A MACHI NE FOR | M "' LANTI NG I ONS I N PLASMA - | MVERSI ON MODE FOP A LOW PRESSURE

METHOD The present invention relates to a nachine for inplanting ions
in plasma i mersion node for a. |low - pressure nethod. The .f-1id of
the invention is that of ion inplantation machines that F.;::kca use of a

pl asma, in other words ion inplanters operating in plasma i nmersion. node_
Thus, inplanting ions in a substrate consists in 10imersing the substrate

in a plasm gangndirbkasbRgrivbr Wit ing negat irve pyakiage vofcra fogwMogis  of
volts (V) to_a I k (generally less than 100 kT), in

few tens_of kilovolts V)
order to crefdt® antefeBRFPeURFel8TEdPabl e of accelerating the ions of the

plasma towards thend5substnat envdheipenetratieentdept haohitke ficans is

det er m ned bﬁ%égeir.acceleration energé. |t degend§ f%rstlylon_the vol t age

applied to t UbstPat L°ARd 8ekoRal"y oA FRE PEsPEEEi vETnat dPéS of the ions

and of the substsate.m20Fod.reasons associatecl with physics, igniting and

mai nt ai ni ng plasmﬁﬁ rgﬁg%aeisatgéﬁgﬁygg%agﬁt-S|§h5%lg%|g%5y_h|gh,.connnnly
0 .- ar,

10-3 mllibars 0.-nbar . I's high pressure gives rise to
undesi r abl e SeebwdarlyioefhechineThehatibsakat 8sesofhe éachef dmnahed

25r edeposi tiph-@nd; £t ¢hhNent EUET BEEPREENgOAS E@agmgptimgr@q%n%d@i.r ectly
on the working pressure, Attenpts have therefore been nade to reduce
this pressure to a8YFow'BB1pBEETIBI €O RevBr fhEPESS 286G ROpresSsr ¢ r educt i on
| eads toodiffieebties tRei gabttpgtthent knpliasma and te &isisgmidf iieant
reduction in its density. Nowadays, it s _accepted. th the optinmum
wor ki ng pres&ur’e %e%%ﬁaglgﬁ Yﬂét?gﬁeogfaigﬁWngPSnogoHngstﬂgp J€nér at es
and nai nt ai nSet heepb asfrakilovolteowaVe sgeneeslliO-l2ssbahano 100- kVNbau-. . . ;
and - radio-Fre Y. SO : - 1.0 Ther ma

sour ces (sougﬁegyﬁgth§iF%%%Efs%gng&gg?%l%ogég%ﬁeggggpégugg pressure, but
they give risectberohiasi RAti bANBYyOapbei PaBFEeA, towards the

15 substrate.

The penetration depth of the ions is determined by
their acceleration energy. It depends firstly on the
voltage applied to the substrate and secondly on the
respective natures of the ions and of the substrate.

20 For reasons associated with physics, igniting and
maintaining plasmas requires a pressure that is
relatively high, commonly 1073 millibars (mbar) to
10-! mbar. This high pressure gives rise to undesirable
secondary effects. The substrate is the seat of unwanted

25 redeposition and etching. Furthermore, gas consumption
depends directly on the working pressure.

Attempts have therefore been made to reduce this
pressure to as low as possible. Nevertheless, such
pressure reduction leads to difficulties in igniting the

30 plasma and to a significant reduction in its density.

Nowadays, it is accepted that the optimum working
pressure depends on the type of ionization source that
generates and maintains the plasma:

- microwave sources: 1072 mbar to 10°! mbar; and

35 - radiofrequency sources: 1073 mbar to 10! mbar.



D scharge sources also nake it possible to work. at 5l ower pressure, but
that is to the detrinent of plasna density. Thus, docunent US
2001/ 0046566 describes a machine for inplanting ions in plasna i nmersion
node that conprises 10 an enclosure that ds connected to a punp device;
a negatively biased substrate-carrier that is arranged in the enclosure;
and a plasma feed device having- a chanber provided with an

i oni zation cell, %ﬁ@rﬁgﬁnggﬁrgébngsbﬁrEgg %Q%H‘@Hl%m%%Q%rahb&ecﬁk!ndr'Cal
body t hat extends between an initial section and a ternlna section opening

out into thePenthostre? reducetReceRanBer PBEI hGSPr OvVGed Wit FCa gas

del i very or|é¢@@amﬁmgt2@ﬁhgyteépbgahagggh|on present|ng a head | oss
relative to the 2§d% hT at . Iantahlon chi ne nal. Eﬁ oszhble to
generate a. plas t ?593t?98 G<hi ghSpr B&&Gr &~ WPERT ?Iéﬁ i

reducti on i1 nléher abovesoeat i bnedtsecondary 2bef Hectrsment of Newemtshel ess,
firstly, the gﬁégt hat creates the head loss is optif-dzed for

el ectromaoneti ¢ cohsiderations and not fromthe point of view of. the head
| oss that it geneflates. d30Seeondly, 20Aar 08 PEoRusSEshbeibendactiardiamd it is

therefore naﬂ?r°fmﬁ&§§£§ﬁ% ¢onmt eni gh o -ARd LRt s¢an head %%a%he pl asma
bei ng polluted. The econes etched in contact wwth the plasna

(cheni cal zﬂﬁpmﬁﬁﬁ%esetchlno) The netallic contam nation. that results

fromthis etching- l§n'@ﬁ@ﬂ@§hkél eha/ttmscebhaeettedelt@saopua@pldie@zatdeon such

as mcroel ectronics. Furt t he unwgn%edt de503|t|on phenonEna t hat
HaEt "M Eh°

take place on the walts9¢ éYe Xr@l?ﬁegoﬁ hE15FashEr 5. tne
wal | s of theachanded, iarehsi gncioeant; and

- a plasma feed device having a chamber provided
with an ionization cell, the chamber being in the form of

15 a generally cylindrical body that extends between an
initial section and a terminal section opening out into
the enclosure;

the chamber being provided with a gas delivery
orifice; and

20 the terminal section presenting a head loss relative
to the body.

That implantation machine makes it possible to
generate a plasma at relatively high pressure, with a
significant reduction in the above-mentioned secondary

25 effects.

Nevertheless, firstly, the grid that creates the
head loss is optimized for electromagnetic considerations
and not from the point of view of the head loss that it
generates.

30 Secondly, that grid must be conductive and it is
therefore made of a metallic material, and that can lead
to the plasma being polluted. The grid becomes etched in
contact with the plasma (chemical and ionic etching).

The metallic contamination that results from this etching

35 is incompatible with certain fields of application such
as microelectronics. Furthermore, the unwanted

deposition phenomena that take place on the walls that



Thirdly, the netal grid seeks to block the el ectromagnetic field for
igniting the plasma in order to 5confine it in the chanber and prevent it
from probagating into the-enclosure where only the ions are accelerated_
The electrostatic field for acceleratingdhe ions is created between the
substrate and the grid and it inposes t he trajectory foll onwed by the ions,
t hereby preventing. 10so-called "conformal" three-dinensional inplantation

of the kind fhat;can,be,obtaiped: by Bﬁé&%aOf acChithd Lanqmuige sheath when
the plasma is present around the substrate. Fourthly, the chanber

opens out di REPYTi ntbCt ReIN5ERERBSUre, and that |ikewise is unfavorable

to the propagati omofatfie phasmathn thedenek@sure. block tAR object of the
pr esent |nve%£|on is thus.to oye, that situ Accordin

i npr.
Phe T nvent | o PRASTERH G AT O, REChRGE SO PEQBLaoHR dRerydtve thar i s
connect efl t ocenplmP tlevicethe chambea aagapmeebytp¢kafmbmdpropagatlng
substr at e- carrier t ha rran L Nsi . a.
pl asma feed d%v?c%h?né?%foso%%1ggggggéhg§aﬁ % g?ﬁ %rlcaf%%qg extendlng
bet ween an |%m¢|@lesbt©sbataﬂdfaeﬂérﬁbﬁahcgeéﬁréﬁlnghéh@eﬂp@é Ravi ng a main
chamber pro %Qggltew ﬁ@t@@ehoehéaghegtggue and thel B%leialaadca%maﬁﬁoo%@sng

provided with a gas del |ver¥ orifice. 30t he final section. of the main
chanber belnﬁh%r%ﬁﬁﬁ%ﬁtﬁFYh Reagvef 0By ﬁﬁ&néoﬂév EPEaErNg PA Spresstife drop

relativegto $he-Hodyd "confofMal hernpee-dthenplasaa fieedadeviccenalogo

i ncl udes an |I|ar chanber arr ed beyond the f d
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Langmulr sheath when the plasma is present around the
substrate.
Fourthly, the chamber opens out directly into the
15 enclosure, and that likewise is unfavorable to the
propagation of the plasma in the enclosure.
An object of the present invention is thus to
improve that situation.
According to the invention, an ion implantation
20 machine comprises:
- an enclosure that is connected to a pump device;
- a negatively polarized substrate-carrier that is
arranged inside the enclosure; and
- a plasma feed device in the form of a generally
25 cylindrical body extending between an initial section and
a terminal section, the device having a main chamber
provided with an ionization cell;
the main chamber being provided with a gas delivery
orifice; and
30 the final section of the main chamber being provided
with head-loss means for creating a pressure drop
relative to the body;
furthermore, the plasma feed device also includes an
auxiliary chamber arranged beyond the final section, said
35 auxiliary chamber opening out into said enclosure at said

terminal section.



term nal section. 4 Preferably, said auxiliary chanber is provided
with a second ionization cell _ Advant ageously, the plasna feed device
presents a volume that is snmaller than the volunme of the enclosure. 5In a
first enbodinment, the final section is inmthe formof a partition pierced
by a plurality of holes. In a second enbodi neot, the final section
presents an opening of area that is snmall relative to the area of any of

the sections of tﬂ%]fep&fié{biyl ngabst ween1the,i phiikak r10seetion sard tl%
termnal. sectio According to an additional characteristic rf the

i nventi on, t%es$¢?%@ jonization €8ll-has an excitation coil and a
conf i nenent coi | Achwtramﬁag@%g@pl etﬁ@rplﬁgméxfée@f dtek}ec&u@&brs@ms- albcarrier

dth I t
Dnder 'such CTPLUTet hEboro L HOS SaBSt FARE- EAPr el CBRAOEE I S8 OPHEE “devi ce
present &an offsetInt@af;rstpembedahéytadphstﬁbhal zeémdomdﬁmgihota&other
oot onal? Of he $PV§2ééggiF£§§ E&??%eae Ignpiga%ﬁ &a?I aS|pa f eed

Cptlonally, 0 nachi I nC es at ['east-one a
deodoe, Advant agebus#ysethednachpdeneohpriibesfipga veltage seeseatlhavi ng

its positive,pole-copnected L9 ghounds spall relative to the area of
any of the sections of the body lying between the initial

10 section and the terminal section.

According to an additional characteristic of the
invention, the first ionization cell has an excitation
coil and a confinement coil.

It is desirable for the axis of the substrate-

15 carrier and the axis of said plasma feed device to be two
distinct axes.

Under such circumstances, the substrate-carrier and
the plasma feed device present an offset that is
preferably adjustable.

20 According to another advantage of the invention, the
final section is removable.

Optionally, the machine includes at least one
additional plasma feed device.

Advantageously, the machine comprises:

25 - a voltage source having its positive pole
connected to ground;
a capacitor connected in parallel with said
voltage source; and
a switch connected between the negative pole of
30 the voltage source and said substrate-carrier turntable.

Furthermore, the substrate-carrier turntable is
movable in rotation about its axis.

Also, the substrate-carrier turntable is disk-shaped
and the distance between said substrate-carrier turntable

35 and said plasma feed device is greater than the diameter

of said substrate-carrier.



a capacitor connected in parallel with said voltage source; and

a switch connected between the negative pole of 30the voltage source and
said substrate-carrier turntable. Purthornore, the substrate-carrier
turntable is novable in rotation about itss axis. Al so, the
substrate-carrier turntable is disk-shaped and the di stance between sai d.
substrate-carrier turntable 35and said plasnma feed device is greater than

the diameter of sgjd-spbsiyatencarrigr) Prefienabl yreot Becheadloss means are
el ectrically The present iInvention appears below in greater detail fromthe

fol | owi ng desesibtibndof enbodi ments 5given by way of illustration and with

reference to the maccoppasyhngifivgttesn bppwhirehbelow in ghkguee 1 is a
| ant ati.on machi.ne; e 2 shows a circuit

diegram In SeLioh ol AT oncLIpLantstion el ne: 2 gure.2 showe o
. Figures2a ghows lay fuagtoenbodusenstobnt bhe eitbuirtfeandce to the _
Clqure 20, Shgte, fuaegon] PIGELIENL, oy flike clrou L and 15 Frdure o 13 @
Figure 1 is a diagram in section of an ion
implantation machine;
Figure 2 shows a circuit for biasing the
10 substrate-carrier turntable, and more particularly:
Figure 2a shows a first embodiment of this
circuit; and
Figure 2b shows a second embodiment of this
circuit; and
15 - Figure 3 is a diagram in section of a second
embodiment of the plasma feed device.
Elements that are present in more than one of the
figures are given the same references in each of them.
As shown in Figure 1, a vacuum enclosure ENV
20 represents an ion implantation machine. 1In
microelectronic applications, it is recommended to use an
enclosure that is made of aluminum alloy in order to
limit contamination with metallic elements such as iron,
chromium, nickel, or cobalt. It is also possible to use
25 a coating of silicon or of silicon carbide.
Pump means VAC are arranged below the enclosure ENV.
A substrate-carrier turntable PPS is in the form of
a horizontal disk that is movable about a vertical axis
AXT, and it receives the substrate SUB that is to be
30 subjected to ion implantation. It is connected to a high
voltage electrical power supply HT via a high voltage
electrical bushing PET, this power supply also being
connected to ground. The negative potential applied to
the substrate-carrier generally lies in the range a few
35 tens of volts to a few tens of kilovolts.
Conventionally, the power supply may consist in a

simple direct current (DC) source having its positive



El ements that are present in nore than one of the figures are given the
sane references in each of them As shown in Figure 1, a vacuum

encl osure ENV represents an ion inplantation nachine. in mcroelectronic
applications, it is recormmended to use arn enclosure that is nade of
alumnumalloy in order to limt contamrr.tion with netallic elements such
as iron, chromum nickel, or cobalt. It is also possible to use 25a

coati ng of $§$L§£§oﬁﬁe9£e§F£EC PoGARDI dReBYRR MRADS gﬁ@ ahecarhanged bel ow

t he encl osure EN substrate -carxier turntable PPSis in the form
of a horizomeipldraklehaedr5sInBiabPE ABBulcansvepercaPr axPsYARP, and it

recei ves the,sybstvatei SBrbhatel subetbetsubheehedchbatieat opl antation. It.
is connected, to. a high voltg&iaelectrical.gomer supgl§ HT vi% a hig&
vol tage el ectPPtaltBLSAT ng” PETSSEA; s™Bonar C8uPpry  aPSs BECRG Od6iected to
ground. Fhe wiegatevetpetienhbsal sapphsedntootrheasubsilrat eTtar siuers tgener,al |y
lies in the range g, few 3pkens of ngﬁiakgng,f%ghhgniooke lhavol ts,

ower ~suppl y ina. s d

e
Convent i onal ¥ Fg%%% p may COoNnsi's inpl'e direct current:
(DO source havingvétg posigede: Li pole connected to ground.

Neverthel ess, thgw£EHePéEQPﬁhéeaQB'%Q?HEE @ggaadk§§%togm%%ai%%%%so%sed for

appl yi ng negativ las to the substrate in_the context of inplantation. in
pl asma i mrersienCepeE, SRy egar aFe¥8Sof O5WhBE ke PENENBITES €S T6€6Hist ant or

vari abl gg Th?tS@@%ﬁfﬁégs papti ¢yh apby¥ kbuktel SoUNsHkabigng+s berdsite becone
positively charged. Wth reference to Figure 2a, a first e di. ment of the
power. suppl§PHT Servestt9 F?n?FOPﬂg'chérgéaQFgeEPnfﬁF?l 8g%%?§e§sa DC
vol t age soureenS&tkbavingpatslpesi wive the source is formed by a
capacitor CDS in series with a resistor RES, the resistor
being connected to the negative pole of the source SOU.

15 The substrate-carrier turntable PPS is connected to the
common point between the capacitor CDS and the resistor
RES.

The capacitor CDS presents capacitance of low value
so as to cause the potential of the substrate to return

20 progressively to a value that is close to zero during its
discharging stage.

Even though using a pulsed plasma makes it possible
to limit the charge effect, the problem remains,
particularly if the potential of the substrate remains

25 very negative during the method (when using a high-
capacitance capacitor).

When using a low-capacitance capacitor, together
with a plasma pulse of sufficient length, the following
phenomenon occurs:

30 - at the beginning of the pulse, the capacitor is
charged, the potential of the substrate is set by the
charging voltage, and ions are accelerated towards the
substrate by the above-described mechanism;

- the voltage across the terminals of the capacitor

35 drops because the capacitor discharges into the plasma;

and



pol e connected to ground.. A branch. connection. that is connected in
parallel with the source is forned by a capacitor UPS in series with a
resistor RES, the resistor being connected to the negative pole of the
source SQU. 15 The substrate-carrier tumntable PPS is conhected to the
common poi nt between the capacitor UPS and the resistor R7FL The
capacitor UPS presents capacitance of |ow value so as to cause the

potential of the substyate Lo {5{&@&9}?{99_{,es%\fsueaotg aluenthat is
close to zero during its dlscﬁargln stage, = Even though using a
pul sed pl asrdsrekescitiopassidieled, | FR¢tPPhéteNar geaspreehatt R&Sprobl em

remai ns, pardicuh@rdyedfot henpoteatialigl thecsubhsheakecr eABLNS c25very
negative duri t he. method (when using a hlgg - “capaci t ance %Epa0|tor).
gBtheRa S

n
Wien using a }oW -daplach t antes capadrioralto w Ehta2plashdSpul se of

sufficient lengttsotdesf othowb ngsmphenoaenonioccer sha3fat the hegisnni ng of
the pul se, the capacit ra%%ﬂchar e_potential 9t t he gﬁbstrate is set

ed, t
by the char dify Vot t4ge, “ion l%?eogc ereYdt &d CowArds “the substrate by
t he above-descri b&di srechanishjzation isthervobthaslacedssctheet ehminal s of

the capaci t o, Jraps, DerqlisesLhge capagshor dksehargesnl ptact Bachl gema: 7

above a certain potential, referred to herein as the inversion potential,
t he positiveskdrargens hat hasdaccuhanatled ohctheonnstratiinghzonésageneér at e

an el ectgic field, thate becongs, predom Agntnhandnkbat atteaet $s hheo
5el ectrons of the plasma; the positive charges are thus neutralized and the

ri sk of arcifg<eri?that ed.

The conditions needed to set up this mechanisms are

therefore as follows:
capacitance of the capacitor CDS sufficiently

15 small;

- duration of the plasma pulse sufficiently long to
reach the inversion potential before the accumulated
charge on the surface gives rise to arcing; and

- working pressure sufficiently low for the mean

20 free path of electrons created by the plasma source to
enable them to reach the substrate without risking
collision and recombination with the gas molecules and
ions present inside the enclosure.

The function of the resistor RES is to limit the

25 current when the capacitor CDS begins to charge.
Furthermore, if this resistor presents resistance greater
than the equivalent impedance of the plasma, it also
serves to limit recharging of the capacitor during the
plasma pulse that it is desired to discharge.

30 For a typical plasma impedance equal to 100 kilo-
ohms (kQ) the load resistance preferably lies in the
range 200 kQ to 2000 kQ. The capacitance of the
capacitor CDS is such that it has discharged almost
completely at the end of the plasma pulse.

35 The parameters commonly used in this mode are as

follows:



Thds neutralization is particularly effective when the working pressure is
low. If the nmean free path of electrons is large, then the electron stream
that reaches 10the surface for hhUtraliZi.nqg the charge effect is al so

consi der abl e. The conditions needeg to set. up this mechanisns are
therefore as follows: " capacitance of the capacitor CDS
sufficiently 15small. duration of the plasma pulae sufficiently long to

reach the inversiogapggﬁ%t&gﬁﬁpegoi§é iﬁchguEgggg ﬁbarggrogugbﬁesurface

gives rise to arci ure surfici l'ow for t mean
20free path Qﬁntﬂ@%t¢bn§0@?eéﬂedlﬁﬁ/ﬂﬁe pl asma source to enable them to

reach the substratepyégﬁguﬁuig§kaﬁgaggbh|§ygﬁga@g &g@ogahggt|on with the
gas nol ecul es_and ions present i nsi de the enclosure. The function of the

resi stor REST St PFaFerehe! QﬁbuF?eﬁp wHén t he capacitor CDS begins to
char gel #ur t her mor epulif:ethdsISetESiShOfapéESE@ﬁ]h@ Lesistameeggr eaterttzhan the
equi val ent . edanc f t he a it also serves to |limt recharging of
t he capacitopggbr?%g t el%?3§ﬁ§ EEF%% “that it. is desired to discharge.
30For a typlcal p}am@nklnpegaeseuequaylhg 100tkil oangehasf he’ Indak to
resistance pf g@é Iles in the range 200 ko to 2000 kOL, The capacitance
of the capaC|tor 4 such that it has di scharged al nost conpletely at
the end of the plaswaspubse; B5THE pafanetier sSPomfoitlsy @Sedti‘n this node
are as {®llows - resistance of resistor RES greater than 300 kQ;

capacitance of capacitor CDS 500 picofarads (pF);

and
- bias voltage lying in the range -100 V to
-10,000 V.
15 With reference to Figure 2b, a second embodiment of

the power supply HT2 also enables the charge effect to be
limited. This power supply comprises a DC vollage source
SOU having its positive pole connected to ground. A
capacitor CDD is connected in parallel with the source.

20 A switch SW is connected between the negative pole of the
source SOU and the substrate-carrier turntable PPS. The
switch SW is made of metal oxide semiconductor (MOS)
technology, or of insulated gate bipolar transistor
(IGBT) technology.

25 When the switch SW is opened, the capacitor CDD
charges progressively at the nominal voltage of the
source SOU.

When the switch SW is closed while the plasma is on,
current is drawn due to the equivalent capacitance of the

30 machine and to the capacitance of the plasma sheath. The
equivalent capacitance of the machine is the capacitance
of all of the elements making it up, in particular the
cables, the electrical bushings, the isolating
transformers, and the capacitance that is formed between

35 the substrate-carrier and the enclosure.

The switch SW typically remains closed for 5 ps to

100 ps, during which stage implantation occurs since



-plasma density lying in the range 103 per cubic centineter (cnB) to
| Qul ons; plasma pul se duration lying in the range 15 m croseconds (us) to

500 ps; pul se repetition rate lying . in the range | hertz (Hz) to
3 kilohertz (kHz); 'working pressure lyimgg in the range 2x10.-r; nbar to
5x10-3 "'as used: N2, BE2,H 2"AsE..3, or Ar; ' resistance of resistor RE' S
greater than 300 kr). (' capaci tance of capacitor. C DS 500

pi cof arads ( ( i e i i h 10
P6c000 v, 0osi T Al eed SRR BRI, Bl TeBRESESEL YS! he
power suppl yidl- m@@%@bm%@dthe charge effect to he linited. This power

supply conprises &, DG 0L abe- souE C§a§&y Bgysagt%@ep%kbwgmgl eyeapnect ed
to ground. A capacitor COD is connected 5a£ t he source. 70A

switch. SW il doihect s %%Qv%%rhof?%aﬂ%gé?? pol e’ of1thetesarée soU and
the subsiratgrcar yigich Utfkﬁliiab&}ti‘e PP(Sltél'@@ swrbeh SWsi sermdea0t oetal oxide

sem conduct or t{@ technol o % i nsul ated gate bipolar transistor
(1(Y.n) tecHHd P Wjerhgt Y% *SWis opened, the capacitor ODD
char ges progressinvetyr athe thplbamt\atlomoistage, ofhehewsbuhc&WSOL. When

equi val ent capacitance
CDD.

10 During this time, the equivalent capacitance of the

the swtch \;éé gl Q5ed Wi 18,108 PbasORCLSnOPe CHREGRL tecdbapacdys,to the

machine discharges completely into the plasma and the
substrate returns to a floating potential. As a result,
electrons in the plasma neutralize the insulating zones
of the substrate that had become positively charged

15 during implantation.

The neutralization stage during which the switch SW
remains open typically lasts for 1 ps to 80 ps.

Once the neutralization stage is over, the plasma
may be extinguished during an extinction stage, thereby

20 presenting the advantage of reducing plasma/surface
interactions, of reducing the thermal budget, and of
minimizing particle creation. This extinction stage
typically lasts for 20 ps to 200 ps, during which stage
the switch SW remains open.

25 It is then possible to repeat the above-described
cycle:

implantation stage;
- neutralization stage; and
- extinction stage.

30 The neutralization stage may be shortened by
accelerating the discharging of the equivalent
capacitance of the machine by means of a second switch
arranged between the substrate-carrier turntable PPS and
ground. This second switch is closed during the

35 neutralization stage and during the extinction stage; it

is open during the implantation stage.



30 machine and to the capacitanpe of the plasma sheath. The equival ent:
capaci tance of the machine is the capacitance of all of the el enents making
it up, in particular the cables, theelectrical bushings, the isolating
transforners, and the capacitance that isgforned between 35t he
substrate-carrier and the enclosure. The switch SWtypically remains closed
for 5 us to 100 ps, duxing which stage inplantation occurs since positive

ons are attract ofotowRtdy thepsubstrate. unieh Ls,Ragal Lyely bi ased

The capacitor has Targe c ita -typically lying in the range 300
nanof arads (¢hcloyure BNY APerpévaralisc( pERFMasdelct R ittle Aol t dde Sacr oss

its terninal Se¢loges notidAr epeduri-RIoicBl gBhatihony cylinddfiten thely of
i npl antation stage, the switch SWis opeged and the soyrce SOD once nore
charges the ¢apatftor2EbD. A16DGPPAgSERFEYEI RELVERE Euivaitert: SavEditance
of the nmchi netdisehasgesnconpl et ehyel ntadt be tplrasma lare dtiens ulast rtaee
returns to floatin tential .. As result, electron_in the.plasna
neutralize t %kF%%ufgt?ﬁS £6ﬁ8§e6f tﬁecgﬁ sﬁpgtgﬁﬁﬁgf ﬁgdeﬁgggﬁg T
positively. changedl 15datiannpfi hpkadtaticenAP on thEheageutr anicZatsvor st age
during whi chofhe SyLCh, B £emBERS; BREALLYRI Rl %3St 1kakel B 10,80 us,
e plasm y b

Once the neutralization stage is over, the e ext|n%yLshed
during an extipetrtondsthgedachéhebyJzupFesenti fg the RAv&FNtage 16 S educi ng

pl asma/ syrf age i pteyasti ense oficr educipgct-he bhermal vhudget,) and <of
m ni hn71lng particle creation. This eztingtion stg%gt%éplcally lasts for 20
[

us to 200 psiX@uri hgewhPERSEage*t Re s t-EhSSWAF Sperace of Ghe g
t hen possi bl eubotrepeatathecabovendescei bed.cycle: inplantation. stage;
neutralization St?ﬁg;pfggma %ég&nggbggeskggﬁs preferably made of
silica glass (commonly mis-named quartz) or of alumina in
15 order to limit contamination problems. Head-loss means
for creating a pressure drop are provided, and in this
embodiment they are constituted by a partition CL pierced
by a plurality of through holes. The partition CL 1is
advantageously electrically insulating, preferably being
20 made of silica glass, and it is arranged between the
initial section and the terminal section of the device
AP. By way of example, for a cylindrical body having a
diameter of about 15 centimeters (cm) the holes in the
partition CL have a diameter of the order of a few
25 millimeters (mm). In order to facilitate maintenance
operations, the partition CL is removable.
The space defined by the partition CL and the
initial section defines a main chamber PR. The partition
CL thus marks the final section of the main chamber. The
30 main chamber PR is surrounded externally by an ionization
cell that comprises firstly a radiofrequency antenna
ANT1, and secondly, if need be, a confinement coil BCI1.
In this embodiment, the antenna ANT1 is constituted by a
few turns of an electrical conductor, e.g. a tube or a
35 strip of copper.
Naturally, it is possible to use any type of plasma

source: a discharge source, an inductively coupled plasma



30The neutralization stage may be shortened by accel erating the discharging
of the equival ent capacitance of the machi ne by neans of a second switcth
arranged. between the substrate-carrier turntable PPS and grouhd, This
second switch is closed during the 35neuiyalization stage and during the
extinction stage; it is open during the inplantation stage. 10

Returning. to Figure 1, the top portion of the encl osure ENV receives the

pl asma feed wy SBrcdii s HEVI E8 | SalRs LDGLOL M. Oh B geBer ahl ¥re.

cylindrical verﬁlcal axl s extends befween an initia
section 5 (HIGSQ1§QW¢$1 mw}%tfbegu@@galahﬁ af Peehihalndseet PEASEELSt he

bottomin the fdour@)ac Acoupby %é&@ﬁgﬁoﬁ%s@a@i@étkm@ teeminakcseel-i on
of the device AP on the vacuum encl osure he initial _section has a

del i very or|HQE%?QW«§W%Nt¥¥%%§?}%gP?%ea@%st?ﬁagraPQQEdr?§€ P8 RePlasma-

This 10del i vesty w5 idiee tNG nsOC@rmmelda@@etmamatbeahgaxgslt\ga" The
vertical axis AXP.inters e surfac of . the subsirat carrler turntabl e
PPS. The pl asna fggﬁlﬁi % V) %t?ﬁ%?e |90§%d%g ?BS|P?ca glaggd(connnnly
m s- naned quartiz)e kP oinal heaaeennlds@oe deXVtoakenl { tcontanbhat kon probl ens.
Head- -1 oss neans, {01 oA ;ﬂé%ﬁ%%ﬁ%gf&%%%@ememed@g emgmbﬂtgh' S

enbodi nent they are a partitiron plurality of
t hr ough holeéﬂiﬁhed¥ﬁﬁ¢¢¢¢Qﬁl119$sl%dV%ﬁté@@@@spyeeF@ctWPcQFﬁ?rﬁn§ﬁlatlng,
preferably being 2Qmade of silica glass, and it is arranged between the

initial section and the term nal section of the device AR B may of
exanpl e, for a cylihdiReet Hot HavPhgtacdPaket brObf “hbelf E58Scenti meters

(cm the hO'iQSrrﬁirhéD%ep@ificbrﬁlcﬁ)@flﬁlsh@NeaaxdlﬁaEyeth@ﬁlbéheAUKder of a few
mllineters HncO. In orﬂfr tghfacilliate teggnggxo erations, the

partition C is réNovdb € Thé'spacd d §mg 5 partition CL and
the initial sectironl defsumesoandad noghanmbecoPR 1JhezpamontcethLhahus mar ks

t he fingg Xéglepo % t rg@i%n%&@fﬁemm 30mei peshapher. BRaS -

surrounded e y an izat1o
radlofrequency antenna ANT2.

It is also possible to provide a single conlfinement
coil and a single antenna covering both of the chambers
PR and AUX of the device AP.
20 Any plasma-generating species may be implanted. It
is possible to start from a gaseous precursor such as Ny,
o,, H,, He, Xe, Ar, BF,, B,H,, AsH;, PH;, SiH,, GeH,, C,H,,
SiF,, GeF,, AsF,, CHF,, SF,, PFs.
Such an arrangement makes it possible to decrease
25 very considerably the phenomena that interfere with
deposition and etching.
Typical parameters for the plasma without
implementing the invention are as follows:
- gas flow rate: 10 standard cubic centimeters per
30 minute (sccm) to 500 sccm under standard pressure and
temperature conditions;
- pressure inside the vacuum enclosure 1073 mbar to
10-1 mbar; and
- plasma density 10%/cm3® to 10M/cm3.
35 The invention improves this situation considerably
since it makes it possible to obtain the following

values:



cell that conprises firstly a radi ofreouency antenna ANTI, and secondly, if
need be, a confinenent coil B.C.1. In this enbodi nebt, the antenna. ANTI is
constituted by a few turns of an electrical conductor, e,g. a tube or a
35strip of copper. Hatn.lrally, itibs possible to use any type of
pl asma source: a discharge source, an inductively coupled plasma (TOP)
source, a helicon, a mcrowave source, or an arc. These sources nust be

capabl e of operating,atcprgssuce.l gvel s that acg lsew.enough for the
electric field created Betmeen the turntabl e PPS and t'he grounded encl osure

ENV 5not to give I'|l 8éeEpuaSdiiBEhdrgénpl dSFEUBeith§ licghittted O TTRé eh&dd 9 os s
bet ween the pedypof ythe pllasma:feed-devhge AP and the encl osure ENV. nakes
it possible to estabglsh a_pressure |ff rence tween the two el enents,
whi ch difference IiBs3PR3tH gnﬁéﬁée Z%Ws of 10magni t ude.

The space deflnecrhbyethespatslémenoﬁtaanédtbg t@eenmpaalt isdeti an. défitnes an

auxi |1 ary chamber A, Optioally, ot e auriliaty chanber, AU IS al so

externally surroun]ée%S second 1" oni cel'l that npriseés firstly
a confi nenenvheiré BO2 ahdsgecmﬁdg?naraaédmfﬂe@ueﬁ@@ a@U@nm@amﬁﬁz PR, It.

is also possgﬁaetﬁgo gegit;gsn a,fingl %h%ogfl'a@ﬁge@s u%%'dl angd. ;a sifgl e

antenna coverin he chanbers PR and t he devi ce AP, 20Any
pl asna- generB@FﬁgbéﬁeEPe§Oﬁﬁ9rH§ Pnprafeede P, tP@ ﬁ@%%ﬁqMQ§ 19 5t®aL from a

gaseousiprecesson-1sueh ras nl £He2 mdBn' dddmddes Keyl ArseBRs1B21216s AsH' PHD,
Siftl, CeM4, 3. r4, AsFs

Such an arr e t makes
it possible PBGEEEF%a§ég§5§éF9nEgMSFBeFQSIyaFHEmpﬁgﬁ ﬁﬁﬁﬁﬁiﬁiﬁg rﬁﬁﬁ?fere
with depositpossandeetiBtngxists in the main chamber makes it easy to

ignite the plasma. The electrons of the plasma are then
capable, under the effect of electrostatic fields applied

15 by the ionization cell, of reaching the vacuum enclosure
ENV through the partition CL and of causing the plasma to
ignite and to propagate therein.

This head loss constitutes the essence of the
invention. It may be implemented in many ways.

20 With reference to Figure 3, there can be seen a
second embodiment of the plasma feed device given by way
of indication.

The plasma feed device APB is still in the form of a
generally cylindrical body that extends between an

25 initial section and a terminal section. The coupling
flange BR still has the same function, namely that of
fastening the terminal section of the device APB to the
vacuum enclosure. As above, the initial section is
provided with a delivery orifice INL into which the gas

30 is inserted. 1In contrast, head loss is not obtained by
means of a pierced partition. In this embodiment, the
body of the device APB constitutes the main chamber PR2.
There is no longer an auxiliary chamber, and it is the
terminal section ST itself that presents an opening VS of

35 area that is very small compared with the area of the

middle section of the device APB.



Typi cal paraneters for the plasma without. inplenenting the invention are

as follows: gas flow rate: 10 standard cubic centineters per
30m nute (scorn) to 500 seem under standard pressure and tenperature
condi ti ons; -pressure, inside the;yacuum enclosure 10-7, nbar to

10-1 nbar; and plasma density 109/cm 3 to 101371c.nt 35The invention
i nproves this situation considerably since it nakes it possible to obtain

the follow ng Vahﬂ?éurn%€i1{eoﬁgé@£g 10 §n558&9 Egnég %%Q&Qcterlstlc

pressure inside the vac enc ure: of the or er 0 nbar to 10.-2
mbar: and ' Pf dsim densitye109/ eMeotes 101plpeRBtion to Pregadeedgires are

obta|ned by therpaftids on gﬁbgbggténgfoggggg gonsi derabl e head | oss between
the | ocation mhere the g{ ener at ed, e. the mai n chanber PP, and

the | ocation where® ?EO %edth?tsPESFﬁa§ep§§§|EﬁétﬁooBeﬁserve a.
pr essur e;5 of é&msuwakﬂ ©fird0e3 ﬂbamtaﬂle pOslthbar ikngthermaily chamber while

reduci ng th|$m§%$§%§ H§%%g|f|§ g lg %Q@ Z;ecug %nglosure ENV The

pressure tha nma easy £6 i & ghe
pl asma, The ®&tiectidhs dWltheOpIﬁshhoaterohenloapabfethandeRStHéPebﬁect of

el ectrostat .G, J i1 fla, app éé&dﬁeéfg@g Abe Lonizabi o eebl 1of A68ENIRQ Lhe
vacuum encl osure t rou artition sing the plasma to
i gnite and t%ﬂ@ﬁ?ﬁﬁ&ﬁu%ﬂ$hE$e¢hose Peo tihrpi 8xheadXloss ébﬁstP?Gﬁé@lﬁhe

essence; @f thes | nuemnt 110N shi aaywelbﬁphenﬁekeﬂlkednﬁwn@awlsm&éﬁgh
reference to Flgure 3, there can be seen a second enbodi nent of %he pl asma

f eed device Yt éﬁgﬁpg@@ >f i fbFEarFppn gradient relatlve to sai

axis. The dose implanted in the substrate SUB therefore
presents a distribution that is not uniform.
If the two axes AXT and AXP are offset, then turning

15 the substrate-carrier turntable PPS enables the substrate
SUB to be moved relative to the axis AXP of the plasma
source. The dose implanted in the substrate SUB then
presents a distribution of uniformity that is
significantly improved.

20 The effectiveness of this system has been verified
on silicon wafers having a diameter of 300 mm for which
the resulting non-uniformity was found to be less than 1%
for implanting BF; at 500 electron volts (eV) and at 1075
per square centimeter (cm?).

25 Furthermore, the distance between the substrate-
carrier turntable PPS and the plasma feed device AP is
preferably greater than the diameter of the substrate-
carrier in the general case where it is disk-shaped.

Naturally, the present invention enables a variety

30 of plasma feed devices to be implemented such as those
described above, the devices then being on the enclosure
ENV around the vertical axis AXT of the substrate-carrier
turntable PPS.

The plasma feed device is described above as being a

35 component attached to a vacuum enclosure. The invention
naturally also applies if the device forms an integral

portion of the enclosure.



The plasma feed device APB is still in the formof a generally cylindrical
body that extends between an 25initial section and a term nal section. The
coupling flange BE still has the sanme function, nanely that of. fastening
the termnal section of the device APE tpsthe vacuum encl osure, As above,
the initial section is provided with a delivery orifice INL into which the
gas 30is inserted_In cpntrast head | oss is not. obtained by neans of a
pierced partitio N, n t f i

constitutes the 2%?% c gﬁﬁg Hﬁhgpg ng%§g¥08 3%Q§ﬁq§§€f?F§§§ agﬁanber
and it is th@el@rmcﬁabe@@@@eoﬁfstrheweppn@ﬁatceprlégéﬁ@s aNegganingg evs r of

35area that i i’@rﬁ(oﬁ;n@!}ésEBﬂPaﬁgdl%EhekﬁquEQ@eQ‘} the whgddlieeeeti on. of
t he device APB, 13 Re turnlngeto Fidure 1, an additional

charact eri stFeVe¥eg hay . bRrpl aRYeRtt nabFBsp?ﬁﬁFSH &t oA™Y0 “be tR&de nore
uni formfor mesubsieateiotdl angebsi zeplAsetebyi enedvabeve, mchessubstrate
SUB rests on Ssubstrate-carri éurngﬁb e PP that IS enerall oin t he
shape of a diskK'dhd ¥H&ELY] §e¥89§bF £5 PE V8Pt PESECRYI ARSI ™ Wt h or
wi thout rotation, if the axis AXP of the plasma feed deV|ce ALP that is
vertically above the substrate SUB is close to the axis AXT of the
turntabl e 10PPS, then plasnma diffusion is maxim zed along this axis and
presents a distribution gradient relative to said axis. The dose inplanted
in the substrate SUB therefore presents a distribution that is not uniform
If the two axes AXT and AXP are offset, then turning the substratb-carrier
turntabl e PPS enabl es the substrate SUB to be noved relative to the axis
AXP of the plasma source_ The dose inplanted in the substrate SUB t hen
presents a. distribution of uniformty that is significantly. inproved.
20The effectiveness of this system has been verified on silicon wafers
havi ng a. dianmeter of 300 mm for which the resulting non-uniformty was
found to be less than 1% for inplanting EF, at 500 el ectron volts (eV) and
at 1015 Per square centinmeter (cnR). 25Furthernore, the distance between

t he substrate-



carrier turntable PPS and the plasnma feed device AP is preferably greater
than the dianmeter of the substrate-carrier in the general case where it is
di sk-shaped. Naturally, the present invention enables a variety 300of plasna
feed devices to be inplenmented such as those descri bed above, the devices
then being on the enclosure ENV around the vertical axis AXT of the
substrate-carrier turntable PP'S, The plasma. feed device is described
above as bei JB5conponent attached to a vscuum enclosure_ The invention
naturally also applies if the de'vice forns an integral portlon of the
enclosure. 1. An Iie Enhbelipehien ofafhenenVeRProAidescri bed above are

sel ected because cfyt heis1 concsetennat thee Neverhhekess, thbt al pungt possible
to Iist exhaustjvel | enbodi ments covered by the invention. In

al
particular,QﬁﬂﬁQﬁ %W%:hbans descri bed may be repl aced by equival ent nmeans
w t hout moi ng beyordl ddgaambilyobolhiei peesent) i pMeptirane-cdbrCeAl V5 1.

An ion inpla i on mact hi ne_conpri sing: . - an_encl (E t hat
is connectedﬁﬁggh'%ﬂ%5 H%V?E%a?gg%:lnsgde Saédn%ﬁ% P§3F§ ggﬁgﬁfzggg%Hif)
substrate -carrier { RBPS)smhhateed AevangedrPhsidetbai doenmcbésare (ENV); and

a pl asma Lglee%ﬂerdaelviry_ecrf\m?wcgf%&&g%%eﬁdgﬁg%gmeﬁyghn%gﬁag1b_0dy
ext endi ng b ween a |r|Yt|a sectlon nd a ter na _sectlon, t he eVI ce
havi ng a nmiseactiantied { PRIPR2) L ppovided, with @AVI6AI 2ati6A. 2acBRI( BCL,

ANT1); 10  crsak aj sk Chasber, £ PR  PR2) i bei B9 pravidedow thi1a gasidel i very
orifice (ING _INL);- and the final section (,(17.1.,) or. said
mai n chanbe#“ﬁ%#h@ 15provi ded wth head-loss neans for creating a pressure

said main chamber (PR, PR2) being provided with a
gas delivery orifice (ING, INL); and
the final section (CL) of said main chamber being
15 provided with head-loss means for creating a pressure
drop relative to said body (AP);
the machine being characterized in that said plasma
feed device (AP) also includes an auxiliary chamber (AUX)
arranged beyond said final section, said auxiliary
20 chamber opening out into said enclosure (ENV) at said

terminal section.

2. A machine according to claim 1, characterized in that
said auxiliary chamber (AUX) is provided with a second
25 ionization cell (BC2, ANT2).

3. A machine according to claim 1 or claim 2,

characterized in that said plasma feed device (AP)

presents a volume that is smaller than the volume of said
30 enclosure (ENV).

4. A machine according to any one of claims 1 to 3,
characterized in that said final section is in the form
of a partition (CL) pierced by a plurality of holes.

35
5. A machine according to any one of claims 1 to 3,

characterized in that said final section (ST) presents an



drop relative to said body (AP); t he machi ne being characterized in
that. said plasm feed device (M) also includes an auxiliary chanber (AUX)
arranged beyond said final section, said auxiliary 20chanber openi ng out
into said enclosure (EfiV) at said term pngl section. 2. A machine
according to claiml, characterized in that said auxiliary chanber (AUX) is
provided with a second 25i oni zation cell (BC2, ANT2), 3. A machi ne

according o.glalml o) clal 012, ehatastechaed iLhabeoaid plasim f eod

devi ce (AP) esents IS sma han the vol ume of said
30encl osure PENMY 4f Ahamehrhéonaceédr drag PedanyAdRe dfvigicales weearo 3,

characterized;in EH§E1§§'QeEtﬂéh §ﬁatbgﬂdl%b@mﬁh%lf%%%&Q%na partition (CL)
pierced by a plurality of holes. 1 6 openini. (11S) of are that is

smal|l relative to the area any of the sections of said body (APE)
| vi bet ween sai dAimé&h@heseebb@alagdteabdyt eiraicrali ngeell a6\ machi neso

cording to anyecec Bﬁ acter.i ed in.that said first |on|zat|on
co 1 hast on ER e e bnediTh ERREShTELER st D kMtkatdnh K’ Al o ne
accordi ng tocanytptecednglcl(aNml) 16chHaracberfizedent thatl t®@€laxi s (1- kxT)
of said substrate-
7. A machine according to any preceding claim,
10 characterized in that the axis (AXT) of said substrate-
carrier (PPS) and the axis (AXP) of said plasma feed

device (AP) are two distinct axes.

8. A machine according to claim 7, characterized in that
15 sald substrate-carrier (PPS) and said plasma feed device

(AP) present an adjustable offset.

9. A machine according to any preceding claim,

characterized in that said final section is removable.

20
10. A machine according to any preceding claim,
characterized in that it includes at least one additional
plasma feed device.

25 11. A machine according to any preceding claim,

characterized in that it comprises:

- a voltage source (SOU) having its positive pole
connected to ground;

- a capacitor (CDD) connected in parallel with said

30 voltage source (SOU); and

- a switch (SW) connected between the negative pole
of said voltage source (SOU) and said substrate-carrier
turntable (PPS).

35 12. A machine according to any preceding claim,
characterized in that said substrate-carrier turntable

(PPS) is movable in rotation about its axis (AXT).



carrier (PPS) and the axisP) of said plasma feed device (AP) are two

di stinct axes, 8, A nmachine according to claim?7, characterized in that
said substrate-carrier (PPS) and said plasma feed. device (AP) present an
adj ustatae offset. 9. A machine according to any preceding claim
characterized in tuat. said final. section is renovable, 20 10. A nachine
according to any preceding claim characterized in that. it includes at

| east one additional asma feed device, 2511. A machine according to any
preceding claim characterized in that itises: . a vol tage source
7SOUD havi ngl3 ¢ sA pos¢iine pererdep@nket edvt Brgeedasg claim, g capacitor

(CAD) connectied -4 b paf abdol n Wk At sahdqvehbageaseuree ri SUkuraidple a
switch (SW connected between the@gggatlxgégole of sai dage sgérce (SOD) and

sai d substrat®ar rierdtafnthppeds the FRABCECRLEFYFRY £88ny precedi ng
claim characiiest zete+vathatrdesrubsbl at apdashiiar ptusnkalbked( BBS) cies
nmovable in r tion a bout. jts axis .17 13, A npachi.ne_according to any

pr ecedi ng clgéﬁ% %%egE%?€?¥zt%a?n%b%aglgg?gGEUBE?Fggg-g&%ﬁ?é?tFurntable
g.,PS) is diskeshaped and the di stance between said substrate-carrier
turntabl e and said plasnma feed device (AP) is greater than the dianeter of
sai d substrate-carrier. 14. A machine according to any preceding claim
10char act erikzed # rmakainsar @achedd 058 ARANBTECEAING) CapeMel ectrical |y
insul atiMg, characterized in that said head-loss means (CL, VS) are

electrically insulating.



