1 APPARATUS FOR FABRICATING SEMICONDUCTOR WAFERS AND APPARATUS FOR THE
DEPOSITION OF MATERIALS BY EVAPORATION USING A MOLECULAR BEAM The invention relates
to the field of 5 microelectronics. More particularly, it pertains to equipment for fabricating
semiconductor wafers and to equipment for depositing materials by evaporation using a molecular beam
for fabricating semiconductor wafers. 10The majority of electronic and microelectronic components such
as magnetic memoAEs, ABAPIENe MRy mierds B tGsiliCRIRMCNOBUEITORS oW\(KBEESS Or £\ Al

produced with the aipbphsiaghstbiv iayerpebosieielN withMATEHRIN BURY . EVerieReBIts] materials
15 are, for exampIequ‘q Rtm&%g@@%??ﬂwnductors (silicon, germanium, IlI-V or lI-VI type
p [

compounds, for example) or insu at_orséox es, nhitrides, for example). They are deposited onto substrates
of silicon or germanium of BRHEVERLRL &SRS WeGIA®s are disk- 20 shaped with diameters of 200 mm
[millimeter] or 300 MneredReireigsStrate shapes are also possible.  Each substrate undergoes a
plurality of treatment stepgioseipa@s deppsitingtans oy sepipriayefof materials, heat treatment, or

etching. A semiconglygior 2o disk, Rou@ietos RS PERUsad hghisntybsequently treafgpd to obtain a

multitude of electronic compone ts. In the mlg[roelectronics ipdu?try, such steps are conventionally
ﬁ E rials b')(devapora ion Using a molectl .

carried out in a mulficham %rr%?/s em unaer vacuum tj 0 approximately 10-7 Toarrr). Each of 30 the

steps of the proces8$8FARIHaRIFAHNY SRsicONENSHbYWAB fodule. Each chamber is associated with an
operation of dépositing laykeesnudjmisyeriaiss dieaicraadmeoto@eetcimicg. A robotic arm placed in a vacuum

champer transportsctgm@M{g&ﬁ;ﬁg@rﬁé@r@lﬂ@m{@e@ﬂe@@amﬂ@menta‘ﬁpchnologicahf@quirements for
reducing the scale QLRIEHFOiES BB UFARG SPpITRLoying dhe performance

produced with the aid of stacks of thin layers of

materials with very high purity. The deposited mat erials
15 are, for example, conductors (metals), semiconducto rs

(silicon, germanium, 111V or II-VI type compounds, for

example) or insulators (oxides, nitrides, for examp le).

They are deposited onto substrates of silicon or

germanium or other materials. Said substrates are disk-
20 shaped with diameters of 200 mm [millimeter] or 300 mm.

Other substrate shapes are also possible.
Each substrate undergoes a plurality of treatment
steps, such as depositing one or more layers of

materials, heat treatment, or etching. A semicondu ctor
25  disk or wafer is thus produced that is subsequently
treated to obtain a multitude of electronic compone nts.
In the microelectronics industry, such steps are
conventionally carried out in a multi-chamber syste m
under vacuum (down to approximately 10 " Torr). Each of
30 the steps of the process is carried out in a distin ct
chamber or module. Each chamber is associated with an
operation of depositing layers of materials, heat
treatment, or etching. A robotic arm placed inav acuum
chamber transports the substrates from one chamber to
35 another.
Technological requirements for reducing the scale of

electronics components and for improving the perfor mance



2 of integrated circuits in terms of electricity consumption and speed mean that it is becoming necessary
to produce thinner layers of materials using novel materials with higher purity or structural (crystalline)
5quality. The use of semiconductor alloys such as IV or [I-VI type semiconductor and depositing
layers of materials a few atomic layers thick formed from a high quality material can satisfy these needs.
10Known techniques of depositing materials by evaporation using a molecular beam such as techniques
of the molecular beafintgitatgdde posis am teviBE)farectieityllar beam deposition (MBD) type make it

possible to .achievecsﬂigwfwm%eé@ﬁmtmgmniw@éq@ﬁw@qqggéa-vgcuum PreggHre conditions, i.e.
a pressure in the re%cgﬁaﬁpgm%ggr Qé?jfgaﬁ ip%%ﬁgqag%@s#]&r/gﬁr to avoid contaminating the substrate,

the various layers, and the various inte on of thin layers onto a suhstrate has been
envisaged using eq'ﬂ\%ﬁé@l?fﬂplagi%‘ﬁfiHﬁrma?éﬁgfécﬂﬂf%\ﬂﬁﬁ’értﬁlion using a moleculal&am, and then
transferring thebsubgualtey into another piece of equipment that is a multi-chamber system used in the 25
microelectronics industry Tagpgdusies ethieo adypasitalmytostainasoul-athen treatments. Howewver, exposing
the layers or interfagesg io. igh¥aRHLES %Epd?e%‘dgﬁilr@tiﬁg‘émﬁ%fg to air between fhg,depositions or
treatments has a delﬁterioys efff:ct on We fitnal %Lda}li('%of h e electlr%)nic 30devices. Known techniques
iy a Iew atomic alye[rst ICK formed trom a b%h qualit : it .
for depositing materials by evaporation using a molecular beam are incompatible with conventional

multi-chamber systEtaterisbean SAESHiEIBefBa¥ics industry. 35Techniques for depositing materials by

evaporation 10 Known techniques of depositing materials by
evaporation using a molecular beam such as techniqu es of
the molecular beam epitaxy deposition (MBE) or mole cular
beam deposition (MBD) type make it possible to achi eve
said performances.
15 Such techniques require ultra-vacuum pressure
conditions, i.e. a pressure in the reaction chamber s of

less than 10 ° Torr, in order to avoid contaminating the
substrate, the various layers, and the various
interfaces.
20 The deposition of thin layers onto a substrate has
been envisaged using equipment for depositing mater ials
by evaporation using a molecular beam, and then
transferring the substrate into another piece of

equipment that is a multi-chamber system used in th e

25  microelectronics industry to produce other deposits orto
carry out other treatments. However, exposing the layers
or interfaces to high vacuums or to neutral atmosph eres
or to air between the depositions or treatments has a
deleterious effect on the final quality of the elec tronic

30 devices.
Known techniques for depositing materials by
evaporation using a molecular beam are incompatible with
conventional multi-chamber systems used in the
microelectronics industry.
35 Techniques for depositing materials by evaporation
using a molecular beam generally use a single depos ition
chamber that is capable of depositing many material s and



using a molecular beam generally use a single deposition chamber that is capable of depositing many
materials and 3 alloys, for example AsGa, InGaAs, or InP, doped or otherwise, but the multi-chamber
systems used in the microelectronics industry require a plurality of reaction chambers in which one or
sometimes more materials or 5 alloys are deposited, but still in a limited number in order to avoid
extraneous contamination. Further, in order to be able to be used in the fabrication lines of the silicon
industry, multi-chanabieys \fsteera mplstAazaply @athsSemidd rihpedEquipment and 10 Materials

International (SEMIpgiangdasdsutieamiovlenasmid sypiesnis msisd frgtion under condigions of vacuum
pressure or of pres%rcgoaeﬁ)gé{%ﬁ%ggiH’&j&ﬁi}g@}@s&rﬁj&%@ Jgr ?andar'dized (200 mm, 89 mm or 450
S as regards the 15 di

mm in diameter). There are also constraints a mensions of the changgers, the

electronics, and the“88RPAFRE LoNBSINRGRHRE §8ﬁ@3@§%8&%f’?&?ﬁﬁlﬁé’nt (robots, sodrces, for example).
MBE or MBD s§steai®yeaes slpasiteso hd rmtildrigdipitr@aumealicibles (or evaporatioll sources) that are
20 evaporated underrd@cieuandiy eaedmgpwstbdiamamndg@r. by electron bombardment. The majority of the

materials are in the liquidesiatR AwigeHey appERtinR B sR&bs Fikgible is generally placed approximately
vertically at the bott1pm of %he ieactiofrl chamber. The substrg{ghis

abrication lines of the silicon industry, mul amber
systems must comply with Semiconductor Equipment an d

10  Materials International (SEMI) standards. In parti cular,
said systems must function under conditions of vacu um
pressure or of pressure above 10 8 Torr. The substrate
size is standardized (200 mm, 300 mm or 450 mm in
diameter). There are also constraints as regards t he

15 dimensions of the chambers, the electronics, and th e
software controlling the various pieces of equipmen t
(robots, sources, for example).

MBE or MBD systems generally use solid materials

placed in crucibles (or evaporation sources) that a re

20 evaporated under vacuum by heating with filaments o r by
electron bombardment. The majority of the material s are
in the liquid state during evaporation, and so the
crucible is generally placed approximately vertical ly at
the bottom of the reaction chamber. The substrate is

25 placed above the crucibles with the face to be trea ted
facing the evaporation sources, i.e. oriented downw ards.

In contrast, in the multi-chamber systems used in

the microelectronics industry, the substrate is
positioned with its face to be treated directed upw ards.

30 Further, the reactors of MBE or MBD systems are
bulky since they use a large number of evaporation
sources and have large source/substrate geometry in order
to produce deposits with thickness of high precisio n that
may be down to one layer of atoms, over large surfa ce

35 areas of up to 500 mm in diameter, thus requiring | arge-

diameter reactors. It is impossible to integrate t hem



25 placed above the crucibles with the face to be treated facing the evaporation sources, i.e. oriented
downwards. In contrast, in the multi-chamber systems used in the microelectronics industry, the
substrate is positioned with its face to be treated directegl upwards. 30Further, the reactors of MBE or
MBD systems are bulky since they use a large number of evaporation sources and have large
source/substrate geometry in order to produce deposits with thickness of high precision that may be down
to one layer of atoms)abaegkdgets arfagki-shanbas sfaupmaSAGedmmith diameter, thuseequiring
large-diameter reactQtsedids timessielasipyintegrate them 4 unchanged into a multi-chamber system as

used in the microelectro%p%%%t%m of t‘ﬁigéﬁvgmaoﬁi@@fﬁp&/wgention is to provide equipment for
rati ing a eam

depositing materials by evaporation usin malecular or fabricating semiconductor wafers,
which equipment is§ABIRMEGSHIPALER? 'Eggn'ﬂi‘é‘fﬁffélﬁﬁﬁ BYARAIHIhdmber systems of ifdnicroelectronics
industry.  Ajothénelpaudbiitheanvéritfehrisaingresitisanglupigienateistabricating semiconductor wafers
that can be used tovilictasyuiphalit¢f therdepositien antidsegiaien aigps on the semiganductor wafer in

situ.  The inventign relatesiecg<ieme s ok friicring sarUGRAGL clor wafers, eagh comprising a

substrate covered with at |east one Iag]gr of.mateirlals §aid sugstrate 15 comprising a face to be treated A
tné)% 10N 1S T0 pravi

r aim.of the inven e equipme
and an untreated face B, aebrlcghng equipment comprising: qUBE&ntral conveyor module

comprising a plurality' drPaeaEND SRR LUHIEYETS I ERAtRGHonvey said subsB@{e from one lateral
port to anothetPsaida@enwat 20 dahealepasivdolandditegtoagdisiteps functioning under vactuum pressure

conditions above 1618 I&fficonductor wafer in situ.
The invention relates to equipment for fabricating

semiconductor wafers, each comprising a substrate c overed
with at least one layer of materials, said substrat e
15 comprising a face to be treated A and an untreated face

B, the fabricating equipment comprising:
* a central conveyor module comprising a plurality

of lateral ports and conveyor means that can convey said
substrate from one lateral port to another, said ce ntral

20 conveyor module being capable of functioning under vacuum
pressure conditions above 10 8 Torr;

* a loader module connected to one or more ports o f
the central conveyor module, said loader module bei ng
capable of receiving one or more substrates; and

25 * one or more treatment modules for treating the
substrate functioning under vacuum pressure conditi ons
above 10 ® Torr, each treatment module being connected to
one of the ports of the central conveyor module and being
capable of receiving said substrate in order to car ry out

30 atreatment operation on its face to be treated A.
According to the invention, the fabricating
equipment comprises:

* at least one molecular beam deposition module fo r
depositing materials by evaporation using a molecul ar
35  beam functioning under vacuum pressure conditions b elow

1078 Torr, said molecular beam deposition module being
connected to one of the ports of the central convey or



a loader module connected to one or more ports of the central conveyor module, said loader module
being capable of receiving one or more substrates; and 25 one or more treatment modules for treating the
substrate functioning under vacuum pressure conditiongsabove 10-9 Torr, each treatment module being
connected to one of the ports of the central conveyor module and being capable of receiving said
substrate in order to carry out 30 a treatment operation on its face to be treated A. According to the
invention, the fabricatilgle guig treing cowadrises:receiandesaticubstratecular beam demoisition module for
depositing materials i exp@eratiRR US/BE 6t MAleGAIRbA PR functioning under vagyen pressure
conditions below 1nga'[(%&rA_said molecular beam deposition module being connected to one of the ports
of the central conveyor 5 module and being capable of receiving said substrate in order to deposit a layer
of materials on its face to' B¥ P4 AR SIS SRR LEABYERHRIARS the device of the 5 invention
may also be definedhs§ritenfoIRMAMED dfadiabinatstrshedelimeinbBe considered in isolation or in any of their
technically feasible ciosrdniteativios, taachibgtier ovitksceepantivelsimcific advantages: saidrmodule for
depositing materialg, Ry JQiRvARRIAHCAVING iBISURMIIRHRR_M/Reludes an airlock cqppecting it to one of
the ports of the centrr% Cé)emr/eeéloercrtn%dgl%’c%%ida igﬂfzk gllowing the pressure between the module for
depositing material® b)\/ Ievap_oPatlo'\rll u mg'a'l mo_ecu?é’r Béam to be made compatible with the central 15
conveyor module, said aitlSRld iIRQHHiRECEARRSHIAG MBEADPYs lateral ends that can be closed by a
valve, and puifb mesagdiwiocarsmyaidelieciami¢resseiedesmitians below 10-9 Toacknd vacuum

pressure conditionscahauetihg-? thWhésidectieraintdeke 28ifrgald module for depositipgeisterials by
evaporation using arﬁHBlgguﬁﬁ&%ﬂ%ﬁ%ﬂ&%ﬁ%%?%ﬁé@%@ I@émégﬁ substrate is oriemgd towards the
[ StT t

lower portion of said module, and in the substrate treatment . _

module for depositing materials by evaporation usin ga
molecular beam to be made compatible with the centr al

15 conveyor module, said airlock including an opening in
each of its lateral ends that can be closed by a va Ive,
and pump means that can provide vacuum pressure
conditions below 10 8 Torr and vacuum pressure conditions
above 10 ® Torr inside the airlock;

20 * in said module for depositing materials by
evaporation using a molecular beam, the face to be
treated A of the substrate is oriented towards the lower
portion of said module, and in the substrate treatm ent
module, the face to be treated A of the substrate i S

25  oriented towards the upper portion of said treatmen t
module, said equipment for fabricating semiconducto r
wafers including a flipper module that can flip the face
to be treated A of the substrate upwards when the
substrate is intended to be transferred to a treatm ent

30 module, or downwards when the substrate is intended to be

transferred to a module for depositing materials by
evaporation using a molecular beam;
* the flipper module is integrated into the centra
conveyor module;
35 » said flipper module is positioned between one of
the ports of the central conveyor module and one of the
substrate treatment modules or one of the modules f or



module, the face to be treated A of the substrate is 25 oriented towards the upper portion of said
treatment module, said equipment for fabricating semiconductor wafers including a flipper module that
can flip the face to be treated A of the substrate upwardg when the substrate is intended to be transferred
to a treatment 30 module, or downwards when the substrate is intended to be transferred to a module for
depositing materials by evaporation using a molecular beam; the flipper module is integrated into the
central conveyor mdeptesitysaatdtipjsdrynevdpte as posgiogedi@evelen one of the poes of the central
conveyor module agdgne of the substrate treatment modules or one of the modules for 6 depositing
materials by evaporation .ug,gi@ﬁﬂrﬁgﬁgm&%qméﬁgig&m%ggﬂfdule is integrated into said airlock; 5
said flipper module comprises a flipper means, and a longitudinal movement means placed between one
of said openings of?Hg’ﬁp‘%per module and the flipper means, the longitudinal movement means
comprising a s@pport thar caifl lipprirmpdude bemmeseme imecanesesmaved between a 10M@osition for
unloading or loading tbegiuldsithiadye thenflippanmgiansd artd e positionfor evacuatingsardeceiving the
substrate through ogs.af{hs GRaBIAYS & thsullipreamrdiis, saickiipper means being cajable of picking

up the substrate poFltione on the s%epgrt of the 15 longitudinal mov%ment means, piyoting about a
: . longiudinal movenent means comprising a supportt . .’ fatcan :
horizontal axis to flip tie substrate, and unloading it onio ano support; the flipper means comprises

pivot means to flip tFi&PBAFa e RatajfippRd MREFRBSHIERRS A58 1efease 20 the suBtrate, said gripper
means compriging wesiemicironlaading o fdoating tiegs)atichi@ tiyulation means to allbe tightening or

loosening of the sempgBEHabRsMmWBdERRAIRPVERRARJSIHINrEie position for loadiggigy unloading the

substrate; the substrate through one of the openings of the fl ipper

module, said flipper means being capable of picking up
the substrate positioned on the support of the

15 longitudinal movement means, pivoting about a horiz ontal
axis to flip the substrate, and unloading it onto a nother
support;

« the flipper means comprises pivot means to flip

the substrate and gripper means to pick up and rele ase

20 the substrate, said gripper means comprising two se mi-
circular arms forming tongs, and articulation means to
allow tightening or loosening of the semi-circular arms
when the flipper means is in the position for loadi ng or
unloading the substrate;

25 * the substrate treatment module or modules compri se
at least one etcher module or vapor deposition modu le for

performing CVD, PECVD, PVD, or MOCVD.
The invention thus provides equipment for

fabricating semiconductor wafers that is compact an d that
30 can be used to carry out all of the steps of deposi tion

and treatment on the semiconductor wafer in situ an d

under vacuum without transferring the substrate fro m one

piece of equipment to another.
This multiple chamber arrangement can also be used
35 to obtain high productivity, since the steps are ca rried
out in succession without transporting the substrat e to



25 the substrate treatment module or modules comprise at least one etcher module or vapor deposition
module for performing CVD, PECVD, PVD, or MOCVD. The invention thus provides equipment for
fabricating semiconductor wafers that is compact and that 30 can be used to carry out all of the steps of
deposition and treatment on the semiconductor wafer in situ and under vacuum without transferring the
substrate from one piece of equipment to another. This multiple chamber arrangement can also be
used 35 to obtain hayiohedesteing| ssystethsstbEs ar &8& tegarition succession without transporting the
substrate to 7 anothgsiepternal, system such as a MBE deposition system. It is possible to deposit

epitaxial semiconductor Wﬁéﬁs@é&658‘%8%5%;5&lﬁl%iﬁ?‘%@ﬁé&%&%te""“e)’ 5 and insulators

(amorphous) in the same equipment and U ultra-vacuum pressure conditions. It is possible to
produce stacks of IR H3LBIRGNTY FRliRReTelaRfaly %A and also novel stadR€) It is possible to
produce high perfor@hdrigeui@arafemaspios)degbeisame ettt hakerials composél of the 111-V (AsGa)
or 1I-VI type, for examig, uhinaavaidicom gesssaniuconditianghen a high permittivity gate oxide (for example
La2Hf207), and a binary jprial@fihed ahbdiee JalcrxdMRigksI REGSANIn layers of materigls obtained are

of small thickness (%few Iayers of atoms to smgle Iayer of atPrpsg and have interfa(f(es resolved to within
: e’interfac sexine ely-clean, rHa 0 novel sta iy .~ KS;
one atomic monolayer and substantial umformity of thickness,; composition, or doping Over large surfaces.

20The equipment for fabficdgtRRFSEIRIKOREAER NefePSEaHNa86 e used to prevent contamination by
metals. TH® invéaticistalso bgldepo $dieg aigthekbb materialsleofor depositing materjaisdsly evaporation

using a molecular beapefar-{arigatinersemieghd ystaxaiiges 6amprising a a
silicon/germanium layer, then a high permittivity g ate
oxide (for example La 2Hf 2O;), and a binary metal (of the
TaN type, for example).

15 The thin layers of materials obtained are of small
thickness (a few layers of atoms to a single layer of
atoms) and have interfaces resolved to within one a tomic

monolayer and substantial uniformity of thickness,
composition, or doping over large surfaces.

20 The equipment for fabricating semiconductor wafers
can also be used to prevent contamination by metals

The invention also relates to equipment or a modul e

for depositing materials by evaporation using a mol ecular
beam for fabricating semiconductor wafers comprisin ga

25  substrate intended to be covered with at least one layer
of materials, the substrate comprising a face to be
treated A and an untreated face B, the equipment fo r
depositing materials by evaporation using a molecul ar
beam comprising:

30 * a reaction chamber comprising an upper portion a nd
a lower portion;

* at least one source of materials positioned in t he

lower portion of the reaction chamber and directed
towards its upper portion;

35 » a sample-carrier positioned in the upper portion
of the reaction chamber and capable of supporting t he
substrate such that said substrate has its face to be



25 substrate intended to be covered with at least one layer of materials, the substrate comprising a face
to be treated A and an untreated face B, the equipment for depositing materials by evaporation using a
molecular beam comprising: 30 a reaction chamber congprising an upper portion and a lower portion;

at least one source of materials positioned in the lower portion of the reaction chamber and directed
towards its upper portion; 35 a sample-carrier positioned in the upper portion of the reaction chamber and
capable of supportitrgdlesl Abstatedsioetatiatisasbsutestraseirasstsfface to be 8 treated A oriented
towards the source grgoidieesRf materials; and pump means that can provide vacuum pressure
COI’]dItI.O.nS below_10-9 Toyr 'Mﬁ%&&%‘.%?@&ﬂ“ﬁr%ﬁr569886%9&849&&”"9“?'0”' the eqU|p.ment for
depositing materials b ,e_vgpo ation using a o ecular beam comprises: a flipper module in
communication witﬁﬂﬁ@'@é}&%ﬂ%%ber, theHS S I EAGIORLIRIT B being 10 connected in sealed
manner to a seiconducyeSREIRfib aatityie riiipthe os@mMenttoning under vacuum pressure
conditions above 1@&pdsitgndaterydsisingvaipe rationousisg kstiatectieatment modulesin which the
substrate has its fag@ fehe #eated A oriented towards the upper 15 portion of the module, the flipper
module comprising flipper means tha‘c[i]pfim .fIi% the face to be trt'ﬁ%eed A of the substrate upwards when the

substrate is intended to betranereney o the Semicont tﬁ'(‘:jt%Wabncation equipment set functioning under

vacuum pressure cERrfitiBRSHher: the module being capable of being
10 connected in sealed manner to a semiconductor wafer

fabrication equipment set functioning under vacuum

pressure conditions above 10 8 Torr and comprising one or

more substrate treatment modules in which the subst rate

has its face to be treated A oriented towards the u pper
15 portion of the module, the flipper module comprisin g

flipper means that can flip the face to be treated A of

the substrate upwards when the substrate is intende dto

be transferred to the semiconductor fabrication equ ipment

set functioning under vacuum pressure conditions ab ove
20 107 Torr.

The invention provides equipment or a module for
molecular beam deposition that is compact and compa tible

with the multi-chamber systems used in the
microelectronics industry, and complies with SEMI
25 standards (SEMI E72-0600, SEMI E6-0303, SEMI E51-02 00,
SEMI E70-1103, inter alia).
The invention is described in more detail with
reference to the accompanying drawings in which:
* Figure 1 shows a semiconductor wafer fabrication
30 equipment in accordance with one possible embodimen t of
the invention;
* Figure 2 is a longitudinal sectional view of

equipment or a module for molecular beam deposition ,in
accordance with one possible embodiment of the inve ntion;
35 * Figure 3 is a top view of said equipment or modu le

for molecular beam deposition;



2010-9 Torr. The invention provides equipment or a module for molecular beam deposition that is
compact and compatible with the multi-chamber systems used in the microelectronics industry, and
complies with SEMI 25standards (SEMI E72-0600, SEM| E6-0303, SEMI E51-0200, SEMI E70-1103,
inter alia). The invention is described in more detail with reference to the accompanying drawings in
which: Figure 1 shows a semiconductor wafer fabrication 30 equipment in accordance with one
possible embodiment of thEigwertisimywisigqrepnisné flarfgitudatelgsectional view of equipment or a module

for molecular beamgdenesiiniion aeflrnse vrda e ngsaimembodiment of the invention; 35 Figure 3

is a top view of Saideﬁﬂ#j

for fabricating semiconductqr waters in accor
Figure 5 shows a flipper mbl@UI€ m SRUFRAPL it WS A568L1E M ngement;
flipper module M acedrgbpesskithairgeeemepossible arrangement;

Bmﬁm 8f mg%gnft%gnolecular beam deposition; 9 Figure 4 shows equipment
[ a

nce with another embodiment of the invention;

Fi&bre 6 shows a

Figure 7 shows a flipper module in

accordance with a third posgjole arsangerediibpad higlule M shovigiandetadl of a flipper modthe in

accordance with ong Rossille sIBRAMERE &g invention.

essential to comprehensipEigf the/iéwentior}lare not(%'man. referené;e numerals.

In Figures 2 and 3, elements that are not

ure ows a flipper m e in‘accordance wi th
a third possible arrangement;

10 * Figure 8 shows a detail of a flipper module in

accordance with one possible embodiment of the inve ntion.

In Figures 2 and 3, elements that are not essentia I
to comprehension of the invention are not given ref erence
numerals.

15 Figure 1 shows equipment for fabricating
semiconductor wafers in accordance with one possibl e
embodiment of the invention.

The term "semiconductor wafer" means a substrate 1
covered with at least one layer of materials and th at has

20 undergone various operations to obtain a disk that is
then treated to obtain a multitude of electronic or
microelectronic devices such as magnetic memories, logic
circuits (transistors, microprocessors, dynamic ran dom
access memory (DRAM)), infrared detectors, blue lig ht-

25  emitting diodes (LEDS), laser diodes, sensors, or r adio-
frequency (RF) components, for example. The substr ate 1
comprises a face to be treated A and an untreated f ace B.

The fabrication equipment comprises a plurality of
modules or chambers including a central conveyor mo dule 2

30 including a plurality of lateral ports 3, and conve yor
means 4 that can convey the substrate 1 from one la teral
port 3 to another. The central conveyor module 2 ¢ an
function under conditions of vacuum pressure or of
pressure above 10 8 Torr. The central conveyor module 2

35 complies with SEMI standards.

The term "lateral ports 3" means openings that can
communicate with a module in sealed manner. Said



15Figure 1 shows equipment for fabricating semiconductor wafers in accordance with one possible
embodiment of the invention. The term "semiconductor wafer" means a substrate 1 covered with at
least one layer of materials and that has 20 undergone j@grious operations to obtain a disk that is then
treated to obtain a multitude of electronic or microelectronic devices such as magnetic memories, logic
circuits (transistors, microprocessors, dynamic random access memory (DRAM)), infrared detectors, blue
light- 25 emitting diogesi(lgs sy, feferatilydestaandarsn shapeiesreiduency (RF) commyneals, for example.
The substrate 1 copprisssea g Jae treated A and an untreated face B. The fabrication equipment
comprises a plurality of mﬂ%lé]:%%yé %laﬂgs 40:‘3 'ngaa %lrtc%gy%;@r({nodule 2 30 ingHJding a

41

plurality of lateral ports 3, and conveyor means t can cohvey the substrate 1 from one lateral port 3
to another. The cen?%%ﬁ%ﬁ?t?ﬁga[ﬂel?‘E%H“ﬁfrf&fbﬁeurﬁ&\é?%'ﬁditions of vacuum pressure or of
pressure above 10-RyaN. ThEeepiiassivegos maturetgmed@idies with SEMI stdi®lards.  The
term "lateral ports Eeneans theangsl ttatesocommlenamwibpponodule in sealedimabner. Said 10
openings are preferabli saGanawan if s ANG HeCoMAY denriared by a valve.  Jhgconveyor
means 4 comprise %esugggrt 15b .Ehat an E%E{arg{t th?rsHpgpgteeil and that can be maved,in 5 rotation.

The conveyor means A3ve too | ﬁ')h%ndta?t%e 2enter of the Sehitra conveyor module 2° ﬁg support 15b is

also movable in traRSAtbnT IhERHEENS ANEERSLBER: 58Y88dNo position the subsfate in front of a
selected port 30 Thewvphetdd thevedriratisrsirmraiodvaalthide Medpleort is moved in translation towards the

module associated 348o¢Rede0Nith tApeRI i GepobRtiRteslibipaain. 1
therein.
In the example of Figure 1, the central conveyor
module 2 is connected to a secondary pump that can reach
15 a pressure of approximately 2 x 10 ® Torr.
The fabrication equipment also comprises a loader
module 5 connected to one or more ports 3 of the ce ntral
conveyor module 2. The loader module 5 is capable of
receiving one or more substrates 1 of silicon or
20 germanium or other substrates, e.g. having a diamet er of
200 mm, 300 mm, or 450 mm, before transferring them to
the various modules. The loader module 5 complies with

SEMI standards.
The fabrication equipment comprises one or more

25  substrate treatment modules 7 functioning under vac uum
pressure conditions above 10 8 Torr. Each treatment
module 7 is connected to one of the ports 3 of the
central conveyor module 2 and can receive the subst rate 1
in order to carry out a treatment operation on its face
30 to be treated A.

Each substrate treatment module 7 comprises at lea st
one system for chemical vapor deposition (CVD), pla sma
enhanced chemical vapor deposition (PECVD), physica I
vapor deposition (PVD), metal organic chemical vapo r

35 deposition (MOCVD), heat treatment, or etching, or other

treatment.



In the example of Figure 1, the central conveyor module 2 is connected to a secondary pump that can
reach 15 a pressure of approximately 2 x 10-9 Torr. The fabrication equipment also comprises a
loader module 5 connected to one or more ports 3 of thg,central conveyor module 2. The loader module 5
is capable of receiving one or more substrates 1 of silicon or 20 germanium or other substrates, e.g.
having a diameter of 200 mm, 300 mm, or 450 mm, before transferring them to the various modules. The
loader module 5 complieSwills @Ehhistinedanrdnt il tddsiCatremeguilesiget comprises ond or more 25

substrate treatmentaRogBHOENfiHHRN QRIEG iHHE e HIRtREBRSURR conditions above J4rY Torr. Each
treatment module 7af.ﬁoc%n ggﬁ%ﬁpﬁﬂg%mes%q{&%%g the central conveyor module 2 and can receive

e
the substrate 1 in order to Xar_r Ut a treatment operation on its face 30 to be treated A. Each
substrate treatment moddfbs?“é/&rﬂﬁ?‘%@ Heriqgrs ol lesnd B HRRIFA vapor depositioff(CVD),
plasma enhanded chénfiesitigape rad épp briten RELY DO BHG It Yapor deposition (P¥IRCenetal organic
chemical vapor 35 depesiidaneVOiépdn@avsiestment, or etching, or other treatment. 11 Said

substrate treatment modulgs 725 MedulaedR@RE SRR ERiRNai% HBeH in the microelectronics industry

and they comply with S§EI}E”|\]/II Séacﬂ%%dsr'nicr el'gcfr%'r% ssuib%trg{re treatment modules 7, the substrate 5 1 is
positioned at the botoMm Of the module W|t?1_|ts TR T Be_ redted A directed upwards. The various
modules above form a mifERAAMSEPERIERMRRHLCHRESRRGbIBRAScs industry. The fabrication

equipment corfprisewdtiledst dejgosdingodaterfalsdyposifiocatitatersals by evaporationguging a molecular
beam 6 functioning MBRRUNRBEH B RFFHIENFRN RIS Below BPe8sligsr. Each module for depositing
materials by evapor&}migﬁigg@oqucular be%prﬁ E%Eﬂrnlﬁ‘&?ﬁ?éjqu 8980%&*1‘8 ports 3 of the central

conveyor _ . . .
materials by evaporation using a molecular beam 6 i S
connected to one of the ports 3 of the central conv eyor
15 module 2 and is capable of receiving the substrate 1lin
order to deposit a layer of materials on its face t o be
treated A.

Each piece of equipment or module for depositing
materials by evaporation using a molecular beam 6
20 comprises a MBE or MBD reactor 32.
Figure 2 is a longitudinal sectional view of a pie ce
of equipment or module for depositing materials by
evaporation using a molecular beam 6 comprising a M BE
reactor 32.
25 The MBE reactor 32 comprises a reaction chamber 20
comprising an upper portion 21 and a lower portion 22.
The MBE reactor 32 includes at least one source of
materials 23 positioned in the lower portion of the
reaction chamber 22 and directed towards its upper

30 portion 21. The source of materials 23 may be a cr ucible
surrounded by a filament or a crucible intended to
undergo electron bombardment in order to evaporate the

material to be vaporized.
The MBE reactor 32 includes a sample-carrier 24
35 positioned in the upper portion 21 of the reaction
chamber and capable of supporting the substrate 1 s o that



15 module 2 and is capable of receiving the substrate 1 in order to deposit a layer of materials on its face
to be treated A. Each piece of equipment or module for depositing materials by evaporation using a
molecular beam 6 20 comprises a MBE or MBD reactoy 32. Figure 2 is a longitudinal sectional view of
a piece of equipment or module for depositing materials by evaporation using a molecular beam 6
comprising a MBE reactor 32. 25The MBE reactor 32 comprises a reaction chamber 20 comprising an
upper portion 21 anitsddoeveer lpottemte2PA is ofibitddB&BMaasttre3includes at least ong@durce of materials
23 positioned in thegloyyei oy matdhgigeaction chamber 22 and directed towards its upper 30 portion
21. The source of materiqlﬁg%gn&%)rpdsfqh%r%é%ﬁagrgpéjﬂgﬁ% lﬂ&ﬁJilament or a crucible intended to

t

undergo electron bombardment In order to evaporate the material to be vaporized. The MBE
reactor 32 includes%%ﬁﬂﬁ@%&?’ﬁé’ro_ﬁ%'%@j 6059188 MUHE'G BB} portion 21 of the réﬁ%ﬂon chamber and
capable of supportingrifxisugielyarerticedmathebptidacel iheeerehted A is oriented téards the source or
sources of materialgtZanber. The majority of the materials are in the liquid state during evaporation, and so
the crucible is placed 5 appoyiBRtRN VS Beal tEIRRLO®R Bf fliRkeaction chamber.  The MBE
reactor 32 includes ﬂaps 25 to b}ock off tpezaources of materials 23. The MBE reactor 32 includes pump
the'sources of materials 23.
means (not shown)
The MBE reactor 32 includes pump means (not shown)
10 that can provide vacuum pressure conditions below

10 Torr in the reaction chamber. The pressure in the

reaction chamber 22 is preferably below 10 “ Torr.
The module for depositing materials by evaporation
using a molecular beam 6 includes an airlock 8 conn ecting
15 it to one of the ports 3 of the central conveyor mo dule
2. More precisely, the airlock 8 connects one of t he
ports 3 of the central conveyor module 2 to the rea ction
chamber 20 of the module for depositing materials b y
evaporation using a molecular beam 6, as shown in
20 Figure 5.

The airlock 8 can render the pressure of the modul e
for depositing materials by evaporation using a mol ecular
beam 6 compatible with the central conveyor module 2.

As shown in Figure 8, the airlock 8 includes an

25 opening 10a, 10b at each of its lateral ends, and p ump
means to allow it to be opened alternately onto mod ules
with vacuum pressure conditions below 10 8 Torr or vacuum
pressure conditions above 10 8 Torr. Said pump means
comprise primary and secondary pumps. A pressure s ensor

30 is also provided. Each opening 10a, 10b may be clo sed in
sealed manner by a valve, and is preferably rectang ular
in shape.

The airlock 8 can be used to place the central
conveyor module 2 in communication with the module for

35 depositing materials by evaporation using a molecul ar
beam 6, which are at different pressures. The airl ock 8

complies with SEMI standards.



10 that can provide vacuum pressure conditions below 10-8 Torr in the reaction chamber. The pressure in
the reaction chamber 22 is preferably below 10-9 Torr. The module for depositing materials by
evaporation using a molecular beam 6 includes an airlogk 8 connecting 15 it to one of the ports 3 of the
central conveyor module 2. More precisely, the airlock 8 connects one of the ports 3 of the central
conveyor module 2 to the reaction chamber 20 of the module for depositing materials by evaporation
using a molecular beam @ hassshoomiu@0Figaier Fbricalibe efldgokéhtan render the pressure of the

module for depositifigimaieiaisb¥avieR0abontdag fignatefdar beam 6 compatiblegwh the central

conveyor module Ztéﬁtgﬁ%\w& mg%r&gtégzu%WQ%w%ﬂgs?a&%S opening 10a, r]aQQ At each of its

lateral ends, and pump means to allow It to pened alternately onto modules with vacuum pressure

conditions below 1058 A 1R QG HATHELGH LR NGB 0-8 Torr. Said pump Heans comprise

primary and seeondéypualigs Whgirdke ebstat i 3Didendediobitled. Each opening 10a, 10b may be

closed in sealed marasfdiyea vy en@ndd sapredpraiyi gentasdgugabyn shape. The airlock 8 can be used

to place the central anye%asMRdHE2iIeeiPBRIGAtEN with the module for 35 depositing materials by

evaporation using a molecular bea&gmvgh%c& re at dif{ere%grgﬁs%keg. The airlock 8 complies with SEMI
Sferfa

standards. 13 The selrr]n?cnc?n%rﬂ]ctor'w Fication '88u| ment includes a flipper module 9 that can

flip the face to be trEiEEER BiahitPREHEIRstea URRSMIRNR T #E R ubstrate 1 is intende®to be transferred
to a treatmentlthodaled7g.or

In the module for depositing materials by

evaporation using a molecular beam 6, the substrate lis
positioned in the upper portion of the module 21, a nd the
face to be treated A of the substrate 1 is oriented

15 towards the lower portion 22 of the module for depo siting
materials by evaporation using a molecular beam 6. In
the substrate treatment module 7, however, the face to be
treated A of the substrate 1 is oriented towards th e
upper portion of the treatment module 7. The flipp er

20 module 9 can thus be used to orient the face to be
treated A of the substrate 1 as a function of the m odule
that is to be used to carry out an operation on tha t face
A.

As shown in Figure 8, the flipper module 9 compris es

25 aflipper means 11, and a longitudinal movement mea ns 12
placed between one of the openings 10a, 10b of the
flipper module 9 and the flipper means 11. This op ening
10b is in communication with the reaction chamber 2 0 of
the module for depositing materials by evaporation using

30 amolecular beam 6.
The longitudinal movement means 12 includes a

support 13 that can support the substrate 1, and th at can

move between a position for unloading or loading th e

substrate 1 by the flipper means 11, and a position for
35 evacuating or receiving the substrate 1 through one of

the openings of the flipper module 10a, 10b. More
precisely, this opening 10a, 10b corresponds to the



5 downwards when the substrate 1 is intended to be transferred to a module for depositing materials by
evaporation using a molecular beam 6. In one embodiment of the invention, the airlock 8 includes
the flipper module 9, as shown in Figures 1, 5 10and 8.;, In the module for depositing materials by
evaporation using a molecular beam 6, the substrate 1 is positioned in the upper portion of the module
21, and the face to be treated A of the substrate 1 is oriented 15 towards the lower portion 22 of the
module for depositingenaig tizs ibyres@poranioatiosivgth tnekeawizobeam 6. In the substrate treatment

module 7, hogerercﬂwrf@é‘,ez@ saneAesLR erthgmmbaﬁ@aigﬁagigntedhto¥vards tgg upperdporti(?nhof the
treatment module 7 [pPRer e used to orient the face to be treated A of the
e\T%bﬁo{)Bfﬁt%ﬁ’ ué%ﬁeﬂﬁ?e?u%}g&ﬂﬁ 8

substrate 1 as a functi e Mo at Is to be used to carry out an operation on that face A. As
shown in Figure 8, the fligp&r TREGHINSPEShpIREars ANEKREYRT 1| and a longitudinal movement
means 12 placéd béthetate dedositrnep@mtge rporbb3stfieflipper module 9 and the flipper means 11.
This opening 10b iddngiomimalnieatonenitméaaseacpiontiitpaboer 20 of the module for depositing materials
by evaporation using30: MLEUGHRERE Libstrafd €, I2R@iGedinal movement means JZjjpgludes a
support 13 that can.tsgﬁgortfthe SSUbStB?f[Eiga aR(rjm g hatr(fgrq move lﬂetween a position for unloading or
loading the substrate atHéefﬂprl)Jngeans'll, and a pc iton for 35 evacuating or réceiving the
substrate 1 throughrﬁ?l‘@gﬁﬁb‘Rﬂ?éh’rr%é‘%Fﬂﬁ’é‘WfbﬁéP%@EﬂéOltbﬁ, 10b. More precisely, this opening 10a,
10b corresporids toshestiateop dminmtiledtkiedrscoponmabicafitrs witlethe reaction chamber 20 of the module
for depositing materiigitiipuap aistiapdisiitharmes i ateamts ¢ The flipper meanspl is capable of
picking up the 5 sut%%lig%g f}oﬂ?}%}@%ﬁgo‘?}ﬂs@e support 13 of the longitudinal movement means, of pivoting
iRl

about a horizontal axis to_f ubstrate 1, and of unloadin _
The flipper means 11 comprises an art?culatlon 16 to

flip the substrate 1 and gripper means 17 to pick u p and

15 release the substrate 1. The gripper means 17 comp rise
two semi-circular or near semi-circular arms 18a, 1 8D,
forming tongs, and articulation means 19 to allow
tightening or loosening of the semi-circular arms 1 8a,
18b when the flipper means 11 is in the position fo r

20 loading or unloading the substrate 1.
The various supports 13, 15a, and 15b have
dimensions adapted to substrates 1 with diameters o f
200 mm or 300 mm, or others.
Figure 8 shows an example of a module or equipment

25 for depositing materials by evaporation using a mol ecular
beam 6 comprising such a flipper module 9. This mo dule
for depositing materials by evaporation using a mol ecular

beam 6 is surrounded by a protective casing.
An example of operation the flipper module 9 or
30 airlock 8 is described below.
After being loaded onto the support 15b of the

central conveyor module 2, the substrate 1 is broug ht in
front of the port 3 associated with a module for
depositing materials by evaporation using a molecul ar

35 beam 6 by the central conveyor module 2. The press ure in
the central conveyor module 2 is 10 " Torr and the face to

be treated A of the substrate is oriented upwards.



it onto a fixed support 15a. Another longitudinally movable support 15b is capable of picking up the 10
substrate 1 from the fixed support 15a. This other longitudinally movable support 15b is attached to the
central conveyor module 2. The flipper means 11 cqmprises an articulation 16 to flip the substrate 1
and gripper means 17 to pick up and 15 release the substrate 1. The gripper means 17 comprise two
semi-circular or near semi-circular arms 18a, 18b, forming tongs, and articulation means 19 to allow
tightening or loosening ofTthe \sevei-alitbel armr ek S B8apdidked/ath the figgper means 11 is intthe position for

20 loading or unloadipgofighstbsitAitelsubstrifte Var tPass RS0l 3, 15a, and 15b hgye dimensions
adapted to substratgﬁI i}gggmﬁqmeﬁ%%%fl ggggrﬁég %3091 T el d)ywers. Figure 8 shgw& an example of a
S 1T R ;

module or equipment eposmn(? materi y evagoratlon using a molecular beam 6 comprising

such a flipper modUte B AT SRS I PIRDBLRIHY HRAENRILBFBBaporation using aGhéfecular beam 6 is
surrounded by 2 profdbgvaedidmépr deposiprgerataipsdnopeapddii the flipper modul®® or 30 airlock 8 is
described below. ushiged heilgleadechonddtiegselippedt 15b of the central conveyor module 2, the
substrate 1 is brought in fraptph iRt R SeHaleg vid Bdmedkiefardgpositing materigls by

evaporation using a,mqlecular 35 m the central con r module 2. The pressure in the central
conveyor module Zatgeﬁ&%g'lséjﬁ%ﬁ% %%’ grgé 5DE rlgastlépop Rr\{oi)%%eggﬁbstrate is oriente 6h%wards. 15

The valve of the airlBik!BESBEARIIIRN e pbhe RVEHRITBE @A the substrate 1 is $kadisferred into the
airlock 8 via ti® moasdeisigopoithlibb b 3éxolvdadivEhefthmpineek 8 associated withdhe reaction

chamber 20 5 of then@ashdexferrdenesitiegoreatriialm Byeexiapekasion using a moleculgplgam 6 being
closed. to 10 ° Torr or less.
The two semi-circular arms 18a, 18b pick up the

substrate 1 from the fixed support 15a. The two se mi-
15 circular arms 18a, 18b turn through 180° in order t o flip
the substrate 1 onto the support 13 of the longitud inal

movement means 12. The face to be treated A of the
substrate 1 is oriented downwards, i.e. facing the
support 13 of the longitudinal movement means 12.

20 The valve of the airlock 8 associated with the
reaction chamber 20 of the module for depositing
materials by evaporation using a molecular beam 6 i S
opened and the substrate 1 is moved in translation
longitudinally by the movement means 12 to be depos ited
25 on the sample-carrier 24 of the module for depositi ng
materials by evaporation using a molecular beam 6. The

face to be treated A of the substrate 1 is oriented
downwards, i.e. towards the lower portion 22 of the
reaction chamber 20 of the module for depositing
30 materials by evaporation using a molecular beam 6. The
movement means 12 is moved in translation into the
airlock 8.
The valve of the airlock 8 associated with the
reaction chamber 20 of the module for depositing
35 materials by evaporation using a molecular beam 6 i S
closed again and the operations for depositing the layer
of materials can commence.



The movable support 15b deposits the substrate 1 on the fixed support 15a. The movable support 15b
goes back into the conveyor module 2. The valve of the airlock 8 10 associated with the port 3 is closed.
The pump means of the airlock 8 reduce the pressure ipghe airlock 8 down to 10-9 Torr or less. The
two semi-circular arms 18a, 18b pick up the substrate 1 from the fixed support 15a. The two semi- 15
circular arms 18a, 18b turn through 180 in order to flip the substrate 1 onto the support 13 of the
longitudinal movement mipaihe $2amEhadaceriatier tleateitidnabtbengelbtstrate 1 is oriented downwards, i.e.

facing the support kgeoétpetanoitysinalsaasaieat Haanmdds Aprhe valve of the airlagk @ associated
with the reaction Chﬂggﬁ{&%% ﬁ | efrollhggggséting materials by evaporation using a molecular
and t b ?e{ﬁﬁsw

beam 6 is opened e substrate 1 oved In translation longitudinally by the movement means 12 to
be deposited 25 on the sgﬂ?\%@-ecsasrw@r'Qﬁhﬁf%l@%(ﬁjﬁléqépﬁgp@gﬁﬁ]g materials by evaporation using a
molecular bearh 6. Pies$HtR abthe ¢rMrBUCANYENRS Raskiets hasosmietited downwards2i%. towards the
lower portion 22 of tteetrgaetion chamber 20 of the module for depositing 30 materials by evaporation

using a molecular beam 6 L@ RONF WS RAG R AErigI RV edhaRsation into the airlock 8. The

valve of the airlock 8 associat?d ith the rebactlo& cha(ql{?]er 20 of the module for depogfting 35 materials
, iusind a fio (?cﬁ'Ygr beam. S obtained that 1s compat ile
by evaporation using a molecular beam 6 is ¢losed again and the 'Operations for depositing the layer of

materials can comni€rig82re8 PrespyiRVER e STt ed A aeHb8i%on is complete, Hd&Substrate 1
follows a revetfed patindtiwisditippecbtwy dyerotimeiugéd, hyntefiipgpenmodule 9. The pessure in the airlock

8 is adapted to the HaasaYRSdhe it raysyeLon0dule 2,-bagpming 2 x 10-9 Torr. A module for
depositing materials by e&ﬁﬁ@f%ﬂ%lﬂﬂ%% g}glﬁ%@ﬁlg%‘%ﬁbgrﬁ b%igﬁg hat is compatible as regards

pressure with the substrate treatment modules 10 7 and the central conveyor module 2, functioning under

vacuum pressure cOMliBRAY BANWE -9 Torr.

The flipper module 9 may be integrated into the
15 central conveyor module 2, as shown in Figure 7.
Alternatively, the flipper module 9 may be
positioned between one of the ports 3 of the centra I

conveyor module 2 and one of the substrate treatmen t
modules 7, as shown in Figure 6.

20 As can be seen in Figure 1, the semiconductor wafe r
fabrication equipment may comprise two modules for
depositing materials by evaporation using a molecul ar

beam 6, and two substrate treatment modules 7.
Figure 4 shows another embodiment in which the

25  semiconductor wafer fabrication equipment comprises a
first central conveyor module 2 including a plurali ty of
lateral ports 3, and a loader module 5 connected to two
of the ports 3 of the central conveyor module 2, wh ich
may accommodate at least 15 substrates. These subs trates

30 have a diameter or 200 mm or 300 mm.
The semiconductor wafer fabrication equipment
comprises two modules for depositing materials by

evaporation using a molecular beam 6 including a mo dule

having a reaction chamber 20 dedicated depositing a layer
35 of semiconductor alloys (group I1I-V) from sources of

solid or gaseous arsenic, gallium, or indium, and o ne

module having a reaction chamber 20 dedicated to



Other embodiments are possible concerning positing the flipper module 9. The flipper module 9 may be
integrated into the 15 central conveyor module 2, as shown in Figure 7. Alternatively, the flipper
module 9 may be positioned between one of the ports 3 ¢f the central conveyor module 2 and one of the
substrate treatment modules 7, as shown in Figure 6. 20As can be seen in Figure 1, the semiconductor
wafer fabrication equipment may comprise two modules for depositing materials by evaporation using a
molecular beam 6, dapasumgubktyateofrestiadimsmatiujesnd. diédeoe 4 shows another eimbodiment in which

the 25 semiconducterwatas bl @euissRfRMRtisesuRcishcentral conveyorfmodule 2 including a
plurality of lateral p 5553%’a%gtggggdﬁc{%ﬂgwj%ﬁecﬁ{é%gﬁgt#% ﬁWl‘?dOf the ports 3 of tr'é% %gntral conveyor
e subst

module 2, which may accommodate at least rates. These substrates 30 have a diameter or 200
mm or 300 mm.  Ff¥EBmiconductor wafer fabrication equipment comprises two modules for
depositing materials by eVapsemsendustos Wadks dahiicbianes uHineiihglsPmodule having a reaction
chamber 20 dedicated utkpositingaadayeiyiisahsemiceaductor alloys (group 111-V) from sources of solid or

gaseous arsenic, gallium;rAe gty e BP R AaclsiBavieg upAstiqn chamber 20 dedicated to 17

Eeri
reafment mo

depositing a layer of oxide éinsula%in and di Ietctri ma a‘ljs . I}i module is equipped with sources of
: cqmprses a se oF uk{stra e g : o
plasma materials and allows thé metals 1o be nitfided or oxidized. 5The semiconductor wafer fabrication
equipment also inclERPE KRR BHSRRISYAbAANSeY, and a second ¢ entral
10  conveyor module 2' comprising a plurality of latera I
ports 3' connected to one or more lateral ports 3 o f the

central conveyor module 2.
The lateral ports 3', 3 of the first and second

conveyor means 4, 4' have a rectangular shaped conn ection
15 interface provided with a rectangular opening that is
adapted to pass a substrate 1 that is 200 mm or 300 mm in
diameter.
The second central conveyor module 2' is in
communication with a plurality of substrate treatme nt
20 modules 7 including at least a PVD module and an et cher
module, via an intermediate transfer module 29. Sa id
intermediate transfer module 29 can be used to tran sfer
the substrate 1 from one central conveyor module 2, 2'to
another.
25 The etcher module can be used to prepare the oxide

layer surface.
The PVD module can be used to deposit metallic

layers to produce conductive electrodes over the ox ide
layer.
30 An analysis module may be provided for use in
carrying out X-ray photoelectron spectroscopy (XPS) , or
reflection high-energy electron beam diffraction (R HEED),
or near field atomic force microscopy (AFM) or scan ning
tunneling microscopy (STM) to perform characterizat ions.
35 The arrangement described above is one possible

example. Other arrangements are also possible.



The semiconductor wafer fabrication equipment comprises a set of substrate treatment modules 28
comprising second conveyor means 4', and a second central 10 conveyor module 2' comprising a plurality
of lateral ports 3' connected to one or more lateral ports g of the central conveyor module 2. The lateral
ports 3', 3 of the first and second conveyor means 4, 4' have a rectangular shaped connection 15
interface provided with a rectangular opening that is adapted to pass a substrate 1 that is 200 mm or 300
mm in diameter. The secthd semiachoveywafaoihbiecatisniegopmeamication with a pluralitg of substrate
treatment 20 modulgsed tacheding: dldansita SR a8asiulgrangl ag, atcher module, via arpigtermediate

transfer module 29.c§aaigg'r%ﬁwcp&t%}%ﬁfeer g@ﬁ}g& i rr:Ptpﬁdused to transfer theuégbstrate 1 from
hodu ' e etcher mo

one central conveyor maodule 2, 2' to another. ( ule can be used to prepare the oxide
layer surface.  THEBYB YRBAHS BXABRINGtPRy i oS netallic Iayer@t@b?d@ﬂ%@econductive
electrodes ovepbthe oxideTlag&linBmaipanafybie medilraheguienigoiiged for use in carrying out X-ray
photoelectron speciraseomyr X&m), depesdlestiafdvgibeoatigy séesicon beam diffraction{&6IEED), or near

field atomic force migxpscoRY CARMLGHBSAAUNIRNRNKABRINSL TN SFRSRORY (STM) to perfgrm

characterizations. %?Thﬁtarrangﬁqrgﬁ err??rib d aq%v% Ij]% Qone Ipossible example. Othaesrs arrangements are

: eightis’les meter]
also possible. 18 T _
than 2.8 m and its width is less than 1.2 m. It we ighs

10 less than 6000 kg [kilogram].
The dimensions of the module for depositing
materials by evaporation using a molecular beam 6 ¢ omply
with SEMI standards and more particularly with the
standard SEMI E72-0600.

15 In the example of Figures 2 and 3, the module for
depositing materials by evaporation using a molecul ar
beam 6, provided with its protective casing or casi ngs,
has a length L1 of 1844.5 mm, a width ¢1 of 2000 mm and a
height H1 of 2367 mm.
20 The flipper module 9, provided with its protective
casing, has a length L2 of 998.5 mm and a width 12 of
582 mm.
The flipper module 9 comprises a connection
interface 31 comprising the opening of the flipper module
25 10b intended to be associated with a molecular beam
deposition module 6. Said connection interface 31 has a

width ¢ 3 of 480 mm.
The set comprising the molecular beam deposition

module 6 and the flipper module 9 has a total lengt h L total
30 of approximately 2763 mm.

Compared with prior art systems, the molecular bea m
deposition module 6 of the invention presents sourc es of
materials 23 and other elements, such as the precur sor
gas injectors, that are arranged differently about the

35 module.
The various sources of materials 23 are not
distributed regularly around the reaction chamber 2 0 of
the molecular beam deposition module 6.



The semiconductor wafer fabrication equipment can be used to deposit elements such as Si, Hf, Ta, La,
Ti, As, Ga, Sb and In, for example. It is possible to produce reactive deposits by forming TaN, TiN, Hf02,
for example. 5The dimensions of the module or equipmggit for molecular beam deposition 6 for fabricating
semiconductor wafers are small compared with known equipment. Its height is less than 3.5 m [meter]. Its
length is less than 2.8 m and its width is less than 1.2 m. It weighs 10less than 6000 kg [kilogram].

The dimensions of the médudedat dep psitipteryatbiia sdayg twapbaatizar 8ing a molecular beam 6 comply

with SEMI standardg ﬁﬁﬂmﬁm@&wﬂm&@m@@%Ew E72_-0600. 15In thyexample of .
Figures 2 and 3, th%mﬂQH{S i@g%ﬁ%ﬁﬁtﬁ%ﬁéﬁgéﬂ@@gon using a moIecuI%rngqgm 6, provided

with its protective casing or casings, mm, a width 1 of 1000 mm and a height H1
of 2367 mm. 20The M PR EMGIR G NEPRRELA Ytk 9 PRoteRiveSsing, has a length L2 of 998.5 mm and
a width 2 of 582 mraterigih@fippe thaciiltelo&omprises a connection interface 31 comprising the
opening of the flipper module 25 10b intended to be associated with a molecular beam deposition module
6. Said connection interface 31 has a width 3 of 480 mm. The set comprising the molecular beam
deposition module 6 and the flipper module 9 has a total length Ltotal 30 of approximately 2763 mm.
Compared with prior art systems, the molecular beam deposition module 6 of the invention presents
sources of materials 23 and other elements, such as the precursor gas injectors, that are arranged
differently about the 35 module. The various sources of materials 23 are not distributed regularly
around the reaction chamber 20 of the molecular beam deposition module 6.



19 A zone at the periphery of the reaction chamber 30 is not provided with a source of materials 23 or
other elements in order to allow access to the airlock 8 and to facilitate maintenance operations on the
sources of 5 materials 23 and the airlock 8. 20 CLAIMS 4. Equipment for fabricating semiconductor
wafers, each comprising a substrate (1) covered with at least one layer of materials, said substrate (1)
comprising a face 5 to be treated (A) and an untreated face (B), said fabricating equipment comprising: a
central conveyor maiiieM8) comprising a plurality of lateral ports (3) and conveyor means (4) that can

convey said substrategd)ifierenens Raisiehieyistth(Qriawrastnrtesaid central conveyaggpodule (2) being

capable of functioni
to one or more ports

e central conveyor mo

P&ﬁ&gﬁﬁgﬁ%%@}@[&%igE%&&%ﬁi%{jﬂ.ﬁ?gﬁ)%& 308 Torr; aloader

. said loader 15 modu

rlgodule (5) connected

e (5) being capable

of receiving one or [A¥E YUBEIRLRS: GF P eo%‘a?@'ﬂré%%@nt modules (7) for t185fing the substrate
functioning under vigbartigaessificaishanionisested éee B eaiceach treatment module (7) being
connected 20 to oneabfithermpeiu(pinehteanismgconveyor module (2) and being capable of receiving

said substrate (1) in ordeg Laocgﬂrt%%h@%ﬁmm@?ﬂég

said substrate treatrr;r?grngii y%qlljelﬁasr gz} g%n(%l%lrr]l & ﬁ¥g§%rpﬁn?é% %ngosmng materials;

10

15

20

25

30

35

that can convey said substrate (1) from one lateral
(3) to another, said central conveyor module (2) be
capable of functioning under vacuum pressure condit
above 10 8 Torr;

* a loader module (5) connected to one or more por
(3) of the central conveyor module (2), said loader
module (5) being capable of receiving one or more
substrates (1); and

- one or more treatment modules (7) for treating t
substrate functioning under vacuum pressure conditi
above 10  Torr, each treatment module (7) being connected
to one of the ports (3) of the central conveyor mod
(2) and being capable of receiving said substrate (
order to carry out a treatment operation on its fac
be treated (A), at least one of said substrate trea
modules (7) comprising a system for depositing mate

the equipment being characterized in that it
comprises:

» at least one molecular beam deposition module fo
depositing materials by evaporation using a molecul
beam (6) functioning under vacuum pressure conditio
below 10 ® Torr, said molecular beam deposition module (6)
being connected to one of the ports (3) of the cent
conveyor module (2) and being capable of receiving
substrate (1) in order to deposit a layer of materi
its face to be treated (A).

2. Semiconductor wafer fabrication equipment accord
claim 1, characterized in that said module for depo

,qg]r{bsa{ace to be treated (A), at least one of

4)
port

ing
ions

ts

he
ons

ule
1)in
e to
tment
rials;

ar
ns

ral
said
als on

ing to
siting



25the equipment being characterized in that it comprises: at least one molecular beam deposition
module for depositing materials by evaporation using a molecular beam (6) functioning under vacuum
pressure conditions 30 below 10-9 Torr, said molecularyeam deposition module (6) being connected to
one of the ports (3) of the central conveyor module (2) and being capable of receiving said substrate (1) in
order to deposit a layer of materials on its face to be treated (A). 35 21 materials by evaporation using a
molecular beam (6)mattudds Bneamiowiai8h cemeatingléctdasmeantf@ ports (3) of the central conveyor

module (2), said air|pek 8% akravirekNe) iesseEeRatwe Ay thodule for depositing pepgterials by

evaporation using
airlock (8) including'an opening

ine

a(@glﬁﬁlélggpﬁj%rg% Qp%%@[ﬁ% @g%%%it&'ﬁo"gith the central convlgg module (2), said

ateral ends that can be close

y a valve, and

pump means that caﬂoﬁﬂ‘fj&gigée\}%{gﬁﬁ%ep? L4GrRe U a0gHE 167 68897'10-9 Torr and vER&um pressure
conditions above 10PQFGASHRYiGyaneraiifscks(BY aanslesutasi@attodlvaler fabrication ERpment
according to claim Inailelasmpatibiaraittetizeceinitiaionvesiol module ¢ for depositing materials by

evaporation using agi@Ieedlal @3RIRInYenfBRe MG eLB8akRM (A Of the substrate (1piggriented towards
the lower portion (22?. fF?id mod Iet‘h(gt)tan in }haté the’sqbstrate treatment module &7), the face to be
SI% T ené% r}ﬁ/ valve an

treated (A) of the sub

ORented towards

eaupper’portion of said treatment module (7), said

equipment for fabric4tiRg ‘BERISIABLES, RIRYEIR YREKIETh B SSRBIFenEtiule (9) that caPffip the face to be
treated (A) of e suissorate0(1) upavasds wheruthgmssstat@it)tisns@raked to be transferred to a 25
treatment module (1) dridpnAwasdnavhipBdkessubstrate (1) is intended to be transferred to a module for

depositing materials by evaporation using a molecular beam (6).
equipment according to 30 claim 3, characterized.in that the fli

4. Semiconductor wafer fabrication
er module (9) is inte

ated into the

gr
central conveyor m3daREP8ULBR AR 6?%3@«3?‘1%1’?&%& Cegpment accordiﬁ%gtéoclaim 3,
characterized in that!8ELiifsséaimmdd aRaagtry izehivdHiaiie $Beteen one of the port@¢gieof the central

conveyor modifle (Zpadeposting thetstibisttpte vegatragot osdeyemor).
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beam (6), the face to be treated (A) of the substra

is oriented towards the lower portion (22) of said

(6), and in that in the substrate treatment module
the face to be treated (A) of the substrate (1) is
oriented towards the upper portion of said treatmen
module (7), said equipment for fabricating semicond
wafers including a flipper module (9) that can flip
face to be treated (A) of the substrate (1) upwards
the substrate (1) is intended to be transferred to
treatment module (7), or downwards when the substra
is intended to be transferred to a module for depos
materials by evaporation using a molecular beam (6)

4. Semiconductor wafer fabrication equipment accord
claim 3, characterized in that the flipper module (
integrated into the central conveyor module (2).

5. Semiconductor wafer fabrication equipment accord
claim 3, characterized in that said flipper module
positioned between one of the ports (3) of the cent
conveyor module (2) and one of the substrate treatm
modules (7).

ecular
te (1)
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ing to
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ing to
(9)is
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22 6. Semiconductor wafer fabrication equipment according to claim 3, characterized in that said flipper
module (9) is positioned between one of the ports (3) of the central 5 conveyor module (2) and one of the
modules for depositing materials by evaporation using g4nolecular beam (6), said flipper module (9) being
integrated into said airlock (8). 10 7. Semiconductor wafer fabrication equipment according to claim 5 or
claim 6, characterized in that said flipper module (9) comprises a flipper means (11) and longitudinal
movement means (12) placed between one of said openings (10a, 10b) of the flipper module (9) and 15

the flipper means (kl)sEnqdenRaiis@inahrapraineaisRe stk 6eBHPHISING a support dgidthat can support
the substrate (1) an%fm%cgﬂa{?gcr@ﬂ\éfgg P]e[%?ggigﬂﬂdgég}orﬂg%lgnloadmg or loading @egubstrate (1) by
t r

the flipper means (11) and a position for evacuating or recelving the 20 substrate (1) tHrough one of the
openings of the flipPPHRRILIHEER 865 QEGB%P&;S@%%E?f%ﬂ“bemg capable of piking up the
substrate (1) p&siticifsy@yPteosiH 64 and snefdideongiulginmMiePement means, pildithg about a
horizontal axis to flimtherisubbirateapbradod usilapdingRaiilanteangder support (15a). &idemiconductor

wafer fabrication eqyiaeniaeRO(giNstIRgciisy At arRciarizafdn that the flipper megps (11) comprises
pivot means (16) to EEE the substrate and 30 gripper means (17) to pick up and release the substrate (1),
said gripper means( 7) comprising two semi-circular arms (18a, 18b) forming tongs, and articulation
means (19) to allow tightening or loosening of the semicircular arms (18a, 18b) when the flipper means
(11) is 35 in tH® positiGefucioadicigrovafatdatdifgtioe sgbgnatet(@gca2d@ 9. Semiconduotptowafer fabrication
equipment accordingdiemanyraigimie:laiamdtéti b haimatesizetdn that the substrate fseatment module or

modules (7) compriﬁ%altjllg?g)t 861%p‘ﬂ&é‘?E%BBHl%ampﬁﬁjjSH&Si“O“ module for

longitudinal movement means (12) placed between one of

said openings (10a, 10b) of the flipper module (9) and
15 the flipper means (11), the longitudinal movement m eans
(12) comprising a support (13) that can support the
substrate (1) and that can be moved between a posit ion
for unloading or loading the substrate (1) by the f lipper
means (11) and a position for evacuating or receivi ng the
20  substrate (1) through one of the openings of the fl ipper
module (10a, 10b), said flipper means (11) being ca pable
of picking up the substrate (1) positioned on the s upport
(13) of the longitudinal movement means, pivoting a bout a
horizontal axis to flip the substrate (1), and unlo ading
25 it onto another support (15a).
8. Semiconductor wafer fabrication equipment accord ing to
claim 7, characterized in that the flipper means (1 1)
comprises pivot means (16) to flip the substrate an d
30 gripper means (17) to pick up and release the subst rate
(1), said gripper means (17) comprising two semi-ci rcular
arms (18a, 18b) forming tongs, and articulation mea ns
(29) to allow tightening or loosening of the semi-
circular arms (18a, 18b) when the flipper means (11 ) is
35 inthe position for loading or unloading the substr ate

(D).



5 performing CVD, PECVD, PVD, or MOCVD. 10. Equipment for depositing materials by evaporation
using a molecular beam (6) for fabricating semiconductor wafers comprising a substrate (1) intended to
be covered 10 with at least one layer of materials, the sypstrate (1) comprising a face to be treated (A)
and an untreated face (B), said equipment for depositing materials by evaporation using a molecular
beam (6) comprising: a reaction chamber (20) comprising an upper 15portion (21) and a lower portion
(22); at least or%e Senncerafuctatesiaier (2B)ipasunoedpmémnt doeendportion (22) of the t@action chamber

and directed towardgioHERECRAEND (@ 8),charagteAreRltheAsieid24) positioned in the upper 20 portion
(21) of the reaction i‘j‘ Q@Mrﬁ@ﬂ Iesgpﬂ%gﬂgéﬂz ‘%&@E rate (1) such that S&Id substrate has its

face to be treated (A) oriented towards e source or sourc aterials (23); and pump means

that can provide valtRoBRslhe M&%H@%’él%ﬁﬁ'tg’&&?%lﬁe reaction chamiBEr (20): the
equipment beirfy chegdetenze EMRhBEEYEMBNEs®r MOGMbper module (9) in communication with the
reaction chamber (20), the module being capable of being 30 connected in sealed manner to a

semiconductor Wafe.ﬂ(f@cﬁl‘ﬁﬁﬁ%h?ﬂ;‘r”@é’b%@&ﬁ%tM@HQ@ BO4sE4acuUm pressure cgpditions above 10-8

Torr and comprising ane or mp strate éé orrPa n | ules §7 in, which the substra& [(1) has its face

to be treated (A) orlenpeqda3@?owarofs t%%muf) er por IO Of dﬂmodﬁlle said flipper module (9) comprising

flipper means (11) tWﬁf%éﬁ?l%WF%%@e%H’B@%&éd’@O%dt%b:.‘%JB%trate (1) upward®84vhen the
substrate (1) is0ntendlbcatdelasttrmesfpree dftotiersdsnibersibstortiabrication equipmeni¥et functioning

under vacuum presgyhepaeiditioRsakore #0a8lqK) and an untreate d face
(B), said equipment for depositing materials by
evaporation using a molecular beam (6) comprising:
* a reaction chamber (20) comprising an upper
15 portion (21) and a lower portion (22);
* at least one source of materials (23) positioned
in the lower portion (22) of the reaction chamber a nd
directed towards its upper portion (21);
» a sample-carrier (24) positioned in the upper
20 portion (21) of the reaction chamber and capable of
supporting said substrate (1) such that said substr ate
has its face to be treated (A) oriented towards the
source or sources of materials (23); and
* pump means that can provide vacuum pressure
25  conditions below 10 *® Torr in the reaction chamber (20);
the equipment being characterized in that it
comprises:
« a flipper module (9) in communication with the
reaction chamber (20), the module being capable of being
30 connected in sealed manner to a semiconductor wafer
fabrication equipment set functioning under vacuum

pressure conditions above 10 8 Torr and comprising one or

more substrate treatment modules (7) in which the

substrate (1) has its face to be treated (A) orient ed
35 towards the upper portion of said module, said flip per

module (9) comprising flipper means (11) that can f lip

the face to be treated (A) of the substrate (1) upw ards



24

when the substrate (1) is intended to be transferre dto
the semiconductor fabrication equipment set functio ning
under vacuum pressure conditions above 10 8 Torr.



