaque quartz thermal plug 14 with a diameter that is slightly less than that of the tube. The
chamber comprises the treatment zone 5 and the free zone 6. The wafers 1 are arranged in the
chamber 3 of the furnace in a manner that is transverse to the direction of flow of the gases.

The heating means 9, installed around the chamber 3, consist of 5 independent
segments 9a-9e, making possible the creation of a suitable and controllable longitudinal
thermal profile. The segment 9e of the heating device is perpendicular to the free zone 6.

The furnace comprises the three pipes 10, 11, 12 for introduction of gases into the
chamber 3 and the gaseous effluent extraction pipe 15, which is connected to the suction unit

16, this suction unit being located at a distance from the furnace in a moderate zone. The



properties. The measurements carried out with the ellipsometer indicate that the glass formed on the
surface of the wafers contains boron atoms over a tl]digkness of 1,300 Angstroms. The 18 refraction index
is 1.475 +/- 0.025. The measurements of uniformity are carried out at nine points of three wafers per lot. A
uniformity level of less than 5%, both from point to point on a plate and from plate to plate on a lot, and
from lot to lot, is obtained. It is therefore noted that the results of boron doping of silicon achieved

under the S&FANAHL dErHinERPABEYA ilP Wbt AR RH THRSAAANESP AT Ok BASHMBSPRCIAIG as the

treated wafers are Iarqe, and 400 wafers have been doped in a single charging. 19 )
produced, at least for its elements in contact with the gases, from a material that can withstand

corrosion, for example based on a perfluorinated polymer such as polytetrafluoroethylene
(PTFE) or perfluoroalkoxy (PFA), better known under the generic trade name of TEFLON.
The suction unit 16 also comprises elements for monitoring and regulating the partial vacuum
in the chamber of the furnace.

The pipes 10, 11, 12 for introducing gases into the chamber go through the end wall 4
on each side and empty into the free zone 6. The gas extraction pipe 15 also passes through
the terminal wall 4, but it originates at the opposite end of the chamber. The first pipe 11
introduces hydrogen in the vicinity of the wall 4, and the second pipe 12 introduces the
mixture N»-BCls also in the vicinity of the wall 4 for preventing the expected cracking of the
H,, N,-BCl; mixture. The pipe 12 introduces oxygen into the chamber 3. This pipe empties
into the chamber 3 at the treatment zone 35, close to the location occupied by the substrate 2 of

the wafers 1.

EXAMPLE 2

This example describes a cycle for treatment of a lot of silicon wafers by a particular
embodiment of the boron doping process according to the invention.

The treatment is done in a furnace as described in the preceding example. The
substrate 2 is charged with 400 silicon wafers with a 150 mm diameter and is placed in the
treatment zone 5 of the chamber 3. The door 13 is hermetically sealed, and the heating device

9 makes it possible to reach a regulated temperature of 960°C for the treatment zone 5 and



CLAIMS 1. Process for boron doping of silicon wafers (1) placed on a substrate (2) in the chamber (3)
of a furnace of which one end comprises a wall (4) i%/vhich means for introducing reactive gases and a
carrier gas of a boron precursor in gaseous form are located, characterized in that it comprises the stages
that consist in: a) - In the chamber (3), reacting the reactive gases with boron trichloride BC13 that is
diluted in the carrier gas at a pressure of between 1 kPa and 30 kPa, and at a temperature of between
800C and 3P nidherbian g abofsrils:gad B2o3M sainaes, the repclivsgafiepEt R ied eifii&on of boron
in silicon under an N2 02 atmosphere at a pressure of between 1 kPa and 30 kPa. 2. Process
according teechamber {ohereibilizeteedd pisteyectslifom thecpranbes Byisabdfildin 15 kPa and 30 kPa.
3. Process according to one of Claims 1 or 2, wherein during stages a) and b), the temperature in the
zone of the chambeg ¢aTiRY gRsinttpIgPEraVTRTIer D) PEsIH P8 atraserRd Rer() tisHetidedHI00C and
1000C. 4. Process according to one of the preceding claims, wherein in stage a), the boron trichloride
is provided in thelCMaigisér €3y2aeaaatexare0 ¥ ydingea ol DoandeaBanitakies, Iorafarasly Yéprasenting
approximately one-quarter of the flow rate of the injected oxygen. 5. Process according to one of the

preceding @@ Wit the Yo Rtackieged Eynetednyithin capdel guarioperdantration of between

3% and 95% by volume.
BCls: 1 vol/minute,

O, 4 vol/minute,

N, and H,: volumetric addition.

The active gas BClj is initially mixed with nitrogen in strict proportions due to the use
of a mass-flow monitoring device. The pressure of this mixture is adjusted and controlled to
approximately one atmosphere. A valve that is installed between this device and the pipes for
introducing gases ensures the pressure drop that is necessary for obtaining the desired
pressure in the chamber of the reactor. In the same way, the composition and the flow rates
and pressures of hydrogen and oxygen are strictly adjusted and controlled. At the end of this
stage, a layer of boron oxide B,0O; is deposited on the surface of the slices.

The diffusion phase is then conducted for 30 minutes in the following manner: the
temperature is kept at 960°C, and the pressure is brought to 250 mbar for a better heat
exchange ensuring a uniformity of temperatures and therefore a uniformity of the diffusion.
The flow rate of nitrogen and oxygen is kept at the same level as in the preceding stage.

At the end of the complete treatment cycle, the wafers are tested for different
properties. The measurements carried out with the ellipsometer indicate that the glass formed

on the surface of the wafers contains boron atoms over a thickness of 1,300 Angstroms. The



6. Process according to one of the preceding claims wherein the total gaseous flow rate in the chamber
(3) is less than 5 liters per minute. 20 7. Proces gccording to any of the preceding claims wherein
the reactive gases and the carrier gas of boron trichlotide are introduced into a free zone (6) that is
located in the section of the chamber (3) between said end wall (4) and the treatment zone (5) that
accommodates the wafers r(i\), where they are mixed before wettinfg said wafers, with said free zone (6)
occupying #8948 Hit ATl SPhRHEFRBER (8T UniigTPHYSCHEIS A 18 E%aim 7,
wherein during stage a), the temperature in the free zone (6) of the_chamber is less than 5% to 15%,
preferably RRRYOIrHHESIY 2595 Pt 1RE tErHPEPARAY S ircatiiant6nRo@B)rom poiptiresinheording to
any of the preceding claims, wherein the gases that react with the precursor are oxygen and hydrogen,
and the ca%@é%t@a§6?§ﬁ9mdﬁétﬁ B RiAYORN Witk BT RARY Y9k LR NRfroduced into the chamber by a
separate pipe (7', 7", 7" "). 10. Process according to the preceding claim, wherein hydrogen and the
carrier gas of borBritHfSRERnARe A R EpLANBERS S HREIGRIAENSY SHNASN (25, and the
oxygen is introduced into the free zone in the vicjnitﬁ“of,the treatment zone (5). 11. Process according

. ). .
to one of tRENIFEEBYARIBRIARS \RARASTPIHARSHY ), e G R A  FS BT d SREIABYCHANber (3) in the

following volumetric proportions: . . .
treated wafers are large, and 400 wafers have been doped in a single charging.



Carrier gas + precursor of boron: 55% to 80%, Hydrogen: 0.5% to 15%, Oxygen: 15% to 30%. 12.
Process according to any of the preceding claims, wherein before stage a), the operating parameters of
the reactive gases and the carrier gas - namely flow rates, pressure, fluxes, and temperatures - are
stabilized for several tens of seconds. 21 13. Furnace for boron doping of silicon wafers (1) placed on
a substrate (2), comprising a chamber (3) of which one end comprises a wall (4) in which means for
introducing reactive gases and a carrier gas of a ecursor in gaseous form are located, wherein
said chamber comprises a zone for receiving (8) said substrate of wafers, said treatment zone, and a free
zone (6) located between said end wall (4) and said zone (8) for receiving said substrate of wafers,
whereby said free zone (6) occupies from 10% to 20% of the total volume of the chamber. 14.
Furnace according tBrTESprOESHg dRrtnSHerEfOR IAEfdipRdlRAth I aaHBSIEH A& #Re chamber (3),
composed of several independent elements (9a-9¢e) that make possible the creation of an adaptable and

controllablEBRBFLhE] HErRRsE bR RRSGE14 LOrUNE B el @l Siich BiftPadeticated to the specific

heating of said free zone (6). ) )
introducing reactive gases and a carrier gas of a boron precursor in gaseous form are located,

characterized in that it comprises the stages that consist in:

a) - In the chamber (3), reacting the reactive gases with boron trichloride BCl; that is
diluted in the carrier gas at a pressure of between 1 kPa and 30 kPa, and at a temperature of
between 800°C and 1100°C, for forming a boron oxide B,O3 glass layer,

b) - Carrying out the diffusion of boron in silicon under an N, + O, atmosphere at a
pressure of between 1 kPa and 30 kPa.

2. Process according to Claim 1, wherein in stage b), the pressure in the chamber (3)
is between 15 kPa and 30 kPa.

3. Process according to one of Claims 1 or 2, wherein during stages a) and b), the

temperature in the zone of the chamber in the vicinity of the wafers (1), said treatment zone
(5), is between 900°C and 1000°C.

4. Process according to one of the preceding claims, wherein in stage a), the boron
trichloride is provided in the chamber (3) at a rate of 20 cm’/minute to 100 cm3/minute,
preferably representing approximately one-quarter of the flow rate of the injected oxygen.

5. Process according to one of the preceding claims, wherein the boron trichloride is
diluted in the carrier gas to a concentration of between 3% and 95% by volume.

6. Process according to one of the preceding claims, wherein the total gaseous flow

rate in the chamber (3) is less than 5 liters per minute.



15. Furnace according to Claim 13 or 14, wherein it comprises: Two separate pipes (10, 11) for
introducing a first reactive gas and a carrier gas that contains the boron precursor, emptying into the
chamber (3) in the vicinity of the end wall (4), A pip(g 12) for introducing a second reactive gas,
preferably oxygen, emptying in the vicinity of the treatment zone (5), and A gas extraction pipe (15) of
which the opening opens opposite the end wall (4), with said pipe being connected to a suction unit (16)
equipped with a s%s SRTTOT FECRIERRJAY oRIHAL RS sresasra hese BB ANaGH iR chaAMer. 16
Application of the process according to one of Claims 1 to 12 to the creation of P-tyPe junctions on silicon
slices withtBeifTacieeared H?é?‘?éﬁﬁg@?W@d%ﬁ?é%e%@t%mﬁ?e zone (6) that is located in the

section of the chamber (3) between said end wall (4) and the treatment zone (5) that
accommodates the wafers (1), where they are mixed before wetting said wafers, with said free
zone (6) occupying 10% to 20% of the total volume of the chamber (3).

8. Process according to Claim 7, wherein during stage a), the temperature in the free
zone (6) of the chamber is less than 5% to 15%, preferably approximately 10%, at the
temperature of the treatment zone (5).

9. Process according to any of the preceding claims, wherein the gases that react with
the precursor are oxygen and hydrogen, and the carrier gas is nitrogen or argon, with each of
said gases being introduced into the chamber by a separate pipe (7°, 77, 7°°’).

10. Process according to the preceding claim, wherein hydrogen and the carrier gas of
boron trichloride are introduced into the chamber in the vicinity of the wall (4), and the
oxygen is introduced into the free zone in the vicinity of the treatment zone (5).

11. Process according to one of the preceding claims, wherein in stage a), the gases
are introduced into the chamber (3) in the following volumetric proportions:

- Carrier gas + precursor of boron: 55% to 80%,

- Hydrogen: 0.5% to 15%,

- Oxygen: 15% to 30%.

12. Process according to any of the preceding claims, wherein before stage a), the
operating parameters of the reactive gases and the carrier gas - namely flow rates, pressure,

fluxes, and temperatures - are stabilized for several tens of seconds.



22 17. Application of the process according to one of Claims 1 to 12 for the production of boron-doped

silicon slices, with a thickness of between 100 Jim aE 150 Rm. 18. Application of the process
according to one of Claims 1 to 12 for the creation of P-type junctions on lots of one or several hundred
silicon slice(s) placed on their substrate at an interval of less than or equal to 5 mm. 19. Application

according to one of Claims 16 to 18 for the production of boron-doped silicon slices designed for the
manufacturing of photoves Eudir bRty ren-yalers Shlgdackd on a substrate (2),

comprising a chamber (3) of which one end comprises a wall (4) in which means for
introducing reactive gases and a carrier gas of a boron precursor in gaseous form are located,
wherein said chamber comprises a zone for receiving (8) said substrate of wafers, said
treatment zone, and a free zone (6) located between said end wall (4) and said zone (8) for
receiving said substrate of wafers, whereby said free zone (6) occupies from 10% to 20% of
the total volume of the chamber.

14. Furnace according to the preceding claim, wherein it is equipped with means for
heating the chamber (3), composed of several independent elements (9a-9¢) that make
possible the creation of an adaptable and controllable longitudinal thermal profile, with at
least one of these elements being dedicated to the specific heating of said free zone (6).

15. Furnace according to Claim 13 or 14, wherein it comprises:

- Two separate pipes (10, 11) for introducing a first reactive gas and a carrier gas

that contains the boron precursor, emptying into the chamber (3) in the vicinity of
the end wall (4),

- A pipe (12) for introducing a second reactive gas, preferably oxygen, emptying in

the vicinity of the treatment zone (5), and

- A gas extraction pipe (15) of which the opening opens opposite the end wall (4),

with said pipe being connected to a suction unit (16) equipped with a system for
regulating and monitoring the pressure that prevails in the chamber.

16. Application of the process according to one of Claims 1 to 12 to the creation of P-

type junctions on silicon slices with a surface area that ranges from 50 cm? to 700 cm?.
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17. Application of the process according to one of Claims 1 to 12 for the production
of boron-doped silicon slices, with a thickness of between 100 pm and 150 pwm.

18. Application of the process according to one of Claims 1 to 12 for the creation of
P-type junctions on lots of one or several hundred silicon slice(s) placed on their substrate at
an interval of less than or equal to 5 mm.

19. Application according to one of Claims 16 to 18 for the production of boron-
doped silicon slices designed for the manufacturing of photovoltaic cells from metallurgical-

grade silicon N.



